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OBJECTIVES: To examine associations between exposure
to various subgroups of antipsychotic drugs and risk of
hip fracture in older adults.

DESIGN: Nationwide cohort study.

SETTING: Norway, 2005–2010.

PARTICIPANTS: Everyone living in Norway born before
1945 (N = 906,422).

MEASUREMENTS: Information was obtained on all pre-
scriptions of antipsychotic drugs dispensed from 2004 to
2010 (Norwegian Prescription Database) and data on all
primary hip fractures from 2005 to 2010 (Norwegian Hip
Fracture Registry). Incidence rates of hip fracture during
person-time exposed and unexposed to antipsychotic drugs
were compared by calculating the standardized incidence
ratio (SIR).

RESULTS: Thirty-nine thousand nine hundred thirty-eight
(4.4%) participants experienced a primary hip fracture.
Greater risk of hip fracture was associated with exposure
to any antipsychotic (SIR = 2.1, 95% confidence interval
(CI) = 1.9–2.1), first-generation antipsychotics (SIR = 2.0,
95% CI = 1.8–2.2), second-generation antipsychotics
(SIR = 2.2, 95% CI = 1.9–2.4), prolactin-sparing antipsy-
chotics (SIR = 2.4, 95% CI = 1.8–3.1) and prolactin-ele-
vating antipsychotics (SIR = 2.0, 95% CI = 1.9–2.2).

CONCLUSION: In people aged 60 and older in Norway,
those who took an antipsychotic drug had twice the risk

of sustaining a hip fracture during exposure than during
nonexposure. Although confounding by indication, comor-
bidity, or other drugs used cannot be excluded, this associ-
ation is relevant for clinical practice because hip fracture
and antipsychotic drug use are prevalent in vulnerable
older individuals. Clinical studies examining mechanisms
or causality of the observed association between antipsy-
chotic drug use and excess risk of hip fracture are needed.
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Hip fractures are highly prevalent in older people, with
implications for morbidity and mortality.1,2 Numer-

ous factors (e.g., medical conditions, drug use, lifestyle)
affect the risk of hip fracture. Most hip fractures result
from a combination of low bone mineral density and a
fall,3 and low bone mineral density and falls are both mul-
tifactorial in origin. Use of psychotropic drugs (antidepres-
sant, anxiolytic, hypnotic, antipsychotic drugs) is an
independent, and potentially modifiable, risk factor for
falls in older people.4 Their effects on bone metabolism
differ; whereas antidepressants with serotonergic properties
negatively affect bone metabolism,5–7 there is no evidence
that anxiolytics or hypnotics do, and the results are con-
flicting regarding antipsychotics.8,9

Schizophrenia and other psychotic disorders and
symptoms are the main indications for treatment with
antipsychotic drugs,10 often involving long-term drug
treatment.11 Off-label prescribing is widespread, especially
for behavioral and psychiatric symptoms of dementia in
nursing home residents such as agitation and restless-
ness.12–14 Treatment effects are limited in these conditions,
severe adverse effects are common,12 and antipsychotic
drugs can be withdrawn from most residents without
adversely affecting their behavior.14 Antipsychotics are
prescribed to 4% to 10% of community-dwelling people
aged 70 and older15,16 and 20% to 50% of nursing home
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residents worldwide.17–20 Whereas prescription rates of
antipsychotics for community-dwelling people are stable,
they are declining in nursing homes; prescription rates in
Norway are in the lowest parts of the range.16,21

Observational studies have shown associations
between antipsychotic drug use and hip fracture; which
subgroup is associated with the greatest excess risk is
unclear,8,13,22,23 as are the mechanisms involved.

It is thought that antipsychotic drugs have their
antipsychotic effect by occupying dopaminergic receptors
in the brain, although a contribution from serotonergic
effects cannot be excluded.24 All antipsychotics have pro-
lactin-elevating potential, primarily associated with
dopaminergic D2 receptor occupancy in the pituitary and
the drugs’ ability to penetrate the blood–brain barrier.25

First-generation antipsychotics (FGAs) have high affinity
for dopaminergic receptors, whereas dopaminergic affinity
varies among second-generation antipsychotics (SGAs).
The latter also show variable binding to serotonergic (5-
hydroxytryptamine; 5-HT), adrenergic, histaminergic, and
muscarinic receptors.26 Serotonin levels and serotonergic
neurotransmission may influence prolactin secretion.27

Thus, SGAs could be associated with greater prolactin
secretion, although antidopaminergic activity varies within
this subgroup of antipsychotics.

Antipsychotic drugs probably affect bone tissue indi-
rectly through prolactin-induced hypogonadism. Recent
studies suggest that they may also directly affect bone
homeostasis.8,9,27–30 An example is risperidone, which is
thought to affect bone formation and resorption through
its ability to block 5-HT2B and a1-adrenoceptors.31

Aims of the Study

The aim of the study was to examine associations between
exposure to various subgroups of antipsychotic drugs and
the risk of hip fracture in older people. The subgroups
were FGAs or SGAs and prolactin-sparing or prolactin-ele-
vating antipsychotics. If associations were found, the goal
was to estimate the attributable risk of hip fracture.

METHODS

This was a nationwide study based on merged data from
the Norwegian Prescription Database,32 the Norwegian
Hip Fracture Registry,33 and the Central Population Regis-
try.34 The study lasted from January 1, 2005, to December
31, 2010.

Data Sources

The Norwegian Prescription Database, starting from Jan-
uary 2004, contains detailed information on all prescrip-
tion drugs purchased at all pharmacies in Norway.32 The
data extracted for this study comprise all prescriptions of
antipsychotics (Anatomical Therapeutic Chemical (ATC)
system code10 N05A) dispensed from January 2004 (pre-
scriptions dispensed during 2004 necessary to identify cur-
rent drug users when the study period started) until
December 2010 according to each item’s generic name,
ATC code, and defined daily dose (DDD).10 The Norwe-
gian Prescription Database lacks individual information on

medication dispensed to people staying in the hospital
(~12,000 at any time) and in nursing homes (~40,000 at
any time).

The Norwegian Hip Fracture Registry, starting from
January 2005, contains national data (injury, fracture, sur-
gery) on people who undergo surgery for hip fracture at
all 55 hospitals in Norway performing such surgery.33 For
the purpose of this study, the date of first (primary) hip
fracture registered for the period January 2005 until
December 2010 was extracted. Even though hip fractures
occurring during a hospital or nursing home stay are
included in the Norwegian Hip Fracture Registry, these
groups could not be identified in the dataset.

The Central Population Registry contains demographic
information on the entire population of Norway. The data
extracted for this study comprise birth year, sex and date
of death or emigration if applicable.

The variables selected from these three registries were
linked using the unique 11-digit personal identity number
assigned after 1960 to everyone living in Norway.

Study Population

The study population included everyone born before 1945
and living in Norway on January 1, 2005. All individuals
in this cohort were followed until the day of any first hip
fracture, emigration or death, or the end of the study per-
iod on December 31, 2010.

Medications Studied

The following medications were included in this study:
ATC code N05A, antipsychotics:

N05AA, phenothiazines with aliphatic side-chain (chlor-
promazine, levomepromazine)
N05AB, phenothiazines with piperazine structure (dixyra-
zine, fluphenazine, perphenazine, prochlorperazine, triflu-
operazine)
N05AC, phenothiazines with piperidine structure (thiori-
dazine, pipotiazine)
N05AD, butyrophenone derivatives (haloperidol, melper-
one)
N05AE, indole derivatives (sertindole, ziprasidone)
N05AF, thioxanthene derivatives (flupenthixol, chlorproth-
ixene, zuclopenthixol)
N05AG, diphenylbutylpiperidine derivatives (pimozide,
penfluridol)
N05AH, diazepines, oxazepines, thiazepines, oxepines
(clozapine, olanzapine, quetiapine)
N05AL, benzamides (sulpiride, tiapride amisulpride)
N05AX, others (risperidone, aripiprazole)

Although lithium is classified as N05A in the ATC sys-
tem (N05AN01), its main indication as a mood stabilizer
differs from that of all other N05A drugs, and it was
excluded.35

For the purpose of subgroup analysis, the antipsy-
chotic drugs were classified according to generation (first,
second)36 and prolactin effects (high or intermediate risk
of increasing prolactin levels (prolactin elevating), low risk
of increasing prolactin levels (prolactin sparing).9,27,36,37

(See Table 1 for details.)
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Exposure

The DDD is the assumed average maintenance dose per
day for a drug used for its main indication in adults.10 Pre-
scribed daily dose (PDD) and actual drug consumption
vary within a population. The Norwegian Prescription
Database does not include information on whether or
when purchasers consumed the dispensed drugs. Thus,
assumptions had to be made about drug exposure. For any
antipsychotics, calculations were performed for 0.25, 0.5,
and 1.0 DDDs, respectively. The average DDD is probably
closest to 0.25 in this study population.38,39 Quite similar
results were found when calculating standardized incidence
ratios (SIRs) for 0.25 and 0.5 DDDs (Table 1); to avoid
misclassifying antipsychotic drug nonusers as users, 0.5
was chosen as the best proxy for medication exposure for
all subgroup analysis. It was assumed that people started
using the drugs on the day they were purchased and that
they continued using them on the consecutive days corre-
sponding to the number of 0.5 DDDs prescribed. An indi-
vidual could possibly switch between exposure and
nonexposure one or more times during the 6-year period.

Overall and recently started use of antipsychotic drugs
was investigated. Overall use was defined as any exposure
to antipsychotics within the study period, including all
exposure periods. Recently started use was defined as the
first 14 days of exposure to the drug in question after a
360-day washout period.

Statistical Analysis

Incidence of primary hip fracture during the person-days
exposed and unexposed to antipsychotics in the study period
was compared by calculating the SIR.40 Standardization
was indirect and accounted for sex, birth cohort, and time
period (divided into 2-month intervals). The magnitude of
two different estimates (e.g., the SIRs for FGAs and SGAs or
the SIRs for women and men) cannot be directly compared.
A SIR greater than 1 indicates greater risk of hip fracture
associated with antipsychotic drug exposure.

For SIR values based on fewer than 100 observed pri-
mary hip fractures in exposed people, exact 95% confi-
dence intervals (CI) were calculated assuming a Poisson
distribution of the observed number of hip fractures (O) in
exposed people, estimating the mean using the expected
number of hip fractures in the exposed people. When the
observed numbers of hip fractures in exposed people
exceeded 100, 95% CIs were approximated using the fol-
lowing formula: (SIR � exp (�1.96√O), SIR∙ exp (1.96√O)).

To calculate the attributable risk of exposure to
antipsychotic drugs on hip fracture, the observed number
of fractures minus the expected number of fractures during
the number of person-days exposed to antipsychotic drugs
was divided by the observed number of fractures in the
study population.

Ethics and Approval

The Regional Committee for Medical and Health Research
Ethics (138/07) and the Norwegian Data Inspectorate (08/
00133) approved the study. The Norwegian Directorate of
Health granted an exemption from the duty of confiden-
tiality (08/1843).

RESULTS

The study population comprised 906,422 people with a
mean age of 72.8 � 8.9 on January 1, 2005 (56%
women). Mean follow-up was 5.2 � 1.6 years; 218,775
people died (53% women), and 4,949 emigrated (44%
women).

Eight percent of the study population was exposed to
an antipsychotic drug during the study period; 66% were
women (Table 2). For both sexes, drug use was most
prevalent in individuals born from 1920 to 1924 and 1925
to 1929 (data not shown). Of users of antipsychotic drugs,
62% purchased more than one prescription (71% of those
who experienced a hip fracture).

During the study period, 39,938 individuals (4.4%)
experienced a primary hip fracture; 72% of hip fractures
occurred among women. Mean age at the time of fracture
was 83.

Most fractures in people exposed to antipsychotics
occurred in those born from 1925 to 1934 (39%) and
1915 to 1924 (33%).

Table 1 shows that the associations between overall
use of any antipsychotic drug and hip fracture were stable
at the population level when SIRs were calculated for the
number of days corresponding to 1.0, 0.5, or 0.25 DDDs.
In women, the SIRs decreased with increasing estimated
time of exposure. The opposite was true in men, but the
differences between the sexes were small.

Table 3 compares the incidence of hip fracture during
overall exposed person-time (number of days correspond-
ing to the 0.5 DDDs prescribed) with the incidence of hip
fracture during overall unexposed person-time. The risk of
hip fracture was greater in people exposed to any antipsy-
chotic drug (SIR = 2.1, 95% CI = 1.9–2.1). Generally, the

Table 1. Comparison of Number of Hip Fractures During Exposed and Unexposed Person-Time 7 in the Popula-
tion of Norway Born Before 1945 and Exposed to Any Antipsychotic Drug (Except Lithium) from 2005 to 2010

Cohort

1.0 DDD 0.5 DDD 0.25 DDD

n SIR (95% CI) n SIR (95% CI) n SIR (95% CI)

Total 387 2.1 (1.9–2.3) 670 2.1 (1.9–2.2) 1,065 2.0 (1.9–2.1)
Female 300 2.1 (1.9–2.3) 512 2.0 (1.8–2.2) 809 1.9 (1.8–2.0)
Male 87 2.2 (1.8–2.7) 158 2.3 (2.0–2.7) 256 2.4 (2.1–2.7)

DDD = defined daily dose; SIR = standardized incidence ratio; CI = confidence interval.
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observed excess risk was higher in exposed men
(SIR = 2.3, 95% CI = 2.0–2.7) than in exposed women
(SIR = 2.0, 95% CI = 1.8–2.2). The risk decreased with
increasing age. There were too few hip fractures in people
born before 1915 to yield representative results.

Subgroups of Antipsychotics

Greater risk of hip fracture was associated with exposure to
any antipsychotic (SIR = 2.1, 95% confidence interval
(CI) = 1.9–2.1), first-generation antipsychotics (SIR = 2.0,
95% CI = 1.8–2.2), second-generation antipsychotics
(SIR = 2.2, 95% CI = 1.9–2.4), prolactin-sparing antipsy-
chotics (clozapine, quetiapine, aripiprazole) (SIR = 2.4,
95% CI = 1.8–3.1) and prolactin-elevating antipsychotics
(e.g., chlorpromazine, haloperidol, olanzapine, risperidone)

(SIR = 2.0, 95% CI = 1.9–2.2). The percentage of hip frac-
tures attributable to exposure to any antipsychotic drug at
the population level was an estimated 0.9% (Table 3).

Recently Started Drug Use

Subanalysis for recently started antipsychotic drug use
revealed that 48 individuals fractured their hips during the
first 14 days of exposure to any antipsychotic drug after a
360-day washout period (whole population: SIR = 1.8,
95% CI = 1.3–2.4; women: SIR = 1.7, 95% CI = 1.2–2.3;
men: SIR = 2.2, 95% CI = 1.2–3.8). Within all subgroups,
except for antipsychotics with low risk of increasing pro-
lactin levels (n = 4 with nonsignificant results), the excess
risk of hip fracture was higher in exposed men than in
exposed women (not shown).

Table 2. People in Norway Born Before 1945 Exposed to Any Antipsychotic Drug (Except Lithium) from 2005 to
2010 (Exposed Person-Days 0.5 Defined Daily Doses)

Cohort

All First Generationa Second Generationb Prolactin Elevatingc Prolactin Sparingd

n (%)

Total (n = 906,422) 72,580 (8.0) 63,990 (7.1) 13,786 (1.5) 70,504 (7.8) 3,874 (0.4)
Women (n = 506,568) 47,934 (9.5) 42,433 (8.4) 8,875 (1.8) 46,756 (9.2) 2,330 (0.5)
Men (n = 399,854) 24,646 (6.2) 21,557 (5.4) 4,911 (1.2) 23,748 (5.9) 1,544 (0.4)

Individuals may have received more than one antipsychotic drug.
aChlorpromazine, levomepromazine, dixyrazine, fluphenazine, perphenazine, prochlorperazine, trifluoperazine, thioridazine, pipotiazine, haloperidol,

melperone, flupenthixol, chlorprothixene, zuclopenthixol, pimozide, penfluridol, tiapride.
b Sertindole, ziprasidone, clozapine, olanzapine, quetiapine, sulpiride, amisulpride, risperidone, aripiprazole.
cChlorpromazine, levomepromazine, perphenazine, prochlorperazine, haloperidol, ziprasidone, flupenthixol, chlorprothixene, zuclopenthixol, olanzapine,

sulpiride, amisulpride, risperidone.
dClozapine, quetiapine, aripiprazole.

Table 3. Comparison of Number of Hip Fractures During Exposed and Unexposed Person-Time in the Population
of Norway Born Before 1945 and Exposed to Various Antipsychotic Drug Subgroups from 2005 to 2010 (Exposed
Person-Days 0.5 Defined Daily Doses)

Cohort

Any First Generationa
Second

Generationb Prolactin Elevatingc Prolactin Sparingd

n SIR (95% CI) n SIR (95% CI) n SIR (95% CI) n SIR (95% CI) n SIR (95% CI)

Total 670 2.1 (1.9–2.2) 386 2.0 (1.8–2.2) 308 2.2 (1.9–2.4) 606 2.0 (1.9–2.2) 58 2.4 (1.8–3.1)
Women 512 2.0 (1.8–2.2) 295 2.0 (1.7–2.2) 233 2.1 (1.8–2.3) 462 2.0 (1.8–2.1) 46 2.4 (1.8–3.3)
Men 158 2.3 (2.0–2.7) 91 2.2 (1.8–2.8) 75 2.6 (2.0–3.2) 144 2.3 (2.0–2.7) 12 2.4 (1.2–4.1)
Birth cohort
1935–1944 174 3.3 (2.8–3.8) 108 3.4 (2.8–4.1) 81 3.2 (2.6–4.0) 153 3.2 (2.7–3.7) 17 3.4 (2.0–5.4)
1925–1934 262 2.1 (1.9–2.4) 134 1.8 (1.5–2.2) 135 2.4 (2.1–2.9) 238 2.1 (1.8–2.4) 24 2.6 (1.6–3.8)
1915–1924 220 1.6 (1.4–1.9) 137 1.7 (1.5–2.0) 85 1.5 (1.2–1.9) 202 1.6 (1.4–1.9) 16 1.8 (1.0–3.0)
1915 14 1.2 (0.6–1.9) 7 1.0 (0.4–2.0) 7 1.4 (0.6–2.9) 13 1.4 (0.2–5.1) 1 1.6 (0.0–8.7)

Attributable risk 0.9% 0.5% 0.3% 0.8% 0.1%

Any antipsychotic drug (Anatomical Therapeutic Chemical code N05A) except lithium.

Individuals may have purchased first- and second-generation antipsychotics, so combined n was higher than for any antipsychotic drug.

Prolactin-elevating and -sparing antipsychotics were selected antipsychotics, so combined n was lower than for any antipsychotic drug
aChlorpromazine, levomepromazine, dixyrazine, fluphenazine, perphenazine, prochlorperazine, trifluoperazine, thioridazine, pipotiazine, haloperidol,

melperone, flupenthixol, chlorprothixene, zuclopenthixol, pimozide, penfluridol, tiapride.
b Sertindole, ziprasidone, clozapine, olanzapine, quetiapine, sulpiride, amisulpride, risperidone, aripiprazole.
cChlorpromazine, levomepromazine, perphenazine, prochlorperazine, haloperidol, ziprasidone, flupenthixol, chlorprothixene, zuclopenthixol, olanzapine,

sulpiride, amisulpride, risperidone.
dClozapine, quetiapine, aripiprazole.

SIR = standardized incidence ratio; CI = confidence interval.
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DISCUSSION

Older people in Norway had a twice the risk of sustaining
a hip fracture during antipsychotic drug exposure than
during nonexposure. Previous case–control studies showed
similar associations between antipsychotic drug use and
risk of hip fracture based on data from 1987 to 2002 (pri-
marily including FGAs)23,41,42 and 2005 to 2008 (includ-
ing FGAs and SGAs).13 After adjusting for possible
confounders such as psychiatric diagnoses41 and concomi-
tant drug use,13 an association between antipsychotic
agents and higher risk of hip fracture was still evident.

FGAs and SGAs

Although SGAs have fewer adverse side effects than FGAs
in terms of sedation and parkinsonism, these drugs are asso-
ciated with greater risks of cerebrovascular and cardiovascu-
lar events and mortality;14 in the last decade, associations
have also been found with hip fractures.13,42,43 The current
results suggest that SGAs are not necessarily safer than
FGAs with regard to hip fracture. In a large self-controlled
case series13 that included 8,234 individuals with hip frac-
ture, greater risk of hospitalization for hip fracture was
identified with short- and long-term (>12 weeks) use of
FGAs and SGAs. The risk associated with SGAs was highest
during the first week after initiation and declined with pro-
longed use (albeit still significantly elevated), whereas the
risk associated with FGAs persisted at the same level.13 Firm
conclusions about whether FGAs or SGAs affect the risk of
hip fracture more cannot yet be drawn; randomized con-
trolled trials are lacking, and previous observational studies
generally included few SGA users.23,41–43

Potential Effects on Bone Tissue

Antipsychotic drug use is an established risk factor for
falls. Furthermore, all antipsychotics have some prolactin-
elevating potential, which may affect bone metabolism.
Hyperprolactinemia is a commonly reported adverse side
effect, and it has been proposed that prolactin-sparing
antipsychotics should be preferred for people at high risk
of sustaining a hip fracture.44 In support of this sugges-
tion, the incidence of hip fracture was three times as great
in individuals treated with antipsychotics and experiencing
high prolactin levels.43 The current study showed twice the
risk of hip fracture associated with using antipsychotics
with high or intermediate risk of increasing prolactin levels
but an even higher excess risk associated with using
antipsychotics with a low risk of increasing prolactin
levels. These results suggest that other qualities of the
drugs could be important. It has been suggested that
blockade of 5-HT2B and a1-adrenoceptors may affect
osteoblast proliferation and differentiation when using the
SGA risperidone,31 and recent preclinical studies have
shown direct serotonergic effects on bone homeostasis.28–
30 To the knowledge of the authors of the current study,
no clinical studies have investigated the associations
between serotonergic and adrenergic effects on bone tissue
of antipsychotics and risk of hip fracture.

Complex effects on transmitters and respective recep-
tors, including dopamine, serotonin, and adrenergic path-

ways; indirect effects through prolactin and sex hormones;
and metabolic (fat and sugar metabolism), sedative, and
cardiovascular side effects (e.g., postural hypotension and
arrhythmias) of the various antipsychotics probably influ-
ence the risk of hip fracture. A clear dose–response rela-
tionship is lacking for many proposed mechanisms of
action of antipsychotic drugs on bone metabolism, and
even prolactin-elevating effects are not always dose depen-
dent.27 Thus, a complex interplay between direct and indi-
rect effects of the drugs may affect the risk of falls and hip
fracture. The design of the current study does not allow
for conclusions to be reached on mechanisms (changes in
bone, bone mineral density, falls, or other factors) or
causality (the use of antipsychotic drugs or their indication
(psychosis)).

Age and Sex

Generally, the excess risk of hip fracture during antipsy-
chotic drug exposure was most prominent in the youngest
birth cohorts. Prescriptions for nursing homes residents are
not included in the Norwegian Prescription Database,
leading to systematic misclassification of approximately
40,000 people at any time as drug nonusers. Thus, the
estimated associations between antipsychotic drug use and
hip fractures in the oldest birth cohorts are probably con-
servative. Exposure to antipsychotic drugs was associated
with a higher excess risk of hip fracture in men than in
women. Because clinical information was lacking, it is not
known whether antipsychotic drug use affecting, for exam-
ple, fall risk and bone metabolism differently in men than
in women or if confounders are differently distributed in
men and women caused this difference. Thus, these results
should be interpreted with caution. Nevertheless, a previ-
ous study that adjusted for comorbidities identified similar
trends.42

Recently Started Drug Use

The risk of hip fracture was higher in drug users who had
started recently. Other studies13,23 have found that
antipsychotic drug initiation is associated with greater risk
of fracture, but the mechanisms involved are unknown.
Orthostatic hypotension is the most frequent vascular side
effect of antipsychotic drugs, affecting approximately 40%
of users.45 This could be a problem in older adults at high
risk of falling. Orthostatic hypotension is a particular con-
cern during the early stages of antipsychotic treatment,
and the development of tachyphylaxis, a sudden decrease
in drug response, reduces the risk. Orthostatic hypotension
is associated with the blockade of peripheral a1-adreno-
ceptors.46

The current results suggest that men who have
recently initiated an antipsychotic drug are at higher risk
than women who are new users, but the numbers are small
and should be interpreted with caution.

Methodological Considerations

The national health registries provided a unique opportu-
nity to link complete data on antipsychotic drugs pur-
chased by a nationwide unselected community-dwelling
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older population with all primary hip fractures registered
in Norway. The 6-year follow-up period revealed large
numbers of cases, and the design prevented selection and
information bias. The conservative definition of exposed
person-days, not allowing for nonadherence (treatment
gaps), yielded conservative risk estimates.

The sparse amount of clinical information available is
the most important limitation of the study. SIRs were
adjusted for major confounders (age and sex), but con-
founding by indication, by participant clinical characteris-
tics, and by other medication use cannot be excluded. The
health registries in Norway include neither complete and
validated diagnostic information nor data on falls, bone
mineral density, body mass index, or lifestyle factors such
as alcohol and smoking. Thus, it is unknown whether peo-
ple purchasing prescriptions for antipsychotics were actu-
ally diagnosed with psychosis or not. Low-dosage
antipsychotics are also prescribed for behavioral and psy-
chiatric symptoms in people with dementia and for pain.14

Confounding by indication may affect the results, because
psychoses, other clinical conditions, and antipsychotic drug
use itself may increase the risk of falls and fractures
through altered activity level, psychomotor function, and
bone mineral density. In a large case–control study in the
United Kingdom,41 the positive associations between
antipsychotic drug use and risk of hip fractures remained
when adjusting for mental disorders, lifestyle factors, and
concomitant drug use—indicating that the antipsychotic
drug use itself affects fracture risk.

It is unknown whether purchased antipsychotic drugs
were actually consumed, but the large proportion redeem-
ing more than one prescription supports assumed adher-
ence. Widespread nonadherence (misclassification of
nonexposed person-time as exposed person time) would
possibly have led to overestimation of the association
between antipsychotics and hip fracture. Several strategies
(strict definition of exposure and time-varying exposure)
were applied to minimize, but could not exclude, misclas-
sification. Information on other medication use is available
from the Norwegian Prescription Database, but with the
time-varying exposure used in the analysis, matching
exposure periods for other medications was not possible.
The time-varying exposure is a major strength of the
study, because fixed exposure would have led to extensive
and unmeasurable misclassification, yielding unreliable
results.

The Norwegian Hip Fracture Registry includes 90%
of all hip fracture operations in Norway,33 with somewhat
lower completeness during the first 3 years. It was
assumed that underreporting was not systematically biased
because of individual factors related to exposure (antipsy-
chotic drug use) or outcome (hip fracture), which could
have affected the results of the study.

Organizational factors in the healthcare system
(mainly public in Norway), substance availability, treat-
ment traditions, and prescribing patterns must be consid-
ered in transferring these results to other countries.

In conclusion, the results of this study support the
hypothesis that antipsychotics are a risk factor for hip
fracture. No evidence was found that SGAs and pro-
lactin-sparing antipsychotics were safer than FGAs and
prolactin-elevating antipsychotics with regard to hip frac-

ture. This large registry-based study with limited clinical
information does not allow for conclusions on mecha-
nisms (effect on bone quality or falling) or causality of
the observed association between antipsychotic drug use
and hip fracture, and confounding by indication, comor-
bidity, other drugs used, lifestyle factors, or a combina-
tion of these cannot be excluded. Thus, clinical studies
are needed to further explore these questions, although
the observed association between antipsychotic drug use
and hip fracture is relevant for clinical practice because
both factors are prevalent in vulnerable older individu-
als.
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