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Abstract. We studied the effect of proton pump inhibi-
tors, histamine H, receptor antagonists, and other types
of antacid drugs on fracture risk. All cases were subjects
with any fracture sustained during the year
2000 (n = 124,655). For each case, three controls
(n = 373,962) matched on age and gender were ran-
domly drawn from the background population. The
primary exposure variables were use of proton pump
inhibitors, histamine H, antagonists, and other antacid
drugs. Adjustments were made for several confounders,
including diagnosis of an ulcer, nonsteroidal anti-
inflammatory drug use, use of histamine H; antagonists,
stomach resection, previous fracture, and use of corti-
costeroids. The effect of dose was examined by strati-
fying for cumulated dose (defined daily dose). Use of
proton pump inhibitors was associated with an increase
in fracture risk for use within the last year [odds ratio
(OR) = 1.18, 95% confidence interval (CI) 1.12—1.43
for overall fracture risk; OR = 1.45, 95% CI 1.28—1.65
for hip fractures; and OR = 1.60, 95% CI 1.25-2.04 for
spine fractures). Histamine H, antagonists were associ-
ated with a decreased fracture risk if they had been used
within the last year (OR = 0.88, 95% CI 0.82—0.95 for
any fracture, OR = 0.69, 95% CI 0.57—0.84 for hip
fractures). Other antacids were not associated with
overall fracture risk but were associated with hip and
spine fractures. Proton pump inhibitors appeared to be
associated with a limited increase in fracture risk, in
contrast to histamine H, antagonists, which seemed to
be associated with a small decrease in fracture risk. In all
cases, the changes in risk estimates were small and the
clinical significance was limited.
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Drugs used to inhibit gastric acidity include proton
pump inhibitors (PPIs), histamine H, receptor antago-
nists (H, blockers), and other antacid medications
including bicarbonate-containing preparations and
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preparations containing aluminum and magnesium
along with agents with specific effects on prostaglandin
synthesis. These drugs may interfere with bone metab-
olism and thus affect the risk of fracture. PPIs, such as
omeprazole, esomeprazole, pantoprazole, etc., inhibit
the proton pump in the gastric mucosa, thus reducing
acid output into the stomach and duodenum, in contrast
to H, blockers, which decrease acid secretion by inter-
fering with the H, receptor. Osteoclasts also possess
proton pumps, which are used during the excretion of
H™" ions for the resorption of bone [1—4]. Osteoclast-
selective PPIs may therefore be interesting antiresorptive
agents [5] with a potential to prevent fractures [6—9].
However, no fracture studies exist.

In men, the use of cimetidine (H, blocker) has been
linked to a 2.5-fold increase in hip fracture risk [10].
However, H, receptor blockers have been found to have
no influence on bone mineral density (BMD) in humans
[11]. H, blockers may thus be potentially harmful in
humans.

Aluminum-containing antacids may inhibit intestinal
phosphate absorption, inducing hypophosphatemia and
impaired mineralization. In patients with impaired renal
function, aluminum may impair mineralization. Cal-
cium-containing antacids may increase calcium absorp-
tion and thus increase the bone mineral. These drugs
may thus have clinically relevant influences on fracture
risk.

PPIs may thus differ from other antacids, and par-
ticularly from the histamine H, receptor blockers, in
their effects on bone turnover, BMD, and thus eventu-
ally fracture risk.

We therefore undertook a population-based study on
fracture risk among users compared to never users of
PPIs, histamine H, blockers, and other antacid drugs in
order to investigate if these drugs were associated with a
decreased or increased fracture risk. Any change in
fracture risk associated with use of antacid drugs may
have a significant impact at the population level as these
drugs are widely used.
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Subjects and Methods
Source Population

The Danish population comprises approximately 5.3 million
individuals. The population is relatively homogeneous, with
most individuals being Caucasian. The data were retrieved
from registers managed by the National Board of Health, the
Danish Medicines Agency, and the National Bureau of Sta-
tistics for administrative purposes.

Study Design

The study was designed as a case-control study. All subjects
sustaining a fracture during the year 2000 in Denmark were
included as cases (n = 124,655), and for each case three sub-
jects of the same age (same birth year) and gender were ran-
domly selected from the background population as controls
(n = 373,962). Controls were selected using the incidence-
density sampling technique [12]; i.e., controls had to be alive
and at risk for fracture diagnosis at the time the corresponding
case was diagnosed. The follow-up time was time until fracture
in cases and a corresponding dummy date among controls.
Cases occurred only once in the analyses, with the first
occurrence of a fracture during the year 2000.

End Points

The study end points were occurrence of any fracture (ICD-10
codes S02.0—S02.9, S07.0—S07.9, S12.0—S12.9, S22.0—S22.9,
S32.0—S32.8, S42.0-S42.9, S52.0-S52.9, S62.0—S62.9,
S72.0—S72.9, S82.0—S82.9, S92.0—S92.9) between January 1,
2000, and December 31, 2000. In Denmark, almost all patients
with fractures are managed in the hospital system (including
emergency rooms) [13], and even fractures sustained abroad
are registered upon return, for insurance reasons. The capture
of fractures is thus very high. The validity of a fracture diag-
nosis is around 93% [14].

Exposure Variables

The exposure variables were (1) use of PPIs, (2) use of histamine
H, antagonists, (3) use of other antacids, (4) use of antihista-
mine drugs (histamine H; antagonists), (5) prior use of non-
steroidal anti-inflammatory drugs (NSAIDs), (6) prior stomach
or duodenal ulcer, and (7) prior stomach or duodenal resection.

The confounders were (1) ever use of other drugs important
to fracture risk (corticosteroids [15], anxiolytics and sedatives,
neuroleptics, antidepressants, antiepileptics [16]); (2) comor-
bidity (expressed as the Charlson index, see below), number of
bed days in 1999 (the year before the fracture), and number of
contacts to general practitioner or practising specialist; (3) social
variables (income, education level, living alone or with someone,
working or not); and (4) other important variables associated
with fracture risk (prior fracture [17], alcoholism). The Charlson
index is an index of 19 comorbid conditions including heart
disease, lung disease, liver disease, kidney disease, cancer, and
acquired immunodeficiency syndrome (AIDS) [18].

Presence of alcoholism or a prior fracture was defined as a
prior contact under such a diagnosis from 1977 to the date of
censoring from the National Hospital Discharge Register or
from 1968 to the date of censoring from the Psychiatric Central
Register or at least one prescription of disulfiram from 1996 to
the date of censoring from the National Pharmacoepidemio-
logical Database [19].

Registers Used

We retrieved the information on fracture occurrence and
occurrence of other diseases, prior fractures, and diagnosis of
alcoholism from the National Hospital Discharge Register
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between 1977 and the date of censoring [20] and the Psychiatric
Central Register for the period 1968 to the date of censoring
[21]. We obtained information on the use of prescribed drugs
from the Danish Medicines Agency for the period 1996—2000.
The average daily dose of drug was calculated as the cumu-
lated dose divided by the time from the date of first prescrip-
tion to the date of censoring. In the actual analyses, the data
do not contain information on drugs sold over the counter.

The National Hospital Discharge Register was founded in
1977 [20]. It covers all inpatient contacts from 1977 to 1994
and, from 1995, also all outpatient visits to hospitals, outpa-
tient clinics, and emergency rooms [20]. Upon discharge, the
physician codes the reason for the contact using the Interna-
tional Classification of Diseases (ICD) system. The code used is
at the discretion of the individual physician. The register has a
nationwide coverage and almost 100% capture of contacts [20].
In general, the validity of registrations is high [22], especially
for fractures, where a precision of 97% has been reported for
those treated both on an inpatient and on an outpatient basis
via emergency rooms (e.g., forearm fracture) [14].

The Psychiatric Central Register was founded in 1968 and
covers all in- and outpatient contacts to Danish mental hos-
pitals [21]. It has nationwide coverage, and high validity of
diagnoses has been reported [13]. This register also uses the
ICD system for coding contacts.

The Danish Medicines Agency keeps a nationwide register
of all drugs sold at pharmacies throughout the country from
1996 on (National Pharmacological Database run by Danish
Medicines Agency, http://www.dkma.dk). Any drugs bought
are registered with ATC (Anatomical therapeutic chemical
classification system) code, dosage sold, and date of sale for
the period January 1 1996 to December 31, 2000. As all sales
are registered to the individual who redeemed the prescription,
the capture and validity are high [23].

PPIs were available only on prescription during the study
period, while H, blockers and other antacids were also avail-
able over the counter.

Exposure was calculated as cumulated number of defined
daily dosages (DDDs) redeemed of the drug group in question
from January 1, 1996, to the date of fracture or the date of
censoring among cases or controls. DDD in this report is thus
the sum of drugs used. Also, an analysis of average daily use
(DDD/day) was performed. In this analysis, the cumulated
number of DDDs used during the year 2000 was divided by the
time from first use in the year 2000 to the day of fracture or
comparable dummy date in controls. This approach was
chosen as many of these drugs are not taken regularly but
rather for a period of time while symptoms of dyspepsia are
present; i.e., 15 DDDs bought may not be consumed during 15
days but for, say, 5 + 7 + 3 days over maybe 3 months.

In this report, DDDs were used to better allow comparison
of different drugs, which come in a variety of doses. The DDD
system is validated and based on the World Health Organi-
sation Collaborating Centre for Drug Statistics Methodology
(www.whocc.no/ateddd/, accessed December 8, 2005).

To compare the consumption in the study sample (only
sales on prescription), use among controls (DDD/participant/
year) was compared to that of the general population (sales on
prescription and over the counter, not available on an indi-
vidual basis). Data on sales are available from the Danish
Medicines Agency (http://www.dkma.dk).

We linked these sources of information through the Central
Person Register Number, which is a unique registration code
given to every inhabitant—to some degree similar to the U.S.
social security number—that allows registration on an indi-
vidual basis.

The project was approved by the National Board of Health
and is subject to control by the National Data Protection
Agency.

Statistical Analyses

Mean and standard deviation were used as descriptive statis-
tics. Crude and adjusted odds ratios (ORs) and 95% confidence
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Table 1. Characteristics of patients and controls—any fracture
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Variable

Cases (n = 124,655)

Controls (n = 373,962)

OR (95% CI) or P

Age (years)
Gender

Men

Women
Annual income (DKR)
Living with someone
Working
Charlson index*

-2
—4
5
Previous fracture
Number of bed days in hospital in 1999
Contacts to GP or specialists in 1999
Alcoholism
Antiepileptic drugs
Sedatives, anxiolytics, and hypnotics
Neuroleptics
Antidepressants
Ever use of any corticosteroid
Ever use of antacids

PPIs

Histamine H, receptor blockers

Other antacids
Antihistamines (H; blockers)
NSAIDs
Ever gastric or duodenal ulcer

IV W= O

4344 + 27.39

60,107 (48.2%)
64,548 (51.8%)

161,036 + 138,789

35,922 (29.0%)
41,380 (40.4%)

97,256 (78.0%)
19,634 (16.8%)
5,450 (4.4%)
2,315 (1.9%)
41,315 (33.1%)

9.7 + 39.7
239 + 433
8,863 (7.1%)
7,091 (5.7%)

35,840 (28.8%)
9,738 (7.8%)
18,511 (14.8%)

67,695 (54.3%)

14,557 (11.7%)
11,202 (9.0%)
8,227 (6.6%)
17,695 (14.2%)
59,690 (47.9%)
7,326 (5.9%)

43.44 + 27.39

180,321 (48.2%)
193,641 (51.8%)

172,322 £+ 193,704

123,925 (33.4%)
137,751 (44.9%)

314,099 (34.0%)
47,745 (12.8%)
9,132 (2.4%)
2,986 (0.8%)
56,200 (15.0%)

42 + 203
18.1 + 31.4
9,473 (2.5%)

10,974 (2.9%)
82,766 (22.1%)
17,243 (4.6%)
34,521 (9.2%)
189,636 (50.7%)

<0.01
0.82 (0.81—0.83)*
0.85 (0.84—0.86)*

Reference

1.33 (1.30—1.35)*
1.93 (1.86—1.99)*
2.50 (2.37-2.64)*
2.80 (2.76—2.84)*
<0.01

<0.01

2.95 (2.86—3.03)*
2.00 (1.94-2.06)*
1.42 (1.40—1.44)*
1.75 (1.71—-1.80)*
1.71 (1.68—1.75)*
1.16 (1.14—1.17)*

Ever surgery with gastric resection

402 (0.3%)

29,784 (8.0%) 1.53 (1.50—1.56)*
26,333 (7.0%) 1.30 (1.27—1.33)*
16,016 (4.3%) 1.58 (1.54—1.62)*
47,115 (12.6%) 1.15 (1.13—1.17)*
142,274 (38.0%) 1.50 (1.48—1.52)*
13,160 (3.5%) 1.71 (1.66—1.76)*

562 (0.2%) 2.15 (1.89—2.44)*

DKR, Danish crowns; GP, general practitioner
*2P < 0.05

intervals (CIs) were calculated. A conditional logistic regres-
sion analysis was used to assess the association between any
fracture and the exposure variable.

Crude and adjusted ORs were calculated. Adjusted ORs
were compared by direct comparison of estimates [24].

Analyses were performed using STATA 8.1 (StataCorp,
College Station, TX) and SPSS 13.0 (SPSS Inc., Chicago IL),
both in the Unix version.

Results

Table 1 shows baseline characteristics of the fracture
cases and controls. The cases and controls were well
matched concerning age and gender. The fracture cases
more often were retired and, thus, had a lower income.
The cases also more often were unmarried. The com-
orbidity and use of drugs in general were higher among
cases than controls.

Table 2 shows age and gender characteristics of users
of the different types of antacids. Users of PPIs and
histamine H, antagonists were of approximately similar
age and had a similar gender distribution, while users of
other antacids were older and more frequently women.

Table 3 shows the relative risk of any fracture asso-
ciated with the use of different drugs used for treatment

of gastric and duodenal ulcers. PPIs and the other ant-
acids were associated with a small increase in overall
fracture risk, while a decrease was seen for H, antago-
nists. Histamine H,; antagonists were only slightly
associated with fracture risk. Ulcers of the duodenum
and stomach were associated with a limited increase in
fracture risk, especially if the ulcer had occurred within
the last year. A similar but more pronounced trend
was seen for NSAID use and for patients who had
undergone surgery with gastric resection.

An association with time since last use was seen. For
less than 1 year since last use, the decrease in relative
fracture risk associated with H, antagonists was more
pronounced and the increase in relative fracture risk
with PPIs and other antacids was more pronounced. For
more than 1 year since last use, the risk disappeared for
PPIs and other antacids.

Table 4 shows the relative fracture risk at osteo-
porotic fracture sites. For hip and spine fractures, a
pattern similar to that for overall fracture risk was
seen, with a decrease for H, blockers and an increase
for PPIs and the other antacids. For forearm frac-
tures, no change in risk was associated with any of the
drug classes. Ulcers were not associated with fracture
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Table 2. Characteristics of users of PPIs, histamine H, antagonists, and other antacids
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Users of PPIs

Users of H, antagonists

Users of other antacids

Variable (n = 44,341) (n = 37,535) (n = 24,243)
Age (years) 65.7 £ 19.3 624 + 204 724 + 19.6
Men 15,344 (35%) 13,139 (35%) 6,194 (26%)
Women 28,997 (65%) 24,396 (65%) 18,049 (75%)
Ever NSAID use 31,493 (71.0%) 26,236 (69.9%) 17,948 (74.0%)
Ever ulcer 12,263 (27.7%) 7,879 (21.0%) 4,416 (18.2%)

Ever stomach surgery
Charlson index

-2
—4
5

IV W= o

447 (1.0%)

22,838 (51.5%)
14,914 (33.6%)
4,672 (10.5%)
1,917 (4.3%)

264 (0.7%)

22,383 (59.6%)
10,910 (29.1%)
3,046 (8.1%)
1,196 (3.2%)

185 (0.8%)

12,187 (50.3%)
8,376 (34.6%)
2,620 (10.8%)
1,060 (4.4%)

Table 3. Any fracture

Variable

Adjusted OR*

Last use <I year ago

Last use >1 year ago

PPIs
H, receptor blockers
Other antacids

1.18 (1.12—1.43)*
0.88 (0.82—0.95)*
1.33 (1.24—1.43)*

1.01 (0.96—1.06)
1.02 (0.97—1.07)
1.02 (0.96—1.08)

Antihistamines 1.04 (0.99—1.09) 1.04 (1.00—1.07)*
NSAIDs 1.70 (1.67—1.74)* 1.12 (1.09—1.14)*
Ulcers 1.16 (1.07—1.26)* 1.09 (1.03—1.16)*
Gastric resection 1.96 (1.09-3.54)* 1.27 (1.01-1.59)*

% Adjusted for alcoholism, working or not, Charlson index (an index of 19 comorbid conditions, see text), ever use of antiepileptic
drugs, ever use of anxiolytics or sedatives, ever use of antidepressants, ever use of neuroleptics, ever use of corticosteroids, number
of bed days in 1999, number of contacts to general practitioner or specialist in 1999, living with someone or living alone, prior
fracture, education level, and income in 1999

*P < 0.05

Table 4. Fractures at osteoporotic sites

Time of use Variable Hip Forearm Spine

Last use <1 year ago® PPIs
H, receptor blockers
Other antacids

1.45 (1.28—1.65)*
0.69 (0.57—0.84)*
1.80 (1.59—2.04)*

0.95 (0.82—1.11)
0.90 (0.74—1.08)
0.99 (0.81—1.21)

1.60 (1.25—2.04)*
1.00 (0.71—1.41)
2.03 (1.51-2.71)*

Antihistamines 1.00 (0.85—1.18) 1.02 (0.90—1.15) 1.09 (0.83—1.44)
NSAIDs 1.49 (1.39—1.60)* 1.46 (1.37—1.56)* 3.69 (3.25—4.20)*
Ulcers 1.22 (1.01—1.47)* 1.06 (0.85—1.33) 1.47 (0.99-2.18)
Gastric resection 3.41 (0.98—11.9) 3.34 (0.71—-15.7) 2.29 (0.08—63.9)
Last use >1 year ago® PPIs 1.08 (0.94—1.23) 0.94 (0.83—1.07) 0.98 (0.74—1.28)

0.82 (0.71-0.95)*
1.06 (0.92—1.22)
Antihistamines 0.76 (0.66—0.87)*
NSAIDs 0.94 (0.87—1.01)
Ulcers 0.83 (0.71-0.97)*
Gastric resection 0.95 (0.57-1.59)

H, receptor blockers
Other antacids

0.97 (0.86—1.10)
0.87 (0.74—1.02)
1.03 (0.94—1.13)
1.03 (0.97—1.09)
1.07 (0.91—1.26)
1.57 (0.93—2.64)

0.93 (0.71—1.22)
1.12 (0.80—1.55)
1.23 (1.00—1.52)
1.24 (1.08—1.41)*
1.30 (0.93—1.81)
4.78 (1.82—12.6)*

4 Adjusted for alcoholism, working or not, Charlson index (an index of 19 comorbid conditions, see text), ever use of antiepileptic
drugs, ever use of anxiolytics or sedatives, ever use of antidepressants, ever use of neuroleptics, ever use of corticosteroids, number
of bed days in 1999, number of contacts to general practitioner or specialist in 1999, living with someone or living alone, prior
fracture, education level, and income in 1999

*2P < 0.05

risk. Histamine H; antagonists were not associated
with fracture risk. Again, an association with time
since last use was seen, with a more pronounced

association for less than 1 year since last use and a
disappearance of the association with more than 1
year since last use.
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Table 5. Dose-response relationship with antacids, limited to users with last use <1 year ago®
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Variable Any fracture Hip Forearm Spine
PPIs
<25 DDD 1.16 (1.06—1.26)* 1.51 (1.21-1.89)* 0.89 (0.69—1.15) 1.44 (0.95-2.18)
25-99 DDD 1.34 (1.26—1.42)* 1.85 (1.61—-2.13)* 1.09 (0.93—1.28) 2.10 (1.60—2.75)*
>100 DDD 1.14 (1.09-1.19)* 1.27 (1.15—1.40)* 1.04 (0.93—1.16) 1.44 (1.18—1.75)*
H, receptor blockers
<25 DDD 0.93 (0.84—1.03) 0.94 (0.67—1.30) 0.92 (0.68—1.23) 1.08 (0.63—1.84)
25—-99 DDD 1.02 (0.93—1.11) 0.73 (0.56—0.95)* 1.11 (0.88—1.40) 1.13 (0.73—1.77)
>100 DDD 0.88 (0.83—0.93)* 0.75 (0.65—0.85)* 1.02 (0.89—1.18) 0.90 (0.69—1.17)
Other antacids
<15 DDD 1.18 (1.01—-1.38)* 1.75 (1.22—-2.50)* 1.14 (0.73—1.78) 2.25 (1.10—4.64)*
15-59 DDD 1.95 (1.81—-2.09)* 2.93 (2.57-3.34)* 1.27 (1.03—1.56)* 3.98 (2.96-5.36)*
>60 DDD 1.00 (0.94—1.07) 1.23 (1.09—1.38)* 0.92 (0.78—1.09) 1.15 (0.87—1.53)
Antihistamines
<10 DDD .07 (1.02—1.13)* 0.96 (0.80—1.15) 1.02 (0.88—1.19) 1.04 (0.76—1.42)
10—49 DDD .02 (0.98—1.05) 0.81 (0.73—0.90)* 1.01 (0.92—1.10) 1.17 (0.98—1.39)
>50 DDD 0.92 (0.82—1.03) 1.02 (0.93—1.12) 0.95 (0.78—1.16)

Ever use of NSAIDs

Ulcers

Ever stomach resection

35 (1.33—1.37)*
13 (1.08—1.18)*
4

1
1

1.02 (0.99—1.06)
1

1

1.40 (1.20—1.63)*

1.24 (1.17—1.31)*
1.04 (0.94—1.14)
1.44 (1.05—1.98)*

1.20 (1.14—1.25)*
1.13 (1.01—1.27)*
1.46 (0.98—2.17)

2.13 (1.93-2.35)*
1.26 (1.03—1.54)*
2.55 (1.23—5.28)*

# Adjusted for alcoholism, working or not, Charlson index (an index of 19 comorbid conditions, see text), ever use of antiepileptic
drugs, ever use of anxiolytics or sedatives, ever use of antidepressants, ever use of neuroleptics, ever use of corticosteroids, number
of bed days in 1999, number of contacts to general practitioner or specialist in 1999, living with someone or living alone, prior
fracture, education level, and income in 1999

*2P < 0.05

Table 6. Dose-response relationship with antacids stratified by average daily dose in the year 2000, limited to users with last use

<1 year ago®

Variable Any fracture Hip Forearm Spine

PPIs
<0.25 DDD/day 1.20 (1.14—1.27)* 1.31 (1.14—1.50)* 1.02 (0.88—1.18) 1.58 (1.23—-2.03)*
0.25—-0.99 DDD/day 1.23 (1.17—-1.29)* 1.55 (1.39—1.73)* 1.07 (0.94—1.22) 1.59 (1.27—-2.00)*
>] DDD/day 1.11 (1.05—-1.18)* 1.21 (1.08—1.36)* 1.01 (0.87—1.18) 1.40 (1.10—1.78)*

H, receptor blockers

<0.15 DDD/day

0.15-0.49 DDD/day

>0.5 DDD/day
Other antacids
<0.1 DDD/day

0.1-0.24 DDD/day

>0.25 DDD/day

0.97 (0.89—1.04)
0.93 (0.86—1.00)*
0.89 (0.82—0.95)*

1.23 (1.13-1.32)*
1.33 (1.23—1.44)*
1.39 (1.29—1.51)*

0.97 (0.77—1.22)
0.81 (0.67—0.97)*
0.72 (0.61—0.85)*

1.74 (1.49-2.02)*
1.90 (1.65—2.18)*
1.77 (1.54—2.03)*

1.08 (0.88—1.33)
0.90 (0.74—1.09)
1.09 (0.91—1.29)

1.11 (0.91—-1.37)
0.88 (0.70—1.11)
1.20 (0.97—1.50)

1.06 (0.71—1.57)
0.89 (0.61—1.29)
1.11 (0.80—1.54)

1.86 (1.30—2.66)*
1.82 (1.33-2.50)*
2.32 (1.68—3.18)*

% Adjusted for ever use of antihistamines, ever use of NSAIDs, ever diagnosed with an ulcer, ever operated in the stomach,
alcoholism, working or not, Charlson index (an index of 19 comorbid conditions, see text), ever use of antiepileptic drugs, ever use
of anxiolytics or sedatives, ever use of antidepressants, ever use of neuroleptics, ever use of corticosteroids, number of bed days in
1999, number of contacts to general practitioner or specialist in 1999, living with someone or living alone, prior fracture, education

level, and income in 1999

*2P < 0.05

Table 5 shows the adjusted relative risk stratified
by dose of the drug in question. For forearm frac-
tures, no relationship was observed with any of the
drug classes. For PPIs, an increase in relative fracture
risk without relationship to dose was seen for overall
fracture risk as well as hip and spine fracture risk.
For H, blockers, a trend toward a decrease in rela-
tive fracture risk was seen with increasing dose for

any fracture and hip fractures. A decrease with no
trend was seen for spine fractures. Histamine H;
antagonists in general were not associated with frac-
ture risk.

For other types of antacids, a biphasic pattern was
seen: no increase at low doses, a significant increase at
medium doses, and a decline in relative fracture risk
from medium to high doses.
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A direct comparison of estimates showed that the
ORs were significantly lower for H, blockers than for
PPIs at all doses for any fracture type and for hip frac-
tures and at 25—99 DDD and 2100 DDD for the spine.

Table 6 shows the same associations as Table 4 but
for daily dose. Again, there was an increase in relative
fracture risk for PPIs and other antacids for overall
fracture risk and the risk of hip and spine fractures,
whereas a decrease was seen for histamine H, receptor
antagonists. In the forearm, no general association was
seen.

No overall gender differences were observed (data not
shown).

During the observation period, the mean numbers of
DDDs/year among controls were 2.97 for H, blockers,
4.35 for PPIs, and 0.78 for other antacids. From the
Danish Medicines Agency, numbers for the entire pop-
ulation were 2.39 for H, blockers, 4.92 for PPIs, and
2.96 for other antacids; i.e., our numbers were close to
those for the entire population for PPIs and H, blockers
but significantly underestimated for other antacids.

Discussion

In this large-scale case-control study, we observed a
trend toward a decrease in relative fracture risk with
histamine H, receptor blockers and an increase with
PPIs, the difference being statistically significant. There
was a dose-response relationship for H, blockers, sup-
porting a causal relationship, while no dose-response
relationship was present for PPIs.

The results on H, blockers are in conflict with those
of Grisso et al. [10], who reported an increase in hip
fracture risk with use of cimetidine. That study was
much smaller than the present study. They adjusted for
smoking, body mass index, and comorbidity and had
data for education level and marital status as socioeco-
nomic variables [10]. However, neither education level
nor marital status was included in their final model. In
the study by Grisso et al. [10], the estimate for hip
fractures changed only little (from 2.5 to 2.0) upon
adjustment, in contrast to our study. They did not in-
clude social class [10], and this may account for some of
the differences between the results as the risk associated
with H, blockers was significantly attenuated after
introduction of covariates in our study. This is probably
caused by the fact that ulcers and, thus, use of antacids
may be more frequent in subjects from lower social
classes, who also may be more prone to fractures due to,
e.g., alcoholism as alcoholism may be linked to gastritis
and ulcers. Grisso et al. [10] adjusted for alcohol intake
but not for social class, and alcohol intake may be
underreported.

In rats, cimetidine has been shown to prevent oste-
openia by preventing osteoclast differentiation induced
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by histamine [25]. Furthermore, studies in rats on his-
tamine H, antagonists have demonstrated antiresorptive
properties [26, 27]. In this context, H, receptors seem to
play a more central role for osteoclasts than H; recep-
tors [28], in accordance with our findings of no effects of
H; receptor blocking drugs (antihistamines). H, block-
ers may thus increase BMD, and this could be one
mechanism underlying the decrease in fracture risk.

Omeprazole has been shown to inhibit gastric proton
pumps at physiological concentrations, whereas the
inhibition of osteoclast and other tissue H ' -ATPase
activity such as osteoclast proton pumps was much less
pronounced [29], and this may explain why no decrease
in fracture risk was seen in our study.

In humans, administration of omeprazole has been
shown to alter biochemical markers of bone turnover
when patients with gastric ulcers on stable histamine H,
blocker therapy were switched to omeprazole (PPI)
treatment [30]. Among patients shifted from H, blockers
to omeprazole, decreases in urine hydroxyproline and
calcium were observed in comparison to patients on
continued H, blocker therapy [30]. However, it should
be noted that the study did not compare changes over
time and, upon direct comparison, the changes over time
in patients treated with PPIs seemed similar to those in
patients treated with H, blockers [30]. Serum intact
parathyroid hormone, alkaline phosphatase, osteocal-
cin, and tartrate-resistant phosphatase all increased
among patients shifted to omeprazole compared to pa-
tients on continued H; blocker therapy [30], suggesting
combined antiresorptive and anabolic properties of
PPIs. Again, upon comparison to the changes over time
in patients treated with PPIs, the results seemed similar
to those in patients treated with H, blockers [30]. In the
evaluation of this study [30], it should be remembered
that the effect was observed in patients already on H,
therapy and may thus signal reactions to removal of the
H, blockers. In patients with cystic fibrosis on lanzop-
razole, bone mineral content has been shown to increase
[31]. In rats, no effect of omeprazole on bone mineral
content has been observed [32].

The reasons PPIs were associated with an increase in
fracture risk while H, blockers were not are not clear
from this study. Theoretical considerations point at an
antiresorptive potential [5]; however, the clinical effect
on osteoclasts may be too low for a significant effect on
bone mineral [29]. The increased risk may be linked to a
decrease in calcium absorption, with secondary hyper-
parathyroidism leading to a negative calcium balance
despite the decrease in urine calcium [30]. The increase
in PTH may induce bone loss and increased fracture risk
[24]. Further studies are thus needed.

PPIs were available only on prescription, while H,
blockers and other antacids were available over the
counter. This may have underestimated the risk associ-
ated with these drugs. However, for H, blockers and
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PPIs, the study did not seem to significantly under- or
overestimate consumption. On the other hand, a doctor
may have diagnosed those redeeming a prescription, and
the likelihood of an ulcer may be higher in them than in
patients buying the drugs over the counter.

As the risk estimates associated with H, blockers and
PPIs in general were small, the clinical consequences
were limited. In this view, the antacid drugs may be
rather safe in terms of fracture risk.

NSAIDs were associated with an increased fracture
risk, an effect not countered by the antacid drugs. The
association between gastric surgery and fracture risk
may be due to either malabsorption of calcium
and other nutrients or lack of specific hormones, e.g.,
ghrelin.

The main strengths of our study are the uniformly
organized health-care system, allowing a large-scale
population-based design and the use of data on expo-
sure and confounders that are collected before the date
of fracture. Thus, recall bias did not influence data
collection.

The weaknesses include potential selection bias, e.g.,
the use of routine hospital discharge diagnoses of frac-
tures coded by hospital doctors to ascertain case status.
Some coding errors probably occurred. However, mis-
classification of case status is unlikely to be related to
prescription of antacid drugs before hospitalization, and
any nondifferential misclassification will lead to under-
estimation of our risk estimates. Moreover, the positive
predictive value of hip fracture discharge diagnoses from
Danish hospitals has previously been shown to be as
high as 93% [33], and the risk of misclassification of case
status is thus most likely of minor importance.

We cannot exclude that information biases may have
influenced our results; e.g., we had no information on
patient compliance in our study since redeeming a pre-
scription was used as a proxy for actual use of a drug.
However, the patients had paid part of the cost of the
drug, which increases the likelihood of compliance.
Furthermore, data on drugs, including antacid drugs,
administered during hospitalization are not registered in
the prescription database and, therefore, were not in-
cluded in our study. Both of these uncertainties could
have led to misclassification of exposure. However, the
contribution from this source is very limited as only few
days are spent in hospital.

Although we adjusted for several potential con-
founding factors in the statistical analyses, our results
may still be influenced by potential confounding factors
not included in the analyses, e.g., smoking, physical
activity, differences in body weight, use of calcium/
vitamin D supplements, and sun exposure, or by resid-
ual confounding due to the use of crude measures (risk
of falling).

In conclusion, PPIs appear to be associated with an
increased fracture risk, in contrast to histamine H,
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antagonists, which seem to be associated with a de-
creased fracture risk. The changes in risk estimates were
small in all instances and may have limited clinical
consequences. However, further studies in the field are
needed.
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