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Anticholinergic and Sedative Drug Burden and
Functional Recovery after Cerebrovascular Accident:
A Retrospective Descriptive Study

Yukari Ogawa, PhD ? Futoshi Nibe, OTR, MS P Ryuichi Ogawa, PhD ¢ and Masaharu Sakoh, MD, PhD P

Objectives: Medications with anticholinergic or sedative effects induce impaired cognitive and
physical performances. The aim of this study was to evaluate the associations of anticholinergic
and sedative drug burden with recovery of physical function and activities of daily living in
patients admitted to a Japanese rehabilitation hospital after cerebrovascular accidents. Methods:
We retrospectively reviewed the medical records of patients aged 18 years or older who had un-
dergone the inpatient rehabilitation program for cerebrovascular disease in Nerima Ken-ikukai
Hospital. Patients who did not complete the rehabilitation program because of acute unexpected
changes of physical or psychological condition or the need for surgical procedures were excluded.
The primary outcome was recovery of activities of daily living as measured by the motor and
cognitive subscores of the Functional Independence Measure. The secondary outcome was recov-
ery of physical function as assessed by the 10-m walk test and the Berg balance scale. Multiple
Cox proportional hazard regression analyses were conducted to calculate hazard ratios with 95%
confidence intervals for the outcome measures. Results: Of 122 patients included in the study, 81
(66%) were exposed to anticholinergics and sedatives. Patients’ age, body mass index, and aver-
age daily drug burden during hospitalization were independently associated with achieving the
cutoff Functional Independence Measure—motor subscore. Patients’ age and average daily drug
burden during hospitalization were independently associated with achieving the Berg balance
scale cut-off score. Conclusions: Our study of Japanese patients who were transferred from acute
stroke care hospitals to a rehabilitation facility identified the drug burden of anticholinergics and
sedatives as an independent factor associated with the time to recovery of activities of daily living

and postural balance.
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INTRODUCTION

Medications with anticholinergic or sedative effects induce
impaired cognitive and physical performances.' A number
of studies have found associations between medications
and the risk of accidental falls in older patients." The use
of benzodiazepine receptor agonists is associated with in-

creased risk of dementia and impaired physical performance
measures.>® Therefore, to minimize the risks of falls and
fractures, the Beers criteria,” the STOPP/START criteria,®
and the Japanese Guidelines for Medical Treatment and its
Safety in the Elderly” recommend reassessment of appropri-
ate use of some medications that can induce confusion, seda-
tion, and hypotension in elderly patients. Moreover, because
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the risk of falls is increased by initiation and dose escalation
of benzodiazepines not only in the elderly but also in middle-
aged inpatients,'” the middle-aged population shares the
same risk of those medications as older persons. According
to a meta-analysis,'? the use not only of benzodiazepines but
also of sedative hypnotics, antipsychotics, and antidepres-
sants increases the risk of falls.

Anticholinergic agents act on the muscarinic receptors
in the central and peripheral nervous systems and inhibit
acetylcholine-mediated responses by binding to these recep-
tors. Typical and central side effects are dry mouth, nausea,
vomiting, dizziness, weakness, and mental confusion.'?
A previous study described an association between worse
physical performance and cumulative exposure to anticho-
linergic medication.'? Medications with anticholinergic and
sedative effects are often taken concurrently in clinical prac-
tice. According to a previous study,'” 30% of inpatients in
a Japanese rehabilitation hospital were taking psychotropic
agents, including concurrent administrations of anticholin-
ergic agents such as medications for overactive bladder and
sedative drugs such as benzodiazepine receptor agonists.

The drug burden index (DBI) is a pharmacological risk as-
sessment tool that calculates exposure to both anticholinergic
and sedative agents.'¥ The index is based on the principles of
cumulative exposure and dose response. The DBI is the sum
of scores for prescribed medications with anticholinergic
and sedative effects for each patient. Previous studies have
reported that increases in the DBI score are associated with
significant functional impairment in older patients.'>"'") Ad-
ditionally, Hilmer et al.'"® showed that both DBI and the cu-
mulative exposure, calculated as the area under the curve for
drug burden, were associated with lower objective physical
function over 5 years in community-dwelling older people.

In Japan, convalescent rehabilitation wards, called Kaifu-
ku-ki rehabilitation wards, were established by the national
insurance system in 2000. Patients who are admitted to a con-
valescent rehabilitation ward can receive early and intensive
rehabilitation. The purpose of convalescent-phase inpatient
rehabilitation programs for patients who have had cerebro-
vascular accidents is to help them to recover physical func-
tions and activities of daily living (ADL) and to re-establish
an independent life. Currently, the maximum length of stay
covered by medical insurance is 150 days for stroke and 180
days for stroke with other neurological diseases with severe
disability and cognitive impairment. Discharge is considered
when a patient reaches a plateau of ADL, as evaluated by
outcome measures such as the Functional Independence
Measure (FIM) comprising the FIM—motor subscore (FIM-

M) and the FIM—cognitive subscore (FIM-C).')

To the best of our knowledge, information is scarce on
the association between medications with anticholinergic or
sedative effects and the recovery of physical functions, in-
cluding walking ability and ADL. Therefore, the influence of
these drugs on rehabilitation outcomes is an unresolved issue
in the field of rehabilitation. Consequently, the aim of this
study was to evaluate the associations of the anticholinergic
and sedative drug burden with the recovery of physical func-
tion and ADL after cerebrovascular diseases in a rehabilita-
tion hospital in Japan.

METHODS

Study Design and Patients

The study design was that of a retrospective descriptive
study. We reviewed the medical records of patients who were
admitted to Nerima Ken-ikukai Hospital, a convalescent
rehabilitation center with a convalescent ward, between May
2017 and March 2018. Eligible patients were 18 years of age
or older and had undergone the rehabilitation program for
cerebrovascular disease. We excluded those patients who did
not complete the rehabilitation program in our facility for
the following reasons: transfer to another hospital because of
acute unexpected changes of physical or psychological con-
dition or the need for surgical procedures (details are listed
in Fig. 1), and difficulties of follow-up, for example, because
the patient moved house. The following covariates were
retrieved from medical charts: age, sex, type of cerebrovas-
cular disease, height, body weight, length of stay, complica-
tions, the presence of higher brain dysfunction, and the time
of onset of cerebrovascular disease. The study protocol was
approved by the Ethics Committee of Nerima Ken-ikukai
Hospital (approval number: Rin-1). The study was conducted
in accordance with the Declaration of Helsinki.

Rehabilitation Routine

Therapists consult with the attending physician who deter-
mines the frequency or duration of rehabilitation according
to the patient’s background (e.g., age, physical condition, and
comorbidities). The main rehabilitation programs were (1)
range-of-motion exercises, standing balance training, trans-
fer training, and walking training by physical therapists; (2)
ADL training, upper limb rehabilitation, training for higher
brain function, and mental practice for brain activation by
occupational therapists; and (3) aphasia therapy, articulation
therapy, dysphagia rehabilitation, and training for higher
brain function by speech therapists. The standard rehabilita-
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(n=325)

Patients admitted between May 2017 and March 2018

v

Excluded (total = 177)

* Age below 18 years (n =2)

* Musculoskeletal rehabilitation programs (n =152)
* Disuse syndrome rehabilitation programs (n = 23)

v
Assessed for eligibility
(n=148)

Excluded (total = 26)
* Percutaneous endoscopic gastrostomy (n = 6)
* Unexpected change of physical condition (n = 16)
- pneumonia (n =4), sepsis (n=1)
- worsen heart failure (n =2)
- recurrence stroke (n = 2)
-others (m=7)
» Unexpected change of psychological condition (n =2)
* Unable to follow-up due to geographical matters (n =2)

v

Data available for analysis
(n=122)

Fig. 1. STROBE flow chart of the study cohort.

tion program in our hospital includes three to six sessions
per day of physical therapy, two to four sessions per day of
occupational therapy, and zero to three sessions per day of
speech therapy (a total of nine sessions per day); each session
lasts 20 min.

Outcomes

The primary outcome was recovery of ADL from baseline
(at admission), as measured by FIM-M and FIM-C. FIM is a
composite scale consisting of 18 items that assess 6 areas of
function: self-care, sphincter control, mobility, locomotion,
communication, and social cognition. FIM can be subdivided
into FIM-M and FIM-C, which assess the physical domain
and cognitive domain, respectively. The scores ranged from
13 to 91 points for FIM-M and from 5 to 35 points for FIM-
C. We preferred to analyze FIM-M and FIM-C to evaluate
physical and cognitive function separately, rather than using

the combined FIM score. We used FIM version 3.1.29 The
secondary outcome was recovery of physical function from
baseline measured by the 10-m walk test (I0MWT) and the
Berg balance scale (BBS). The IOMWT is widely used to
assess gait speed because it is safe, simple to administer, and
psychometrically well established. We applied a comfortable
walking speed during the 10MWT.2"22 Physical therapists
performed 10MWT twice and calculated the average time.
The BBS provides a quantitative assessment of balance. This
scale is composed of 14 items that require patients to main-
tain various physical positions and to complete movement
tasks of varying degrees of difficulty.” The maximum score
is 56 points.

We evaluated the outcome measures (FIM-M, FIM-C,
I0OMWT, and BBS) at admission; on hospital days 30, 60,
and 90; and at discharge. We calculated the time to achieve
the cut-off point for recovery for each outcome measure.
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Based on previous studies, the definition of “recovery”
was set by discussions among medical doctors, physical
therapists, occupational therapists, and pharmacists.>*2%
We used the following cut-off values to define “recovery” of
ADL and physical function: (1) 58 points for FIM-M, (2) 24
points for FIM-C, (3) 25 s for I0OMWT, and (4) 45 points for
BBS. According to a previous study,>® the cut-off values of
58 and 24 points for FIM-M and FIM-C, respectively, are the
borderline ADL measures for home discharge of post-stroke
patients. The cut-off score of 25 s for IOMWT is reportedly
the cut-off value for a least-limited community walker who
can independently negotiate both local stores and uncrowded
shopping centers.>>) The cut-off score of 45 points for BBS
has been reported as the cut-off value between individuals
who are safe to ambulate independently and those who re-
quire assessment concerning their need for assistive devices

or supervision.?®)

Medication Exposure

We hypothesized that anticholinergic and sedative drugs
are potential risk factors that delay the recovery of ADL
and physical functions. Medications with anticholinergic
or sedative effects included in this study were antidepres-
sants, antipsychotics, antihistamines, dopaminergics, opioid
receptor agonists, hypnotics (including benzodiazepine
receptor agonists), anticonvulsants, muscarinic antagonists
for overactive bladder, codeine, disopyramide, furosemide,
isosorbide, loperamide, nifedipine, theophylline, and warfa-
rin. Medications with anticholinergic effects were identified
according to the anticholinergic rank scale,?”) the anticholin-
ergic cognitive burden scale,?® and the anticholinergic drug
scale.”” Exposure to anticholinergic and sedative medica-
tions was quantified using total drug burden (TDB). TDB
depends not only on the number of prescribed drugs but also
on the daily dosage. TDB was calculated for each patient ac-
cording to the following equation'¥:

TDB=DBI . + DBIg

where DBI ¢ and DBIg represent the standardized drug bur-
den from anticholinergic and sedative drugs, respectively.
DBI was calculated using the following equation:

D

actual

+D

DBI= X

minimum actual

where D, 1s the daily dose taken by the patient and
Diinimum 18 the recommended minimum daily dose approved
by Ministry of Health, Labour and Welfare. If a patient was

administered the minimum approved daily dose of a certain
drug, the DBI of the drug would be 0.5. Topical medications
without significant systemic effects (e.g., ointments and eye
drops) were excluded from analysis. However, we included
isosorbide tape because, although it is topical, it is expected
to produce systemic effects.

TDB was calculated at admission, every 30 days thereafter,
and at discharge. Cumulative exposure of the drugs of inter-
est over the entire period of hospitalization (AUCDB) was
calculated as the area under the curve for TDB by applying
the trapezoidal rule'® because patients who are admitted to
rehabilitation hospitals in Japan are in the subacute stage and
their prescriptions are modified according to their medical
conditions. For example, we would calculate AUCDB for a
patient whose length of stay was 50 days as:

(TDB, +TDB5, ) x30days
2
(TDB;, +TDBs ) x 20days
+
2

AUCDB =

We also calculated the average daily drug burden during
hospitalization for each patient because longer hospital stays
usually result in a greater AUCDB. The average daily drug
burden was calculated using the following equation:

average daily drug burden
~ AUCDB
length of stay (days)

Patients were classified into three groups according to
the calculated average daily drug burden as follows: (1) no
drug burden throughout the hospital stay (zero drug burden
group), (2) average daily drug burden between 0.01 and 0.49
(low drug burden group), and (3) average daily drug burden
>0.49 (high burden group). We allocated patients who took
medications with anticholinergic or sedative effects during
hospitalization into two groups. The cut-off value of 0.49 was
the median value for all patients, excluding patients in the
zero drug burden group.

Statistical Analysis

Data are presented as medians with first and third quartiles.
The Kruskal-Wallis test and the chi-squared test were used to
compare numerical and categorical data, respectively, among
groups (zero, low, and high drug burden groups). Univariate
and multiple Cox proportional hazard regression analyses
were conducted to calculate hazard ratios (HR) and 95% con-
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fidence intervals (CI) for achievement of the cut-off values of
the outcome measures. In this study, higher HR values mean
an association with longer times to achieve the cut-off value
of outcome measures. We incorporated age, sex, body mass
index (BMI), the presence of higher brain dysfunction, and
the average daily drug burden as covariates into the multiple
Cox proportional hazard regression analysis. In addition to
the variables specified above, other variables with P values
below 0.10 in the univariate analyses were also included as
potential covariates in the multivariate analysis. We exam-
ined the existence of multicollinearity between factors using
Pearson’s or Spearman’s rank-correlation coefficients. When
there was significant multicollinearity between variables, we
selected one of them based on its clinical relevance. We per-
formed subgroup analyses by stratifying age (<64, 65-80,
>81 years) and BMI (<18.4, 18.5-24.9, >25) to evaluate the
interactions of these factors with the outcome measures. Sta-
tistical significance was defined by a two-sided alpha level
of 0.05. A sample size calculation for the Cox proportional
hazard regression model with nonbinary covariates®” with
alpha and beta errors of 0.05 and 0.2, respectively, indicated
that a total of 80 patients who achieved the primary outcome
were required to detect a daily drug burden with a HR of
0.95 per 0.1 increase in the daily drug burden. All statistical
analyses were performed using Stata 15 (College Station,
TX, USA).

RESULTS

Patient Characteristics

In total, 122 patients were included in the analysis (Fig.
1). The clinical characteristics of the study population are
shown in Table 1. Eighty-one patients (59%) took medica-
tions that contributed to the drug burden during hospital-
ization. Benzodiazepine receptor agonists were the most
frequently prescribed class contributing to the drug burden
in this population [total: 43 patients (35%); low drug burden
group: 15 patients (33%), high drug burden group: 28 patients
(80%)]. The median time from the onset of cerebrovascular
disease to admission was 37 days (zero drug burden group:
35 days, low drug burden group: 37 days, high drug burden
group: 41 days). The values of the outcome measures at
admission and discharge are shown in Table 2. The median
TDB increased during hospitalization from 0.00 to 0.50 in
the low drug burden group and from 0.50 to 1.00 in the high
drug burden group (Table 3). The frequencies of anticholin-
ergic and sedative medications used in this study population
are shown in Table 4. The number of patients administered

antipsychotics, benzodiazepine receptor agonists, anticon-
vulsants, and others (furosemide, isosorbide, loperamide,
nifedipine, theophylline, and warfarin) were higher in the
high drug burden group than in the low drug burden group.

FIM—Motor Subscore

Table S5 shows the results of multiple Cox proportional
hazard regression analysis for primary outcomes. Age [HR
0.985 (95% CI 0.972-0.999), P=0.033], BMI [HR 1.066
(1.011-1.133), P=0.045], and the average daily drug burden
[HR 0.935 (0.889-0.983), P=0.008] were independent vari-
ables associated with the time to achieve the FIM-M cut-off
value. Thirty-five patients (85%) in the zero drug burden
group, 33 patients (72%) in the low drug burden group, and
21 patients (60%) in the high drug burden group achieved the
FIM-M cut-off score (58 points) during hospitalization.

FIM-Cognitive Subscore

Multiple Cox proportional hazard regression analysis also
indicated that BMI [HR 1.073 (1.011-1.138), P=0.020] was an
independent variable associated with the time to achieve the
FIM-C cut-off value (Table 5). Thirty-four patients (83%)
in the zero drug burden group, 32 patients (70%) in the low
drug burden group, and 20 patients (57%) in the high drug
burden group achieved the FIM-C cut-off score (24 points)
during hospitalization.

Ten-meter Walk Test

Twenty-one patients were unable to undergo or complete
the 10OMWT during hospitalization because of impaired
walking ability, difficulty with understanding, or orthostatic
hypertension. Thirty-six patients (88%) in the zero drug bur-
den group, 32 patients (70%) in the low drug burden group,
and 18 patients (51%) in the high drug burden group achieved
the IOMWT cut-off time (25 s) during hospitalization. Table
6 shows the results of multiple Cox proportional hazard
regression analysis.

Berg Balance Scale

Table 6 shows the results of multiple Cox proportional
hazard regression analysis. Age [HR 0.980 (0.966—0.994),
P=0.005] and the average daily drug burden [HR 0.924
(0.872-0.979), P=0.008] were independent variables associ-
ated with the time to achieve the BBS cut-off value (Table
6). One patient did not undergo BBS measurement because
of being discharged within 30 days (i.e., before the first mea-
surement after admission). Thirty-one patients (76%) in the
zero drug burden group, 25 patients (54%) in the low drug

Copyright © 2020 The Japanese Association of Rehabilitation Medicine
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Table 1. Clinical characteristics of the study population

Average daily drug burden >0.01*

Overall Zero DB ; oo
(=122) (n=41) Low DB High DB P-value
(n=46) (n=35)

Age, years 76 [56, 83] 73 [54, 82] 75 [61, 82] 79 [57, 83] 0.962
<64, n (%) 39 (32) 14 (34) 14 (30) 11 (31) 0.931
65-80, n (%) 39 (32) 13 (32) 16 (35) 10 (29) 0.838
>81, n (%) 44 (36) 14 (34) 16 (35) 14 (40) 0.846

Female, n (%) 48 (39) 12 (29) 19 (41) 17 (49) 0.216

Height, cm 161 [153,167] 163 [155,170] 160 [153, 166] 161 [154, 166] 0.421

Body weight, kg 54 [49, 62] 56 [50, 67] 53 [48, 58] 53 [46, 58] 0.102

BMI, kg/m? 20.8 [19.2,23.2] 21.3[19.3,22.4] 20.7[19.3,22.4] 20.6[18.5,23.0] 0.128
BMI <18.5, n (%) 22 (18) 4 (10) 9 (20) 9 (26) 0.185
18.5< BMI <24.9, n (%) 85 (70) 28 (68) 32 (70) 25 (71) 0.957
BMI >25, n (%) 15 (12) 9(22) 5(11) 1(3) 0.038

Higher brain dysfunction, n (%) 85 (70) 26 (63) 33(72) 26 (74) 0.547

Time from onset of cerebrovascular

accident to admission, days 37 [28, 45] 35[27,42] 37 [29, 46] 41 [28, 54] 0.145

Type of cerebrovascular disease
Cerebral infarction, n (%) 53 (43) 18 (44) 20 (43) 15 (43) 0.996
Intracerebral hemorrhage, n (%) 24 (20) 11 (27) 7 (15) 6 (17) 0.359
Subarachnoid hemorrhage, n (%) 11 (9) 2(5) 7 (15) 2 (6) 0.176
Others*** n (%) 34 (28) 10 (24) 12 (26) 12 (34) 0.596

Atrial fibrillation, n (%) 20 (16) 4 (10) 8 (17) 8 (23) 0.298

Coronary heart disease, n (%) 19 (16) 5(12) 10 (22) 4 (11) 0.342

Dementia, n (%) 10 (8) 3(7) 4(9) 309 0.969

Diabetes mellitus, n (%) 20 (16) 7 (17) 8 (17) 5(14) 0.923

Epilepsy, n (%) 9(7) 0 (0) 24 7 (20) 0.002

Heart failure, n (%) 8(7) 3(7) 24) 309 0.727

Hypertension, n (%) 81 (66) 28 (68) 33(72) 20 (57) 0.368

Parkinson’s disease, n (%) 3(2) 1(2) 1(2) 1(3) 0.981

Data are presented as median [first quartile, third quartile] or number (percent).

* Low DB: average daily drug burden 0.01-0.49, High DB: average daily drug burden >0.49.

** Kruskal-Wallis test or chi-squared test, comparing three groups.

*** Head trauma, traumatic subarachnoid hemorrhage, and brain tumor.

BMI, body mass index; DB, drug burden.

burden group, and 15 patients (43%) in the high drug burden DISCUSSION

group achieved the BBS cut-off score (45 points) during
hospitalization.

Subgroup Analyses

Subgroup analyses showed that the associations of inde-
pendent variables (age, BMI, and average daily drug burden)
with outcome measures (FIM-M, FIM-C, and BBS) were
consistent across different age groups and BMI groups (Fig.
2).

We demonstrated that a higher average daily drug burden
was associated with delayed recovery of BBS and FIM-M
in patients admitted to a rehabilitation hospital after cere-
brovascular accidents. Patients in the convalescent ward are
regularly monitored (usually monthly) for FIM-M and FIM-
C to assess ADL in clinical practice. Our study revealed that,
in addition to age and BMI, the average daily drug burden
was independently associated with the time to achieve the
FIM-M cut-off value. Higher DBI values were reportedly

Copyright © 2020 The Japanese Association of Rehabilitation Medicine
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Table 2. Outcome measures in the study

Outcome measure Overall Zero DB Average daily drug burden >0.01* Pvalue**
(n=122) (n=41) Low DB (n=46) High DB (n=35)

IOMWT, s

Admission 12.0 [8.5, 18.6] 10.3 [8.0, 18.1] 11.9 9.6, 17.5] 14.4110.5, 23.9] 0.282

Discharge 10.3 [7.4, 17.6] 8.8 [6.7, 16.4] 10.9 [8.5, 14.7] 10.5 [7.5, 27.6] 0.170
BBS, points

Admission 30 [4, 48] 39 (7, 51] 31 [3, 44] 12 [3, 40] 0.048

Discharge 48 [23, 54] 53 [44, 55] 47 [25, 53] 41 [15, 53] 0.015
FIM-M, points

Admission 47 [23, 65] 53 [29, 70] 48 [23, 65] 31 [22, 52] 0.031

Discharge 83 [57, 90] 87 76, 90] 82 [55, 90] 77 [41, 87] 0.039
FIM-C, points

Admission 22 [12, 28] 23 [18, 30] 23 [10, 29] 18 [9, 23] 0.034

Discharge 29 [18, 35] 31 [26, 35] 30 [13, 35] 27 [16, 34] 0.159
Data are presented as median [first quartile, third quartile].
* Low DB: average daily drug burden 0.01-0.49, High DB: average daily drug burden >0.49.
** Kruskal-Wallis test, comparing three groups.

Table 3. Drug burden parameters and length of hospital stay
Overall Zero DB Average daily drug burden >0.01*
5 P-value**
(n=122) (n=41) Low DB (n=46) High DB (n=35)

Anticholinergic and sedative
drugs, n/a pa%ient 1[0, 2] 0 1[1, 1] 31[2,4] <0.001
TDB at admission 0.00 [0.00, 0.50] 0 0.00[0.00, 0.50] 0.50[0.41, 0.92] <0.001
TDB at 30 days 0.20 [0.00, 0.50] 0 0.33 [0.00, 0.50] 0.83 [0.50, 1.50] <0.001
TDB at 60 days 0.50 [0.00, 0.70] 0 0.50 [0.24, 0.50] 1.00 [0.68, 1.38] <0.001
TDB at 90 days 0.42 [0.00, 1.00] 0 0.33 [0.15, 0.50] 1.00 [0.67, 1.55] <0.001
TDB at discharge 0.38 [0.00, 0.67] 0 0.5010.27, 0.50] 1.00 [0.67, 1.58] <0.001
AUCDB 17.50 [0.00, 53.08] 0 19.72 [9.33, 36.25] 91.83 [52.83, 145.01] <0.001
Average daily drug burden 0.32[0.00, 0.57] 0 0.33[0.24, 0.46] 0.77 [0.66, 1.39] <0.001
Length of stay, days 87 [49, 125] 77 [45, 112] 84 [49, 108] 107 [63, 146] 0.172

Data are presented as median [first quartile, third quartile].

* Low DB: average daily drug burden 0.01-0.49, High DB: average daily drug burden >0.49.

** Kruskal-Wallis test, comparing three groups.

associated with ADL disability after 3-year follow-up in
Japanese elderly persons aged 85 years or older.3) Although
our study population did not exclusively consist of elderly
patients and the follow-up duration was less than 1 year, our
results showed the same tendency as that identified in the
previous report.>) However, it remains unclear which items
in FIM-M are most influenced by the average daily drug bur-
den, age, and BMI, because we did not retrieve those details
in this study. Our results also indicated that higher BMI was
associated with faster improvement in FIM-M and FIM-C.
Previous studies have reported that sarcopenia weakened

physical function,’® whereas obesity had a negative effect
on the recovery of physical function.’® There was only
one patient with a BMI greater than 30 kg/m? in this study.
Therefore, in our study population, we speculated that BMI
was an indicator of nutritional status, not obesity.

Several recent long-term studies have addressed the asso-
ciation between the use of anticholinergic or sedative drugs
and cognitive impairment.?3*3%) However, we found no sig-
nificant association between the average daily drug burden
and FIM-C in patients of our convalescent ward. Patients
transferred from acute stroke care facilities to convalescent

Copyright © 2020 The Japanese Association of Rehabilitation Medicine
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Table 4. The frequencies of use of medications contributing to the drug burden index

Average daily drug burden >0.01**

Drug class* 8:%1; Z(enr ° 411))B Low DB High DB P-value***
(n=46) (n=35)

Antidepressants, n (%) 15 (12) 0 (0) 6 (13) 9 (206) 0.146
Antipsychotics, n (%) 20 (16) 0(0) 5711 15 (43) 0.001
Antihistamines, n (%) 15 (12) 0 (0) 9 (20) 6 (17) 0.781
Dopaminergic, n (%) 9(7) 0 (0) 409 5(14) 0.663
Opioid receptor agonists, n (%) 2(2) 0(0) 0(0) 2 (6) -
Benzodiazepine receptor agonists, n (%) 46 (38) 0 (0) 15 (33) 28 (80) <0.001
Suvorexant or ramelteon, n (%) 8(7) 0 (0) 3(7) 5(14) 0.246
Anticonvulsants, n (%) 26 (21) 0 (0) 6 (13) 20 (57) <0.001
Muscarinic antagonists for bladder, n (%) 11 (9) 0(0) 6 (13) 5(14) 0.872
Others**** n (%) 18 (15) 0 (0) 5(11) 13 (37) 0.012

*Patients who took the drug at least once during hospitalization were counted, even if the drug was discontinued before
discharge.

** Low DB: average daily drug burden 0.01-0.49, High DB: average daily drug burden >0.49.

***Chi-squared test (Low DB vs High DB).

****Furosemide, isosorbide, loperamide, nifedipine, theophylline, and warfarin.

Table 5. Results of Cox proportional hazard regression analysis for primary outcomes

Outcome Univariate Multivariate

variables HR (95% CI) P-value  Adjusted HR (95% CI)  P-value

Time to achieve FIM-M cutoff
Age, per year 0.988 (0.977, 0.999) 0.039 0.985 (0.972, 0.999) 0.033
Female 0.761 (0.493, 1.176) 0.219 0.851 (0.540, 1.342) 0.487
BMI, per kg/m? 1.074 (1.005, 1.148) 0.036 1.066 (1.011, 1.133) 0.045
Presence of higher brain dysfunction 0.680 (0.437, 1.059) 0.088 0.724 (0.457, 1.148) 0.170
Average daily drug burden, per 0.1 0.948 (0.904, 0.995) 0.030 0.935 (0.889, 0.983) 0.008
Presence of cerebral infarction 0.608 (0.394, 0.938) 0.024 0.913 (0.524, 1.592) 0.749
Presence of other cerebrovascular disease™® 1.756 (1.124, 2.742) 0.013 1.665 (0.958, 2.893) 0.071

Time to achieve FIM-C cutoff
Age, per year 0.989 (0.977, 1.001) 0.080 0.988 (0.975, 1.002) 0.085
Female 0.968 (0.626, 1.496) 0.884 1.061 (0.677, 1.664) 0.796
BMI, per kg/m? 1.082 (1.017, 1.150) 0.012 1.073 (1.011, 1.138) 0.020
Presence of higher brain dysfunction 0.636 (0.405, 0.997) 0.048 0.729 (0.452, 1.177) 0.196
Average daily drug burden, per 0.1 0.964 (0.919, 1.011) 0.127 0.962 (0.917, 1.009) 0.115
Presence of other cerebrovascular disease™ 1.486 (0.937, 2.358) 0.093 1.327 (0.820, 2.147) 0.250
Presence of hypertension 0.683 (0.440, 1.058) 0.088 0.799 (0.504, 1.267) 0.341

* Head trauma, traumatic subarachnoid hemorrhage, brain tumor.

CI, confidence interval; HR, hazard ratio

hospitals are in the sub-acute stage of cerebrovascular ac- fectiveness of anticholinergic and sedative drugs might out-

cidents, and their higher brain function is in the process of weigh the risk of any negative effects on cognitive function
recovery. Because early treatment with selective serotonin  during this period.
The 10MWT and BBS are often used to assess gait speed

and balance, respectively. We found that, in addition to age,

reuptake inhibitors could be beneficial for the recovery of
FIM in patients with post-stroke depression,’®*7) the ef-
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Table 6. Results of Cox proportional hazard regression analysis for secondary outcomes

Outcome Univariate Multivariate
variables HR (95% CI) P-value Adjusted HR (95% CI)  P-value
Time to achieve IOMWT cutoff
Age, per year 0.998 (0.986, 1.011) 0.815 0.996 (0.982, 1.010) 0.591
Female 0.971 (0.623, 1.512) 0.895 1.013 (0.663, 1.621) 0.958
BMI, per kg/m? 1.022 (0.960, 1.088) 0.501 1.017 (0.953, 1.084) 0.617
Presence of higher brain dysfunction 0.723 (0.461, 1.134) 0.157 0.757 (0.477, 1.203) 0.239
Average daily drug burden, per 0.1 0.965 (0.921, 1.011) 0.138 0.967 (0.922, 1.016) 0.181
Time to achieve BBS cutoff
Age, per year 0.987 (0.975, 0.999) 0.042 0.980 (0.966, 0.994) 0.005
Female 0.839 (0.519, 1.357) 0.475 0.945 (0.570, 1.565) 0.825
BMI, per kg/m? 1.059 (0.986, 1.138) 0.117 1.049 (0.978, 1.124) 0.179
Presence of higher brain dysfunction 0.693 (0.425, 1.130) 0.142 0.694 (0.418, 1.154) 0.159
Average daily drug burden, per 0.1 0.931 (0.877, 0.987) 0.017 0.924 (0.872, 0.979) 0.008

the average daily drug burden is independently associated
with the time to achieve the BBS cut-off score. Anticholiner-
gic drugs and sedative drugs are widely prescribed. Previous
studies have suggested that the use of these medications
induces impairment of physical functions such as gait speed
and balance in older patients.'”® The relationship between
physical function and the drug burden of anticholinergics
and sedatives observed in our study was consistent with
these previous reports (Fig. 2), suggesting that there may be
an interaction between drug burden and age groups. Further
large-scale studies are required to clarify this interaction.
Factors affecting the average daily drug burden include the
number of DBI-contributing medications prescribed and the
daily doses. We also examined whether the daily dose was an
important factor. Of the 41 patients who took one DBI-con-
tributing drug during hospitalization, 35 patients belonged
to the low drug burden group and 6 patients belonged to the
high drug burden group. The most frequently prescribed
DBI-contributing drugs were levetiracetam (eight patients:
five in the low drug burden group and three in the high drug
burden group), brotizolam (four patients: all in the low drug
burden group), and zolpidem (four patients: all in the low
drug burden group). Regarding levetiracetam, the daily dose
was 500 or 1000 mg/day (1000 mg is the minimum daily
dose approved by Ministry of Health, Labour and Welfare) in
the low drug burden group and 2000 mg/day in the high drug
burden group. Additionally, the administration period may
also influence the average drug burden. Brotizolam and zol-
pidem were used short-term in all patients prescribed these
drugs. Only one patient in the high drug burden group was
prescribed lorazepam throughout hospitalization, although

at the minimum daily dose. Although the sample size was
small, our results suggest the possibility that the dose may
influence the time to achieve the cut-off values of outcome
measures.

We found that patient prescriptions were changed during
hospitalization (Table 3), suggesting the possibility that
the post-cerebrovascular disease conditions (such as post-
stroke depression, apathy, or dysuria) changed over time
because patients in the Japanese convalescent ward were in
the subacute stage. Interestingly, benzodiazepine receptor
agonists were more frequently prescribed in the high drug
burden group than in the low drug burden group. Zolpidem
and brotizolam for insomnia were frequently prescribed in
our study population. Guidelines for geriatrics’® recom-
mend that these medications should be avoided in elderly
patients because of the risks of confusion, sedation, and
falls. We propose that both the daily dose and the duration of
treatment should be considered carefully so as not to delay
the recovery of ADL as measured by FIM-M and balance
ability as measured by BBS. Healthcare providers need to
share patients’ information and pay attention to the doses
of anticholinergic agents and sedative drugs as well as the
number of these drugs being used in rehabilitation hospitals.

There are some limitations to our study. First, we did not
retrieve data on the severity of cerebrovascular disease or the
type of higher brain dysfunction. According to pervious re-
search,?” hemispatial neglect, apathy, and right hemisphere
brain damage influence the effectiveness of rehabilitation.
It was difficult to investigate separately the contributions of
symptom severity and high drug burden to the recovery of
ADL. However, at least, the attending physician-determined

Copyright © 2020 The Japanese Association of Rehabilitation Medicine
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A
Outcome  Variable Subgroup Hazard Ratio (95%CI)
FIM-M | Age, per year < 64yr ® 0.972(0.930,1.017)
65yr-80yr 4- 1.035(0.948,1.129)
>81yr - 1.007 (0.889, 1.141)
BMI, per kg/m? < 64yr - 1.060(0.959,1.173)
65yr-80yr - 1.087(0.952, 1.240)
>81yr -+— 1,034 (0.870,1.229)
Average daily drug burden, per 0.1 < 64yr '..i 0.900(0.817,0.991)
65yr-80yr - 0.932(0.844,1.029)
>81yr - 0.965 (0.873,1.067)
FIM-C | BMI, perkg/m? < 64yr + 1.082(0.978,1.197)
65yr-80yr - 1.083(0.950, 1.234)
>81yr - 0.898 (0.692, 1.165)
BBS Age, per year < 64yr ® 0.982(0.940, 1.025)
65yr-80yr - 1.039(0.946,1.142)
281yr --- 0.966 (0.854,1.092)
Average daily drug burden, per 0.1 < 64yr - 0.875(0.785,0.975)
65yr-80yr - 0.958 (0.867, 1.058)
>81yr --- 0.983 (0.874, 1.106)
000 050 100 150 200
B
Outcome Variable Subgroup Hazard Ratio (95%CI)
FIM-M | Age, per year BMI <18.5 @ 0.994(0.962,1.027)
18.5<BMI <24.9 * 0.974(0.957,0.992)
BMI 225 6 1.010(0.951,1.071)
BMI, per kg/m? BMI <18.5 ——————— 1.094(0.684, 1.750)
18.5<BMI <24.9 —— 1.122(0.965,1.307)
BMI 25 —— 1.034(0.772,1.385)
Average daily drug burden, per 0.1 BMI <185 - 0.950(0.799, 1.129)
18.5<BMI £24.9 » 0.942(0.892,0.995)
BMI 225 — 0.913 (0.842,1.245)
FIM-C | BMI, per kg/m? BMI <18.5 _— 1.135(0.724,1.777)
18.5<BMI <24.9 —— 1.322(1.126,1.552)
BMI 225 —— 0.982(0.720, 1.340)
BBS Age, per year BMI <18.5 @ 0.992(0.962,1.023)
18.5<BMI <24.9 ® 0.978(0.960, 0.995)
BMI 225 - 0.895 (0.781,1.004)
Average daily drug burden, per 0.1 BMI <18.5 —— 0.988(0.836,1.170)
18.5<BMI <24.9 - 0.934(0.875,0.997)
BMI 25 —— 0.676(0.000, 1.042)

000 050 100 15 200
Fig. 2. Subgroup analyses of outcomes by stratifying patients’ (A) age and (B) body mass index. BBS, Berg balance scale;

BMI, body mass index; CI; confidence interval; FIM-C, Functional Independence Measure—cognitive subscore; FIM-M,
Functional Independence Measure—motor subscore.
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median session times of the rehabilitation routine, which
might be adjusted according to disease severity, were com-
parable irrespective of the three drug burden groups (i.e.,
zero, low, and high drug burden groups), i.e., four sessions
for physical therapy, three sessions for occupational therapy,
and two sessions for speech therapy. In our study popula-
tion, the average number of rehabilitation sessions was 8.3
sessions per day. Second, we could not evaluate the impact
of drug burden on the recovery of walking ability in severely
impaired patients who were unable to undergo or complete
a I0OMWT during hospitalization. Third, we studied the ef-
fect of anticholinergic and sedative drugs together and did
not analyze their effects separately. Fourth, the study was
retrospective. Finally, the sample size was limited because
the Nerima Ken-ikukai Hospital was established in April
2017. Further prospective research with a larger sample size
is needed to confirm whether drug burden with anticholin-
ergic and sedative agents influences the recovery of ADL or
physical function.

CONCLUSION

Our descriptive study conducted in a rehabilitation hospi-
tal revealed that, in addition to age, the average daily drug
burden of anticholinergics/sedatives was independently
associated with the time to recovery of FIM-M and BBS.
Therefore, both the daily dose and dosing duration of anti-
cholinergic/sedative drugs should be considered carefully to
avoid delaying the recovery of ADL and balance ability.
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