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Abstract

Background—The few prospective studies examining the relation between proton pump
inhibitor (PPI) use and risk of vertebral fracture (VF) suggest a higher risk, but the magnitude of
the association has been inconsistent. Moreover, no prospective studies have examined the
association between substantially longer duration of PPI use and VF risk. Our objective was to
determine the association between PPI use, H,RA use, and incident clinical VF in women.

Methods—We conducted a prospective study in 55,545 women participating in the Nurses'
Health Study. PP1 and H,RA use was assessed by questionnaire every four years. Self-reports of
VF were confirmed by medical record.

Results—Our analysis included 547 incident VF cases (2002-2014). The multivariate adjusted
relative risk (MVRR) of VF for women taking PPIs was 1.29 (95%CI 1.04-1.59) compared with
non-users. Longer duration of PPI use was associated with higher VF risk (MVRR 1.16
[0.90-1.49] for <4 years; 1.27 [0.93-1.73] for 4-7.9 years; 1.64 [1.02-2.64] for = 8 years;
Ptreng=0.01). The MVRR of VVF for women taking H,RAs was 1.22 (0.90-1.67) compared with
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non-users. Longer duration of H,RA use was not associated with VF risk (MVRR 1.16 [0.88-1.53]
for <4 years; 0.98 [0.60-1.59] for = 4 years; pyeng=0.72).

Conclusions—PPI use is independently associated with a modestly higher risk of VVF and the
risk increases with longer duration of use. There was no statistically significant association
between HoRA use and VF risk. Our findings add to the growing evidence suggesting caution with
PPI use, particularly with longer duration of use.
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Prospective Study

Introduction

Proton pump inhibitors (PPI) and histamine-2 receptor antagonists (H,RA), treatments for
acid-related upper gastrointestinal disorders, are among the most commonly used
medications in the United States. PPIs have been available over-the-counter since 2003 [1],
with numerous over-the-counter options now available in addition to prescription options.
The prevalence of PPI use increased from 15.7% in 2005 to 18.5% in 2011[2].

Vertebral fracture (\VF) is the most common type of osteoporaotic fracture [3] and is
associated with significant disability [4], morbidity [5] and mortality [6]. Twenty-five
percent of postmenopausal women in the United States are estimated to have a vertebral
fracture [7] and the prevalence increases with advancing age [8]. In recent years, the
incidence of vertebral fracture has risen dramatically in men and women, especially after age
75 years [9]. Risk factors for vertebral fracture may differ from those for fractures at other
sites due to different microarchitecture [10-12], biomechanics [13], and compressive loading
[14, 15].

Prior studies suggest an increased risk of osteoporatic fracture with PPI use [16-25], but the
findings have not been consistent [26, 27]. The few prospective studies to date examining the
relation between PPI use and risk of VVF also suggest an increased risk [27-29], but the
magnitude of the association has been inconsistent. There have been very limited studies on
duration of PPI use and risk of VF [22, 27]. There are also limited data on the association
between HoRA use and risk of VF [22, 27]. The one prospective study of the association
between HoRA use and VF risk suggested no association [27].

Potential etiologies for increased fracture risk from the use of these acid-suppressing agents
include decreased calcium absorption [30, 31], upregulation of osteoclast activity [32],
impaired bone resorption [33, 34] resulting in altered bone remodeling, or hypergastrinemia
resulting in parathyroid hyperplasia and decreased bone mineral density [35]. H,RAs could
potentially act through similar mechanisms but are less potent acid-suppressants than PPIs.

Therefore, we studied the prospective association between PPl use, H,RA use, and risk of
incident clinical vertebral fracture in 55,545 women over a 12-year period in the Nurses'
Health Study.
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Methods

Study Population

The Nurses' Health Study (NHS) is an ongoing, prospective cohort study which began in
1976, enrolling 121,700 female registered nurses 30-55 years of age. The cohort is followed
with biennial mailed questionnaires that ask about lifestyle practices, medications and newly
diagnosed diseases. The follow-up rate has been >90% of the eligible person-time.
Approximately 98% of the cohort is white.

This analysis included 55,545 women who answered the 2012 or 2014 questionnaire, which
included questions on history of vertebral fracture, and who also answered the 2002
questionnaire, which first included questions on PPI and HoRA use, and serves as the
baseline year for this analysis. Participants were excluded if they had a prior history of hip or
wrist fracture, or history of cancer (other than non-melanoma skin cancer). Updated
information on PPI and HoRA use was obtained every four years during the follow-up
period. The study protocol was approved by the Brigham and Women's Hospital Institutional
Review Board.

Assessment of Proton Pump Inhibitor and Ho-Receptor Antagonist Use

On the 2002 questionnaire, nurses were asked whether they regularly took “Prilosec or
Prevacid” (the only two PPIs available at that time) or an “H> blocker (e.g. Zantac, Pepcid,
Tagamet)” in the past two years. On the 2006 and 2010 questionnaires, nurses were asked
whether they regularly took “Prilosec, Nexium, Prevacid (lansoprazole), Protonix, Aciphex”
or an “Ho blocker (e.g. Pepcid, Tagamet, Zantac, Axid)” in the past two years. The questions
did not ask about dose or frequency of PPI or H,RA use.

Assessment of Covariates

Potential confounders included age, body mass index (BMI) (<22 kg/m2, 22-24.9 kg/m?,
25-29.9 kg/m?2, and =30 kg/m?), race (white or non-white), smoking status (never, past,
current), physical activity (quintiles of metabolic equivalent task scores), self-reported
history of falls, history of hypertension, diabetes, osteoporosis, postmenopausal hormone
use, diuretic use, bisphosphonate use, and physical examination during the previous two
years, ascertained from the questionnaires. Self-reported weight was highly reliable (/=0.97)
among a subset of participants who underwent direct measurement of their weight [36].
Physical activity reported on the questionnaires has been previously validated in a similar
cohort when compared with physical activity diaries (=0.79) [37]. History of hypertension
[38] and diabetes [39] were previously validated in this cohort. Race was self-reported and
categorized in this analysis as white and non-white.

Diet was assessed by extensively validated [40, 41] semi-quantitative food-frequency
questionnaires that inquired about the average intake of over 130 individual food items and
22 individual beverages, as well as vitamins and supplements during the previous year. The
participants were asked to complete food frequency questionnaires in 2002, 2006, and 2010.
The variables considered in our models were alcohol intake (none, 0.1-4.9 g/day, 5-14.9 g/
day, = 15 g/day), supplemental calcium intake (none, 1-500 mg/day, >500 mg/day),
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supplemental vitamin D intake (none, 1-400 1U/day, >400 1U/day), and quintiles of dietary
intakes of calcium, vitamin D, vitamin A, protein, phosphorus, magnesium and caffeine.

Ascertainment of Clinical Vertebral Fracture

Participants were asked about lifetime history of a clinician-diagnosed “vertebral (spine)
fracture, x-ray confirmed” on the 2012 questionnaire and the year of first diagnosis. They
were asked again about a diagnosis of vertebral fracture on the 2014 questionnaire. We
mailed a supplemental questionnaire to nurses who reported a vertebral fracture in 2002 or
afterwards and asked permission to obtain their medical records related to the vertebral
fracture. Among the participants who gave consent to obtain their medical records and for
whom we were able to obtain medical records that contained sufficient information to make
a diagnosis, we confirmed cases of vertebral fracture by radiology report (e.g. x-ray,
computed tomography scan, magnetic resonance imaging, bone scan, vertebral fracture
assessment) or medical report (e.g. clinic visit note, operative note, hospital discharge
summary) that referred to radiographic imaging confirming the diagnosis of vertebral
fracture.

A self-reported vertebral fracture was confirmed as a case if the radiology or medical report
contained the word “fracture” (e.g., “vertebral fracture”, “spine fracture”, “compression
fracture”, “wedge fracture”) or language to suggest a vertebral fracture (e.g., “severe wedge
compression”, “vertebral collapse”, “acute compression”). Medical records that contained
less definitive language for a vertebral fracture were adjudicated by one of the authors
(HNR), blinded to exposure status, who is an International Society for Clinical
Densitometry-trained expert on the reading and interpretation of vertebral fractures. We
coded participants as “probable” cases when a diagnosis of vertebral fracture was less
certain (e.g. “mild compression deformity”, “stable” or “chronic” “compression deformity™);

“probable” cases were not included in our analysis.

We included vertebral fractures that were related to low or moderate trauma (e.qg. tripping,
slipping, falling from the height of a chair or lower). We excluded vertebral fractures due to
high trauma (e.g., fall from a ladder, fall down a flight of stairs), motor vehicle accidents,
bicycle accidents, or horseback riding accidents. We also excluded cases of cervical or sacral
vertebral fracture. We included in the analysis only cases of vertebral fracture that were
confirmed by medical record review and diagnosed during the 12 years of follow-up
between 2002 and May 31, 2014.

Statistical Analyses

The study design was prospective; information on PPI use, H,RA use and the covariates of
interest were collected before the diagnosis of clinical vertebral fracture. For each
participant, person-time of follow-up was counted from the date the 2002 questionnaire was
returned to: 1) the date the vertebral fracture was diagnosed, 2) death, or 3) May 31, 2014,
whichever occurred first. Participants were censored if they developed a hip fracture or any
cancer (other than non-melanoma skin cancer) during the follow-up period. Information on
PPI1 use, HoRA use and other covariates was collected from the baseline questionnaire and
updated on subsequent questionnaires. We allocated person-time of follow-up according to
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the updated exposure status at the start of each follow-up period. Period-specific categories
of PPI use, HoRA use and other covariates were used in the analysis. We used Cox
proportional-hazards models to simultaneously adjust for potential confounders as listed
above. All P values are two-tailed.

Proton Pump Inhibitor Use and Vertebral Fracture Risk

During 606,848 person-years of follow-up over a 12-year period, there were 547 confirmed
cases of incident vertebral fracture. The characteristics of the cohort according to PPI use in
2002 are shown in Table 1. For our analyses, however, the updated information on PPI use
and covariates was used for each time period.

In 2002, 6.2% of the participants were taking PPIs and the percentage increased over time
(16.8% in 2006 and 19.1% in 2010). Compared with women not taking a PPI, women who
were taking a PP1 had higher BMI, were less physically active, and were more likely to have
diabetes, hypertension, or osteoporosis. The PPI users had slightly higher calcium
supplement intake and lower alcohol intake. In 2002, 99.3% of the women were
postmenopausal and PPI users had higher postmenopausal hormone use compared with non-
users.

After adjusting for age, PPI use was associated with an increased risk of clinical vertebral
fracture (RR 1.44, 95%CI 1.17 to 1.77) (Table 2). After multivariable adjustment, the
relative risk of clinical vertebral fracture was 1.36 (95%CI 1.11 t01.68) for PPI users
compared with non-users. After further adjustment for history of osteoporosis, the relative
risk of clinical vertebral fracture was 1.29 (95%CI 1.04 to 1.59).

H»>-Receptor Antagonist Use and Vertebral Fracture Risk

The characteristics of the cohort according to H,RA use in 2002 are shown in Table 1. For
our analyses, however, the updated responses to HoRA use as well as covariate information
were included for each time period. In 2002, 6.2% of the participants were taking an HoRA
and the percentage remained stable over time (6.1% in 2006 and 6.1% in 2010). Compared
with women not taking an HoRA, women taking an HoRA had higher BMI, were less
physically active, and were more likely to have a history of diabetes or hypertension, and
slightly more likely to have a history of osteoporosis. The participants using a H,RA had
slightly lower alcohol intake and were more likely to be on postmenopausal hormone
therapy compared with participants not using a HoRA.

After adjusting for age, HoRA use was not associated with a statistically significant risk of
clinical vertebral fracture (RR 1.34, 95%CI 0.98 to 1.82) (Table 2). After multivariable
adjustment, the relative risk was attenuated and not statistically significant (RR 1.26, 95%ClI
0.92 to 1.72). After further adjustment for history of osteoporosis, the relative risk of
vertebral fracture was further attenuated (RR 1.22, 95%CI 0.90 to 1.67).
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Duration of PPI Use, Hy-Receptor Antagonist Use, and Risk of Vertebral Fracture

We examined the association between duration of PPI or H,RA use and risk of clinical
vertebral fracture over the study period. We categorized duration of PPI use into none, <4
years, 4-7.9 years, and = 8 years. Longer duration of PPI use was associated with higher risk
of vertebral fracture (Table 3). After multivariable adjustment, compared with participants
not taking PPIs, the relative risk of vertebral fracture was 1.22 (95%CI 0.95 to 1.56) for
participants with <4 years of PPI use, 1.35 (95%CI 0.99 to 1.85) for participants with 4-7.9
years of PPl use, and 1.75 (95%CI 1.09 to 2.81) for participants with = 8 years of use (p for
trend=0.003). After further adjustment for history of osteoporosis, the relative risk of
vertebral fracture was slightly attenuated (RR 1.16 [95%CI 0.90 to 1.49] for <4 years of PPI
use, 1.27 [95%CI 0.93 to 1.73] for 4-7.9 years of PPI use, and 1.64 [95%CI 1.02 to 2.64] for
> 8 years of use; p for trend=0.01). Because there were very few cases with longer duration
of HoRA use, we categorized HoRA use into none, <4 years and = 4 years. The
multivariable-adjusted relative risk of vertebral fracture was 1.19 (95%CI 0.91 to 1.58) for
<4 years of H,RA use and 0.99 (95%CI 0.61 to 1.61) for = 4 years of use (p for trend=0.63).
After further adjustment for history of osteoporosis, the relative risk of vertebral fracture
remained non-significant (RR 1.16 [95%CI 0.88 to 1.53] for <4 years of H,RA use and 0.98
[95%CI1 0.60 to 1.59] for = 4 years of HoRA use; p for trend=0.72).

Additional Analyses

We performed a mediation analysis to quantify the proportion of the association between
PPI use and risk of vertebral fracture explained by osteoporosis as an intermediate condition.
Osteoporosis explained 17.3% (8.0% - 33.4%; p < 0.001) of the association between PPl use
and vertebral fracture.

We examined whether the associations with vertebral fracture for PPI use and H,RA use
varied with age (above and below age 70 years), history of osteoporosis, and bisphosphonate
use. There was no statistically significant interaction for PPI use with age (p for interaction >
0.88), history of osteoporosis (p for interaction > 0.26), or bisphosphonate use (p for
interaction > 0.36). There was no statistically significant interaction for H,RA use with age
(p for interaction 0.59), history of osteoporosis (p for interaction > 0.63), or bisphosphonate
use (p for interaction > 0.08).

Discussion

In this prospective study of over 55,000 women, we observed an independent higher risk of
incident clinical vertebral fracture with PPI use. We also observed an independent higher
risk of vertebral fracture with longer duration of PPI use. We did not observe a statistically
significant association between H,RA use and VF risk. Our study has several strengths that
distinguish it from other reports, including the large number of incident clinical vertebral
fracture events that were confirmed by medical record review, repeated assessment of PPI
and H,RA use over time, as well as information on duration of PPl and HoRA use over a
longer period of time than prior studies.
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While the association between PPI use and hip fracture risk has been studied more
extensively, including within the NHS cohort [18] which observed a positive association (RR
1.36; 95% CI 1.13-1.63), few prospective cohort studies have examined the association
between PPI use and vertebral fracture and reported findings were inconsistent [27-29].
Some of these differences could be related to different methods of ascertaining the outcome
of vertebral fracture, including self-report,[27] follow-up x-ray [28], and claims data [29] as
well as varying sample sizes. We confirmed cases of vertebral fracture through medical
record review. Our findings are consistent with the other prospective studies that reported an
increased risk of vertebral fracture with PPI use, although our magnitude of risk is lower
compared with the other studies, which ranged from 1.47 to 3.50.

Emerging research has raised concerns over long-term use of PPIs due to adverse outcomes
[42]. The only prospective study to date examining the association between duration of PPI
use and VF risk, the Women's Health Initiative [27], looked at duration of 3 or more years
(duration of PPI use was categorized into none, <1 year, 1-3 years, and > 3 years), whereas
our study examined substantially longer duration of PPI use. While the Women's Health
Initiative reported an increased risk of vertebral fracture with longer duration of PPI use, this
risk was attenuated with longer duration of use (<1 year: 1.67, 95%CI 1.22-2.27; 1-3 years:
1.40, 95%CI 1.02-1.92; and > 3 years: 1.11, 95%CI 0.59-2.07). Given the wide confidence
interval for the longest duration group (> 3 years), it is likely that there were few cases in
that category, and the follow-up was too short to draw definitive conclusions about long-term
use. Our results might differ from the WHI study because our shortest duration category (< 4
years) encompasses the duration examined by the WHI study. Our vertebral fracture cases
were also confirmed by medical record review, whereas the WHI used self-reports.

While the mechanism for the association between longer duration of PPI use and vertebral
fracture is not clearly understood, studies suggest that it is less likely to be completely
mediated through changes in bone mineral density [19, 27, 43-45]. In our mediation
analysis, osteoporosis accounted for less than 20% of the association between PPI use and
vertebral fracture. For this reason, we created multivariate models with and without a history
of osteoporosis. Inclusion of osteoporosis attenuated the association between PPI use and
vertebral fracture, but the results remained statistically significant. Inclusion of osteoporosis
in our multivariate model also attenuated the association between HoRA use and vertebral
fracture.

Our study did not find a statistically significant association between H,RA use and clinical
vertebral fracture. It is postulated that HoRAs act through similar mechanisms as PPIs, but
with less potency. Our findings are consistent with the WHI study [27], the only other
prospective study to date on the association between H,RA use and vertebral fracture, which
reported no significant association between H,RA use and vertebral fracture, as well as no
significant association between duration of HoRA use and vertebral fracture.

There are several limitations to our study that merit discussion. Given the observational
design, there is the possibility of residual confounding. For example, although we did have
information on self-reported osteoporosis, we did not have data on actual bone mineral
density or morphometric fracture assessment. There is the possibility of confounding by
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indication which could occur because of a history of osteoporosis or through bisphosphonate
use prescribed for osteoporosis. However, additional analyses did not find confounding by
indication. Our definition of clinical vertebral fracture required coming to medical attention,
rather than being asymptomatic such as those that may be discovered incidentally by
radiographic studies. Our definition of clinical vertebral fracture was based on medical
record review, so for some participants who self-reported a vertebral fracture, we did not
have permission or were not able to obtain their medical record, or there was insufficient
evidence in the medical record to make a definitive diagnosis of vertebral fracture. We
recognize that the observed incidence rate therefore is lower because of our method of case
ascertainment. We were unable to assess adherence to PP1 or H,RA use. Finally, since our
study population was female and almost entirely white, our findings are not necessarily
generalizable to men or other races.

In this large prospective cohort study, PPI use was independently associated with a higher
risk of clinical vertebral fracture in women and the risk increases with longer duration of PPI
use. There was no statistically significant association between H,RA use and vertebral
fracture. Our findings add to the growing observational evidence suggesting caution with
PPI use, particularly with longer duration of use. The risks and benefits of PPI use should be
taken into consideration when starting or with continued use of PPIs in older women.
Further research is warranted on PPl and HoRA use and vertebral fracture risk, particularly
with longer duration of use, since the use of these acid-suppressing agents is so common
amongst older women who are at the highest risk for vertebral fracture.
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Table 1
Age-Standardized Baseline Characteristics of Women According to PPI and H,-Receptor

Antagonist Use in 2002

PPI Use H,-Receptor Antagonist Use
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No (n=52,078)

Yes (n=3,467)

No (n=52,084)  Yes (n=3,461)

Age, years™ 65.9 (6.5) 66.2 (6.6) 65.9 (6.5) 66.3 (6.5)
Body Mass Index (kg/m?) 26.8 (5.2) 28.6 (5.6) 26.9 (5.2) 28.4 (5.5)
Physical Activity (METS/week) 7 18.8 (22.6) 15.1(18.3) 18.8 (22.5) 15.6 (18.7)
Dietary Calcium (mg/day) # 855.3(320.1)  848.3(314.3) 855.8(319.8) 8415 (318.6)
Calcium Supplement (mg/day) 620.2 (523.4)  657.5(543.5)  622.1 (524.5)  631.9 (529.7)
Calcium Supplement Use (yes/no), % 80 81 80 81
Total (Dietary and Supplemental) Vitamin D Intake (IU/day) # ~ 5624 (334.3) ~ 582.4(337.2)  563.1(3345)  573.2(335.7)
Phosphorus Intake (mg/day) # 1,253 (257) 1,260 (250) 1,254 (256) 1,249 (254)

Magnesium Intake (mg/day) #

373.3 (122.6)

373.1(121.8)

373.6 (122.8) 369.3 (119.1)

Total Protein Intake (gm/day) # 70.1 (13.0) 71.1 (12.8) 70.1 (13.0) 70.6 (13.0)
Animal Protein Intake (gm/day) # 46.3 (13.7) 47.7 (13.2) 46.3 (13.7) 47.3(13.4)
Total (Dietary and Supplemental) Vitamin A Intake (mcg/day) # 1918(1,382)  1908(1,354)  1917(1,379) 1,921 (1,402)
Alcohol Intake (gm/day) Smoking status 6.3 (10.76) 4.7(9.1) 6.3 (10.7) 5.0 (9.5)
Never smoker, % 47 46 47 44
Past smoker, % 46 50 46 50
Current smoker, % 7 4 7 7
History of Falls 8 12 8 11
History of Diabetes, % 8 11 8 11
History of Hypertension, % 49 67 49 67
Self-Reported Osteoporosis, % 14 17 14 16
Postmenopausal Hormone Use, % 38 48 38 47
Bisphosphonate Use, % 11 11 11 11

*
Value is not age adjusted

7‘Physical activity and history of falls was not asked about in 2002 so data are from the 2000 questionnaire.

#Energy adjusted.
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Table 2
Age- and Multivariable-Adjusted Relative Risks for Clinical Vertebral Fracture

According to PP1 and H,-Receptor Antagonist Use”

Cases of Vertebral Fracture (n)

Person-years (n)

Age-adjusted Relative Risk (95% CI)
Multivariate Relative Risk (95% CI) f(ModeI without osteoporosis)

Multivariate Relative Risk (95% CI) ﬁ(ModeI with osteoporosis)

Cases of Vertebral Fracture (n)

Person-years (n)

Age-adjusted Relative Risk (95% CI)
Multivariate Relative Risk (95% CI) 7(Mode| without osteoporosis)

Multivariate Relative Risk (95% CI) ﬁ(ModeI with osteoporosis)

PPI Use
No Yes
426 121
523,600 83,248

1.00 (reference)  1.44 (1.17,1.77)
1.00 (reference)  1.36 (1.11, 1.68)

1.00 (reference)  1.29 (1.04, 1.59)

H,-Receptor Antagonist Use

No Yes
503 44
569,267 37,580

1.00 (reference)  1.34 (0.98, 1.82)
1.00 (reference)  1.26 (0.92, 1.72)

1.00 (reference)  1.22 (0.90, 1.67)

Page 12

*
PPI and H2-Receptor Antagonist use were updated throughout the analysis period (2002-2014). Relative risks are for the risk of vertebral fracture
compared with the group that did not use PPIs or H2-Receptor Antagonists.

7LThe multivariate model includes body mass index, race, physical activity, history of falls, smoking status, alcohol intake, supplemental calcium
intake, quintiles of diet calcium intake, total vitamin D intake, vitamin A intake, total protein intake, history of diabetes, postmenopausal hormone

use, and recent physical exam.
11

The multivariate model includes body mass index, race, physical activity, history of falls, smoking status, alcohol intake, supplemental calcium
intake, quintiles of diet calcium intake, total vitamin D intake, vitamin A intake, total protein intake, history of diabetes, self-reported osteoporosis,

postmenopausal hormone use, and recent physical exam.

Calcif Tissue Int. Author manuscript; available in PMC 2019 October 01.



Page 13

Paik et al.

‘wexa [ea1sAyd juadal pue ‘asn suowuoy [esnedouawnsod ‘sis010doa)so paniodal-}|as ‘salageIp JO AI0IsIY ‘@xeiul ulglold [e10] ‘aeIul 7 UILWEA ‘axelul
@ UIWRIA [€10] ‘83elul WNIoJed 181P JO SajiuInb ‘axeiul wniojed [eiuawajddns ‘axejul joyodje ‘snyels Buiyows ‘sjjes o A10isiy ‘Alanoe jeaisAyd ‘aoel ‘Xapul ssew Apog Sapnjoul [8powW aleLIeAnNW mﬁt
"wexa [ea1sAyd Juadal pue ‘asn suow.oy [esnedouawisod ‘salagelp JO AI0ISIY ‘@xelul ulsloid [10} ‘elul 7 UILUEA ‘aXelul
@ UIWEBMIA [£10] ‘8)eIul WNI9JRI 131P JO S3|iuInb ‘axejur wniojed jeiuawis|ddns ‘axelul joyodje ‘snyeis Buiyows ‘sjfes Jo A1oisiy ‘Aanoe [eaisAyd ‘aoed ‘xapul ssew Apog Sapnjoul [9pOW dleLIeAl}nwW ch
"aSN \WYHCH PUe |dd JO UOITeInp Uo uorewojul BUISSIW a1am Sased 9 aduls Sased TS Sapnjaul sisAjeue siy | “sisiuofejuy Joidasay

-CH 10 S|dd asn jou pip reys dnoib ayr yum paredwod ainiaely [eIqalIaA JO YSU 8Y) 104 aJe SHSU aAleIaY “(FT0Z-2002) pouiad sisAjeur ayl inoybnoayy parepdn a1am ash 1siuobeiuyy J101dadsy-CH pue |dd
*

2L0 (65T '09°0) 86°0 (€5T'88°0) OT'T (sousseyal) go'p  (15040d081S0 LM 13POIN) 1 (1D 9656) JISId SATIRIY STRLEARINA

£9°0 (19T '19°0) 66'0 (85T 'T6°0) 6T'T  (sousseyal) go'p (51504000210 nOYUM [3POIN) ; (1D 9656) SISId SATIEIRY SIRLEADINA

120 (627'89°0) OT'T (e2T'10T)2€T  (90UBIBKRN) 00'T (12 %S6) st anie|ay paisnipe-sby

¥6€'TT 8Ly 909'92S (u) sreak-uosiad

LT 09 Yov (u) ainoelH [RIgaLAA JO SaseD

puai] o} d sieah ¢ 2 sieah y > SUON asn 1siuobeiuy 101dadey-CH

100 #92'20T) 9T (e2T'66'0) 2T (67T °06°0) 9TT  (sousseyer) o'y (1501000210 LM [3POIN) /(1D 9656) SISt aAe|aY aleneAnIny

€000  (182'60T)SLT (S8T'66°0)SET (95T 's6'0) 22T  (ousiagen) ooy (515010008150 In0UIM 13POIN) / (1D 9656) K ANEI2Y BlRLEARINA

1000 (80¢'TzT)€6'T (102'60T) 87T (€9T'00T) 82T  (20udIR)R1) 00'T (12 %S6) >std anne|dy paisnipe-aby
851'9 0/6'Ge ¥68'79 921'88Y (u) s1eak-uosiad

6T 8y 8. 96¢ (u) a1njoe.I4 [RIGBLIBA JO SBSED

puaa] Joj d sieak g 2 sieak 6L -1 sieak § > SUON asN 1dd

,9SN 1s1uofejuy 101dedey-CH 40 |dd 4O uoiean@ 01 BuIpa029Y 81N1del- [BAGaLIBA [e91UI]D J0) SYSIY dAITR[aY 8leLIeAn|n|Al pue paisnipy-aby
€ 9l|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2019 October 01.

in

available

Calcif Tissue Int. Author manuscript



	Abstract
	Introduction
	Methods
	Study Population
	Assessment of Proton Pump Inhibitor and H2-Receptor Antagonist Use
	Assessment of Covariates
	Ascertainment of Clinical Vertebral Fracture
	Statistical Analyses

	Results
	Proton Pump Inhibitor Use and Vertebral Fracture Risk
	H2-Receptor Antagonist Use and Vertebral Fracture Risk
	Duration of PPI Use, H2-Receptor Antagonist Use, and Risk of Vertebral Fracture
	Additional Analyses

	Discussion
	References
	Table 1
	Table 2
	Table 3

