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Abstract
Falls are adverse events affecting psychiatric inpatients that can lead to external injuries,
fractures, and death. However, none have attempted to examine fall-related factors,
particularly focused on balance, specifically among inpatients with schizophrenia. The
present preliminary study aimed to assess the association between falls and balance in
patients with schizophrenia. The authors performed baseline assessments of background
factors, postural sway, and maximum step length in 120 patients with schizophrenia
hospitalized in the psychiatric ward. A prospective 3-month follow-up was conducted,
and participants were divided into a fall or non-fall group according to their history of
falls during the follow-up. Variance among individual variables was compared between
the fall group and non-fall group using the t-test, Mann–Whitney U test, and chi-square
test. A total of 16 participants experienced falls in the 3-month follow-up period
(13.3%). Comparative factor analysis revealed significant differences between the fall
and non-fall groups in terms of the presence or absence of falls within 3 months before
follow-up (p = 0.002) and Romberg quotients for sway length (p = 0.02). These findings
suggest that fall history could be considered a predictor of future falls, which could help
with fall prevention, and that assessment of visual contribution to postural control using
the Romberg quotient could play an important role in fall prevention.
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Introduction

Falls are adverse events that affect psychiatric inpatients, which can lead to external injuries,
fractures, and death, thereby posing a serious health issue [1, 2]. In a 34-month investigation
conducted in the United States, Poster et al. [1] found that the rate of falls in a cohort of 4156
participants was 11.8%. Studies on falls in the psychiatric ward have examined a wide range of
psychiatric disorders. Patients with schizophrenia are at a high risk for fractures because they
exhibit elevated rates of osteoporosis and reduced bone mineral density when compared with
the findings in the general population [3]. Previous studies have identified several risk factors
for falls [2, 4, 5]. However, to our knowledge, almost no studies have attempted to examine
fall-related factors specifically in patients with schizophrenia.

A previous study reported postural instability among patients with schizophrenia [6]. The
study employed posturography to quantify postural instability and found that patients with
schizophrenia demonstrated increased postural sway when compared with the findings in
healthy individuals. Moreover, with regard to the influence of antipsychotics on postural sway,
a large postural sway was observed among patients with schizophrenia, even after the exclusion
of those who presented with the side effects of antipsychotics, indicating that there is no
significant relationship between postural sway and antipsychotic dose [6, 7]. These findings
suggest that patients with schizophrenia exhibit a large postural sway and are thus prone to falls.

Although inpatients with schizophrenia are at a high risk for falls and are highly vulnerable
to fractures, almost no studies have analyzed fall-related risk factors or have investigated the
circumstances surrounding falls and balance in this specific population. Therefore, we con-
ducted a 3-month prospective follow-up study to determine the risk factors for falls with a
focus on balance among patients with schizophrenia hospitalized in the psychiatric ward. The
recurrence of falls has been associated with a prolonged hospital stay, thus posing an obstacle
to patient discharge [8]. We believe that our findings can help facilitate the development of
effective interventions for fall prevention in this specific population.

Methods

The study included patients with schizophrenia hospitalized in the psychiatric ward. The
inclusion criteria were as follows: age 20 years or older, independent ambulation, no require-
ment for walking aids, no history of head injury, permission from the attending physician, and
written informed consent.

An investigator performed baseline assessments of postural sway and maximum step length
(MSL) in all participants. A 3-month follow-up of fall incidents was conducted after the
baseline assessments. Data on fall incidents were collected from the participants themselves or
from medical staff members. A fall was defined as an event that resulted in a patient
unintentionally touching the ground, floor, or a lower level with body parts, such as the knee,
upper limb (i.e., arm or hand), buttock, and hip [9]. Data, including age, sex, length of hospital
stay, body mass index, daily typical or atypical antipsychotic dose (chlorpromazine equiva-
lent), presence or absence of benzodiazepine use, and presence or absence of falls within
3 months before follow-up, were also collected from patient medical records.

Static postural stability was measured according to the range of trunk motion with eyes
open and closed for 30 s. Assessments were performed with Win-Pod (Medicapteurs, Tou-
louse, France), which is a plantar pressure distribution measurement device. Postural instability
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was quantitatively evaluated using the total sway length and ellipse area, which represented the
distance traversed by the center of pressure on a force plate. Smaller ranges for the total sway
length and ellipse area indicate better stability. We analyzed the total sway length and ellipse
area as well as their Romberg quotients.

The difference between predicted and observed MSL values was used to assess inaccurate
perception of physical fitness. Predicted values were obtained by asking participants to
estimate the distance traveled when exerting maximum effort to take a single step. Then, with
eyes looking straight ahead and feet initially placed together, the participants exerted maxi-
mum effort to take a step forward with one leg and then brought the other leg forward so that
both feet would be aligned. The distance between the toes of the arbitrarily chosen swinging
and supporting limbs during the step was designated as the observed value.

The participants were divided into a fall or non-fall group according to the fall incidents
during the 3-month follow-up period, and variance among individual variables was analyzed
using the t-test, Mann–WhitneyU test, and chi-square test. Two-tailed p values were calculated
for all tests, and the significance level was set at p < 0.05. All statistical analyses were
performed using the IBM Statistical Package for the Social Science (SPSS) ver.24.0 J for
Windows (IBM Corp., Armonk, NY, USA).

Results

A total of 120 individuals met the inclusion criteria and were thus included in this study. None
of the participants refused baseline assessments. During the 3-month follow-up period, 16
(13.3%) of the 120 participants experienced falls.

The Shapiro–Wilk test for normality detected non-normal distributions for all variables.
Thus, the Mann–Whitney U test was used to compare the variables between the fall and non-
fall groups. There were significant differences in the presence or absence of falls within
3 months before follow-up (p = 0.002) and Romberg quotients for sway length (p = 0.02)
between the two groups. The differences for all other variables were insignificant (Table 1).

Discussion

Previously, Poster et al. [1] found that 11.8% of study participants experienced falls over a 34-
month period. Additionally, Tsai et al. [10] reported a fall rate of 8.6% over a 7-month period.
These studies examined patients hospitalized in the psychiatric ward due to various conditions.
In contrast, the present study focused on patients with schizophrenia and noted a fall rate of
13.3% over a 3-month follow-up period, which is relatively consistent with the rates reported
by these previous studies.

A comparison of background factors revealed that fall history within 3 months before follow-
up was significantly related to the subsequent occurrence of falls. This supports the observation of
previous research that a history of falls increases the risk of future falls among psychiatric
inpatients [11]. Therefore, a history of falls might be a useful indicator for fall prevention.

To our knowledge, this is the first prospective cohort study to examine the relationship
between falls and balance in patients with schizophrenia. With regard to postural sway data, a
significant difference was detected in only the Romberg quotient for total sway length, and it
was lower in the fall group than in the non-fall group. The Romberg quotient is a type of
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balance test that is employed to assess the contribution of visual information to the mainte-
nance of a standing posture. The quotient is determined by calculating the sway ratio between
eyes-closed and eyes-open conditions. A value of ≥1.0 is indicative of a greater degree of
movement with eyes closed. Although Romberg quotient values were > 1.0 for both groups,
the value was larger for the non-fall group than for the fall group, demonstrating that vision
played a considerable role in postural control. Postural control relies on input from the
vestibular, visual, and proprioceptive systems; thus, sway increases when the eyes are closed
and visual information is blocked. However, the fall group had a Romberg quotient for sway
length of 1.15, indicating a minor change in the magnitude of sway between the eyes-open and
eye-closed conditions when visual information was obstructed. With consideration to previous
reports stating the eyes of patients with schizophrenia can be affected by structural and
functional deficits [12–15], visual contribution to posture might be limited even when the
eyes are open. Furthermore, the findings that the fall group exhibited less visual contribution to
postural control and similar magnitude of sway with eyes open or closed suggest that such
patients might possess a heightened ability to rely on senses other than vision. Therefore,
frequency analysis could be useful for assessing the vestibular and proprioceptive systems in
this population. Considering the abovementioned results, a Romberg quotient for sway length
of around 1.0 can be considered as a factor related to falls. In the future, it will be necessary to
examine the associations among falls, postural sway, and vision, and to assess the vestibular
and proprioceptive systems in patients with schizophrenia.

The present preliminary study had several limitations. First, only 16 participants experi-
enced falls during the follow-up, which was an insufficient sample size for logistic regression
analysis. The determination of predictors will require analysis of the risk factors for falls in a
larger sample. Second, although the present study attempted to comparatively analyze the fall
and non-fall groups by measuring postural sway at baseline and then conducting a 3-
month prospective follow-up, it did not explore the association between postural sway and
psychiatric and extrapyramidal symptoms. Consequently, future research should examine
how the Romberg quotient for sway length obtained in our study relates to psychiatric and
extrapyramidal symptoms.
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