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SUMMARY 

Proton pump inhibitors (PPIs) have been linked to increased risk of fracture, the data have, 

however, been diverging. We did not find any increased risk of fractures among users of PPIs 

in a Norwegian population of 15,017 women and 13,241 men aged 50-85 years with detailed 

information about lifestyle and comorbidity. 

INTRODUCTION: 

Proton pump inhibitors (PPIs) are widely prescribed, and have been linked to increased risk 

of fracture. 

METHODS: 

We used data from the Nord-Trøndelag Health Study (HUNT3), The Fracture registry in 

Nord-Trøndelag, and the Norwegian Prescription Database, including 15,017 women and 

13,241 men aged 50-85 years.   

The study population was followed from the date of participating in HUNT3 (2006-2008) 

until date of first fracture (forearm or hip), death or end of study (31.12.2012).  

Cox’ proportional hazards model with time-dependent exposure to PPIs was applied, and 

each individual was considered as unexposed until the first prescriptions was filled. To be 

included the prescription of PPIs should minimum be equivalent to 90 defined daily doses 

(DDD) in the period.  Individuals were defined as exposed until 6 months after end of drug 

supply.  

RESULTS 

The proportion of women and men using PPIs was 17.9% and 15.5%, respectively. During a 

median of 5.2 years follow-up, 266 women and 134 men had a first hip fracture and 662 

women and 127 men a first forearm fracture.  

The combined rate/1000 patient-years for forearm and hip fractures in women was 49.2 for 

users of PPIs compared to 64.1 among non-users; for men 18.6 and 19.8, respectively.  

The hazard ratios with 95% confidence interval for a first forearm or hip fracture among 

users of PPIs in the age-adjusted analysis were 0.82 (0.67-1.01) for women and 1.05 (0.72-

1.52) for men. Adjusting for age, use of anti-osteoporotic drugs and FRAX, the HR declined 

to 0.80 (0.65-0.98) in women and 1.00 (0.69-1.45) in men.  

CONCLUSIONS: 

Use of PPIs was not associated with an increased risk of fractures. 
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BACKGROUND: 

Proton pump inhibitors (PPIs) are widely used for acid-related diseases, such as gastro-

esophageal reflux disease. In Norway, more than 15% in the age group 50-69 years and over 

20% in the age group 70-85 years used this medication in 2017 [1].  

One of the concerns regarding PPIs is that they have been associated with an increased risk of 

fractures, first reported in 2006 [2, 3]. In the US, FDA ordered in 2010 all manufacturers of 

PPIs to include in their product labels a warning of the increased risk for fractures of the hip, 

wrist, and spine when used at high dose or for more than one year [4]. 

Data on the effect of PPIs on fracture risk have, however, been diverging. A large meta-

analysis from 2019 with 24 observational studies and 2,103,800 participants concluded with a 

modestly increased risk of hip fractures in those treated with PPIs (RR=1.20, 95% 

confidence interval 1.14-1.28) [5]. A meta-analysis from 2016, including 18 observational 

studies conducted from 2006-2014, concluded with an increased risk of vertebral fractures 

(RR=1.58, 95% CI 1.38–1.82) and any-site fractures (RR=1.33, 95% CI 1.15–1.54) among 

users of PPIs [6]. There was no difference between short-time (< 1 year) and longer use (> 1 

year) [6]. An increased risk has also been seen in those taking low and medium doses of PPI 

compared to non-users, and both after short- and long-term therapy with PPIs [5] 

Fracture risk is determined by several factors, including bone mineral density (BMD), bone 

quality and bone turnover. Both animal and human studies have shown an association 

between PPI use and a reduced BMD [7-10], whereas others have failed to demonstrate a 

reduction in BMD [11, 12]. Attenuated BMD was observed in rats given  PPIs for 3 months 

[7] and in H+/K+-ATPase deficient mice [8], and two prospective studies in humans reported 

a decline in BMD among PPI users [9, 10].  On the other hand, a longitudinal observational 

study of PPI use over 10 years did not show accelerated BMD loss [11, 12] 

Regarding bone quality, a recent study revealed lower trabecular bone score (TBS) at the 

spine in current users of PPIs, but not in recent or previous users [13]. A study applying 

quantitative computed tomography did not show any structural differences between users and 

non-users of PPIs [14].  

Finally, enhancement of fracture risk could also be attributed to increased propensity to fall. 

Accordingly, Lewis et al. observed a higher number of falls among PPIs users, whereas no 

effect on hip BMD or bone quality assessed by heal ultrasound was seen [15]. 

Several mechanisms by which PPIs may impair bone have been postulated. The effect could 

be due to gastric hypoacidity, causing reduced calcium absorption with subsequent secondary 
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hyperparathyroidism [2, 8, 16-18]. However, recent studies have not been able to show 

reduced calcium absorption in humans [12, 14, 19],  

Hypoacidity also induces hypergastrinemia that has been proposed to have a negative effect 

on bone both directly and indirectly via the parathyroid hormone [8, 17, 18, 20].  

PPIs also seem to inhibit intestinal magnesium absorption, accordingly there are several 

reports on hypomagnesemia among PPIs users [18, 21, 22]. In middle-aged Caucasian men, 

low serum magnesium was associated with an increased fracture risk [23].  

Moreover, it has also been suggested that a reduced absorption of vitamin B12 may lead to 

muscle weakness and subsequent falls [15]. 

At the cellular level, several studies have shown that PPIs  inhibit the osteoclasts both in vitro 

[24, 25] and in vivo [26]. In vitro studies have shown diverging effects of PPIs on the 

osteoblast. Prause et al. observed a stimulatory effect [27], whereas another showed an 

inhibitory effect on osteoblasts in ovariectomized rats on a low calcium diet given PPIs 

similar to therapeutic dosages [28]. 

The mechanisms by which PPIs may affect bone adversely are, however, not settled and no 

clear dose dose-response relationship has been demonstrated. Whether use of PPIs truly 

increases fracture risk has therefore been questioned [14, 29-31].    

It has been argued that the apparent association may be due to confounding; that individuals 

prescribed PPIs are frail, elderly people who are already at high fracture risk [29, 31, 32]. 

The aim of our study was to examine the association between use of PPIs and risk of 

fractures in a large cohort comprising men and women 50-85 years of age with detailed 

information about lifestyle and comorbidity. 

 

MATERIALS AND METHODS 

Data sources 

We used data from the Norwegian Prescription Database (NorPD), the third survey of the 

Nord-Trøndelag Health Study (HUNT3) and the Fracture Registry of Nord-Trøndelag. The 

data were linked via the individual’s personal identification numbers  

Norwegian Prescription Database (NorPD) 

Data on prescriptions of PPIs, anti-osteoporotic drugs (AODs) and oral glucocorticoids (GCs) 

were collected from the Norwegian Prescription Database (NorPD) established 01.01.2004. 

NorPD contains information on all prescribed drugs that are dispensed at all pharmacies in 

Norway to individual patients in ambulatory care. Drugs prescribed to patients who had been 
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hospitalized or were in other institutions, are not registered in NorPD [33]. Use of PPIs, AOD 

and GCs was registered from one year before participation in HUNT3. 

 

The HUNT study  

HUNT3 was performed from 2006 to 2008 in the county of Nord-Trøndelag, which is located 

in mid-Norway. The geographic, demographic and occupational structure is considered fairly 

representative of the country as a whole [34]. All individuals 20 years and older were invited 

to participate.  

In the current study, we included the age group 50-85 years. Of the 43,760 invited, 28,692 

(65.6 %) responded, completed a comprehensive questionnaire and underwent a short clinical 

examination at the screening station. Of these, 231 were excluded due to lack of data on 

height (N=213) or weight (N=220). Time of death was retrieved form the NorPD. Those with 

missing information in the NorPD were therefore excluded, (N= 203, 58 women and 145 

men), leaving 15017 women and 13241 men (Figure 1).    

For all those included, Fracture Risk Assessment Tool (FRAX) for Norway, which estimates 

fracture risk (www.shef.ac.uk/FRAX) was calculated [35]. Both FRAXhip and FRAX for 

major osteoporotic fracture (FRAXMOF) without BMD were calculated based on information 

from the HUNT study and the NorPD, details are previously described [36]. 

   

The Fracture Registry of Nord-Trøndelag 

The registry covers all forearm and hip fractures in individuals older than 16 years treated or 

followed up in the only two hospitals in Nord-Trøndelag from August 15, 1995 to December 

31, 2012. The data were collected from the medical records through the electronic discharge 

registers, the Patient Administrative System (PAS) for the whole period, as well as the X-ray 

registry in the period August 15, 1995 to December 31, 2007. In the period 2003 to 2008, no 

additional fractures were found on X-rays. Therefore, from 2008 the search for fractures was 

only done from the PAS. 

Individuals with potential fractures were identified in PAS based on diagnoses according to 

the International Classification of Diseases (ICD), as well as surgical procedures according to 

NOMESKO Classification of Surgical Procedures (NCSP). The ICD 10 codes included were 

S52.X for forearm fractures and S72.0, S72.1, S72.2 and S72.9 for hip fractures. The fracture 

diagnoses were retrospectively validated by specially trained health personnel. 

A fracture was defined when the ICD code was accompanied by a NCSP procedure code of 

reduction, surgical intervention, or intervention with a rigid device or diagnosed by X-ray. 

http://www.shef.ac.uk/FRAX/
http://www.shef.ac.uk/FRAX/
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Fractures due to metastatic disease were excluded. When in doubt if there was a new fracture 

or a control of an earlier fracture, or if the procedure code was missing, the medical record 

was reviewed by a medical doctor. 

Details about the classification and validity of this fracture information have been published 

previously [37-39]. 

 

Exposure: Proton pump inhibitors 

Information on filled prescriptions of PPIs (ATC code A02BC) collected from the NorPD 

was used to classify individuals as exposed to PPIs. The dose is registered as defined daily 

dose (DDD), that is the assumed average maintenance dose per day for a drug used for its 

main indication in adults [40]. DDDs for the included PPIs are: omeprazole 20 mg; 

lansoprazole 30 mg; esomeprazole 30 mg; pantoprazole 40 mg. 

Time-dependent exposure was applied to estimate the association between PPI use and risk of 

fractures. Each individual was considered as unexposed until the first prescriptions of PPIs 

was filled and to be included the prescription of PPIs should minimum be equivalent to 90 

DDD in the period [40]. Since exposure to drugs would be expected to have an effect on bone 

also after termination, we defined individuals as exposed to PPIs until 6 months after end of 

drug supply.  

As a measure of the dose PPIs, Medication Possession Ratio (MPR) was calculated, defined 

as the sum of the DDD for all fills of a given drug in a particular time period, divided by the 

number of days in the time period. 

 

Outcome: Fracture 

Data on first forearm or hip fracture were obtained from the Fracture Registry of Nord-

Trøndelag. The ICD 10 codes included for hip fractures were S72.0-2 and 9; and for forearm 

fractures S52.0 - S52.9.  

 

Covariates 

•  FRAX (for Norway) which estimates fracture risk without including BMD  

(www.shef.ac.uk/FRAX) [35]. The following variables collected at baseline are 

included in the FRAX calculation: 

Gender, age, body mass index (BMI) in addition to self-reported previous fracture, 

parent hip fracture, current smoking, use of oral GCs, rheumatoid arthritis (RA), 

http://www.shef.ac.uk/FRAX/
http://www.shef.ac.uk/FRAX/
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secondary osteoporosis, and use of alcohol (units per week). Data on GCs use were 

retrieved from the NorPD, other information was collected from HUNT3.  

Both FRAX for major osteoporotic fracture (FRAXMOF) and FRAXhip without BMD 

were assessed, details are previously described [36].   

• AODs were defined as: Bisphosphonates (ATC code M05BA), denosumab 

(M05BX04), raloxifene (G03XC01) and teriparatide (H05AA02). Time-dependent 

exposure was applied. Each individual was considered as unexposed until the first of 

at least two prescriptions of an AOD was filled during a 6 months period. Since 

exposure to drugs would be expected to have an effect on bone also after termination, 

we defined individuals as exposed 6 months after end of drug supply. 

• GCs were classified as ATC codes H02AB.  

As for PPIs, each individual was considered as unexposed until the first prescription 

of GCs, and to be included the use of GCs should minimum be equivalent to 90 DDD. 

We defined individuals as exposed until 6 months after end of drug supply.  

• Self-reported intake of milk products at baseline. 

 

Statistics 

Descriptive data are given as mean with standard deviation (SD) for continuous data and 

numbers and percentages for categorical data. 95% confidence intervals (CIs) for counts were 

calculated by the continuity-corrected score interval method [41].  

All individuals were included in the study from the date of their participation in HUNT.  

Cox’ proportional hazards model with time-dependent exposure to PPIs (exposure) as well as 

AODs and GCs (covariates) was used.  

The study population was followed from the date of participating in HUNT3 (baseline) until 

date of first fracture, death or end of study (31.12.2012), whichever came first.  

We present four models adjusted for different covariates: 

Model 1) Adjusted for age. 

Model 2) Adjusted for age, FRAXMOF without BMD (FRAXHIP without BMD is used when 

assessing hip fractures) and use of AODs;  

Model 3) Adjusted for age, milk intake, use of AODs and use of GCs; and  

Model 4) Adjusted for age, FRAX, milk intake, use of AODs and use of GCs.  

The proportional hazards assumption was tested by visual inspection of log minus log plots. 
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In our main analyses, we assessed the composite endpoint of first hip or forearm fracture, as 

well as forearm and hip fracture separately, stratified for gender. 

To examine the effect of the dose PPIs, MPR was used as a continuous variable as well as 

stratified in low and high dose in the time-dependent Cox regression model. Cut-off was set 

at 1.0 DDD. To identify even higher use a cut-off of 1.2 DDD was also examined.  

MPR was calculated as: The total amount DDD prescribed/ (Last fill date - first fill date + 

DDD of the last prescription) 

 

Sensitivity analyses 

It is difficult to correctly classify exposure to drugs, and we also applied models with 

different assumptions on length of exposure to PPIs, AODs and GCs after the last filled 

prescription. As the potential biological mechanism is unclear, there is no a priori consensus 

on how long an effect of PPIs, AODs and GCs on the bone would last. In addition to our 

primary analysis, assuming the effect of PPIs on bone would last for 6 months after 

termination of drug supply, we also performed analyses in model 4 assuming both shorter and 

longer exposure (3 and 9 months, respectively).   

In separate sensitivity analyses, we estimated propensity scores for PPIs exposure by logistic 

regression using the same independent variables as in model 4. We compared the distribution 

of propensity scores between users and never users of PPIs and performed separate analyses 

in propensity score strata (quintiles) to assess whether the association seemed to differ 

between strata. These analyses were performed both in the entire sample and restricted to 

women only.  

All four models were repeated in a sample restricted to individuals who used PPIs for more 

than a year as well as for individuals who had at least two prescriptions of PPIs. 

Interaction analysis were performed by likehood-ratio-test 

P-values below 0.05 were regarded as statistically significant. All analyses were done using 

STATA 14.1 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: 

StataCorp LP). 

 

Ethics 

Participants in HUNT 3 gave written, informed consent for use of their data in research 

including linkage to named registries, such as NorPD.  The study was approved by the 

Regional Committee for Medical and Health Research Ethics in Central Norway 
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(2012/1906/REK). Linkage of databases was approved by the Norwegian Data Protection 

Authority. 

 

RESULTS 

During a median of 5.2 years follow-up (25-75 percentile 4.8-5.6 years), 266 women and 134 

men had a first hip fracture and 662 women and 127 men suffered their first forearm fracture. 

Six individuals had fractures in both forearm and hip.  In analyses including both forearm and 

hip fracture, only the first fracture was included; when evaluating forearm or hip fractures 

separately, all forearm and all hip fractures were included. 

The proportion who had used a minimum of 90 DDD PPIs was 2685 (17.9%) women and 

2047 (15.5%) men. Of those, 2571 (17.1 %) women and 1919 (14.5%) men had filled more 

than one prescription of PPIs, whereof 1756 (11.7 %) and 1326 (10.0 %), respectively used 

PPIs for more than a year.  During the follow-up time, median time of PPI use was 3.8 years 

(25-75 percentile 1.3-5.6years). MPRs were 0.74 (SD 0.39) in women and 0.77 (0.39) in men. 

Regarding fracture risk, users of PPIs were older, had higher BMI, higher FRAX, more 

previous fractures and used more GCs than non-users. However, they were also more often 

treated with AODs (Table 1). 

An overview of the different types PPIs is depicted in Table 2. The PPIs most frequently used 

were pantoprazole and esomeprazole which amounted to 65% of the total number of users, 

and as much as 83% in alternating with the other PPIs (Table 2).    

PPIs and fracture risk  

The fracture rate per 1000 person-years in women was 49.2 (41.4-58.2) for users of PPIs 

compared to 64.1 (59.9-86.6) among non-users. The respective rates for men were 18.6 (13.3-

25.7) and 19.8 (17.4-22.6).  

In Table 3, we present estimated hazard ratios for fracture with and without exposure to PPIs 

for different models. None of the models showed an increased risk of fracture with exposure 

to PPIs, and all estimated HRs were close to or below 1. Among women, the HR among PPI 

users were numerically lower for forearm fracture compared to hip fractures, although not 

significant (Table 3).   

In a model including PPIs as a continuous variable expressed as MPR, the HR for fracture 

among women was 0.76 (0.62-0.77) and men 0.83 (0.56-1.23) adjusted for age. The 

estimated HRs in model 4 were 0.77 (0.62-0.96) and 0.88 (0.59-1.32), respectively. 

No difference was observed between individuals with high and low doses of PPIs (Table 4). 
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The numbers of fracture with a cut-off of 1.2 DDD was only 27 of 517 (23 out of 290 women 

and 4 out of 223 men) leading to too low precision. 

Sensitivity analyses 

Different classification of exposure to PPIs, i.e. the assumed effect on bone after termination 

of drug supply, had small effects on the estimated hazard ratio. In model 4 for women 

assessing the composite fracture endpoint, the HR was 0.78 (0.63-0.96) when exposure time 

was defined as 3 months after termination of PPIs compared to 0.88 (0.72-1.07) when 

exposure time was defined as 9 months after PPIs termination. The estimated association 

between use of PPIs and fracture risk was not affected by different definitions of length of 

AODs or GCs exposure, supplementary Table S1. 

The distribution of propensity scores did not differ between individuals exposed and not 

exposed to PPIs. The estimated association between exposure to PPIs and fracture risk did 

not differ between the five propensity score strata (data not shown). 

The results were quite similar when only including individuals who had used PPIs more than 

one year as exposed, with a composite endpoint HR for PPIs (model 4) of 0.71 (0.55-0.90) in 

women and 0.80 (0.51-1.26) in men, supplementary Table S2 or among individuals with 

minimum 2 prescriptions, supplementary Table S3. 

There were no statistically significant interactions between PPIs and age in women (p=0.29) 

or men (p=0.87). In a model including both genders (Model 4), there was no statistically 

significant interaction between PPIs and sex (p=0.10) 

 

DISCUSSION 

In the present study, we examined the association between use of PPIs and risk of forearm 

and hip fractures in women and men from the HUNT study aged 50 to 85 years. In this large 

population-based study, we observed no increased risk for fractures among users of PPIs 

compared to non-users. This finding contrasts with the majority of previous studies [5, 6]. 

The discrepancy could be due to differences in duration of exposure, type of PPIs, 

characteristics of the population studied, as well as methodological challenges such as 

sufficient adjustment for potential confounding factors.  

 

According to Yang et al., the duration of PPI therapy seems to influence the risk of hip 

fracture, especially when given at a high dosage, and they observed a gradual increase in hip 

fracture risk from one year up to four years of exposure to PPIs [2]. In the latest meta-
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analysis addressing hip fracture risk, long-term use (more than 3 years) of PPIs was also 

associated with somewhat higher risk than short-term use [5].  

In our study the duration of exposure to PPIs ranged from 6 months to 7 years, (with a 

median of 3.8 years) which may be too short to cause see a negative effect on bone. On the 

other hand, true duration may be longer since some individuals may have used PPIs during a 

longer period than one year before study start.  

  

The type of PPIs may also influence the fracture risk, and in one study, rabeprazole use 

showed the strongest association with fractures [42]. This was also the case in the meta-

analysis by Poly et al, showing increase of hip fracture risk by 27% in those treated with 

rabeprazole and 13% in users of omeprazole and pantoprazole [5]. On the other hand, use of 

esomeprazole and lansoprazole was not associated with increased hip fracture risk (RR 0.93 

and 1.08). In our cohort pantoprazole and esomeprazole were the most commonly prescribed 

PPIs, while rabeprazole, which seems to be most harmful to the skeleton, is not approved for 

use in Norway.  

 

Our results could also be influenced by other medications with effects on bone. Nonsteroidal 

anti-inflammatory drugs (NSAIDs) and acetylsalicylic acid (ASA) are frequently used drugs 

with gastrointestinal side effects that often trigger initiation of PPIs. Previous studies have 

reported that use of NSAIDs and ASA is associated with a modest increase in fracture risk 

[43, 44]. On the other hand, more recent studies show a modest beneficial effect on BMD in 

postmenopausal women using ASA or NSAIDs regularly [45, 46]. However, no clinically 

significant protective effect on the subsequent risk of fractures was observed. The increased 

risk of fractures observed in previous studies may be attributed to common causes of NSAIDs 

and ASA use and fractures [47]. Unfortunately, we were not able to retrieve data at an 

individual level in our participants, as in Norway, NSAIDs are available without prescription.  

We are therefore unable to include this in the analysis. Based on the existing data, it does not 

appear likely that use of these drugs can explain our findings 

It is possible that residual confounding may play a role in explaining the reported association 

between use of PPIs and fractures [29]. This hypothesis is also supported by the lack of a 

clear mechanism or a dose-response relationship. Inclusion of FRAX in the model is expected 

to reduce confounding, since it is a well-documented tool to assess fracture risk [29, 35].  

FRAXhip without BMD has previously been validated in this cohort and is found to predict 

hip fractures reasonably well [36]. We present models adjusted for different covariates, and 
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there were only minor differences regarding the estimated HRs.  None of our analyses seem 

to suggest an increased risk of fractures, and use of PPIs in some analyses indeed seemed 

rather to be associated with a reduced fracture risk. While we in no way believe PPIs to be 

protective, we consider this as an indication that any confounding factor not included in the 

models would have to be very strong to lead to a different conclusion. A healthy adherer 

effect might nevertheless partly explain the apparently reduced risk.  

  

The sensitivity analyses comparing associations in different propensity score strata also give 

some reassurance to the result of the primary analysis. Furthermore, there was no interaction 

between use of PPIs and sex, and even if the fracture risk for users of PPIs seems higher 

among men, the precision was low due to fewer fractures than among women.  

It is, however, reassuring that exposure to PPIs for a median of 4 years was not associated 

with increased fracture risk.  

 

The strength of our study is the population-based design, the large registers, and a reasonably 

high participation rate of 65.6% in this age group in HUNT3. The HUNT study also includes 

substantial information regarding risk for fractures, which reduces residual confounding. We 

had access to FRAX without BMD for all participants.  

We have used time-dependent drug exposure to evaluate the effect of PPIs, AODs and GCs 

during the follow-up period. This will avoid immortal time bias, which refers to a period of 

follow-up during which, by design, death or the study outcome cannot occur [48]. 

Our study has some limitations. The main challenge is the classification of exposure since no 

consensus exists on how long an effect of PPIs on the bone would last. However, the different 

assumptions on length of exposure had only small effects on the estimated HR.  

Next, PPIs up to a 14-day course has been available without prescription in Norway from 

2010, the price is, however, high compared to prescribed PPIs. In Norway patients are 

qualified for reimbursement if in need of medical treatment for 3 months or more within a 

year due to chronic illness. Thus, we assume that a large majority of individuals who use PPIs 

for a long time will prefer to have a prescription.   

Calcium supplements with or without vitamin D were not included in the analysis as they are 

available without prescription in Norway. As a proxy measure for calcium, self-reported milk 

intake was included in one of the models. Furthermore, protein intake and physical activity 

were not registered. With respect to the FRAX calculation, we were not able to retrieve data 

on hip fractures in parents; instead, self-reported parental osteoporosis was included in the 
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calculation. FRAX without BMD is used as we did not have BMD measurements in all 

participants. 

Moreover, the number of fractures was limited, and we only had information regarding hip 

and forearm fractures, which leads to wide confidence intervals. The relative risks are not 

precisely estimated. However, the upper limits of the respective 95% confidence intervals 

seem to preclude any large increase in the risk of fractures.  Finally, the follow-up time of 4 

years may be too short to find any negative effect of PPIs on bone.  

In conclusion, exposure to the PPIs (, pantoprazole, esomeprazole, lansoprazole and 

omeprazole) was not associated with increased risk of hip or forearm fractures in our 

population-based study. Based on these findings and other recent studies there is no strong 

case for targeting additional osteoporosis risk assessment to patients solely based on their use 

of these PPIs. 

 

ACKNOWLEDGEMENTS 

The Nord-Trøndelag Health Study (The HUNT Study) is collaboration between HUNT 

Research Centre (Faculty of Medicine, Norwegian University of Science and Technology  

NTNU), Nord-Trøndelag County Council, Central Norway Health Authority, and the 

Norwegian Institute of Public Health.  

MH received a post-doctoral fellowship grant from the Liaison Committee between the 

Central Norway Regional Health Authority (RHA) and the Norwegian University of Science 

and Technology (NTNU). 

 

CONFLICTS OF INTERESTS 

BA has institutional research contracts with UCB and Novartis with funds paid to the 

institutions. 

US has received research grants from or served as a Principal Investigator in studies 

conducted by Amgen, Eli Lilly, Novartis, Merck and Wyeth pharmaceuticals 

MH, SS, HM, AD, AJS, AL, ES, SF and BS have no disclosures. 

 

REFERENCES: 
1. (2019) The Norwegian Prescription Database. The Norwegian Institute of Public Health. 
http://www.norpd.no/  
2. Yang YX, Lewis JD, Epstein S, Metz DC (2006) Long-term proton pump inhibitor therapy and 
risk of hip fracture. JAMA 296:2947-2953 
3. Vestergaard P, Rejnmark L, Mosekilde L (2006) Proton pump inhibitors, histamine H2 
receptor antagonists, and other antacid medications and the risk of fracture. Calcified tissue 
international 79:76-83 

http://www.norpd.no/
http://www.norpd.no/


14 
 

4. U.S. Food & Drug Administration F FDA. 
https://www.fda.gov/drugs/DrugSafety/ucm199082.htm.  
5. Poly TN, Islam MM, Yang HC, Wu CC, Li YJ (2019) Proton pump inhibitors and risk of hip 
fracture: a meta-analysis of observational studies. Osteoporosis international : a journal established 
as result of cooperation between the European Foundation for Osteoporosis and the National 
Osteoporosis Foundation of the USA 30:103-114 
6. Zhou B, Huang Y, Li H, Sun W, Liu J (2016) Proton-pump inhibitors and risk of fractures: an 
update meta-analysis. Osteoporosis international : a journal established as result of cooperation 
between the European Foundation for Osteoporosis and the National Osteoporosis Foundation of 
the USA 27:339-347 
7. Cui GL, Syversen U, Zhao CM, Chen D, Waldum HL (2001) Long-term omeprazole treatment 
suppresses body weight gain and bone mineralization in young male rats. Scandinavian journal of 
gastroenterology 36:1011-1015 
8. Fossmark R, Stunes AK, Petzold C, Waldum HL, Rubert M, Lian AM, Reseland JE, Syversen U 
(2012) Decreased bone mineral density and reduced bone quality in H(+) /K(+) ATPase beta-subunit 
deficient mice. Journal of cellular biochemistry 113:141-147 
9. Ozdil K, Kahraman R, Sahin A, Calhan T, Gozden EH, Akyuz U, Erer B, Sokmen MH (2013) 
Bone density in proton pump inhibitors users: a prospective study. Rheumatology international 
33:2255-2260 
10. Bahtiri E, Islami H, Hoxha R, Qorraj-Bytyqi H, Rexhepi S, Hoti K, Thaci K, Thaci S, Karakulak C 
(2016) Esomeprazole use is independently associated with significant reduction of BMD: 1-year 
prospective comparative safety study of four proton pump inhibitors. Journal of bone and mineral 
metabolism 34:571-579 
11. Targownik LE, Lix LM, Leung S, Leslie WD (2010) Proton-pump inhibitor use is not associated 
with osteoporosis or accelerated bone mineral density loss. Gastroenterology 138:896-904 
12. Targownik LE, Leslie WD, Davison KS, et al. (2012) The relationship between proton pump 
inhibitor use and longitudinal change in bone mineral density: a population-based study [corrected] 
from the Canadian Multicentre Osteoporosis Study (CaMos). The American journal of 
gastroenterology 107:1361-1369 
13. Shin YH, Gong HS, Baek GH (2019) Lower Trabecular Bone Score is Associated With the Use 
of Proton Pump Inhibitors. Journal of clinical densitometry : the official journal of the International 
Society for Clinical Densitometry 22:236-242 
14. Targownik LE, Goertzen AL, Luo Y, Leslie WD (2017) Long-Term Proton Pump Inhibitor Use Is 
Not Associated With Changes in Bone Strength and Structure. The American journal of 
gastroenterology 112:95-101 
15. Lewis JR, Barre D, Zhu K, Ivey KL, Lim EM, Hughes J, Prince RL (2014) Long-term proton pump 
inhibitor therapy and falls and fractures in elderly women: a prospective cohort study. Journal of 
bone and mineral research : the official journal of the American Society for Bone and Mineral 
Research 29:2489-2497 
16. O'Connell MB, Madden DM, Murray AM, Heaney RP, Kerzner LJ (2005) Effects of proton 
pump inhibitors on calcium carbonate absorption in women: a randomized crossover trial. The 
American journal of medicine 118:778-781 
17. Nehra AK, Alexander JA, Loftus CG, Nehra V (2018) Proton Pump Inhibitors: Review of 
Emerging Concerns. Mayo Clinic proceedings 93:240-246 
18. Corsonello A, Lattanzio F, Bustacchini S, et al. (2018) Adverse Events of Proton Pump 
Inhibitors: Potential Mechanisms. Current drug metabolism 19:142-154 
19. Wright MJ, Sullivan RR, Gaffney-Stomberg E, Caseria DM, O'Brien KO, Proctor DD, Simpson 
CA, Kerstetter JE, Insogna KL (2010) Inhibiting gastric acid production does not affect intestinal 
calcium absorption in young, healthy individuals: a randomized, crossover, controlled clinical trial. 
Journal of bone and mineral research : the official journal of the American Society for Bone and 
Mineral Research 25:2205-2211 

https://www.fda.gov/drugs/DrugSafety/ucm199082.htm
https://www.fda.gov/drugs/DrugSafety/ucm199082.htm


15 
 

20. Aasarod KM, Ramezanzadehkoldeh M, Shabestari M, et al. (2016) Skeletal effects of a gastrin 
receptor antagonist in H+/K+ATPase beta subunit KO mice. The Journal of endocrinology 230:251-
262 
21. Cundy T, Dissanayake A (2008) Severe hypomagnesaemia in long-term users of proton-pump 
inhibitors. Clinical endocrinology 69:338-341 
22. Famularo G, Gasbarrone L, Minisola G (2013) Hypomagnesemia and proton-pump inhibitors. 
Expert opinion on drug safety 12:709-716 
23. Kunutsor SK, Whitehouse MR, Blom AW, Laukkanen JA (2017) Low serum magnesium levels 
are associated with increased risk of fractures: a long-term prospective cohort study. European 
journal of epidemiology 32:593-603 
24. Prause M, Seeliger C, Unger M, Rosado Balmayor E, van Griensven M, Haug AT (2015) 
Pantoprazole decreases cell viability and function of human osteoclasts in vitro. Mediators of 
inflammation 2015:413097 
25. Costa-Rodrigues J, Reis S, Teixeira S, Lopes S, Fernandes MH (2013) Dose-dependent 
inhibitory effects of proton pump inhibitors on human osteoclastic and osteoblastic cell activity. The 
FEBS journal 280:5052-5064 
26. Jo Y, Park E, Ahn SB, Jo YK, Son B, Kim SH, Park YS, Kim HJ (2015) A Proton Pump Inhibitor's 
Effect on Bone Metabolism Mediated by Osteoclast Action in Old Age: A Prospective Randomized 
Study. Gut and liver 9:607-614 
27. Prause M, Seeliger C, Unger M, van Griensven M, Haug AT (2014) Pantoprazole increases cell 
viability and function of primary human osteoblasts in vitro. Injury 45:1156-1164 
28. Joo MK, Park JJ, Lee BJ, Kim JH, Yeon JE, Kim JS, Byun KS, Bak YT (2013) The effect of a proton 
pump inhibitor on bone metabolism in ovariectomized rats. Molecular medicine reports 7:1267-
1272 
29. Leontiadis GI, Moayyedi P (2014) Proton pump inhibitors and risk of bone fractures. Current 
treatment options in gastroenterology 12:414-423 
30. Targownik LE (2018) Editorial: Non-breaking news! High-dose PPIs likely do not cause 
fractures. Alimentary pharmacology & therapeutics 47:137 
31. Cea Soriano L, Ruigomez A, Johansson S, Garcia Rodriguez LA (2014) Study of the association 
between hip fracture and acid-suppressive drug use in a UK primary care setting. Pharmacotherapy 
34:570-581 
32. Moayyedi P, Leontiadis GI (2012) The risks of PPI therapy. Nature reviews Gastroenterology 
& hepatology 9:132-139 
33. Furu K (2008) Establishment of the nationwide Norwegian Prescription Database (NorPD) – 
new opportunities for research in pharmacoepidemiology in Norway. Norsk Epidemiologi 129-136 
34. Krokstad S, Langhammer A, Hveem K, Holmen T, Midthjell K, Stene T, Bratberg G, Heggland J, 
Holmen J (2012) Cohort Profile: The HUNT Study, Norway. International journal of epidemiology  
35. Kanis JA, Oden A, Johansson H, Borgstrom F, Strom O, McCloskey E (2009) FRAX and its 
applications to clinical practice. Bone 44:734-743 
36. Hoff M, Meyer HE, Skurtveit S, Langhammer A, Sogaard AJ, Syversen U, Dhainaut A, Skovlund 
E, Abrahamsen B, Schei B (2017) Validation of FRAX and the impact of self-reported falls among 
elderly in a general population: the HUNT study, Norway. Osteoporosis international : a journal 
established as result of cooperation between the European Foundation for Osteoporosis and the 
National Osteoporosis Foundation of the USA  
37. Gronskag AB, Forsmo S, Romundstad P, Langhammer A, Schei B (2010) Incidence and 
seasonal variation in hip fracture incidence among elderly women in Norway. The HUNT Study. Bone 
46:1294-1298 
38. Hoff M, Skurtveit S, Meyer HE, Langhammer A, Sogaard AJ, Syversen U, Abrahamsen B, Schei 
B (2015) Use of anti-osteoporotic drugs in central Norway after a forearm fracture. Archives of 
osteoporosis 10:235 



16 
 

39. Blum MR, Bauer DC, Collet TH, et al. (2015) Subclinical thyroid dysfunction and fracture risk: 
a meta-analysis. JAMA 313:2055-2065 
40. WHO Collaborating Centre for Drug Statistics Methodology. Guidelines for ATC classification 
and DDD assignement. Norway: Oslo. https://www.whocc.no/atc_ddd_index/  
41. Vollset SE (1993) Confidence intervals for a binomial proportion. Statistics in medicine 
12:809-824 
42. van der Hoorn MMC, Tett SE, de Vries OJ, Dobson AJ, Peeters G (2015) The effect of dose 
and type of proton pump inhibitor use on risk of fractures and osteoporosis treatment in older 
Australian women: A prospective cohort study. Bone 81:675-682 
43. Vestergaard P, Steinberg TH, Schwarz P, Jorgensen NR (2012) Use of the oral platelet 
inhibitors dipyridamole and acetylsalicylic acid is associated with increased risk of fracture. 
International journal of cardiology 160:36-40 
44. Dadwal G, Schulte-Huxel T, Kolb G (2019) Effect of antithrombotic drugs on bone health. 
Zeitschrift fur Gerontologie und Geriatrie  
45. Chin KY (2017) A Review on the Relationship between Aspirin and Bone Health. Journal of 
osteoporosis 2017:3710959 
46. Carbone LD, Tylavsky FA, Cauley JA, Harris TB, Lang TF, Bauer DC, Barrow KD, Kritchevsky SB 
(2003) Association between bone mineral density and the use of nonsteroidal anti-inflammatory 
drugs and aspirin: impact of cyclooxygenase selectivity. Journal of bone and mineral research : the 
official journal of the American Society for Bone and Mineral Research 18:1795-1802 
47. Bonten TN, de Mutsert R, Rosendaal FR, Jukema JW, van der Bom JG, de Jongh RT, den 
Heijer M (2017) Chronic use of low-dose aspirin is not associated with lower bone mineral density in 
the general population. International journal of cardiology 244:298-302 
48. Levesque LE, Hanley JA, Kezouh A, Suissa S (2010) Problem of immortal time bias in cohort 
studies: example using statins for preventing progression of diabetes. Bmj 340:b5087 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/


17 
 

Figure 1. Flow chart of the included subjects     
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Age 50-85 years,  

Women:  
Invited: 22,288 

Participated: 15,183 
Men: 

Invited: 21,418 
Participated: 13,509 

 
Total, N= 28,692 

 

Women: 15,017 
Men: 13,241 
Total: 28,258 

 

Excluded due to 
missing height (N= 213) 

 and/ or  
missing weight (N=220) 

Sum: N=231 

 

Excluded due to no 
prescriptions in NorPD: 

Women: 58 
Men:145 
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Table 1: Baseline values stratified for exposure to proton pump inhibitors in the follow-up period 

 Exposed to proton pump inhibitors 
N=4490 

 

Not exposed to proton pump inhibitors 
N=23768 

Women 
N=2685 

Men 
N=2047 

Women 
N=12332 

Men 
N=11194 

Age, mean (SD) 65.6 (9.2) 65.6 (8.9) 63.5 (9.1) 63.3 (8.8) 

BMI, mean (SD) 28.7 (4.9) 28.2 (3.7) 27.3 (4.6) 27.6 (3.6) 

FRAX, mean (SD) 16.1 (12.7) 7.2 (4.4) 13.1 (10.6) 6.3 (3.8) 

Previous fracturesa,b, N (%)    586 (21.9%) 262 (12.8%) 2031 (16.5%) 1069 (9.5%) 

Osteoporosis among parentsa, N (%) 390 (14.5%) 134 (6.5%) 1548 (12.6%) 696 (6.2%) 

Current smokera, N (%) 647 (24.1%) 430 (21.0%) 2871 (23.3%) 2395 (21.4%) 

More than 2 glass milk/ daya, N (%) 1594 (60.1%) 755 (37.9%) 7510 (61.6%) 4258 (39.0%) 

Alcohol consumption, units/ week a (SD) 2.5 (3.9) 4.8 (6.4) 3.0 (4.1) 5.3 (6.3) 

Alcohol consumption ≥3 units/ day a, N (%) 2 (0.1%) 5 (0.3%) 2 (0.0%) 23 (0.2%) 

Secondary osteoporosisa,c, N (%)   728 (27.1%) 141 (6.9%) 2248 (18.2%) 568 (5.1%) 

Exposed to anti-osteoporotic drugsd 373 (14.5%) 61 (3.2%) 1054 (8.5%) 142 (1.3%) 

Exposed to glucocorticosteroidsd 729 (27.2%) 480 (23.4%) 1304 (10.6%) 1059 (9.5%) 

 

aSelf-reported 
bPrevious fractures in hip, wrist, or spine after 40 years 
cSecondary osteoporosis defined as menopause or surgical removal of ovaries before 45 years, rheumatoid arthritis, diabetes mellitus type 1,   
or hyperthyroidism 
dExposed to the drug during the follow-up period, Data is from the Norwegian prescription register 
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TABLE 2: Use of different types proton pump inhibitors in the follow-up period, N=4732 
 

 Type proton pump inhibitor N (%) 

 
Use of one 

proton pump inhibitor 
N= 2737 (60.9%) 

Pantoprazole 1396 (29.5) 

Esomeprazole 823 (17.4) 

Lansoprazole 445 (9.4) 

Omeprazole 

 

313 (6.6) 

 
 

Combination of two  
proton pump inhibitors 

N=1485 (33.1%) 

Pantoprazole + Esomeprazole 847 (17.9) 

Pantoprazole  + Lansoprazole 182 (3.8) 

Pantoprazole  + Omeprazole 131 (2.8) 

Esomeprazole + Lansoprazole 184 (3.9) 

Esomeprazole + Omeprazole 108 (2.3) 

Lansoprazole + Omeprazole 

 

35 (0.7) 

 
Combination of three 

proton pump inhibitors 
N=256 (5.7%) 

Pantoprazole  + Esomeprazole + Lansoprazole 132 (2.8) 

Pantoprazole +Esomeprazole + Omeprazole 94 (2.0) 

Pantoprazole + Lansoprazole + Omeprazole 12 (0.3) 

Esomeprazole + Lansoprazole + Omeprazole 

 

18 (0.4) 

Four proton pump inhibitors 
N=12 (0.3%) 

 

Pantoprazole + Esomeprazole + Lansoprazole + Omeprazole 12 (0.3) 
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TABLE 3: Hazard ratios (with 95% confidence interval) for the association between use of proton pump inhibitors and fractures in the four 
different models 

 N Fractures Rate/ 1000 
 

Model 1  
Adjusted for age 

 

Model 2  
Adjusted for age, 
FRAX and use of 

anti-osteoporotic 
drugs 

 

Model 3  
Adjusted for age, 

milk intake, use of 
anti-osteoporotic 
drugs and use of 
glucocorticoids 

 

Model 4  
Adjusted for age, 

FRAX, 
milk intake, use 

of anti-
osteoporotic 

drugs and use of 
glucocorticoids 

Women  
Hip and forearm fractures 

• PPIs yes 

• PPIs no 

15017 
 

2685 
12332 

923 
 

132 
791 

61.5 (57.8-65.5) 
 

49.2 (41.4-58.2) 
64.1 (59.9-68.6) 

 
 

0.82 (0.67-1.01) 
Reference 

 
 

0.80 (0.65-0.98) 
Reference 

 
 

0.84 (0.68-1.03) 
Reference 

 
 

0.83 (0.67-1.02) 
Reference 

Men 
Hip and forearm fractures 

• PPIs yes 

• PPIs no 

13241 
 

2047 
11194 

260 
 

38 
222 

19.6 (17.4-22.2) 
 

18.6 (13.3-25.7) 
19.8 (17.4-22.6) 

 
 

1.05 (0.72-1.52) 
Reference 

 
 

1.00 (0.69-1.45) 
Reference 

 
 

1.08 (0.74-1.57) 
Reference 

 
 

1.05 (0.72-1.54) 
Reference 

Women  
Hip fractures 

• PPIs yes 

• PPIs no 

15017 
 

2685 
12332 

266 
 

52 
214 

17.7 (15.7-20.0) 
 

19.4 (14.6-25.5) 
17.4 (15.2-19.9) 

 
 

0.97 (0.69-1.37) 
Reference 

 
 

0.95 (0.68-1.34) 
Reference 

 
 

0.93 (0.65-1.33) 
Reference 

 
 

0.92 (0.65-1.33) 
Reference 

Men 
Hip fractures 

• PPIs yes 

• PPIs no 

13241 
 

2047 
11194 

134 
 

21 
113 

10.8 (8.5-12.0) 
 

10.3 (6.5-15.9) 
10.1 (8.4-12.2) 

 
 

1.00 (0.60-1.66) 
Reference 

 
 

0.97 (0.58-1.62) 
Reference 

 
 

1.00 (0.59-1.70) 
Reference 

 
 

0.99 (0.58-1.68) 
Reference 

Women 
Forearm fractures 

• PPIs yes 

• PPIs no 

15017 
 

2685 
12332 

662 
 

81 
581 

44.1 (40.9-47.5) 
 

30.2 (24.2-37.5) 
47.1 (43.5-51.0) 

 
 

0.78 (0.61-1.01) 
Reference 

 
 

0.78 (0.61-1.00) 
Reference 

 
 

0.82 (0.64-1.06) 
Reference 

 
 

0.82 (0.64-1.06) 
Reference 

Men 
Forearm fractures 

• PPIs yes 

• PPIs no 

13241 
 

2047 
11194 

127 
 

17 
110 

9.6 (8.0-11.4) 
 

8.3 (5.0-13.6) 
9.8 (8.1-11.9) 

 
 

1.14 (0.67-1.96) 
Reference 

 
 

1.11 (0.64-1.90) 
Reference 

 
 

1.19 (0.69-2.06) 
Reference 

 
 

1.19 (0.69-2.06) 
Reference 
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TABLE 4: Hazard ratios (with 95% confidence interval) for the association between use of proton pump inhibitors (PPIs) and fractures 
stratified for high and low dose. Cut-off PPIs ≥ 1.0 defined daily doses (DDD).  

 N Fractures Rate/ 1000 
 

Model 1  
Adjusted for 

age 
 

Model 2 
Adjusted for age, FRAX 

and use of anti-
osteoporotic drugs 

Women  
Hip and forearm fractures 

• PPIs ≥ 1.0 DDD 

• PPIs <1.0 DDD 

• PPIs no 

15017 
 

776 
1909 

12332 

923 
 

46 
86 

791 

61.5 (57.8-65.5) 
 

59.3 (44.2-78.9) 
45.0 (26.4-55.6) 
64.1 (59.9-68.6) 

 
 

0.83 (0.62-1.13) 
0.64 (0.51-0.80) 

Reference 

 
 

0.80 (0.59-1.08) 
0.62 (0.50-0.78) 

Reference 

Men  
Hip and forearm fractures 

• PPIs ≥ 1.0 DDD 

• PPIs < 1.0DDD 

• PPIs no 

13241 
 

665 
1392 

11194 

260 
 

11 
27 

222 

19.6 (17.4-22.2) 
 

16.5 (8.7-30.3) 
19.4 (13.1-28.5) 
19.8 (17.4-22.6) 

 
 

0.78 (0.42-1.42) 
0.86 (0.57-1.28) 

Reference 

 
 

0.75 (0.41-1.37)  
0.82 (0.55-1.23) 

Reference 
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Online Supplement 
Sensitivity analysis 

 
Table S1: Hazard ratios (95% confidence interval) in women for the association between use of proton pump inhibitors and fractures in 

forearm and hip, with different length of exposure to drugs (model 4)  

 

Months after exposure of drugs Proton pump inhibitors 
3 months 

Proton pump inhibitors 
 6 months 

(used in the calculations) 

Proton pump inhibitors 
9 months 

Anti-osteoporotic drugs and 
glucocorticoids 
3 months 
 

0.78 (0.63-0.96) 0.83 (0.67-1.02) 0.88 (0.72-1.07) 

Anti-osteoporotic drugs and 
glucocorticoids 
6 months (used in the calculations) 
 

0.78 (0.63-0.96) 0.82 (0.67-1.01) 
 

0.88 (0.72-1.08) 

Anti-osteoporotic drugs and 
glucocorticoids 
9 months  
 

0.77 (0.62-0.96) 0.82 (0.67-1.01) 0.87 (0.71-1.07) 
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TableS2: Hazard ratios (95% confidence interval) for the association between use of proton pump inhibitors (PPIs) and fractures among 
individuals using PPIs for more than one year 

 N Fractures Rate/ 1000 
 

Model 1  
Adjusted for age 

 

Model 2  
Adjusted for age, 
FRAX and use of 

anti-osteoporotic 
drugs 

 

Model 3  
Adjusted for age, 

milk intake, use of 
anti-osteoporotic 
drugs and use of 
glucocorticoids 

 

Model 4  
Adjusted for age, 

FRAX, 
milk intake, use of 
anti-osteoporotic 
drugs and use of 
glucocorticoids 

Women  
Hip and forearm fractures 

• PPI yes 

• PPI no 

15017 
 

1756 
13261 

923 
 

85 
838 

61.5 
 

48.4 
63.2 

 
 

0.70 (0.55-0.88) 
Reference 

 
 

0.68 (0.54-0.86) 
Reference 

 
 

0.71 (0.56-0.90) 
Reference 

 
 

0.71 (0.55-0.90) 
Reference 

Men 
Hip and forearm fractures 

• PPI yes 

• PPI No 

13241 
 

1326 
11915 

260 
 

24 
236 

19.6 
 

18.1 
19.8 

 
 

0.83 (0.53-1.28) 
Reference 

 
 

0.78 (0.50-1.21) 
Reference 

 
 

0.83 (0.53-1.30) 
Reference 

 
 

0.80 (0.51-1.26) 
Reference 

Women  
Hip fractures 

• PPI yes 

• PPI no 

15017 
 

1756 
13261 

266 
 

30 
236 

17.7 (15.7-20.0) 
 

17.1 (11.8-24.6) 
17.8 (15.6-20.2) 

 
 

0.78 (0.52-1.16) 
Reference 

 
 

0.76 (0.51-1.13) 
Reference 

 
 

0.75 (0.49-1.14) 
Reference 

 
 

0.76 (0,40-1,42) 
Reference 

Men 
Hip fractures 

• PPI yes 

• PPI no 

13241 
 

1326 
11915 

134 
 

14 
120 

10.1 (8.5-12.0) 
 

10.6 (6.0-18.1) 
10.1 (8.4-12.1) 

 
 

0.80 (0.44-1.46) 
Reference 

 
 

0.77 (0,42-1,41) 
Reference 

 
 

0.78 (0,42-1,46) 
Reference 

 
 

0.78 (0,42-1,45) 
Reference 

Women 
Forearm fractures 

• PPI yes 

• PPI No 

15017 
 

1756 
13261 

662 
 

55 
607 

44.1 (40.8-47.4) 
 

31.3 (23.9-23.2) 
45.8 (42.3-49.5) 

 
 

0.67 (0.50-0.90) 
Reference 

 
 

0.67 (0.50-0.90) 
Reference 

 
 

0.70 (0.52-0.94) 
Reference 

 
 

0.70 (0.53-0.95) 
Reference 

Men 
Forearm fractures 

• PPI yes 

• PPI No 

13241 
 

1326 
11915 

127 
 

10 
117 

9.6 (8.0-11.4) 
 

7.5 (3.8-14.3) 
9.8 (8.2-11.8) 

 
 

0.87 (0.46-1.67) 
Reference 

 
 

0.84 (0.44-1.60) 
Reference 

 
 

0.90 (0.47-1.74) 
Reference 

 
 

0.89 (0.47-1.73) 
Reference 
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TABLE S3: Hazard ratios (95% confidence interval) for the association between use of proton pump inhibitors (PPIs) and fractures among 
individuals with minimum two prescriptions 

 N Fractures Rate/ 1000 
 

Model 1  
Adjusted for age 

 

Model 2  
Adjusted for age, 
FRAX and use of 

anti-osteoporotic 
drugs 

 

Model 3  
Adjusted for age, 

milk intake, use of 
anti-osteoporotic 
drugs and use of 
glucocorticoids 

 

Model 4  
Adjusted for age, 

FRAX, 
milk intake, use of 
anti-osteoporotic 
drugs and use of 
glucocorticoids 

Women  
Hip and forearm fractures 

• PPIs yes 

• PPIs no 

15017 
 

2571 
12446 

923 
 

126 
797 

61.5 (57.7-65.5) 
 

49.0 (0.41-0.58) 
64.0 (0.60-0.69) 

 
 

0.82 (0.67-1.01) 
Reference 

 
 

0.80 (0.65-0.98) 
Reference 

 
 

0.84 (0.68-1.03) 
Reference 

 
 

0.83 (0.67-1.02) 
Reference 

Men 
Hip and forearm fractures 

• PPIs yes 

• PPIs No 

13241 
 

1919 
11322 

260 
 

36 
224 

19.6 (17.4-22.2) 
 

18.8 (13.4-26.2) 
19.8 (17.3-22.6) 

 
 

1.04 (0.72-1.52) 
Reference 

 
 

1.00 (0.69-1.45) 
Reference 

 
 

1.08 (0.77-1.57) 
Reference 

 
 

1.05 (0.72-1.54) 
Reference 

Women  
Hip fractures 

• PPIs yes 

• PPIs no 

15017 
 

2571 
12446 

266 
 

48 
218 

17.7 (15.7-20.0) 
 

18.7 (13.9-24.9) 
17.5 (15.3-20.0) 

 
 

0.97 (0.69-1.37) 
Reference 

 
 

0.95 (0.68-1.34) 
Reference 

 
 

0.93 (0.65-1.33) 
Reference 

 
 

0.93 (0.65-1.32) 
Reference 

Men 
Hip fractures 

• PPIs yes 

• PPIs no 

13241 
 

1919 
11322 

134 
 

20 
114 

10.8 (8.5-12.0) 
 

10.4 (6.6-16.4) 
10.1 (8.3-12.1) 

 
 

1.00 (0.60-1.66) 
Reference 

 
 

0.97 (0.58-1.62) 
Reference 

 
 

1.00 (0.59-1.70) 
Reference 

 
 

0.99 (0.58-1.68) 
Reference 

Women 
Forearm fractures 

• PPIs yes 

• PPIs No 

15017 
 

2571 
12446 

662 
 

79 
583 

44.1 (40.9-47.5) 
 

30.7 (24.6-38.3) 
46.8 (43.2-50.7) 

 
 

0.78 (0.61-1.01) 
Reference 

 
 

0.71 (0.46-1.09) 
Reference 

 
 

0.82 (0.64-1.06) 
Reference 

 
 

0.76 (0.48-1.15) 
Reference 

Men 
Forearm fractures 

• PPIs yes 

• PPIs No 

13241 
 

1919 
11322 

127 
 

16 
111 

9.6 (8.0-11.4) 
 

8.3 (4.9-13.8) 
9.8 (8.1-11.8) 

 
 

1.14 (0.67-1.96) 
Reference 

 
 

1.11 (0.64-1.90) 
Reference 

 
 

1.19 (0.69-2.06) 
Reference 

 
 

1.19 (0.69-2.06) 
Reference 

PPIs: proton pump inhibitors 
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