Roberts et al. BMC Geriatrics (2024) 24:773 BMC Geriatrics
https://doi.org/10.1186/s12877-024-05301-w

Check for
updates

Factors associated with fall risk increasing
drug use in older black and white men
and women: the Health ABC Study

Jimmie E. Roberts', Robert M. Boudreau', Kerri S. Freeland', Lingshu Xue?, Kristine M. Ruppert', Jeanine
M. Buchanich? Jennifer A. Pruskowski*, Jane A. Cauley' and Elsa S. Strotmeyer!”

Abstract

Background Most older adults use medications that may increase falls, often defined as fall risk increasing drugs or
"FRIDs". Two definitions for FRIDs, the Centers for Disease Control and Prevention’s (CDC) Stopping Elderly Accidents,
Deaths & Injuries (STEADI-R,) and Swedish National Board of Health and Welfare (SNBHW) definitions, are widely
accepted, though include different FRIDs in their definitions. Whether factors associated with FRID use in older adults
differ by definition is unknown.

Methods We hypothesized that factors for FRID use will vary by FRID definition in 1,352 community-dwelling older
Black and White adults with medication information in the Health, Aging and Body Composition Study (Health ABC;
2007-08 clinic visit; 83.4+ 2.8 years; 54.1% women; 65.1% White). Multivariable logistic regression and multivariable
negative binomial regression, progressively entering groups of covariates (demographics, lifestyle/behavior factors,
and multimorbidity), modeled FRID use (yes/no) and count.

Results Of 87.0% participants using SNBHW FRIDs, 82.9% used cardiac medications, with lower use of all other FRIDs
(range:1.1-12.4%). Of 86.6% participants using STEADI-R, FRIDs, 80.5% used cardiac medications, with lower use of all
other FRIDs (range:1.1-16.1%). Participants with FRID use by either definition were more likely to have chronic health
conditions, a hospitalization in the prior year, higher non-FRIDs medication counts, higher Center for Epidemiologic
Studies Depression Scale (CES-D) scores, and less physical activity (all p<0.05). Participants with STEADI-R, FRID use
had poorer vision and higher Modified Mini-Mental State (3MS) scores. In multivariable logistic regression for SNBHW
use, hypertension, body mass index (BMI), 3MS scores, and non-FRID count were positively associated with FRID use
and poorer vision and Digit Symbol Substitution Test (DSST) scores were negatively associated. In addition to SNBHW
factors, higher CES-D scores were associated with STEADI-R, FRID use. In multivariable negative binomial regression,
hypertension, higher BMI, CES-D scores, and non-FRID count were associated with higher FRID count and sleep
problems with lower FRID count for both definitions. Higher 3MS and lower DSST scores were associated with higher
STEADI-R, FRID count. Women had lower SNBHW FRID count after adjustments.
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Conclusions Risk factors for FRID use in older adults differ slightly by STEADI-R, and SNBHW FRIDs definition, but are

largely similar.
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Introduction

Medications with potential to increase a person’s risk
of falling are referred to as “fall-risk increasing drugs”
(FRIDs). Only two definitions for FRIDs have been used
widely. In 2010, the Swedish National Board of Health
and Welfare (SNBHW) created a list of 13 clusters of
drugs classified as FRIDs [1]. In 2020, the Centers for
Disease Control and Prevention (CDC) in partnership
with the University of North Carolina Eshelman School
of Pharmacy and School of Medicine created a list of 9
categories of drugs that are FRIDs under the program
STEADI-R, (Stopping Elderly Accidents, Deaths & Inju-
ries) [2].

Regardless of definition, the use of FRIDs in older
adults (=65 years) have become increasingly more com-
mon. For example, according to data from the Medical
Expenditure Panel Survey (MEPS), FRID use showed
an increase from 57% in 1999 to 94% in 2017 under the
STEADI-R, definition, possibly driven by the rise in anti-
depressant, anticonvulsant, and antihypertensive medi-
cation use [3]. The increase in FRIDs has also coincided
with an approximate linear trend in fall-related mortal-
ity from 29.4 per 100,000 in 1999 to 63.3 per 100,000 in
2017, a 115% increase [3, 4]. Current research has not
described the reason for these concurrent increases,
though FRID use may be a contributing factor.

Additionally, the demographics, lifestyle factors [5],
and multimorbidity [5] of older adults who use FRIDs
remain largely unexamined, with limited information
under the STEADI-R, definition and no known study
using the SNBHW. Based on population data from 1999
to 2017, FRID use was high in those 275 years old (79.2%)
and those 65-74 years old (72.9%) [3]. Women (77.0%)
and men (74.0%) also had a high percentage of receiv-
ing 21 FRID [3]. Moreover, under-represented ethnic/
race groups of older adults that were Native American
(80.0%) and Black (78.4%) reported higher FRID use vs.
older White (75.8%) and Asian/Pacific Islander (66.1%)
adults [3]. However, major gaps remain in understanding
sociodemographic risk factors, including education and
income, of older adults who use FRIDs, and many demo-
graphics associated with FRID use are only available in a
non-generalizable subset of the population or in non-U.S.
populations, including demographics of individual FRID
use [5-13]. These factors are important to describe since
the population of older adults who use FRIDs could be
the target population for deprescribing efforts to reduce
falls and fall injury risk in older adults. Thereby, our

results will support future recruitment efforts in depre-
scribing research.

Therefore, the objective of the current study is to, for
the first time, assess the association of a wide range of
risk factors, including demographics of age, race, sex,
and education, lifestyle characteristics, and disease-
related factors, with the use of FRIDs, including both
FRID classes and counts of FRID classes, in older Black
and White men and women from the Health, Aging and
Body Composition Study (Health ABC). We hypoth-
esized that demographics, lifestyle/behavior factors, and
types of multimorbidity will be associated with FRID
use according to both the CDC’s STEADI-R, and the
SBNHW definitions, and that these factors will vary by
FRID definition.

Methods

Participants

The Health, Aging and Body Composition Study (Health
ABC) was a longitudinal cohort study of Black and
White, initially well-functioning, community-dwelling
older men and women from Pittsburgh, PA and Mem-
phis, TN to investigate body composition and factors
related to functional limitations and disability (n=3,075;
aged 70-79 years; 52% women; 42% Black at baseline in
1997-98). Participants were recruited from a random
sample of White Medicare Fee-For-Service beneficia-
ries and all age-eligible Black Medicare beneficiaries and
community residents. To be eligible, participants had to
report no difficulty walking % mile, climbing 10 steps,
or performing activities of daily living; had no cancer or
active treatment in <3 years; and planned to remain in the
study area for at least 3 years. This study was approved by
institutional review boards at the University of Pittsburgh
and University of Tennessee Health Science Center, and
written informed consent was obtained from each par-
ticipant prior to participating [14, 15]. Participants were
followed for 17 years (until 2012-13) and contacted yearly
to obtain information of interest. By the 2007-08 visit,
1,035 participants were deceased, 44 withdrew, and 113
were missing for other reasons. Of the 1,883 participants
remaining in the Health ABC Study in 2007-08 (year 11),
527 had either phone or proxy visits with no medication
data. Of 1,356 with clinic visits, home visits, or mixed
visits, 1,352 participants were included in the analysis
with no missing medication data (Fig. 1).
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Fig. 1 Participant flow chart for medication data at the 2007-08 Health ABC visit

Covariates - factors of interest

Several key factors, including lifestyle and behavioral fac-
tors, as well as multimorbidity, were adjusted for in our
analyses due to past literature associations with the fac-
tors or outcomes of interest. All covariates used in our
analysis were measured at the 2007-08 clinic visit unless
noted otherwise.

Age, race (White or Black), sex, education (less than
high school, high school graduate, and postsecondary
education), and site (Pittsburgh/Memphis) were self-
reported at baseline [16]. Having non-Medicare health
insurance (at the 2006-07 clinic visit), family income
(<$10k, $10k-$25k, $25k-$50k, >$50k; at the 2001-
02 clinic visit), and marital status (married, widowed,
divorced, separated, never married; at the 2000-01 clinic
visit) were self-reported [16]. Lifestyle and behavioral
factors included smoking status (current, past, never),
alcohol consumption (drinks/week), physical activity
(kilocalories/week walking and stair climbing), and body
mass index (BMI; kg/m?) [16]. Weight (kg) was measured
on a standard balance beam scale, and height was mea-
sured by a stadiometer to the nearest 0.1 cm [17].

Multimorbidity covariates for this analysis included
self-reported fall history reported from the question “In
the past 12 months, have you fallen and landed on the
floor or ground?’,; knee or leg pain over the past year
(y/n), any difficulty with activities of daily living (y/n),
vision (excellent/good, fair, poor/blind), and sleeping
problems (y/n) defined by restless sleep at least some
of the time (1-2 days) [18-20]. Hospitalization in the
previous year was self-reported through a question-
naire [16]. Depressive symptoms were assessed using

the Center for Epidemiologic Studies Depression Scale
(CES-D) score [21]. Cognitive function was measured
using the Digit Symbol Substitution Test (DSST) and
Modified Mini-Mental State (3MS) Examination [22].
Diabetes was defined using fasting glucose 2126 mg/dL
and participants taking hypoglycemic medications [19].
Physiological hypertension was defined as measured sys-
tolic blood pressure 2140 mmHg and/or diastolic blood
pressure =290 mmHg [15, 20]. Insufficient renal function
was defined by cystatin C 21 mg/dL [23]. Ankle brachial
index <0.9 indicated peripheral arterial disease (PAD)
and >1.3 indicated arterial stiffening [24].

Medication counts of the number of non-FRIDs were
defined by subtracting the count of FRIDs used from the
total medications a participant used. Medication inven-
tory occurred during the clinic visits using “brown bag”
review method. Participants were asked to bring to clinic
all prescription medications that had been taken during
the month before the clinic visit. Non-prescription medi-
cations were not collected at the 2007-08 clinic visit.

Outcomes: FRID class use & count of FRIDs
Outcomes included either FRID class use (yes/no) or a
continuous count of FRIDs under both (1) the SNBHW
definition and (2) the STEADI-R, definition. FRID
classes include 13 classes under the SNBHW defini-
tion and 9 classes under the STEADI-R, definition [2,
5]. These medications were coded using the Iowa Drug
Information System (IDIS) Drug Vocabulary and Thesau-
rus codes [25] (Table 1).

The medication classes in the STEADI-R, defi-
nition included anticonvulsants, antidepressants,
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Table 1 FRIDs lists and their medication classes for the SNBHW and the CDC STEADI-R, definitions

Swedish National Board for Health and Welfare

CDC STEADI-R,

Antidepressants
Antipsychotics

Opioids

Hypnotics and Sedatives
Anxiolytics*

Antihypertensives: centrally acting, ganglion-blocker, and peripherally acting antiadrenergic agents, agents acting on
arteriolar smooth muscles, and antihypertensives for pulmonary arterial hypertension

Vasodilators used in cardiac diseases

Diuretics

Beta-blockers

Calcium Channel Blockers

Dopaminergic Agents

Agents acting on the renin-angiotensin system
Alpha adrenoreceptor antagonists

Antidepressants
Antipsychotics

Opioids

Hypnotics and Sedatives
Benzodiazepines
Antihypertensives: hypotensive
agents, alpha-blockers, vasodi-
lating agents, calcium channel
blockers, diuretics, beta-block-
ers, ACE-inhibitors, and ARBs
Muscle Relaxants
Antihistamines
Anticonvulsants

Differences noted italics

*Though anxiolytics are directly cited as a FRID, only benzodiazepines will be discussed due to the lack of information on anxiolytics in the literature

Abbreviations: Alpha-blockers, Alpha Adrenoreceptor Antagonists; ACE, Angiotensin-Converting-Enzyme; ARBs, Angiotensin Il Receptor Blockers

antihistamines, antihypertensives (hypotensive agents,
alpha adrenoreceptor antagonists (alpha-blockers), vaso-
dilating agents, calcium channel blockers, diuretics,
beta-blockers, angiotensin-converting-enzyme (ACE)
inhibitors, and angiotensin II receptor blockers (ARBs),
antipsychotics, benzodiazepines, muscle relaxants, opi-
oids, and hypnotics and sedatives. Though the STEADI-
R, definition does not list specific drug names that fall
under each medication class, the SNBHW definition uses
the Anatomical Therapeutic Chemical (ATC) Classifica-
tion System, which defines drug names under each code.
Specifically, the following ATC drug codes are assessed
for the SNBHW definition: antidepressants (NO6A), anti-
psychotics (NO5A; NO5SAN excluded), opioids (NO2A),
anxiolytics (NO5B), hypnotics and sedatives (NO05C),
vasodilators used in cardiac diseases (C01D), antihy-
pertensives (C02), diuretics (C03), beta-blockers (C07),
calcium channel blockers (CO08), dopaminergic agents
(anti-Parkinson drugs; N04B), agents acting on the renin-
angiotensin system (RAS acting agents; C09), and alpha-
blockers (GO4CA) [5]. Antihypertensives classified by
code C02 included in our analysis were centrally acting,
ganglion-blocker, and peripherally acting antiadrenergic
agents, agents acting on arteriolar smooth muscles, and
antihypertensives for pulmonary arterial hypertension
(Additional file 2 — Supplementary Table 3). The classifi-
cations of STEADI-R, drugs were determined using pre-
set drug classes developed in the Health ABC Study along
with consultation of the ATC codes and a pharmacist
investigator for the study (Additional file 2 — Supplemen-
tary Table 2) [15]. Each FRID class was encoded for our

study using ingredient codes. All participants with dia-
betes taking hypoglycemic medications were also using
another FRID and therefore were classified as FRID users
though hypoglycemic medications were not included in
the count of FRIDs.

Statistical methods

Descriptive statistics were calculated and stratified by
ERID use (yes/no) for both definitions to determine sta-
tistically significant differences. T-tests or Wilcoxon
rank-sum tests were used for continuous variables, and
Chi-Square tests or Fisher’s Exact tests for categorical
variables. The prevalence of each FRID class was calcu-
lated for the sample and included overlap in participants
taking =1 medication. We also calculated the prevalence
of each FRID class for participants taking only 1 FRID
class. Risk factors associated with FRID class use and
count of FRID classes were modeled using multivari-
able logistic regression and negative binomial regression,
respectively. For the primary analysis using multivari-
able logistic regression modeling FRID class use (yes/
no), covariate factors of interest were entered in groups,
where covariates were removed at p=0.1 except for age,
race, and sex which were included regardless of signifi-
cance since these demographic characteristics are asso-
ciated with other exposures. The secondary analysis
using negative binomial regression to model the count
of FRIDs entered covariates in groups, with covariates
removed at p>0.1. Age, race, and sex were also included
in the count of FRIDs models regardless of significance.
For both the primary and secondary analyses, models
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were built progressively starting with unadjusted models
and progressed by adding age, race, and sex for minimally
adjusted models. The models were further adjusted by
groups of covariates (1) Model 1: other demographics, (2)
Model 2: Model 1+lifestyle and behavioral factors, and
finally (3) Model 3: Model 2+ multimorbidity and count
of non-FRIDs. Final models included the same covariates
for both definitions for comparability of results, including
non-significant variables if significant for the final model
of either definition. Collinearity of all covariates was
assessed prior to the modeling. Two separate sensitivity
analyses were done with variables excluded from initial
model building due to high missingness: (1) forcing mari-
tal status (26% missing) and income (8% missing) into the
final models, and (2) forcing cystatin C (10% missing) and
peripheral arterial disease (19% missing) into the final
models. All analyses were conducted using SAS software
(version 9.4; SAS Institute, Cary, NC) with LOGISTIC
and GENMOD procedures to obtain the main results.

Results

Of 1,352 participants, 1,176 (87.0%) were using FRIDs
under the SNBHW definition, and 1,171 (86.6%) were
using FRIDs under the STEADI-R, definition in Chi-
Square analysis. Of users, 23 were classified as ‘yes’
under the SNBHW definition to ‘no’ under the STEADI-
R, definition, and 18 were classified as from ‘yes’ under
STEADI-R, definition to ‘no’ under the SNBHW defini-
tion. Univariate descriptive statistics showed participants
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with FRID use vs. no use under the SNBHW definition
were more likely to be married, have a hospitalization
in the prior year, lower physical activity from walking
and stair climbing, a higher BMI, a higher prevalence
of hypertension, poor renal function, diabetes, higher
CES-D scores, and take more non-FRIDs. In addition to
these factors, except for income, participants with FRID
use under the STEADI-R, definition were less likely to
report vison impairment (poor/very poor/blind vs. excel-
lent vision) and have a higher 3MS score (Additional file
1 — Table 1).

Medication prevalence

Of FRID users as defined by the SNBHW, overall cardiac
medications were used by 82.9% of participants (Addi-
tional file 2 — Supplementary Table 1). More specifically,
RAS acting agents were used by 43.5% of participants,
with similar prevalence of some other antihyperten-
sive medications: diuretics, beta-blockers, and calcium
channel blockers (Table 2). Prevalence of alpha-blocker,
antihypertensive, and nitrate use was much lower. Of
the other FRID classes defined by the SNBHW, antide-
pressants were used by 12.4% of participants, followed
by opioids, benzodiazepines, sedative hypnotics, anti-
Parkinson drugs, and antipsychotics. Moreover, 334
participants (24.7%) were using just one of the SNBHW
FRID classes, primarily consisting of antihypertensive
medications. A higher number of women than men used
SNBHW antihypertensives. Of FRID users as defined by

Table 2 SNBHW and STEADI-R, FRID class prevalence (%): Overall and for 1 FRID class only

Medication Classes, % SNBHW

STEADI-R,

Overall (N=1,352)

Medication-Specific Use
only* (N=331)

Overall (N=1,352) Medication-Specific Use

only* (N=707)

Antidepressants 124 13
Antipsychotics 1.1 0.1
Opioids 6.2 0.5
Benzodiazepines 59 0.8
Sedative hypnotics 36 0.1

Anticonvulsants - -
Muscle Relaxants - -
Antihistamines - -

**Antihypertensives 6.5 03
**Diuretics 40.8 33
**Beta-Blocker 389 55
**Calcium Channel Blocker 337 49
**RAS acting agents 435 58
**Alpha-blocker 11.0 1.5
**Nitrate 7.5 0.1
**Anti-Parkinson Drugs 2.1 03

1.1 12
1.1 0.1
16.1 1.2
8.1 0.7
2.1 0.1
7.0 0.3
9.3 0.5
35 0

6.5 0.2
40.8 30
386 4.1
33.1 39
434 53
9.5 0.2
45 0

*Percentages shown as a proportion of overall use

**The STEADI-R, cardiac medication list has been modified for comparability with the SNBHW definition, which uses ATC codes to define these categories (see

Outcomes: FRID Class Use & Count of FRIDs)
-:Not a FRID for respective definition
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Table 3 Risk factors for FRID use (yes/no) from the final multivariable logistic regression models
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Risk Factors SNBHW Definition STEADI-R, Definition
OR (95% CI) OR (95% CI)

Age (years), per SD 0.93(0.76,1.13) 0.96 (0.78,1.17)

Black race, y/n 0.81(0.52,1.27) 0.96 (0.61,1.51)

Women, y/n 0.96 (0.66, 1.40) 1.32(0.91,1.93)

BMI (kg/m?), per SD

Hypertension, y/n

Vision (Poor/Very Poor/Completely Blind vs. Excellent), y/n
CES-D Score, per SD

3MS Score, per SD

DSST Score, per SD

# Non-FRIDs, per SD

1.53 (1.24, 1.89)**
3.07 (1.98, 4.76)**
0.32(0.14, 0.78)**
1.24(0.98,1.57)
1.60 (1.23, 2.08)**
0.75(0.57,0.97)*
3.67 (2.67, 5.06)**

1.54 (1.25, 1.90)**
3.05(1.98, 4.69)**
0.26 (0.11, 0.59)**
1.36 (1.07, 1.74)**
1.69 (1.30, 2.19)*

0.76 (0.59, 0.99)*

3.03 (2.24, 4.08)**

*p<0.05
**p<0.01

Abbreviations: ADL, Activities of Daily Living; CES-D, Centers for Epidemiologic Studies Depression Scale; 3MS, Modified Mini-Mental State Examination; DSST, Digit

Symbol Substitution Test

the STEADI-R, definition, overall cardiac medications
were used by 80.5% of participants, which could simi-
larly be described for comparability with the SNBHW
definition as antihypertensives (6.5%), RAS acting agents
(43.4%), diuretics (40.8%), beta-blockers (38.6%), cal-
cium channel blockers (33.1%), alpha-blockers (9.5%),
and nitrates (4.5%) (Additional file 2 — Supplementary
Table 1, Table 2). The prevalence for all other FRIDs use
like opioids, antidepressants, muscle relaxants, benzodi-
azepines, anticonvulsants, antihistamines, sedative hyp-
notics, and antipsychotics was much lower than overall
cardiac medication use (Table 2). Lastly, 707 participants
(52.3%) were using just one of the STEADI-R, FRID
classes, which also primarily consisted of antihyperten-
sives. A higher number of women than men also used
STEADI-R, antihypertensives.

Multivariable logistic regression

In the final multivariable analysis using the SNBHW defi-
nition (Table 3), higher BMI, physiological hypertension,
higher 3MS score, and higher number of non-FRIDs were
associated with higher odds for FRID use. Poor vs. excel-
lent vision and higher DSST score were associated with
lower odds of FRID use. Except for CES-D score, findings
were consistent for the fully adjusted multivariable anal-
ysis using the STEADI-R, definition (Table 3). CES-D
score was associated with higher odds of FRID use using
the STEADI-R, definition.

Sensitivity analyses for multivariable logistic regression
Being never married vs. married (OR=0.34, 95% CI: 0.14,
0.83) was associated with a lower odds of FRID use for
the STEADI-R, definition and for the SNBHW defini-
tion (OR=0.34, 95% CI: 0.14, 0.81) in the final multivari-
able logistic regression models. Income, insufficient renal
function, and PAD were not related to either the SNBHW
definition or the STEADI-R definition.

Table 4 Risk factors for Count of FRIDs (#) from the final
multivariable negative binomial regression models

Risk Factors SNBHW Definition STEADI-R, Definition
IRR (95% Cl) IRR (95% Cl)

Age (years), per SD 1.00 (0.95, 1.04) 0.99 (0.95, 1.04)

Black race, y/n 091(0.74,1.11) 0.86 (0.71,1.05)

Women, y/n

BMI (kg/m?), per SD
Hypertension, y/n
Sleep Problems, y/n
CES-D Score, per SD
3MS Score, per SD
DSST Score, per SD
# Not FRIDs, per SD

0.76 (0.64, 0.90)**
1.10 (1.05, 1.15)**
1.36 (1.20, 1.53)**
0.91 (0.83, 1.00)*
1.10(1.06, 1.15)**
1.05(0.99, 1.13)
0.94 (0.89, 1.00)
1.27 (1.22,1.31)**

1.04 (0.88, 1.24)
1.13 (1.09, 1.18)**
1.40 (1.24, 1.58)**
0.88 (0.81, 0.96)*
1.10(1.06, 1.15)**
1.09(1.02, 1.16)*
0.93 (0.88, 0.99)*
1.27 (1.22,1.31)**

*»<0.05
*p<0.01

Abbreviations: ADL, Activities of Daily Living; CES-D, Centers for Epidemiologic
Studies Depression Scale; 3MS, Modified Mini-Mental State Examination; DSST,
Digit Symbol Substitution Test

Multivariable negative binomial regression

BMI, physiological hypertension, CES-D score, and
number of non-FRIDs were associated with higher inci-
dence rates of FRIDs count using both the SNBHW and
STEADI-R, definition (Table 4). Sleep problems were
associated with lower incidence rates for both definitions,
though women had a lower incidence rate of FRIDs count
for only the SNBHW definition. Additionally, under the
STEADI-R, definition, 3MS score was associated with a
higher incidence rate of FRIDs count and DSST was asso-
ciated with a lower incidence rate (Table 4).

Sensitivity analyses for multivariable negative binomial
regression

No association was found in the final multivariable nega-
tive binomial models between marriage or income and
the count of FRIDs. However, insufficient renal function
was associated with a higher rate of the count of FRIDs
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using both the SNBHW definition (IRR=1.21, 95% CI:
1.10, 1.34) and the STEADI-R, definition (IRR=1.18, 95%
CI: 1.07, 1.30), and PAD was associated with FRIDs count
for the SNBHW definition (IRR=1.15, 95% CI: 1.03, 1.28)
but not the STEADI-R, definition.

Discussion

To our knowledge, our study was the first to describe the
association of a wide range of risk factors for FRID use in
older Black and White men and women and to compare
the risk factor associations across two common FRID
definitions, SNBHW and STEADI-R,. In community-
dwelling older Black and White adults, having hyperten-
sion and higher BMI, higher 3MS score, and number of
non-FRIDs were associated with a higher odds of FRID
use and higher rate of FRID counts, suggesting that mul-
timorbidity in older adults is associated with FRID use.
Additionally, the number of medications may be higher
in older adults with higher BMI [26] due to the comor-
bidity associated with obesity [27]. Older adults with
higher BMI also may be more likely to have hypertension
[28]. One previous Health ABC Study showed that BMI,
3MS score, hypertension, and number of non-FRIDs,
may be higher with antihypertensive users than non-
antihypertensive users, though these comparisons were
not statistically tested [15]. The SNBHW and STEADI-R,
definitions of FRIDs classified antihypertensives similarly
overall as described in the methods.

We found some differences in statistical significance
between factors using the two definitions, although
ORs and IRRs were generally similar. Only one factor
(women) had different associations for FRID use (y/n)
and the count of FRIDs when using the SNBHW and
the STEADI-R, definition, which may be due to differ-
ences in the medication classes included within each
definition. For example, the SNBHW definition included
anti-Parkinson drugs, which were not included in the
STEADI-R, definition, though the prevalence of those
using those drugs were low. Medication classes found in
the STEADI-R, but not the SNBHW definition included
muscle relaxants, antihistamines, and anticonvulsants,
which all had fairly low prevalence also. Higher CES-D
scores were associated with STEADI-R, FRID use, and
lower DSST scores were associated with SNBHW FRID
use. Women vs. men had a lower SNBHW FRIDs count,
which may reflect more antihypertensive-only users for
women than men in this definition for our participants
(see Table 4). Higher depressive symptoms may be asso-
ciated with higher FRID counts since depression in older
adults is also associated with chronic diseases such as
cardiovascular disease, chronic pain and fatigue [29]
which have higher FRID use of antihypertensives, opi-
oids and anticonvulsants [30—32]. Participants with sleep
problems had a lower rate of FRIDs count, which seems
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unusual given that antihypertensives were the most com-
mon FRID and cardiovascular disease is often associated
with sleep issues [33].

Lastly, we found some additional unexpected risk fac-
tors for FRID use. Participants with higher 3MS scores
had a higher rate of STEADI-R, FRIDs count, and higher
DSST scores associated with a lower rate of FRIDs count.
DSST scores were in the expected direction showing par-
ticipants with higher DSST scores were associated with
lower FRIDs count. 3MS scores were in the opposite
direction and showed participants with lower cognition
were associated with lower FRIDs count. The DSST has
often been associated with psychomotor speed, while the
3MS included components of global cognition like orien-
tation, concentration, language, praxis, and immediate
and delayed memory [34]. It may have been that the med-
ications for those with lower cognition were more closely
scrutinized, resulting in lower FRID use. These results
also suggest other FRIDs besides antihypertensives may
be responsible for associations as prior Health ABC
Study showed no difference in 3MS scores among anti-
hypertensive users vs. non-antihypertensive users [15].
In other studies, opioid and sedative hypnotic use were
associated with a higher risk of cognitive impairment [35,
36]. Poor vision was associated with a lower odds of FRID
counts for both definitions. One study has suggested that
both poor visual input and correcting poor visual input
should be monitored in older adults, as both were associ-
ated with an increased risk of falls [37]. Therefore, older
adults with poor vision are possibly more closely moni-
tored for multiple FRID use to not exacerbate fall risk,
resulting in lower use. These unexpected risk factors
for FRIDs should be investigated further to confirm our
findings.

Only one known study has been published assess-
ing risk factors related to FRID use under the SNBHW
definition, and no known studies have assessed risk fac-
tors related to use by the STEADI-R, definition [5]. In
the previous study using the SNBHW definition, higher
total number of medications, severe falls in the previ-
ous year (defined as falls leading to emergency visits at
hospitals or hospital admission as a consequence of syn-
cope, contusion, or clinical bone fracture), and women
had higher count of FRIDs used, though no other risk
factors were assessed [5]. Apart from women having a
higher count of FRIDs, these factors from the previous
study were similar to ours, but our study additionally
reported the total number of non-FRIDs and fall history
over the past year instead of severe falls. Importantly,
self-reported falls over the past year and severe falls in
the past year likely have varying validity. These findings
likely show that both less serious and more serious falls
lead to higher count of FRIDs. Additionally, the most
prevalent FRIDs in our study and the previous study were
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classes of antihypertensives and antidepressants, thereby
providing some comparability between the studies [5].
One major difference between our study and this previ-
ous study is our study included only community-dwelling
older adults, which may explain why some results did
not align. The previous study was comprised primarily
of participants living in nursing homes (76%), with com-
munity-dwelling older adults (24%) making up a smaller
percentage of the participants [5]. Their findings suggest
that women in nursing homes may have had higher FRID
use than community-dwelling women in our study. Those
in nursing homes may have unique risk factors leading to
FRID use such as higher multimorbidity vs. community-
dwelling older adults. Moreover, higher multimorbidity
in the nursing home participants could indicate a higher
rate of major depression, which is an indication for anti-
depressant use [38, 39], or differences in their level of
pain severity, which would require different dosages and
frequencies of opioid use which may also impact fall risk,
with higher dosages and frequencies being associated
with higher fall risk [40]. Residency in nursing homes
is also associated with severe falls, which may indicate
higher multimorbidity or more frailty among residents
vs. community-dwelling older adults. Future studies can
further explore additional measures of interest related to
fall or fall injury risk to assess whether these factors can
help further define the populations of older adults who
use FRIDs [41]. High-risk populations, like older adults
with hypertension, diabetes, chronic kidney disease, and
insomnia, also need investigation for FRID use, as these
are common indications of FRIDs use by prevalence of
disease in older adults.

Neither age, site, nor education were significant risk
factors for either definition for either FRID use (yes/no)
or the FRIDs count. All of the participants in our sam-
ple were aged 79-89 vyears, therefore a fairly narrowly
aged cohort. Future studies using a wider age range of
participants are needed to further explore this finding.
Additionally, our finding for education was similar to an
existing study assessing anticholinergic users vs. non-
users [18] but dissimilar to a study assessing antihyper-
tensives users vs. non-users [15]. Therefore, at some of
the oldest ages, education may only predict use of certain
FRIDs [42].

Though studies have demonstrated that women and
White older adults were more likely to fall than men
and Black older adults, our study did not find that these
demographics were associated with FRID use (yes/no)
[43, 44]. The absence of a finding may be due to homo-
geneity in our populations since all participants in the
Health ABC Study were Medicare eligible and able to
attend a clinic visit. However, even after the implemen-
tation of Medicare Part D, which was introduced to
reduce out-of-pocket medication costs and lower the
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cost of prescription drugs, differences still existed in cost-
related nonadherence and benefits from Medicare Part
D between non-Hispanic Black and White older adults
[45, 46]. This lack of a differential effect for FRID use by
race could be explained by differences in Medicare Part
D enrollment among the Health ABC Study participants
in the 2007-08 visit, leading to a more balanced sample
in terms of medication coverage, and consequently med-
ication use, than the general public. It may also be that
older White and Black participants in the Health ABC
Study were more balanced in indications vs. the general
population. Interestingly, women had a lower rate of
FRIDs count according to the SNBHW definition, though
men (85.1%) and women (85.0%) =60 years in the US in
2015-2016 had similar use of all prescription medica-
tions (one or more) according to the National Health and
Nutrition Examination Survey using the “brown bag”
review method [47]. It may be that FRIDs in the SNBHW
definitions or the indications of the FRIDs included are
more associated with men than women. Since preva-
lence data for individual FRID use is not published by sex
for many of the older adult populations, comparing our
results to past studies is not currently possible. Further
studies are needed to understand this lower use of FRIDs
among women and to evaluate other racial group associ-
ations with FRID use, such as Hispanic, Native American,
Asian, and Pacific Islander older adults.

Current recommendations on fall prevention provided
by the United States Preventive Services Task Force
(USPSTF) do not include FRID definitions. USPSTF
guidelines focus on exercise interventions while regulat-
ing medication management within a level of a multifac-
torial intervention — multistage interventions in which
modifiable risk factors are assessed first and the then sub-
sequent interventions are tailored to each patient or par-
ticipant based on the first assessment [48]. However, the
guidelines do not focus specifically on FRID medication
management. Our results inform future interventions
on medication management of factors related to FRID
use, thus providing foundational knowledge for research
on FRIDs and fall/fall injury risk and later allowing for a
more targeted approach in recruiting participants.

Our study had some limitations that should be noted.
First, participants brought only prescription medications
to the clinic visit that were used in the past 30 days. Thus,
older adults who use medications as needed, like for opi-
oids, or use over-the-counter seasonal medications, like
for antihistamines, may be misclassified as FRID non-
users if they had not used the medication in the previ-
ous 30 days. The brown bag review itself also may have
inadvertently had the effect to reduce inappropriate drug
use in participants. Second, cardiac medications con-
stituted the majority of FRID users by either definition,
thus our analyses for the counts of FRIDs used is more
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heavily influenced by the cardiac medications than the
other FRID classes of medications. Next, our population
is community-dwelling older adults who met the inclu-
sion criteria of the Health ABC Study and were able to
attend an in-person visit more than a decade after base-
line, which likely resulted in a healthier cohort com-
pared to the general population. Our results may not
be generalizable to non-community-based settings, like
hospitals or long-term care settings. Finally, STOPPFall
(Screening Tool of Older Persons Prescriptions in older
adults with high fall risk), a list of 14 medication classes
defined as FRIDs that was published in December 2020,
fell outside the scope of this analysis [49]. Future analyses
could investigate whether the same risk factors from the
SNBHW and STEADI-R, definitions are associated with
the STOPPFall definition of FRIDs.

Our study has several strengths. We evaluated many
risk factors with two common FRIDs definition at the
same time, which has not previously been published.
Our medication inventory from the “brown bag” review
method was based on participants’ use rather than pre-
scription fill or pharmacy databases, which may be
less accurate [50]. Additionally, we assessed numerous
potential risk factors, including some with indications
for individual FRID use (e.g., physiologic hypertension,
depressive symptoms, etc.) due to the wealth of cohort
data. Furthermore, the mean age in our study population
was >80 years old, the population with the highest preva-
lence of FRID use [3]. Our study population also included
a large percentage of Black older adults, a group typically
understudied for FRIDs and fall risk factors.

Conclusion

Our study showed that of the risk factors for FRID use
in the population, many were same for each definition of
FRIDs. Future studies targeting FRID use and fall preven-
tion efforts may benefit from an understanding the popu-
lation of older adults that uses FRIDs.
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