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ABSTRACT
Background

Serious injuries secondary to falls are becoming more
prevalent due to the worldwide ageing of societies. Several
medication classes have been associated with falls and fall-
related injuries. The purpose of this study was to describe
medication classes and the number of medication classes
prescribed to older adults prior to the fall-related injury.

Methods

This population-based descriptive study used secondary
administrative health-care data in Ontario, Canada for
2010-2014. Descriptive statistics were reported for Anatomic
Therapeutic Chemical 4™ level medication classes. Frequency
of medications prescribed to older adults was calculated on
different sex, age groups, types of medications, and injures.

Results

Over five years (2010-2014), 288,251 older adults (63.2%
females) were admitted to an emergency department for a
fall-related injury (40.0% fractures, 12.1% brain injury). In
the year before the injury, 48.5% were prescribed statins,
27.2% antidepressants, 25.0% opioids, and 16.6% anxiolytics.
Females were prescribed more diuretics, antidepressants, and
anxiolytics than males; and people aged 85 years and older
had a higher percentage of diuretics, antidepressants, and
antipsychotics. There were 36.4% of older adults prescribed
5-9 different medication classes and 41.2% were prescribed
10 or more medication classes.

Discussion

Older adults experiencing fall-related injuries were prescribed
more opioids, benzodiazepines, and antidepressants than pre-
viously reported for the general population of older adults in
Ontario. Higher percentage of females and more 85+ older
adults were prescribed with psychotropic drugs, and they were
also found to be at higher risk of fall-related injuries. Further

associations between medications and fall-related injuries
need to be explored in well-defined cohort studies.

Key words: medication prescription, fall-related injuries,
fall-related fractures, older adults

INTRODUCTION

Falls are the leading cause of both fatal and non-fatal injury
in older adults.(") Nearly one-third of older adults fall every
year.?») Minor injuries, such as bruises or lacerations, occur
in 30-50% of falls, while 5-10% of falls lead to serious
injuries such as hip fractures or traumatic brain injury.*? Fall-
related injuries can also result in adverse consequences such
as reduced quality of life,' higher possibility of admission
to long-term care facilities,'”) and increased risk of death.(!)
Numerous fall-related risk factors in older adults have
been identified through past research. Specific use of certain
medications and concurrent use of more than four medications
have consistently been reported to be associated with both
increased risk of falls and fall-related injury in this population.
(12-1) Widely acknowledged fall risk-increasing drugs (FRIDs)
include antihypertensive agents, diuretics, antidepressants,
analgesics, anti-epileptics, and sedative/hypnotics.(13-22)
While previous research has commonly investigated
the association between specific and known FRIDs and fall-
related injuries (e.g., benzodiazepines,?*4 anti-hypertensive
medications,>>-29) and antidepressants?7-2%), limited evi-
dence currently exists regarding medication classes of other
than FRIDs that were prescribed to older adults prior to a
fall-related injury. Providing a more comprehensive picture
of medication classes prescribed to older adults before the
occurrence of a fall-related injury is necessary to expand our
knowledge on medications that may induce any fall-related
injury. Therefore, the purpose of this study was: 1) to describe
medication classes and numbers of medication classes pre-
scribed to older adults within one year prior to the fall-related
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injury; and 2) to describe medication classes prescribed to
older adults within one year prior to fall-related fractures
and fall-related brain injury, as these two types of injury are
of high prevalence and can cause serious consequences.(>%-3D

METHODS

Study Design and Setting

We conducted a population-based, descriptive study of
medication classes prescribed to older adults who experi-
enced at least one fall-related injury from 1 January 2010 to
31 December 2014, using Ontario health-care administrative
data held by the provincial data steward ICES. Ontario is
the largest province in Canada, with a population of over 13
million and 2.2 million older adults over the age of 65,52 all
of whom have access to universal health-care services. ICES
is an independent, non-profit research institute whose legal
status under Ontario’s health information privacy law allows
it to collect and analyze health-care and demographic data,
without consent, for health system evaluation and improve-
ment. ICES is a prescribed entity under section 45 of Ontario’s
Personal Health Information Protection Act. Section 45 au-
thorizes ICES to collect personal health information, without
consent, for the purpose of analysis or compiling statistical
information with respect to the management of, evaluation
or monitoring of, the allocation of resources to or planning
for all or part of the health system. Projects conducted under
section 45, by definition, do not require review by a Research
Ethics Board. This project was conducted under section 45,
and was approved by ICES’ Privacy and Legal Office.

Population

Older adults aged 66 years and older who experienced a fall-
related injury over the study period and resided in Ontario
were included in this study. We chose the study period to be
between 2010 and 2014 because it aligns well with the first
of ‘baby boomers’ reaching the age of 65. The result of this
study can serve as a baseline characteristics description for
comparison with our future fall-related injuries research re-
sults. A fall-related injury was defined by combining at least
one ICD-10 code for falls (W00-W19) with at least one code
for injury (S00-S99, T00-T14) (Appendix A). The Emergency
Department visit date for a fall-related injury was defined as
the index date. Fall-related injuries of interest in this study
were: 1) any fall-related injury; 2) fall-related fracture; and 3)
fall-related traumatic brain injury (TBI). Fall-related fracture
was identified through presence of at least one specific fracture
S code (S02, S12, S22, S32, S42, S52, S62, S72, S82, S92,
T02, TOS, T10, T12, T142) and one W code (W00-W19).
Fall-related traumatic brain injury was identified by presence
of at least one specific concussion and brain injury code (S06,
S099) and one W code (W00-W19). If a patient had multiple
falls during the time period, only the first fall was included.

Data Sources

We used records arising from several databases held by ICES,
including: 1) the Ontario Drug Benefit (ODB) database,

which provides prescription drug coverage data for residents
over the age of 65, including individuals in long-term care
homes;(% 2) the Discharge Abstract Database (DAD), which
records information on all hospital admissions and discharge
diagnosis; 3) the National Ambulatory Care Reporting System
(NACRS), which captures information on visits to emergency
departments and community-based ambulatory care facilities;
and 4) the Ontario Registered Persons Database (RPDB),
which contains demographic information for Ontario resi-
dents. ICES also applied validated case definition, including
diabetes, chronic obstructive pulmonary diseases (COPD),
asthma, hypertension, and dementia to each older adult and
produced flags for these comorbidities. These datasets were
linked using a unique encoded identifier, which ensured the
confidentiality of personal and health information. In this
study, socio-demographic data were extracted from the RPDB,
primary diagnosis data arose from both NACRS and DAD,
and medication prescriptions were drawn from ODB.

Medication Information

Medication information extracted from the ODB database
used the Drug Identification Number (DIN) assigned by
Health Canada.® Each DIN uniquely identifies the manu-
facturer, trade name, active ingredients, strength of active
ingredients, pharmaceutical form, and route of administration.
(% For better understanding and comparability with the results
of other studies, DIN codes were converted into Anatomical
Therapeutic Chemical (ATC) level 5 codes, which represent
the chemical substance.®>) Medication prescription informa-
tion was reported on the 4™ level of ATC codes in this study.
ATC 4% level is the level used to count number of different
medications as it is the level which aggregates medications
just above their descriptive chemical substance.36-37)

Outcomes

The primary outcome of this study was medication classes pre-
scribed to older adults within one year prior to any fall-related
injury, fall-related fractures, and fall-related traumatic brain
injuries. Canadian Institute of Health Information reported
medication use in general older adult population during the
whole year of 2016.37) To allow contextualization and com-
parison of our results with their findings,®”) we chose one
year look-back window for medication use in older adults
who have experienced fall-related injuries. We also explored
medication prescription patterns in both fall-related fractures
and fall-related brain injuries and medications taken in the year
prior to these specific injuries. Finally, the number of ATC 4t
level medication classes prescribed to each older adult within a
year was calculated and summarized into four categories: 0—4
medication classes, 5-9 medication classes, 10—14 medication
classes, and 15 or more medication classes.?”)

Statistical Analysis

Descriptive analysis summarized the cohort baseline char-
acteristics such as age, sex, age group, and income quintile.
Income quintile is a measure of socioeconomic status that
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divides the population living in the same dissemination area
into five income groups (1 represents the lowest income) with
approximately 20% of the population in each group.©®® The
dissemination area was determined from the older adults’
residential postal code and statistics Canada Census data.®?
Prevalence of diabetes, COPD, asthma, hypertension, and
dementia was also calculated using descriptive statistics. The
fall-related injury (any injury type) was reported for each year
and as a five-year total (2010-2014).

The percentage of people prescribed each ATC 4™ level
medication class was calculated by dividing the number of
people who were prescribed a certain class within a year prior
to a fall-related injury (numerator) by the total number of
people who experienced a fall-related injury (denominator).
The top 20 medication classes with the highest number of
users were summarized as the percentage of female and male
users, and percentage of different age-group users (i.e., 66—74,
75-84, 85+). The same analysis was repeated for subgroups
of older adults who experienced fall-related fractures and
fall-related TBIs. The difference between percentages of
female and male older adults prescribed certain medication
classes was determined by Wilcoxon rank-sum test and the
comparison among different age groups was determined by
Kruskal-Wallis test. All analyses were conducted with SAS
9.4 (SAS Institute Inc., Cary, NC).

RESULTS

A total of 288,251 older adults experienced any fall-related
injury during the time frame of interest. Fall-related fractures

made up 40.0% of all fall-related injuries, superficial injuries
were 23.2%, open wound were 16.3%, traumatic brain injury
were 12.1%, sprains and strains were 5.0%, and other injur-
ies were 3.5%. The mean age was 78.3 & 7.8 years old and
63.2% of the older adults were female. Over three quarters
(76.9%) were diagnosed with hypertension, 30.5% with dia-
betes, 26.9% with COPD, 15.8% with dementia, and 15.0%
with asthma (Table 1). Of the study population, 3.5% were
not prescribed any medication classes within one year before
the injury, while 18.9% were prescribed 1—4 different medica-
tion classes, 36.4% were prescribed 5-9 different medication
classes, 26.0% were prescribed 10-14 different medication
classes, and 15.2% were prescribed more than 15 different
medication classes. Complete medication classes prescribed
are provided in Appendix B, Table B1.

HMG-CoA reductase inhibitors (C10AA), commonly
known as statins and used to treat high cholesterol, were the
most commonly prescribed medication class, used by nearly
half (48.5%) of the study population (Table 2). They were also
the most frequently prescribed medication class in analyses
stratified by sex and age subgroups (Figure 1). More than half
(54.8%) of males were using statins before they experienced
any fall-related injury. In the 75-84 age group, 53.4% used
statins and the percentage dropped to 42.8% in the group of 85
years and older adults. The most prescribed statin (Appendix
B, Table B2) was atorvastatin (24.3% in all older adults who
experienced fall-related injuries), followed by rosuvastatin
(17.2%) and pravastatin (1.9%).

Proton pump inhibitors (PPIs, A0O2BC) were the second
most prescribed drug class, with 34.3% of all older adults. For

TABLE 1.
Characteristics of older adults who experienced fall-related injuries in 2010-2014.

2010 2011 2012 2013 2014 2010-2014
Age (Mean + SD) 78.7+ 7.6 78.5+7.7 78.5+7.8 78.1+7.9 77.8+8.0 783+7.8
Age Median 79 79 79 78 78 78
Total Number 56,203 56,230 55,945 58,950 60,923 288,251
Age 66-74 (n, %) 18,673 (33.2) 19,296 (34.3) 19,842 (34.8) 22,160 (37.6) 23,813 (39.1) 103,424 (35.9)
Age 75-84 (n, %) 22,429 (39.9) 22,014 (39.2) 21,551 (38.5) 21,644 (36.7) 21,752 (35.7) 109,400 (38.0)
Age 85+ (n, %) 15,091 (26.9) 14,920 (26.5) 14,912 (26.7) 15,146 (25.7) 15,358 (25.2) 75,427 (26.2)

Sex Female (n, %)

Income Quintile

36,562 (65.1)

35,976 (64.0)

35,315 (63.4)

36,492 (61.9)

37,656 (61.8)

182,136 (63.2)

1 (lowest) 11,687 (20.88%) 11,325 (20.22%) 11,169 (20.04%) 11,668 (19.87%) 13,868 (22.80%) 59,717 (20.79%)
2 11,525 (20.59%) 11,455 (20.46%) 11,521 (20.68%) 11,953 (20.35%) 13,486 (22.17%) 59,940 (20.87%)
3 11,134 (19.89%) 10,922 (19.50%) 10,921 (19.60%) 11,480 (19.55%) 11,816 (19.43%) 56,273 (19.59%)
4 10,887 (19.45%) 11,146 (19.90%) 11,208 (20.11%) 11,920 (20.30%) 10,581 (17.40%) 55,742 (19.41%)
5 10,737 (19.18%) 11,151 (19.91%) 10,902 (19.57%) 11,712 (19.94%) 11,069 (18.20%) 55,571 (19.35%)
Comorbidities
Diabetes (n, %) 16,639 (29.6) 16,926 (30.1) 17,036 (30.5) 18,200 (30.9) 19,161 (31.5) 87,962 (30.5)
COPD (n, %) 15,388 (27.4) 15,207 (27.0) 15,223 (27.2) 15,781 (26.8) 15,963 (26.2) 77,572 (26.9)
Asthma (n, %) 8379 (14.9) 8,374 (14.9) 8,283 (14.8) 8,951 (15.2) 9,192 (15.1) 43,179 (15.0)
Hypertension (n, %) 43,325 (77.1) 43,332 (77.1) 43,197 (77.2) 45,113 (76.5) 46,556 (76.4) 221,523 (76.9)
Dementia (n, %) 9,329 (16.6) 9,175 (16.3) 8.934 (16.0) 9,130 (15.5) 9,007 (14.8) 45,575 (15.8)
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age groups 75-84 and 85 years and older, a slightly greater
percentage of PPI use was found (36.2% and 36.5%, respect-
ively), while the age group 66—74 years old had somewhat
lower prevalence (30.6%, Figure 1). Commonly prescribed
medications included pantoprazole (14.2%), rabeprazole
(13.2%), lansoprazole (5.1%), and omeprazole (4.7%).
Four drug classes for the management of hypertension
were noted among the top 10 drug classes. Angiotensin-con-
verting enzyme inhibitors (ACEIs, C0O9AA) were prescribed
to 33.9% of male and 26.1% females. Most common ACEIs
were ramipril (14.8%), perindopril (7.0%), enalapril (2.4%),
and lisinopril (2.0%). A higher percentage of males (27.8%)
were prescribed beta-blocking agents (BBs) than females
(24.8%). BBs included metoprolol (11.5%), bisoprolol (7.6%),
and atenolol (6.7%). Agents acting on the renin-angiotensin
system (ARBs, C09CA) included candesartan, valsartan, irbe-
sartan, losartan, and telmisartan. Thiazides (CO3AA) included
hydrochlorothiazide (15.2%) and indapamide (2.2%). ARBs
and thiazides were prescribed in higher percentage to females
than males. The prescription of agents for treatment of high
blood pressure increased with age (Figure 1). The percent-
age of the 85 years and older age group prescribed ACEIs,

beta-blocking agents and dihydropyridine derivatives were
the highest among the three age groups.

Biphosphates (M05BA) and thyroid hormones (HO3AA)
were prescribed to 28.3% and 23.1% of females, but only to
7.1% and 10.0% males, respectively. These two medication
classes emerged as the most gender-specific among the older
adults who experienced any fall-related injury. The percentage
of older adults prescribed these two drug classes also increased
with age (Figure 1), with the age group 85 years and older
having the highest percentage.

Natural opium alkaloids (NO2AA) were prescribed to
a quarter of female and male older adults. For example,
codeine and oxycodone were prescribed to 17.3% and 6.6%,
respectively, of older adults who had fall-related injuries one
year prior to the injury. The highest percentage of opioids
prescription was noted for the age group 75—84 years. Older
adults 85 years and older were prescribed fewer opioids than
the other two age groups (Figure 1). Benzodiazepine deriva-
tives were prescribed to 19.0% females and 12.4% males, with
an increase with age to 18.5% in 85 years and older people.
Lorazepam was prescribed to 12.2%, oxazepam to 2.7%, and
clonazepam to 2.7% of older adults. For antidepressants, such

TABLE 2.
Top 20 medication classes prescribed to older adults prior to a fall-related injury, percentage of users, 2010-2014

ATC Drug Class Common Use Percentage of Use
Code Total Female Male p
(%) (%) (%) value
CI10AA HMG CoA reductase inhibitors High cholesterol 48.5 44.7 54.8 <0.01
A02BC  Proton pump inhibitors Gastroesophageal reflux, peptic ulcer disease  34.3 35.8 31.7 <0.01
C09AA ACE inhibitors, plain High blood pressure 29.0 26.1 339 <0.01
CO7AB Beta blocking agents, selective High blood pressure, heart failure 259 24.8 27.8 <0.01
NO2AA Natural opium alkaloids Management of moderate to severe pain 25.0 25.0 25.0 0.72
CO8CA  Dihydropyridine derivatives High blood pressure, heart failure, angina 23.7 24.8 21.8 <0.01
MO5BA Biphosphates Prevent bone density loss, treat osteoporosis  20.4 28.2 7.1 <0.01
HO3AA Thyroid hormones Hypothyroidism 18.3 23.1 10.0 <0.01
HO2AB  Glucocorticoids Autoimmune and inflammatory disorders, 17.0 16.6 17.7  <0.01
cancer, asthma, COPD
NO5SBA Benzodiazepine derivatives Agitation, anxiety, insomnia, seizures 16.6 19.0 12.4 <0.01
CO3CA  Sulfonamides, plain High blood pressure, heart failure 16.5 16.0 17.5  <0.01
CO9CA  Agents acting on the renin-angiotensin system High blood pressure, heart or kidney disease ~ 16.3 17.7 13.8 <0.01
CO3AA Thiazides, plain High blood pressure, heart or kidney disease ~ 15.2 17.0 12.1 <0.01
JOIMA  Fluoroquinolones Respiratory and urinary tract infections 15.2 15.2 15.1 0.56
NO6AB Selective serotonin reuptake inhibitors Depression 14.7 16.4 11.9 <0.01
A10BA Biguanides Type 2 diabetes 143 12.9 16.8 <0.01
JOICA  Penicillins with extended spectrum Bacterial infection 13.6 13.6 13.7 0.58
RO3CC  Selective beta-2-adrenoreceptor agonists COPD, asthma 13.1 133 12.8  <0.01
AO6AA Softeners, emollients constipation 12.9 12.8 13.1 0.04
NO6AX  Other antidepressant (TCAs) Depression 12.5 13.5 10.7 <0.01
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as selective serotonin reuptake inhibitors (SSRIs, including
citalopram, escitalopram, fluoxetine, etc.) and tricyclic anti-
depressants (TCAs, including amitriptyline, clomipramine,
and doxepin), there was a higher percentage of female users
than male users, namely 16.4% female, 11.9% male for SSRIs
and 13.5% female, 10.7% male for TCAs.

Fall-related fractures were diagnosed in 115,230 older
adults (40.0% of all older adults with any fall-related in-
jury). More women (70.7%) than men (29.3%) experienced
fall-related factures. For 85 years and older age group, the
number of females (22,231) was almost three times as many
as males (7,742). Statins and PPIs were still the top two
most commonly prescribed medication classes. A higher
percentage of males were prescribed statins, ACEls, and
BBs than females, while a higher percentage of females
were prescribed bisphosphonates, dihydropyridine deriva-
tives, and thyroid hormones. As for age differences, adults
85 years and older had the highest percentage of prescribed
ACEIs, BBs, bisphosphonates, dihydropyridine derivatives,
thyroid hormones, benzodiazepine derivatives, agents acting
on the renin-angiotensin system, SSRIs, fluoroquinolones,
and emollients (Table 3).

Fall-related TBIs was observed in 34,810 older adults
(12.1% of all older adults with any fall-related injury), 20,246
occurred in females (58.7%) and 14,364 in males (41.3%).
Nearly a third (31.7%) of older adults who experienced fall-
related TBIs were in the 66—74 age group, with 39.9% in the
75-84 and 28.4% in the 85+ age groups, respectively. A higher
percentage of males diagnosed with fall-related traumatic
brain injury were prescribed statins, ACEls, and BBs than

females, while higher percentage of females were prescribed
opioids, benzodiazepine derivatives, bisphosphonates, and
thyroid hormones. As for age groups, adults 85 years and older
had the highest prescriptions of ACElIs, BBs, dihydropyridine
derivatives, bisphosphonates, thyroid hormones, sulfon-
amides, benzodiazepine derivatives, SSRIs, fluoroquinolones,
emollients, TCAs, and contact laxatives (Table 4).

DISCUSSION

Using health-care administrative data, this study has described
the medication classes prescribed to older adults in one year
prior to a fall-related injury and two specific fall-injury
types (i.e., fracture and traumatic brain injury). The results
showed that among older adults sustaining any fall-related
injury, 48.5% were prescribed statins, 34.3% PPIs, 25.0%
opioids, and 16.6% anxiolytics. Similar patterns of medica-
tion prescription were also found for fall-related fractures and
traumatic brain injury. Notably, 36.4% of older adults were
prescribed 5-9 different medication classes and 41.2% were
prescribed 10 or more medication classes within one year
prior to fall-related injuries.

The findings of this study also indicate that medications
prescribed to older adults who had any fall-related injury were
similar—but not the same—to medications prescribed to the
general population of older adults in Ontario.®”) CTHI reported
that, in the whole year of 2016, there were 51.7% and 17.3%
of Ontario general population of older adults (OGP-OAs)
who were prescribed statins and agents acting on RAS,37)
while in our study, 48.5% and 16.3% of older adults who

C10AA A02BC CO9AA CO7AB NO2AA CO8CA  MOS5BA = HO3AA HO2AB NO5BA

m66-74 47.3% 30.6% 24.9% 20.0% 24.9% 18.3% 15.5% 14.9% 16.0% 14.2%
m75-84 53.4% 36.2% 30.8% 28.2% 26.1% 25.3% 22.5% 18.8% 18.1% 17.6%
85+ 42.8% 36.5% 32.0% 30.6% 23.5% 28.7% 24.2% 22.4% 16.9% 18.5%

2C10AA, HMG CoA reductase inhibitors; A02BC, proton pump inhibitors; CO9AA, ACEIs; C07AB, beta blocking agents; NO2AA, Natural opium
alkaloids; CO8CA, dihydropyridine derivatives; MOSBA, bisphosphonates; HO3AA, thyroid hormones; H02AB, glucocorticoids for systematic use; NOSBA,

benzodiazepine derivatives

FIGURE 1. Top 10 medications® prescribed to older adults of different age group before they experienced a fall-related injury
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Top 20 medication classes prescribed to older adults witl?tx"jlljr]ilzied fracture, usage rate by sex and age group, 2010-2014
ATC Drug Class Age Group
Codes Total Female Male — p 66-74 7584 85+  p
(%) (%) (%) value® (%) (%) (%) valueb
C10AA HMG CoA reductase inhibitors 45.4 42.5 52.4 <0.01 44.6 50.4 39.6 <0.01
A02BC  Proton pump inhibitors 33.1 339 31.0 <0.01 29.2 35.1 354 <0.01
C09AA ACE inhibitors, plain 27.6 25.5 32.8 <0.01 23.1 29.5 31.0 <0.01
NO2AA Natural opium alkaloids 24.5 24.2 25.2 <0.01 23.7 26.0 23.5 <0.01
CO7AB Beta blocking agents, selective 245 23.7 26.2 <0.01 18.4 26.8 29.3 <0.01
MOSBA Biphosphates 23.6 30.0 8.1 <0.01 18.9 26.1 26.5 <0.01
CO8CA  Dihydropyridine derivatives 23.6 24.3 21.8 <0.01 17.7 25.2 29.2 <0.01
HO3AA Thyroid hormones 18.6 22.3 9.7 <0.01 15.1 18.9 22.7 <0.01
NO5SBA Benzodiazepine derivatives 16.6 18.5 12.1 <0.01 13.9 17.8 18.7 <0.01
HO02AB  Glucocorticoids 16.1 15.5 17.4 <0.01 15.3 17.0 15.8 <0.01
CO9CA agents acting on the renin-angiotensin system 15.7 16.7 13.3 <0.01 14.1 17.0 16.0 <0.01
CO3CA  Sulfonamides, plain 15.5 14.9 16.9 <0.01 8.3 153 25.2 <0.01
CO03AA Thiazides, plain 14.7 16.1 11.3 <0.01 12.8 15.7 15.7 <0.01
NO6AB  Selective serotonin reuptake inhibitors 14.6 15.7 11.9 <0.01 13.0 14.9 16.4 <0.01
JOIMA  Fluoroquinolones 143 14.2 14.6 0.14 11.6 14.8 17.3 <0.01
JOICA  Penicillins with extended spectrum 13.0 13.0 13.1 0.51 13.7 133 11.7 <0.01
A10BA Biguanides 12.7 11.7 15.3 <0.01 14.1 14.0 9.2 <0.01
RO3CC  Selective beta-2-adrenoreceptor agonists 12.4 12.3 12.4 0.62 12.6 12.9 11.4 <0.01
AO6AA Softeners, emollients 12.2 11.9 13.0 <0.01 7.8 13.3 16.5 <0.01
NO6AX  Other antidepressants 12.1 12.8 10.3 <0.01 10.9 12.1 13.5 <0.01

2Wilcoxon rank-sum test.
bKruskal-Wallis test.

had fall related injury (FRI-OAs) were prescribed statins and
ARBs within the year before the injury. However, compared
to prescription in OGP-OAs, higher percentage of FRI-OAs
were prescribed with ACEIs, BBs, opioids, bisphosphonates,
benzodiazepine derivatives, thiazides, and SSRI. For example,
CIHI reported there were 15.4% of OGP-OAs prescribed opi-
oids, while in our study, 25.0% of FRI-OAs were prescribed
opioids the year before their fall-related injury. The percentage
of being prescribed SSRI in FRI-OAs and OGP-OAs were
14.6% and 10.5% respectively, bisphosphonates were 20.4%
and 9.4% respectively, and benzodiazepine derivatives were
15.2% and 10.8% respectively.

From the above comparison, a finding is that all medi-
cation classes (except for bisphosphonates) with a higher
percentage of prescription in older adults who had any fall-
related injury were recognized as FRIDs. These classes of
medications have been repeatedly identified to be related to
falls and fall-related injury.%-43 In this aspect, findings from
our studies were supportive to previous studies on FRIDs and
their association with falls and fall-related injury.

In this study, a number of medication classes were
prescribed to a high percentage of older adults the year
before they had fall-related injury, such as statins (48.5%),
PPIs (34.3%), bisphosphonates (20.4%), thyroid hormones
(18.3%), glucocorticoids (17.0%), and fluoroquinolones
(15.2%). Unfortunately, research regarding the association
between these medication classes and fall-related injuries has
not been well-established.?%** The role of these commonly
prescribed medication classes on fall-related injury in older
adults needs to be disclosed as well.

Medications can be seen as a surrogate for a person’s
health status and the number of medications was a valid proxy
for multi-comorbidities.*> Using multiple medications con-
currently is common in older adults with multi-comorbidities
and is associated with adverse outcomes such as mortality,
falls, injuries, adverse drug reactions, and prolonged length of
stay in hospital.#%-4®) The risk of having adverse consequences
and experiencing harm increased with each additional medi-
cation because of complicated drug-drug and drug-disease
interactions.*) Our study showed that 77.9% of older adults
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Top 20 medication classes prescribed to older adultsT vltgl?t}?aﬁ;related traumatic brain injury, by sex and age group
ATC Drug Class Age Group
Codes Total ~ Female Male (%)  p 66-74  75-84 85+ p
(%) (%) value® (%) (%) (%) value®
C10AA HMG CoA reductase inhibitors 52.0 48.2 57.4 <0.01 49.5 57.3 473 <0.01
A02BC  Proton pump inhibitors 355 375 325 <0.01 31.8 373 36.9 <0.01
C09AA ACE inhibitors, plain 30.3 27.3 34.6 <0.01 26.1 31.9 32.7 <0.01
CO7AB  Beta blocking agents, selective 28.7 27.7 30.2 <0.01 22.1 30.8 332 <0.01
CO08CA Dihydropyridine derivatives 25.1 26.5 23.1 <0.01 19.3 26.9 29.2 <0.01
NO2AA Natural opium alkaloids 24.9 254 24.1 <0.01 25.0 25.7 23.5 <0.01
MO5BA Biphosphates 19.4 28.1 7.0 <0.01 13.9 20.9 233 <0.01
HO3AA Thyroid hormones 19.1 24.8 11.0 <0.01 15.7 19.0 23.1 <0.01
C03CA  Sulfonamides, plain 18.1 17.5 19.0 <0.01 10.3 17.5 27.6 <0.01
CO9CA  agents acting on the renin-angiotensin system 17.4 19.3 14.8 <0.01 15.8 19.0 17.0 <0.01
HO02AB  Glucocorticoids 17.3 17.2 17.5 0.34 16.1 18.3 17.4 <0.01
NOSBA  Benzodiazepine derivatives 17.2 20.0 13.2 <0.01 15.7 17.8 18.0 <0.01
A10BA Biguanides 16.6 15.2 18.6 <0.01 18.2 18.1 12.6 <0.01
NO6AB  Selective serotonin reuptake inhibitors 16.5 18.6 13.6 <0.01 15.2 16.9 17.4 <0.01
JOIMA  Fluoroquinolones 16.1 16.2 16.0 0.64 13.0 16.5 18.9 <0.01
CO03AA Thiazides, plain 15.3 17.6 12.1 <0.01 13.4 16.7 15.5 <0.01
JO1CA  Penicillins with extended spectrum 14.4 14.7 14.0 0.06 15.5 14.2 13.7 <0.01
AO6AA Softeners, emollients 14.4 14.2 14.6 0.30 10.1 15.2 18.1 <0.01
NO6AX Other antidepressants 13.4 14.8 11.5 <0.01 13.1 13.0 14.4 <0.01
RO3CC  Selective beta-2-adrenoreceptor agonists 12.8 13.3 12.0 <0.01 13.0 12.9 12.2 0.14

aWilcoxon rank-sum test.
YKruskal-Wallis test.

who had any fall-related injury were prescribed five or more
different classes of medication within one year before the in-
jury and 41.2% were prescribed 10 or more different classes
of medication. CIHI reported that 65.7% general popula-
tion of older adults in Canada were prescribed five or more
medication classes and 26.5% were prescribed 10 or more
medication classes in the year of 2016.37) Compared with the
general population of older adults, a higher percentage of older
adults who experienced fall-related injuries were prescribed
multiple medication classes before the injury. Untangling
multiple medications prescribed to older adults by enhancing
communication between patients and health-care providers,
and improving cooperation of pharmacists, family doctors,
and specialists in prescribing practices will be important in
future research.

Strengths and Limitations

The strengths of this study are the large number of observa-
tions and provincial representativeness. This study included

data for over a quarter million older adults and provided
detailed information on demographics, comorbidities, and
strictly defined fall-related injury using ICD-10-CA codes.
All the data were obtained from ICES databases which were
reported to have excellent data completeness®? and high
quality as per previous studies.!-53)

Several limitations are associated with this study. First is
the inherent limitation of administrative data that may lead to
underreporting of some diagnoses,** which might have been
omitted during the coding process. Second, only dispensed
drugs were recorded in the ODB database, and the informa-
tion collected through the ODB database could be an under-
estimation of prescriptions. Additionally, prescription (and
even dispensing) cannot be equated with actual use. If older
adults forgot to take medications as they were instructed, the
registry data could be an overestimation of drug use; while on
the other hand, if older adults get medications with multiple
pharmacies, the registry data could underestimate the actual
medication use.
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CONCLUSION

This study described the medications classes and numbers of
medication classes prescribed to older adults prior to a fall-
related injury. Gender difference in medication prescribed
was noted, specifically more females were prescribed anti-
depressants (SSRIs and TCAs) and anxiolytics (short-acting
benzodiazepines such as lorazepam and long-acting such as
clonazepam). A higher percentage of people 85 years and
older were prescribed antihypertensive agents (ACEIs, BBs
and dihydropyridine derivatives) and anxiolytics (benzodiaz-
epines). There were 77.6% older adults were prescribed five
or more different medication classes prior to any fall-related
injury. Well-designed cohort studies are needed to determine
the association between medication classes and different types
of fall-related injuries.
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APPENDIX A. ICD-10 codes forinjuries and falls

Falls

WO0O0 Fall on same level involving ice and snow

WO1 Fall on same level from slipping, tripping and stumbling

W02 Fall involving skates, skis, sport boards and in-line skates

WO03 Other fall on same level due to collision with, or pushing by, another person
W04 Fall while being carried or supported by other persons

WO0S5 Fall involving wheelchair

WO06 Fall involving bed

WO07 Fall involving chair

WO08 Fall involving other furniture

W09 Fall involving swing

W10 Fall on and from stairs and steps

W11 Fall on and from ladder

W12 Fall on and from scaffolding

W13 Fall from, out of or through building or structure

W14 Fall from tree

W15 Fall from cliff

W16 Diving or jumping into water causing injury other than drowning or submersion
W17 Other fall from one level to another

W18 Fall on same level in or from bathtub

W19 Unspecified fall

Injury
S00-S09 Injuries to the head
S10-S19 Injuries to the neck

S20-S29 Injuries to the thorax

S30-S39 Injuries to the abdomen, lower back, lumbar spine and pelvis
S40-S49 Injuries to the shoulder and upper arm

S50-S59 Injuries to the elbow and forearm

S60-S69 Injuries to the wrist and hand

S70-S79 Injuries to the hip and thigh

S80-S89 Injuries to the knee and lower leg

S90-S99 Injuries to the ankle and foot

T00-T07 Injuries involving multiple body regions

T08-T14 Injuries to unspecified parts of trunk, limb or body region
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MING: MEDICATION PRESCRIPTION PRIOR TO FALL-RELATED INJURY

Numbers of older adults being prescribed with diffziEtLg]itizric names within one year prior to fall-related injury

Generic Medication Female Male Total
Names 66-74  75-84 85+ Total % 66-74  75-84 85+ Total % # %
Atorvastatin 12491 17122 11208 40821 14.2 10462 13107 6765 30334 10.5 71155 247
Amlodipine 8728 14064 12598 35390 123 6187 7730 4590 18507 6.4 53897 18.7
Codeine 10500 12465 8376 31341 109 6921 7715 3993 18629 6.5 49970 173
Levothyroxine 12594 16233 13300 42127 14.6 2769 4286 3574 10629 3.7 52756 183
Ramipril 6254 9119 7921 23294 8.1 6632 8165 4599 19396 6.7 42690 14.8
Hydrochlorothiazide 9338 12533 9169 31040 10.8 4603 5321 2940 12864 4.5 43904 152
Rosuvastatin 11920 11644 5293 28857 10.0 9431 8156 3024 20611 7.2 49468 17.2
Glucose 9727 11013 5692 26432 9.2 7991 8510 3329 19830 6.9 46262 16.0
Metformin 8771 9660 5014 23445 8.1 7615 7466 2771 17852 6.2 41297 143
Furosemide 5460 10254 13402 29116 10.1 4101 7758 6709 18568 6.4 47684 16.5
Amoxicillin 9135 9232 6211 24578 8.5 5506 5811 3110 14427 5.0 39005 13.5
Rabeprazole 7840 10255 7578 25673 8.9 4053 5249 3038 12340 43 38013  13.2
Lorazepam 7637 10196 7826 25659 8.9 3076 3948 2426 9450 33 35109 12.2
Pantoprazole 8507 10347 7956 26810 9.3 4914 6138 3819 14871 5.2 41681 14.5
Metoprolol 4392 7695 7342 19429 6.7 4426 5911 3520 13857 4.8 33286 11.5
Docusate 5198 9364 8785 23347 8.1 3480 5960 4444 13884 4.8 37231 129
Acetaminophen 4428 8708 9740 22876 7.9 2129 3943 3635 9707 3.4 32583 113
Nitroglycerin 3016 5646 6716 15378 53 2859 4488 3412 10759 3.7 26137 9.1
Salbutamol 8769 8690 5819 23278 8.1 4616 5417 3138 13171 4.6 36449  12.6
Risedronate 7908 11776 8987 28671 9.9 1044 1826 1302 4172 1.4 32843 114
Betamethasone 4120 5230 4157 13507 4.7 2922 3764 2551 9237 3.2 22744 79
Warfarin 2280 5597 5833 13710 4.8 2643 5344 3576 11563 4.0 25273 8.8
Atenolol 3441 5168 4030 12639 44 2254 2844 1497 6595 23 19234 6.7
Ciprofloxacin 4595 6190 5434 16219 5.6 2950 3798 2456 9204 3.2 25423 8.8
Hydrocortisone 3916 5183 4561 13660 4.7 2174 3103 2241 7518 2.6 21178 7.3
Cephalexin 4198 5317 4870 14385 5.0 3241 3968 2478 9687 34 24072 8.4
Alendronate 5743 8498 6053 20294 7.0 739 1300 921 2960 1.0 23254 8.1
Ferrous 3393 5997 5509 14899 52 2075 3733 2846 8654 3.0 23553 8.2
Sennosides 3206 6243 6004 15453 5.4 2133 3928 3249 9310 3.2 24763 8.6
Tiotropium 3850 5095 3371 12316 4.3 2904 4326 2531 9761 34 22077 7.7
Azithromycin 4835 4412 2762 12009 4.2 2483 2508 1334 6325 2.2 18334 6.4
Prednisolone 4465 5113 3166 12744 4.4 2667 3350 1830 7847 2.7 20591 7.1
Bisoprolol 3171 5245 4414 12830 4.5 2965 3870 2154 8989 3.1 21819 7.6
Oxycodone 4697 4549 2352 11598 4.0 3432 2819 1055 7306 2.5 18904 6.6
Perindopril 3538 4598 3559 11695 4.1 3239 3497 1812 8548 3.0 20243 7.0
Ranitidine 2961 3715 2821 9497 33 1634 2156 1284 5074 1.8 14571 5.1
Nitrofurantoin 5186 7225 5696 18107 6.3 751 1310 1047 3108 1.1 21215 74
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TABLE B2. Continued

Generic Medication Female Male Total
Names

66-74  75-84 85+ Total % 66-74  75-84 85+ Total % # %
Lactulose 2277 4695 5696 12668 4.4 1784 3194 2776 7754 2.7 20422 7.1
Omeprazole 2887 3670 2638 9195 32 1380 1799 1074 4253 1.5 13448 4.7
Salmeterol 4105 4893 3105 12103 4.2 2332 3236 1891 7459 2.6 19562 6.8
Diltiazem 2993 4920 4251 12164 4.2 1870 2522 1499 5891 2.0 18055 6.3
Clopidogrel 2469 4495 4213 11177 39 3041 4206 2582 9829 34 21006 7.3
Clarithromycin 3654 2864 1584 8102 2.8 1849 1678 847 4374 1.5 12476 43
Meloxicam 3633 3970 2125 9728 34 1545 1531 786 3862 1.3 13590 4.7
Nifedipine 2234 3551 3060 8845 3.1 1397 1774 1016 4187 1.5 13032 45
Fluticasone 3186 3136 2075 8397 2.9 1422 1712 965 4099 1.4 12496 43
Allopurinol 1258 2278 1935 5471 1.9 2768 3887 2032 8687 3.0 14158 4.9
Tamsulosin 58 44 22 124 0.0 4451 7019 4622 16092 5.6 16216 5.6
Clotrimazole 2564 3723 3672 9959 3.5 1236 1741 1296 4273 1.5 14232 49
Sulfamethoxazole 2985 4057 3695 10737 3.7 1350 1864 1217 4431 1.5 15168 5.3
Lansoprazole 3180 3751 2770 9701 34 1758 2130 1228 5116 1.8 14817 5.1
Celecoxib 3717 3891 2288 9896 34 1698 1729 778 4205 1.5 14101 4.9
Citalopram 3529 4848 4348 12725 4.4 1589 2337 1554 5480 1.9 18205 6.3
Trazodone 3032 4269 4476 11777 4.1 1573 2340 1843 5756 2.0 17533 6.1
Ezetimibe 2878 3148 1170 7196 2.5 2601 2442 707 5750 2.0 12946 4.5
Cyanocobalamin 2196 3648 3523 9367 32 1119 1986 1559 4664 1.6 14031 4.9
Anmitriptyline 3535 3525 1681 8741 3.0 1205 1143 530 2878 1.0 11619 4.0
Candesartan 2242 3071 2346 7659 2.7 1378 1499 741 3618 1.3 11277 3.9
Valsartan 2192 3205 2371 7768 2.7 1230 1457 707 3394 1.2 11162 3.9
Latanoprost 1455 2837 3232 7524 2.6 844 1665 1390 3899 1.4 11423 4.0
Gliclazide 2737 3091 1796 7624 2.6 2618 2552 1140 6310 22 13934 438
Naproxen 3124 2305 912 6341 2.2 1756 1274 426 3456 1.2 9797 34
Donepezil 809 4044 5057 9910 3.4 621 2337 2079 5037 1.7 14947 52
Levofloxacin 1645 2155 1864 5664 2.0 1013 1579 1117 3709 1.3 9373 33
Dexamethasone 2181 2411 1054 5646 2.0 1315 1658 621 3594 1.2 9240 3.2
Enalapril 1098 1683 1673 4454 1.5 811 1117 673 2601 0.9 7055 2.4
Irbesartan 1759 2362 1597 5718 2.0 1063 1148 508 2719 0.9 8437 2.9
Hydromorphone 2349 3167 2681 8197 2.8 1539 1658 935 4132 1.4 12329 43
Domperidone 2317 3003 2220 7540 2.6 986 1278 754 3018 1.0 10558 3.7
Budesonide 2456 2320 1348 6124 2.1 1362 1489 801 3652 1.3 9776 34
Oxazepam 1281 2099 2022 5402 1.9 623 947 678 2248 0.8 7650 2.7
Spironolactone 1204 1821 1921 4946 1.7 1055 1476 957 3488 1.2 8434 29
Losartan 1329 2061 1555 4945 1.7 669 874 448 1991 0.7 6936 2.4
Metronidazole 2124 2146 1195 5465 1.9 1110 1131 538 2779 1.0 8244 29
Telmisartan 1715 2170 1375 5260 1.8 999 1081 465 2545 0.9 7805 2.7
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TABLE B2. Continued

Generic Medication Female Male Total
Names

66-74  75-84 85+ Total % 66-74  75-84 85+ Total % # %
Indapamide 1283 1850 1246 4379 1.5 684 901 428 2013 0.7 6392 2.2
Lisinopril 905 1441 1174 3520 1.2 762 1011 556 2329 0.8 5849 2.0
Beclomethasone 1399 1779 1165 4343 1.5 761 1099 621 2481 0.9 6824 24
Quetiapine 1546 2260 2544 6350 2.2 1003 1478 1118 3599 1.2 9949 3.5
Hydrocodone 1683 1562 700 3945 1.4 885 836 350 2071 0.7 6016 2.1
Digoxin 779 2358 3301 6438 22 892 1812 1525 4229 1.5 10667 3.7
Tolterodine 1694 2561 1998 6253 2.2 645 1173 735 2553 0.9 8806 3.1
Risperidone 702 1540 2039 4281 1.5 517 937 783 2237 0.8 6518 23
Pravastatin 889 1546 1137 3572 1.2 587 885 551 2023 0.7 5595 1.9
Terazosin 305 473 339 1117 0.4 1162 2042 1257 4461 1.5 5578 1.9
Clonazepam 2372 1967 1049 5388 1.9 1060 916 369 2345 0.8 7733 2.7
Dorzolamide 624 1324 1625 3573 1.2 406 922 747 2075 0.7 5648 2.0
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