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Abstract
Background: The use of antipsychotics have been shown to affect activities of daily living during
rehabilitation, but reports regarding their effects on older patients with sarcopenia are insu�cient.

Aim: To establish whether the use of antipsychotics has effects on muscle strength and muscle mass in
older patients with sarcopenia undergoing convalescent rehabilitation after stroke.

Methods: This retrospective cohort study was conducted at a rehabilitation hospital between 2015 and
2020. The study outcomes included skeletal muscle mass index and hand grip strength at discharge.
Multivariate analyses were used to determine whether the use of antipsychotics at admission and at 4
weeks after admission were independently associated with the study outcomes, after adjusting for
potential confounders.

Results: Of the 619 stroke patients admitted, 196 (mean age 81 years; 44.4% men) had sarcopenia at
admission and were included in the �nal analysis. The median hand grip strength and median skeletal
muscle mass index values were 12.5 (5.9–17.9) kg and 5.1 (4.5–6.0) kg/m2, respectively. In the
multivariate analyses, the use of antipsychotics at 4 weeks post-admission was independently
associated with hand grip strength at discharge (β = –0.125, p = 0.008), which was not the case when
used at admission. Furthermore, the use of antipsychotics at admission and at 4 weeks after admission
were not signi�cantly associated with the skeletal muscle mass index at discharge.

Conclusions: The use of antipsychotics in older patients with sarcopenia after stroke was negatively
associated with handgrip strength at discharge.

Impact Of Findings On Practice Statements
1. Our study examined the relationship of the use of antipsychotics during the �rst 4 weeks of
hospitalization with HG and SMI at discharge in older patients with sarcopenia undergoing convalescent
rehabilitation after stroke.

2. The use of antipsychotics at the �rst 4 weeks after admission was negatively associated with HG at
discharge.

3. The use of antipsychotics during the �rst four weeks of hospitalization was not statistically
signi�cantly associated with SMI at discharge.

Brief Summary
Our study examined the relationship of the use of antipsychotics during the �rst 4 weeks of
hospitalization with HG and SMI at discharge in older patients with sarcopenia undergoing convalescent
rehabilitation after stroke. The use of antipsychotics at the �rst 4 weeks after admission was negatively
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associated with HG at discharge. The use of antipsychotics during the �rst four weeks of hospitalization
was not statistically signi�cantly associated with SMI at discharge.

Introduction
The mainstay of treatment for sarcopenia is muscle mass and strength increase through exercise and
nutritional intervention [1]. A systematic review and meta-analysis of the effects of combined exercise
and nutritional therapy for sarcopenia in older people showed that this combination may have positive
effects on improving walking speed within 3 months of intervention [2]. Furthermore, supplementation
with whey protein, essential amino acids, and vitamin D, in conjunction with age-appropriate exercise has
been reported to boost fat-free mass and strength [2]. Another report showed that leucine-enriched amino
acid supplementation and low-intensity resistance training increased muscle mass, strength, and
physical function in post-stroke patients with sarcopenia [3]. As is evident from the above statements, a
combination of exercise and nutritional therapy is recommended to prevent and treat the sarcopenia [1].

The concept of “rehabilitation nutrition” and “rehabilitation pharmacotherapy” can be useful in
rehabilitation settings [4–6]. Furthermore, with regional and age-related variations, the prevalence of
sarcopenia was 1-29% in community-dwelling populations [7], approximately 50% in rehabilitation
settings [8, 9]. Therefore, a combination of rehabilitation and nutritional therapy may improve the
activities of daily living (ADL) in older patients with sarcopenia who present with malnutrition and
functional decline. Additionally, medications management is also crucial in convalescent rehabilitation
settings. Antipsychotics can affect ADL improvement during rehabilitation [10]. Typical side effects of
antipsychotics include extrapyramidal symptoms, which require attention for both atypical and typical
antipsychotics [11]. Extrapyramidal symptoms can cause signi�cant impairment in motor and
swallowing functions. Appropriate use of medications is also required in rehabilitation settings to ensure
that adverse drug reactions do not affect rehabilitation outcomes.

However, compared to exercise and nutrition, reports on the effects of medications on sarcopenia are
currently insu�cient. Few studies have reported varying results in the literature, focusing on the
relationship between muscle strength and medications in older people. For instance, despite the
argument that there is no distinct relationship between polypharmacy and muscle strength [12], some
studies have con�rmed that such relationship exists [13–15]. Another report showed that the association
between sarcopenia and polypharmacy varied depending on the attributes of the patients [16]. The most
probable reason for these differences in results may be the differences between the studies. In reviewing
these studies, it can be observed that age criteria, survey method, and the type of older adult group being
studied (community-dwelling or hospitalized) differ from each other. Currently, there is no effective
pharmacotherapy for sarcopenia [17]. However, from a therapeutic standpoint, it is crucial to carry out
research on medications that should be noted for sarcopenia. Antipsychotics included in the Beers
Criteria 2019 [18] are de�ned as potentially inappropriate medications (PIMs) for older adults. As
mentioned above, antipsychotics affect ADL during rehabilitation [10]; however, studies conducted on
their effects on older patients with sarcopenia are insu�cient.
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Aim

This study investigated the effects of antipsychotics on muscle strength and muscle mass in older
patients with sarcopenia undergoing convalescent rehabilitation after stroke.

Ethics approval

This study was approved by the Institutional Review Board of the hospital where the study was
conducted (approval no.: 177-211111). Written informed consent could not be obtained because of the
constraints imposed by the retrospective study design, although the participants could withdraw from
this study at any time by following an opt-out procedure. This study was conducted in accordance with
the Declaration of Helsinki and ethical guidelines for medical and health research involving human
subjects.

Methods

Participants and setting
This retrospective cohort study included patients admitted to a post-acute care hospital with
convalescent rehabilitation wards containing 135 beds. The study period was from January 2015 to
December 2020. All stroke patients who were newly admitted to the rehabilitation wards were eligible for
enrollment in this study. The following exclusion criteria were applied: refusal to participate, missing data,
altered consciousness (indicated by a Japan Coma Scale score of 3) [19], overt edema, altered hydration
states, pacemaker implantation that might interfere with bioelectrical impedance analysis (BIA), and
transfer to other hospitals or wards during rehabilitation. Patients aged ≥65 years who had sarcopenia
were included in the study. The observation period for each patient corresponded with the duration of
hospitalization (day of admission to day of discharge).

Data collection
Basic information including age, sex, stroke type, stroke history, days from stroke onset to ward
admission, paralysis, Brunnstrom stage (BRS), home discharge status, length of stay (LOS), rehabilitation
status, total number of medications, and number of patients prescribed antipsychotics were recorded
between 2015 and 2020. Nutritional status was assessed using the Mini Nutritional Assessment-Short
Form (MNA-SF) [20], which is a validated nutritional screening tool, body mass index (BMI), energy intake,
and protein intake. Dysphagia status was evaluated by trained nurses using the Food Intake Level Scale
(FILS) [21], a validated 10-point observer-rated scale for measuring swallowing status. Comorbidities
using the Charlson Comorbidity Index (CCI) [22] and premorbid ADL using the modi�ed Rankin Scale
(mRS) [23] were evaluated by medical doctors. The data were recorded at the time of admission.

Within 72 hours of admission, BIA for skeletal muscle mass index (SMI), hand grip strength (HG), and
functional independence measure (FIM) scores [24] for physical (FIM-motor) and cognitive function and
the sum of physical and cognitive function (FIM-total) were measured. The HG of the non-dominant hand
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(or in case of hemiparesis, the non-paralyzed hand) was measured using a Smedley hand dynamometer
(TTM, Tokyo, Japan), and the highest of the three measurements was recorded. BIA was measured via a
standard protocol using an InBody S10 instrument (InBody, Tokyo, Japan), a validated BIA instrument for
which estimations of muscle mass have been reported to be minimally affected by �uid overload [25].

Antipsychotics
Antipsychotics were categorized as PIMs in most older patients based on the 2019 Beers criteria of the
American Geriatric Society [18]. They include �rst (conventional) and second (atypical) generation
antipsychotics such as chlorpromazine, tiapride, haloperidol, aripiprazole, quetiapine, risperidone,
prochlorperazine, and sulpiride. Of all prescriptions, only regularly prescribed oral medications were
considered, and medications prescribed for use as needed were excluded from our analysis. Medication
information was investigated using medical chart reviews. Information at admission and was routinely
listed by ward pharmacists engaged in inpatient pharmaceutical services. To indicate the continuation of
prescriptions for a certain period, the duration of antipsychotic use was calculated from the regular
prescription at 4 weeks of hospitalization.

Sarcopenia de�nition
Sarcopenia was diagnosed based on the criteria of the Asian Working Group for Sarcopenia 2019
(AWGS2019) [26], when both low SMI and low HG reached cut-off values speci�ed for older Asian
individuals. The SMI cutoff values used to de�ne sarcopenia in men and women were <7 and <5.7 kg/m2,
respectively, whereas the HG cutoff values used to de�ne sarcopenia in men and women were <28 and
<18 kg, respectively.

Nutritional intakes
Energy and protein intakes were calculated by a nurse or dietitian who visually assessed the ratio of
intake to the amount provided to the patient. The intake from three servings each of breakfast, lunch, and
dinner (a total of nine servings) was recorded [27], and the average of each value divided by three was
used as the daily intake value. In the case of enteral nutrition (EN) and parenteral nutrition (PN), the
amounts of energy and protein in the �rst 72 h of hospitalization were recorded, and the respective values
divided by 3 were used as daily intake values. If oral intake was combined with EN or PN, the respective
energy and protein intakes (administered) were added. Nutrient intake was calculated by dividing each
intake by the actual body weight on admission. Nutritional intake was recorded on admission.

Outcomes
The primary outcome was the HG at the time of discharge. Other outcomes included the SMI values at
discharge.

Sample size calculation
The sample size was calculated using data from our previous study [28], which showed that the HG was
normally distributed with a standard deviation of 11.2. A sample size of at least 64 subjects per group
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would be required to reject the null hypothesis with a power of 0.9 and an alpha of 0.05 if the true
difference in mean grip strength between those using fewer and those using more antipsychotics is 6.5
points [29], with the median number of antipsychotics as the cut-off value.

Statistical analysis
Results were reported as mean (standard deviation; SD) for parametric data, while medians and 25th to
75th percentiles (interquartile range [IQR]) were used to describe nonparametric data, and numbers (%)
were used to describe categorical data. Statistical signi�cance was set at P <0.05. All analyses were
performed using IBM SPSS version 21 (IBM, Armonk, NY, USA).

Multiple linear regression analyses were used to determine whether antipsychotics prescribed at
admission and 4 weeks after admission were independently associated with HG and SMI at discharge. As
potential confounders for each outcome, the baseline value (value at admission) for each outcome was
included as an adjustment factor. In addition, covariates selected to adjust for bias included age, sex
(male), LOS, FIM-motor, FIM-cognitive, CCI, rehabilitation, protein intake, and BRS on admission, all of
which were considered to be related to muscle strength or muscle mass. To reduce bias, adjustments for
common confounders were performed using a series of multivariate analysis outcomes. Multicollinearity
was assessed using the variance in�ation factor, with a value <3 indicating the absence of
multicollinearity.

Results
During the study period, 619 stroke patients were admitted. Of these, patients with altered consciousness
(n = 35), pacemaker implantation (n = 5), missing data (n = 64), those who were transferred to other
hospitals or wards during rehabilitation (n = 16), and those aged <65 years (n = 138) were excluded. In
total, 361 patients were further screened for eligibility, 196 of whom had sarcopenia at admission and
were included in the �nal analysis (Figure 1). In this study, sarcopenia was diagnosed in 54.3% of older
patients after stroke.

The baseline characteristics of the enrolled participants are summarized in Table 1. The included patients
had a mean age of 81.0 (7.3) years, and 44.4% of the participants were males. The median number of
medications used on admission was 5 (3–8). The median HG and median SMI values were 12.5 (5.9–
17.9) kg and 5.1 (4.5–6.0) kg/m2, respectively. The median FIM-motor score was 25 (range, 14–54),
suggesting that many patients were physically dependent at baseline.
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Table 1
Baseline characteristics of participants

  Total

(N = 196)

Age, y 81.0 (7.3)

Sex, male 87 (44.4)

Stroke type

Cerebral infarction

Cerebral hemorrhage

Subarachnoid hemorrhage

 

134 (68.4)

52 (26.5)

9 (4.6)

Stroke history 64 (32.7)

Premorbid mRS 1 [0 – 3]

Onset–admission days 14 [9 – 22]

Paralysis

Right / Left / Both

BRS

Upper limb / Hand–�nger / Lower limb

 

85 (43.4) / 79 (40.3) / 13 (6.6)

 

4 [2 – 6] / 5 [2 – 6] / 5 [2 – 6]

FIM, score

–Total

–Motor

–Cognitive

 

46 [26 – 77]

25 [14 – 54]

16 [10 – 25]

Swallowing status

FILS, score

Dysphagia

 

7 [3 – 9]

58 (29.6)

CCI, score 3 [2 – 4]

Nutritional status

MNA–SF, score

BMI, kg/m2

Energy intake, kcal/kg/day

Protein intake, g/kg/day

 

5 [3 – 7]

20.6 [18.5 – 22.6]

28.8 [24.5 – 34.4]

1.1 [0.9 – 1.3]
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  Total

(N = 196)

Muscle–related variables

HG, kg

SMI, kg/m2

 

12.5 [5.9 – 17.9]

5.1 [4.5 – 6.0]

Laboratory data

Alb, g/dL

CRP, g/dL

Hb, mg/dL

 

3.4 (0.5)

1.4 (2.5)

12.7 (1.7)

Home discharge 99 (50.5)

Length of stay, days 104 [70 – 144]

Rehabilitation a, units/day 8.1 [7.2 – 8.5]

Number of total medications 5 [3 – 8]

Number of patients prescribed antipsychotics

On admission

4w after admission

 

16 (8.2)

19 (9.7)

 
The number of antipsychotics used at admission and at 4 weeks after admission are summarized in
Table 2. Fourteen patients (6.1%) were using one medication at admission, which increased to 18
patients (9.2%) after 4 weeks; two patients (1.0%) were using two medications at admission, which
decreased to one patient (0.5%) after 4 weeks. However, there was no statistically signi�cant difference
between the two groups.

Table 2
Number of antipsychotics prescribed at admission and 4w after

admission
Drug At admission

(n = 196)

4w after admission

(n = 196)

P value*

Antipsychotics

1 drug

2 drugs

>2 drugs

 

14 (6.1)

2 (1.0)

0 (0.0)

 

18 (9.2)

1 (0.5)

0 (0.0)

 

0.268



Page 9/15

 
Multivariate linear regression analyses of the HG at discharge are shown in Table 3. There was no
multicollinearity between the variables. The results showed that the use of antipsychotics 4 weeks post-
admission was independently associated with HG at discharge (β = –0.125, p = 0.008), SMI (β = 0.204, p
= 0.004), HG (β = 0.581, p = < 0.001), FIM-cognitive (β = 0.140, p = 0.035), LOS (β = 0.184, p = 0.001), and
age (β = –0.105, p = 0.029). However, the use of antipsychotics at admission was not signi�cantly
associated with HG at discharge.

Table 3
Multivariate linear regression analysis of HG at hospital discharge among older

inpatients with sarcopenia after stroke

  HG at discharge

β P-value β P-value

Age –0.102 0.037 –0.105 0.029

Sex (male) 0.081 0.239 0.071 0.289

LOS 0.187 0.001 0.184 0.001

FIM–motor –0.047 0.585 –0.093 0.276

FIM–cognitive 0.133 0.050 0.140 0.035

CCI –0.015 0.751 –0.010 0.837

Rehabilitation 0.007 0.879 0.021 0.664

HG 0.596 < 0.001 0.581 0.000

SMI 0.181 0.012 0.204 0.004

Protein intake –0.094 0.063 –0.079 0.111

BRS–lower ext. 0.077 0.252 0.108 0.105

Antipsychotics on admission –0.027 0.559 – –

Antipsychotics 4w after admission – – –0.125 0.008

 
Multivariate linear regression analyses of the SMI at discharge are shown in Table 4. There was no
multicollinearity between the variables. The results showed that the use of antipsychotics at admission
and 4 weeks after admission was not signi�cantly associated with SMI at discharge.
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Table 4
Multivariate linear regression analysis of SMI at hospital discharge among older

inpatients with sarcopenia after stroke

  SMI at discharge

β P-value β P-value

Age –0.092 0.069 –0.095 0.060

Sex (male) 0.004 0.957 0.001 0.985

LOS 0.036 0.567 0.031 0.618

FIM–motor –0.001 0.995 –0.015 0.868

FIM–cognitive 0.030 0.659 0.033 0.629

CCI 0.045 0.364 0.048 0.329

Rehabilitation 0.010 0.845 0.007 0.879

HG 0.006 0.928 0.005 0.946

SMI 0.833 < 0.001 0.835 < 0.001

Protein intake –0.061 0.254 –0.054 0.304

BRS–lower ext. 0.035 0.613 0.042 0.553

Antipsychotics on admission 0.033 0.508 – –

Antipsychotics 4w after admission – – 0.008 0.868

Discussion
Our study examined the relationship of the use of antipsychotics during the �rst 4 weeks of
hospitalization with HG and SMI at discharge in older patients with sarcopenia undergoing convalescent
rehabilitation after stroke. The most important �nding of this study was that the use of antipsychotics at
the �rst 4 weeks after admission was negatively associated with HG at discharge. The second most
important �nding was that the use of antipsychotics during the �rst four weeks of hospitalization was
not statistically signi�cantly associated with SMI at discharge.

As mentioned, the association between medication use and muscle strength has already been reported
[12–16]. However, our study differs from many other studies in that we focused on antipsychotics. Of
note, our study is the �rst to demonstrate that the use of antipsychotics is negatively associated with
strength such as HG. Furthermore, the associations shown in our study between age, antipsychotic use,
LOS, ADL, rehabilitation, protein intake, and CCI indicate how interwoven older speci�c clinical conditions
are. The mainstay of treatment for sarcopenia is muscle mass and strength increase through exercise
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and nutritional interventions. However, based on our results, it is necessary to consider not only exercise
and nutritional interventions, but also the effects of medications, especially antipsychotics.

The use of antipsychotics at the �rst 4 weeks after admission was not statistically signi�cantly
associated with SMI at discharge. However, in some cases, muscle mass alone is not su�cient for
understanding the condition of muscle function. In other words, muscle mass does not necessarily
correlate with muscle strength, and high risk of functional impairment is associated with weak muscle
strength, even if the muscle mass is high. Morphological and functional factors are involved in the
exertion of muscle strength. The morphological aspect is the cross-sectional area of muscle �bers and
the muscle �ber composition. Muscle strength exertion is proportional to the cross-sectional area of
muscle �bers. The central nervous system plays an important role in the function aspect. In other words,
when neural activity in the brain is reduced and insu�cient information is obtained from the central
nervous system, it becomes di�cult to exert muscle strength properly. Antipsychotics have an inhibitory
effect on the central nervous system by blocking dopamine receptors. Because they suppress the action
of dopamine, they also affect motor function. When changes occur in the central nervous system, muscle
strength becomes weaker, even if muscle mass is maintained, and the quality of functional muscles is
diminished. As such, it is conceivable that interventions to assess muscle strength in addition to muscle
mass will lead to improvements in functional prognosis, quality of life, and prevention of adverse events.

The treatment of sarcopenia in rehabilitation settings, including rehabilitation nutrition [4], and
rehabilitation pharmacotherapy [5, 6, 30], should be comprehensive. Sarcopenia can be caused by a
variety of factors, including aging, low activity level, and poor nutritional status [31]. However, our results
suggest that the use of antipsychotics can also be a cause. Overall, a multifaceted approach from the
perspectives of rehabilitation nutrition [4] and rehabilitation pharmacotherapy [5, 6] is essential for the
prevention or treatment of sarcopenia. The usefulness of rehabilitation nutrition [4] has been established
for patients with sarcopenia undergoing rehabilitation. However, evidence regarding rehabilitation
pharmacotherapy is insu�cient. Our results may provide an opportunity to review the administration of
antipsychotics in patients with sarcopenia. It is conceivable that multidisciplinary implementation of
nutritional therapy and exercise therapy together with the results of this study will advance the treatment
of sarcopenia.

This study has several limitations. First, this was a retrospective cohort study conducted at a single
hospital in Japan, which limits its generalizability. However, our results may be useful in an aging
population, such as Japan, or in populations with similar prescribing trends. Second, the effects of
medications other than antipsychotics were not considered. Finally, electronic medical charts-recorded
information was used to capture data; it could not be veri�ed whether subjects used the dispensed
medicine. Therefore, future validation in a multicenter, prospective cohort study that takes these
limitations into account is desirable.

In conclusion, the use of antipsychotics 4 weeks after admission in older patients with sarcopenia
undergoing convalescent rehabilitation after stroke was negatively associated with HG at discharge, but it
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was not signi�cantly associated with SMI. The use of antipsychotics should be avoided as much as
possible in older patients with sarcopenia undergoing convalescent rehabilitation after stroke.
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Figure 1

Flowchart of participant screening, inclusion criteria, and follow-up.


