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Key Points

Question

Is proton pump inhibitor (PPI) use associated with increased risk of fracture in children?

Findings

This pediatric cohort compared 115 933 patients who initiated PPI use with 115 933 matched individu‐
als who did not initiate use and found that PPI use was associated with an 11% increased risk of frac‐
ture, a significant difference.

Meaning

These data suggest that PPI use is associated with a small increased risk of fracture in children; the
findings inform safety considerations when these drugs are prescribed to pediatric patients.

This study of a Swedish national registry cohort assesses the association between proton pump in‐
hibitor use and risk of fracture in children.

Abstract

Importance

Proton pump inhibitor (PPI) use has been linked to increased risk of fracture in adults. Despite a trend
in prescription of PPIs in children, there is scarce evidence regarding this safety concern in pediatric
patients.

https://www.ncbi.nlm.nih.gov/pmc/about/copyright/


Objective

To evaluate the association between PPI use and risk of fracture in children.

Design

This nationwide register-based cohort study included data from Sweden from July 2006 to December
2016. Children younger than 18 years who initiated PPI use were matched on propensity score and age
with those who did not initiate PPI use.

Exposure

Initiation of PPI use.

Main Outcomes and Measures

Cox regression was adopted to estimate hazard ratios (HRs) for a first fracture of any type and 5 sub‐
types of fracture, with follow-up for up to 5 years. To address potential residual confounding, high-di‐
mensional propensity score matching and a direct comparison with histamine-2 receptor antagonists
were performed.

Results

There were a total of 115 933 pairs of children included. During a mean (SD) of 2.2 (1.6) years of fol‐
low-up, 5354 and 4568 cases of any fracture occurred among those who initiated PPIs vs those who did
not, respectively (20.2 vs 18.3 events per 1000 person-years; hazard ratio [HR], 1.11 [95% CI, 1.06-
1.15]). Use of PPIs was associated with increased risk of upper-limb fracture (HR, 1.08 [95% CI, 1.03-
1.13]), lower-limb fracture (HR, 1.19 [95% CI, 1.10-1.29]), and other fractures (HR, 1.51 [95% CI,
1.16-1.97]) but not head fracture (HR, 0.93 [95% CI, 0.76-1.13]) or spine fracture (HR, 1.31 [95% CI,
0.95-1.81]). The HRs for fracture according to cumulative duration of PPI use were 1.08 (95% CI, 1.03-
1.13) for 30 days or less, 1.14 (95% CI, 1.09-1.20) for 31 to 364 days, and 1.34 (95% CI, 1.13-1.58) for
365 days or more. The association was consistent in most sensitivity analyses, including high-dimen‐
sional propensity score matching (HR, 1.10 [95% CI, 1.06-1.15]), although the analysis of PPI vs hista‐
mine-2 receptor antagonist did not reach statistical significance (HR, 1.06 [95% CI, 0.97-1.15]).

Conclusions and Relevance

In this large pediatric cohort, PPI use was associated with a small but significant increased risk of any
fracture. Risk of fracture should be taken into account when weighing the benefits and risks of PPI
treatment in children.

Introduction

Proton pump inhibitors (PPIs) are mainstay treatment for children with gastric acid–associated disor‐
ders, although because of limited evidence, treatment guidelines  recommending their use are mostly
based on expert opinion. A substantial increase of PPI use among children in recent years has been re‐
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ported,  despite concerns regarding the safety of these drugs in pediatric patients.  Children are more
vulnerable to drug toxicity because of physiological immaturity and age-varied pharmacokinetics of
PPIs that prolong drug metabolism.  Accordingly, it is critical to clarify the safety of PPIs in children.

Fracture is common during childhood  and might lead to higher risk of subsequent fracture in later
life.  The use of PPIs has been proposed to increase fracture risk based on several hypothesized mecha‐
nisms, including gastric-acid inhibition leading to the impairment of calcium absorption and bone me‐
tabolism.  Results of observational studies among elderly adults at high baseline risk of fracture have
been inconsistent, which is why it is unclear if an association between PPIs and fracture exists. A recent
meta-analysis  of 32 observational studies in elderly adults at high baseline risk of fracture suggested
that PPI use was associated with an increased risk of fracture at any site (hazard ratio [HR], 1.30 [95%
CI, 1.16-1.45]), the spine (HR, 1.49 [95% CI, 1.31-1.68]), and the hip (HR, 1.22 [95% CI, 1.15-1.31]),
although there was significant heterogeneity across studies, indicating inconsistency.

In children, the few published observational studies have yielded inconsistent findings. A cohort
study  conducted in children born preterm found an increased fracture risk associated with PPI treat‐
ment during the first year of life (adjusted rate ratio, 1.43 [95% CI, 1.13-1.81]). Similarly, another co‐
hort study  reported an HR of 1.23 (95% CI, 1.14-1.31) for fracture among infants who initiated PPI
treatment before age 1 year, and the risk increased with the duration of PPI use. Conversely, a nested
case-control study  that included patients aged 4 to 29 years found a significant association between
PPIs and fracture risk in young adults aged 18 to 29 years (adjusted odds ratio [OR], 1.39 [95% CI,
1.26-1.53]) but not in children aged 4 to 17 years (adjusted OR, 1.13 [95% CI, 0.92-1.39]). However,
the studies had limitations of study design; for instance, they did not follow PPI users from the start of
treatment,  lacked data on inpatient fracture diagnoses,  and adjusted for only a few fracture risk
factors.  This nationwide register-based cohort study aimed to investigate the association of PPIs
with the risk of fracture among children, implementing a propensity score–matched, new-user design.

Methods

Data Sources

A cohort study was conducted (eFigure 1 in the Supplement), using mandatory Swedish nationwide
registers. The National Patient Register contains disease diagnoses and surgical procedures from inpa‐
tient specialist care and outpatient as well as emergency care settings across all hospitals in Sweden.
The positive predictive values of disease diagnoses in the National Patient Register mostly range from
85% to 95%, including fracture assessed among patients admitted to hospital with fracture as a primary
diagnosis.  The Prescribed Drug Register contains prescription drug records from all Swedish phar‐
macies, covering details on the drug type, drug quantity, and dispensing date. The Cause of Death
Register includes data on causes of death and date of death. Through the Total Population Register and
Statistics Sweden, demographic data and parental socioeconomic data were obtained. Registers were
linked using unique personal identifiers. The study was approved by the Regional Ethics Committee in
Stockholm, Sweden, which did not require informed consent because this was a registry-based study.

Study Cohort
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The source population was all children in Sweden younger than 18 years during the study period (July
1, 2006, to December 31, 2016). From the source population, we identified all children who initiated
PPI use, defined as patients prescribed their first PPI during the study period who had no PPI prescrip‐
tion in the year prior. The PPI dispensing date was defined as the index date.

The cohort was constructed using a 2-step matching approach, which served to include an appropriate
comparator group (those who did not initiate use) from the source population. First, each patient who
initiated PPI use was matched to up to 30 who did not, identified from those individuals in the source
population who had the same age and were alive on the PPI index date. All children who did not initi‐
ate use, matched to a given child who did initiate PPI use, were assigned the same index date as this
child. Second, for inclusion in the final analytical cohort, those who did initiate PPIs and those who did
not were matched (1:1 ratio) on propensity score and age groups with 2-year bands. Exclusion criteria
were cancer, organ transplant, congenital skeletal malformation, and birth trauma–associated fracture
(all within 10 years prior to the index date), as well as severe liver failure, fracture, and fracture compli‐
cation (all within 1 year prior to the index date) (eTable 1 in the Supplement).

PPI Exposure

Our primary exposure was any use of PPIs, including omeprazole, esomeprazole, pantoprazole, lanso‐
prazole, and rabeprazole (eTable 1 in the Supplement), with the risk of fracture analyzed according to
the intention-to-treat approach. We did 2 secondary analyses. First, we assessed the risk of fracture ac‐
cording to cumulative duration of PPI treatment during the 5-year follow-up period, measured in a
time-dependent manner. Duration of PPI use was determined from the total amount of tablets in pre‐
scriptions, with each tablet assumed to correspond to 1 day of use. To take into account irregularities
and gaps in continuous treatment, the length of refill gaps was permitted up to 50% of duration of the
preceding prescription. If a prescription was not refilled before the preceding prescription’s end date
plus 50% of its duration, treatment was regarded as discontinued. Cumulative duration was categorized
as 30 or fewer days, 31 to 364 days, and 365 days or more, and the risk of fracture analyzed for the full
5-year follow-up period for each category. Second, we assessed associations between individual PPIs
and fracture, for which we additionally created subcohorts of each individual drug. Within each subco‐
hort, we reestimated a drug-specific propensity score and rematched children who did and did not initi‐
ate use on propensity and age group (in 2-year age bands) by using the same algorithm as in the prima‐
ry analysis.

Outcomes

The primary outcome was defined as the first diagnosis of any fracture (International Classification of
Diseases, Tenth Revision [ICD-10] codes in eTable 1 in the Supplement) requiring hospitalization or
acute outpatient hospital care during follow-up. The secondary outcomes were 5 subtypes of fracture
according to anatomical site, including head, spine, upper limb, lower limb, and other areas (ICD-10
codes in eTable 1 in the Supplement); each subtype was analyzed separately. In a secondary analysis,
we investigated the risk of primary and secondary outcomes according to age group at the index date,
including patients aged 0 days to younger than 6 months, 6 months to younger than 2 years, 2 to
younger than 6 years, 6 to younger than 12 years, and 12 years or older.

Propensity Score



Potential confounders were selected based on variables reported to be associated with risk of fracture.
We measured patient demographic and parental socioeconomic characteristics at index date, comor‐
bidities in the 2 years prior to the index date, health care utilization, and comedications in the year prior
to the index date (eTable 1 in the Supplement).

A propensity score–matching approach was used. Logistic regression, including all covariates in
Table 1, was performed to estimate the propensity score. Each child who initiated PPIs was matched to
a child who did not on propensity score and age group (in 2-year age bands) by using the greedy near‐
est neighbor matching algorithm without replacement, with a caliper of 0.2 SDs of the logit of the
propensity score.  The standardized difference was used to assess covariate balance between the 2
groups; a covariate was considered to be well balanced if the standardized difference was less than
10%.

Statistical Analysis

The analytical cohort was followed up from the index date until first diagnosis of fracture, emigration,
death, age 18 years, 5 years of follow-up, or the end of the study period (December, 31, 2016), which‐
ever occurred first. We used Poisson models to estimate incidence rates and Cox proportional hazards
regression models to quantify HRs with 95% CIs, comparing those who initiated PPI use with those
who did not. A Wald test for the interaction between treatment status and time was used to examine the
proportional hazards assumption. Statistical analyses were done using SAS Enterprise Guide 7.1 (SAS
Institute). A 95% CI that did not overlap and a 1-sided or 2-sided P less than .05 were considered statis‐
tically significant.

To explore potential effect modifiers for risk of any fracture, we conducted 6 subgroup analyses strati‐
fied by sex; use of comedications including systemic corticosteroids, inhaled corticosteroids, opioids,
and antidepressants; and an empirical disease risk score (DRS). The DRS was developed to quantify
the baseline risk of fracture for each individual in the matched cohort, and the subgroup analysis was
stratified by the quartile of DRS.  Specifically, for DRS establishment, we initially used Cox propor‐
tional hazards regression to evaluate the association between each variable listed in Table 1 (with the
exclusion of calendar year) and risk of fracture and obtained relevant coefficient values. The DRS was
calculated as a 5-year probability of developing fracture by applying the estimated coefficient values
and setting the status of PPI to no use.

To test the robustness of study findings, we adopted several sensitivity analyses. First, to potentially in‐
crease specificity of the outcome definition, we restricted to primary diagnosis of fracture as outcome.
Second, we assessed fracture risk with maximum 1-year and 3-year follow-up periods, respectively.
Third, to address confounding by indication by Helicobacter pylori infection (which might be associat‐
ed with decreased bone mineral density ), we excluded patients who received PPI as part of triple ther‐
apy for H pylori eradication. Furthermore, to address confounding by indication, we repeated all analy‐
ses that presented a significant association in the primary study, comparing those who initiated PPI use
vs those who initiated histamine-2 receptor antagonist (H RA) use. Clinicians commonly prescribe
H RAs as antacid agents, which share clinical indications with PPIs and are less potent. We hypothe‐
sized that H RA use had no association with fracture in children, based on limited data.  For this
analysis, the derivation of propensity score was based on the covariates listed in Table 1 and same pro‐
cedures as in the primary analysis. For the analysis, inverse probability of treatment weighting was used
(given the lower number of children who used H RAs, matching would have led to a substantial loss of
those who used PPIs; details in eMethods 1 and eFigure 4 in the Supplement). Fifth, to account for the
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influence of residual confounding, we used high-dimensional propensity score matching (details in
eMethods 2 and eTable 5 in the Supplement).  Furthermore, we excluded patients who had any hospi‐
tal admission within 14 days before the index date. Finally, we adopted the rule-out approach to evalu‐
ate the influence of an unmeasured confounder on study findings.

Results

Patient Selection

From the source population, which included 3 621 940 children during the study period, 117 234 chil‐
dren who initiated PPI use and 2 373 292 who did not were eligible for matching (eFigure 2 in the
Supplement). After 1-to-1 matching on propensity score and age, 115 933 pairs of children who did vs
did not initiate PPI use were included in the study cohort. The mean (SD) age of children who used
PPIs was 12.6 (5.0) years, and 71 626 (61.1%) were girls; and all baseline characteristics were well bal‐
anced between the 2 groups (Table 1). The mean (SD) follow-up time was 2.2 (1.6) years among those
who initiated PPIs and 2.3 (1.7) years among those who did not. The proportional hazards assumption
was not violated for primary and secondary outcomes.

Primary Analysis

As demonstrated in Table 2, PPI initiation was associated with increased risk of any fracture (HR, 1.11
[95% CI, 1.06-1.15]). With respect to subtypes of fracture, PPI initiators were at increased risk of frac‐
ture of the upper limb (HR, 1.08 [95% CI, 1.03-1.13]), lower limb (HR, 1.19 [95% CI, 1.10-1.29]), and
other sites (HR, 1.51 [95% CI, 1.16-1.97]), but there were no significant associations with head frac‐
tures (HR, 0.93 [95% CI, 0.76-1.13]) and spine fractures (HR, 1.31 [95% CI, 0.95-1.81]).

Secondary Analyses

In the analysis according to age group (Figure 1), significantly increased risks for any fracture were ob‐
served only among patients who started PPIs at age 6 years or older. The HRs for any fracture were
1.14 (95% CI, 1.08-1.22) and 1.09 (95% CI, 1.03-1.15) in the age groups 6 to younger than 12 years
and 12 years or older, respectively. Patients who were 12 years or older had increased risk of fracture of
the spine (HR, 1.46 [95% CI, 1.01-2.11]), lower limb (HR, 1.21 [95% CI, 1.08-1.35]), and other sites
(HR, 1.72 [95% CI, 1.26-2.35]). In the secondary analysis assessing the association between cumulative
duration of PPI treatment and risk of any fracture (Table 3), the HRs were 1.08 (95% CI, 1.03-1.13) for
PPI treatment duration of 30 days or fewer, 1.14 (95% CI, 1.09-1.20) for 31 to 364 days, and 1.34 (95%
CI, 1.13-1.58) for 365 days or more.

In analyses of individual PPIs, omeprazole was associated with an increased risk of any fracture (HR,
1.08 [95% CI, 1.03-1.13]), whereas the HR for any fracture was not significantly increased for es‐
omeprazole (HR, 1.05 [95% CI, 0.94-1.16]), lansoprazole (HR, 1.06 [95% CI, 0.90-1.25]), and panto‐
prazole (HR, 1.31 [95% CI, 0.88-1.99]) (eTable 2 in the Supplement).

Subgroup and Sensitivity Analyses
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The results of subgroup analyses are shown in Figure 2; there were no significant interactions across
subgroups. Our primary findings remained robust in most sensitivity analyses (Figure 2), including
analyses restricted to primary diagnosis of outcome (HR, 1.10 [95% CI, 1.06-1.14]), redefining maxi‐
mum follow-up to 1 and 3 years (1 year: HR, 1.08 [95% CI, 1.01-1.15]; 3 years: HR, 1.12 [95% CI,
1.07-1.17]), excluding patients who started PPI-containing triple therapy for H pylori eradication (HR,
1.11 [95% CI, 1.06-1.15]), and excluding patients with any record of hospitalization within 14 days be‐
fore the index date (HR, 1.10 [95% CI, 1.06-1.15]). The fracture HR from the analysis with high-di‐
mensional propensity score matching was 1.10 (95% CI, 1.06-1.15). The rule-out approach indicated
that potential unmeasured confounding would have to be relatively strong to explain the observed asso‐
ciation; for instance, if the prevalence of an unmeasured confounder would be about twice as high
among those who initiated PPI use than those who did not, an odds ratio for the association between an
unmeasured confounder and PPI initiation of at least 2.0 would be required to explain the observed as‐
sociation (eFigure 3 in the Supplement).

For the comparative analysis (eTables 3 and 4 and eFigure 5 in the Supplement), among 111 184 pa‐
tients treated with PPI vs 20 737 with H RA, we observed no significant association between PPI and
risk of any fracture (weighted HR, 1.06 [95% CI, 0.97-1.15]), an upper-limb fracture (weighted HR,
1.04 [95% CI, 0.94-1.14]), and any other fracture (weighted HR, 1.00 [95% CI, 0.58-1.71]), whereas
the weighted HR for lower limb fracture was 1.22 (95% CI, 1.03-1.44). In analyses of fracture accord‐
ing to selected age categories, there were no significant associations apart from an increased risk of
lower-limb fracture in the age category of 6 to younger than 12 years. In the analysis of cumulative du‐
ration (eTable 4 in the Supplement), the point estimates of the HRs for any fracture were nominally in‐
creased across all categories, but only the category with 31 to 365 days was statistically significant
(weighted HR, 1.10 [95% CI, 1.00-1.21]). Lastly, the weighted HR for risk of any fracture was 1.10
(95% CI, 1.01-1.19) when comparing omeprazole with H RA (eTable 4 in the Supplement).

Discussion

In this nationwide cohort study of children, PPI initiation, as compared with noninitiation, was associ‐
ated with a statistically significant 11% relative increase in risk of any fracture. The association was dri‐
ven by fractures of upper limbs, lower limbs, and other sites; appeared to be mainly restricted to chil‐
dren 6 years and older; and seemed to be somewhat more pronounced with a longer cumulative dura‐
tion of PPI use. Point estimates for all individual PPIs were greater than 1.0, although the HR was sig‐
nificantly increased only for omeprazole, the dominating PPI in this cohort. Most sensitivity analyses,
including high-dimensional propensity score matching, were consistent with the primary results.
Although there was no significant difference in the risk of any fracture between users of PPI vs H RA,
some associations persisted, such as risk of lower limb fracture. The absence of a significant associa‐
tion vs H RA should be cautiously interpreted, because it could reflect residual confounding, limited
statistical power, or a true effect of H RA on fracture.

A recent meta-analysis of observational studies in adults  supported a positive association between PPI
use and risk of fracture, but there was significant heterogeneity (I : 78.6%; P < .001) across studies, in‐
dicating inconsistency of the association. Also, most of the studies included in the meta-analysis had is‐
sues with confounding control. Furthermore, data from the most recent observational studies and a tri‐
al  found no significant association between PPI use, including long-term use of PPIs, and risk of
fracture. There are limited data regarding a potential fracture risk associated with PPI use across all pe‐
diatric ages. A nested case-control study  reported a null association between any use of PPI and risk
of any fracture among children aged 4 to younger than 18 years. Two cohort studies  of infants en‐
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rolled from the US military health care system showed significant association between PPI exposure in
the first year of life and fracture. Both studies, however, adjusted for a limited number of covariates,
leaving the possibility of residual confounding. By comprehensively investigating this safety concern
using advanced methods, our large study substantially expands on previous data. Although the mecha‐
nism of PPI-associated fracture risk is unclear, one proposed mechanism is that PPI might inhibit gas‐
tric acid, leading to malabsorption of calcium and vitamin B  as well as hypergastrinemia.

The study has several strengths. By using Swedish registers, it includes a large, nationwide cohort of
children, and this is why results are likely generalizable to similar populations. Including more than
115 000 children exposed to PPIs enabled ample statistical power for examining the primary outcome,
as evident from the narrow 95% CIs. The study expands on information about the risk of fracture and
subtypes of fracture in children of different age groups, by duration of PPI use and for individual PPIs.

Limitations

The study had limitations. Despite the implementation of several advanced epidemiological methods,
residual confounding cannot be ruled out, given that some important information on drug use and fac‐
tors for bone health were not captured in registers, such as daily dose, race/ethnicity, body mass index,
bone mineral density, and physical activity. Moreover, we cannot exclude potential confounding by in‐
dication, since indications for PPI use could not be readily captured through the available data sources.
However, we expect this potential confounding to be minimized in our sensitivity analysis, which used
a comparative design with H RA as the reference. Furthermore, exposure misclassification is a possi‐
bility, because information on over-the-counter medication was not available and exposure status was
based on filled prescriptions rather than actual drug use. Finally, the results of secondary analyses
might have insufficient statistical power. For instance, there was a low number of fracture events for
spine fractures and certain individual drugs.

Conclusions

In this large pediatric cohort, PPI use was associated with a small but statistically significant increased
risk of any fracture. Risk of fracture should be taken into account when weighing the benefits and risks
of PPI treatment in children.
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Notes

Supplement.

eMethods 1. A comparative analysis with inverse probability of treatment weighting for evaluating the association between the

risk of fracture and initiation of PPI and H2RA.

eMethods 2. High-dimensional propensity score matching approach.

eReferences.

eTable 1. Codes used to define the exclusion criteria, outcomes, comorbidities and co-medications.

eTable 2. Associations between PPI use and risk for any fracture, stratified by individual drugs.

eTable 3. Baseline characteristics of PPI initiators compared with H2RA initiators before and after inverse probability of treat‐

ment weighting.

eTable 4. Associations between PPI vs H2RA use and risks for outcomes for which significant associations were observed in pri‐

mary analysis.

eTable 5. List of top ranked 200 covariates contained in high-dimensional propensity score model.

eFigure 1. Schematic depiction of study design for primary analysis.

eFigure 2. Flowchart for study cohort.

eFigure 3. The influence of unmeasured confounder examined by rule-out approach.

eFigure 4. Schematic depiction of study design for analysis of PPI vs H2RA.

eFigure 5. Flowchart for comparative analysis.
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Figures and Tables

Table 1.

Baseline Characteristics of Children Who Did vs Did Not Use Proton Pump Inhibitors (PPIs) Before and After Matching

Characteristic Before Propensity Score Matching, No. (%) After Propensity Score Matching, No. (%)

Children

Who Used

PPIs (n = 

117 234)

Children Who

Did Not Use

PPIs (n = 2 

373 292)

Standardized

Difference, %

Children

Who Used

PPIs (n = 

115 933)

Children Who

Did Not Use

PPIs (n = 115 

933)

Standardized

Difference, %

Age, mean (SD), y 12.6 (5.0) 11.5 (5.6) 19.0 12.6 (5.0) 12.6 (5.0) 0.4

Age group

0 d-<6 mo 4442 (3.8) 133 903 (5.6) 8.8 4388 (3.8) 4388 (3.8) 0

6 mo-<2 y 4552 (3.9) 141 389 (6.0) 9.6 4292 (3.7) 4292 (3.7) 0

2-<4 y 2543 (2.2) 82 511 (3.5) 7.9 2367 (2.0) 2367 (2.0) 0

4-<6 y 3415 (2.9) 102 404 (4.3) 7.5 3297 (2.8) 3297 (2.8) 0

6-<8 y 5520 (4.7) 149 236 (6.3) 6.9 5415 (4.7) 5415 (4.7) 0

8-<10 y 8488 (7.2) 194 773 (8.2) 3.6 8360 (7.2) 8360 (7.2) 0

10-<12 y 12 182 (10.4) 236 373 (10.0) 1.4 12 058 (10.4) 12 058 (10.4) 0

12-<14 y 15 004 (12.8) 243 353 (10.3) 8.0 14 818 (12.8) 14 818 (12.8) 0

14-<16 y 24 318 (20.7) 387 490 (16.3) 11.4 24 196 (20.9) 24 196 (20.9) 0

16-<18 y 36 770 (31.4) 701 860 (29.6) 3.9 36 742 (31.7) 36 742 (31.7) 0

Sex

Female 71 626 (61.1) 1 137 595

(47.9)

26.7 70 849 (61.1) 71 328 (61.5) 0.8

Male 45 608 (38.9) 1 235 697

(52.1)

26.7 45 084 (38.9) 44 605 (38.5) 0.8

Calendar year

2006-2009 32 263 (27.5) 727 757 (30.7) 6.9 31 918 (27.5) 31 047 (26.8) 1.7

2010-2013 44 830 (38.2) 810 988 (34.2) 8.5 44 230 (38.2) 44 433 (38.3) 0.4

2014-2016 40 141 (34.2) 834 547 (35.2) 1.9 39 785 (34.3) 40 453 (34.9) 1.2

Birth region

Scandinavia 104 096

(88.8)

2 009 814

(84.7)

12.1 102 902

(88.7)

103 017 (88.9) 0.3

Rest of Europe 2707 (2.3) 98 671 (4.2) 10.5 2693 (2.3) 2510 (2.2) 1.1

Outside Europe 10 399 (8.9) 262 756 (11.1) 7.4 10 306 (8.9) 10 377 (9.0) 0.2

Missing value 32 (0.03) 2051 (0.1) 2.5 32 (0.03) 29 (0.03) 0.2

Parental education, y

Covariate based on the parent with the highest achieved education and income, respectively.

a

a



Converted from Swedish kronor (1 = $0.1037); in Swedish currency, brackets are less than 225 673 kronor, 225 673 to less than

287 242 kronor, 287 242 to 369 747 kronor, and 369 747 kronor or more.

Inflammatory bowel disease, rheumatoid arthritis, and other inflammatory polyarthropathies.

Anxiety, depression, bipolar disorder, schizophrenia, and attention-deficit/hyperactivity disorder.

Cardiovascular medication, including β-blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers,

diuretics, and calcium channel blockers.

Table 2.

Associations Between Proton Pump Inhibitors (PPIs) Use and Risk for Any Fracture and Fracture Subtypes

Fracture

Type

Children Who Used PPIs (n = 115 

933)

Children Who Did Not Use PPIs (n = 115 

933)

Hazard Ratio (95%

CI)

No. of Events Incidence Rate No. of Events Incidence Rate

Any 5354 20.2 4568 18.3 1.11 (1.06-1.15)

Head 203 0.7 206 0.8 0.93 (0.76-1.13)

Spine 88 0.3 63 0.2 1.31 (0.95-1.81)

Upper limb 3755 14.0 3283 13.0 1.08 (1.03-1.13)

Lower limb 1407 5.2 1112 4.3 1.19 (1.10-1.29)

Other fracture 144 0.5 90 0.3 1.51 (1.16-1.97)

Events per 1000 person-years.

b

c

d

e

a a

a



Figure 1.

Associations Between Proton Pump Inhibitor (PPI) Use and Risks for Any Fracture and Fracture Subtypes, Stratified by

Age

The P values for interaction between age group and risk of any fracture, head, spine, upper limb, lower limb fracture were 0.84,

0.41, 0.49, 0.47, 0.18, and 0.12, respectively. HR indicates hazard ratio; NA, not available.

Table 3.

Associations Between Proton Pump Inhibitor Use and Risk for Any Fracture, Stratified by Cumulative Duration

Cumulative Duration Person-Years (% of Total Person-Years) No. of Events Incidence Rate Hazard Ratio (95% CI)

No use 249 837.8 (100) 4568 18.3 1 [Reference]

≤30 d 145 415.9 (55.0) 2852 19.6 1.08 (1.03-1.13)

31-364 d 113 231.0 (42.8) 2357 20.8 1.14 (1.09-1.20)

≥365 d 5945.1 (2.2) 145 24.5 1.34 (1.13-1.58)

Events per 1000 person-years.

a

a



Figure 2.

Subgroup and Sensitivity Analyses of Associations Between Proton Pump Inhibitor (PPI) Use and Risks for Any Fracture

H pylori indicates Helicobacter pylori; HR, hazard ratio; PPI, proton pump inhibitor.


