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ABSTRACT. Objective: Although elderly inpatients are known to experience decreased physical activity in
the morning, falls occur frequently during this time. Gait variability is an evaluation of gait instability and a
risk factor for falls. Gait initiation requires complex processes, and it is important to evaluate gait variability
not only during steady-state gait but also during gait initiation. However, the effect of the diurnal pattern on
variability in gait characteristics is still unknown. The aim of this study was to investigate the effect of the di-
urnal pattern on initiation and steady-state gait variability in elderly inpatients. Method: Thirty-seven eld-
erly inpatients (28 women; mean age, 79.7 ± 9.5 years) who could walk without support were sampled in this
study. The quantitative measure of gait variability was evaluated using the coefficient of variation (CV)
based on four consecutive stride durations determined using triaxial accelerometers. Gait characteristics
were evaluated during initiation and steady-state gait and defined as initiation CV and steady-state CV, re-
spectively. This measurement was performed at two time points, morning and daytime. Results: There was
no significant difference between initiation and steady-state gait characteristics in the daytime condition.
However, in the morning condition, the initiation CV was higher than the steady-state CV. Furthermore, the
initiation CV was higher in the morning than during daytime (p < 0.01). Conclusion: Our study revealed
that the variability of initiation gait is higher in the morning. It may be important to assess the risk of falls,
including initiation gait, in the morning.
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Aging causes poor balance secondary to neuromuscular

changes1,2 ) . Falls often occur in elderly people with poor

balance, and they are a risk factor for bone fractures3,4). Falls

can lead to severe disability in elderly inpatients, resulting

in delayed treatment and longer hospital stays5-7). Thus, pre-

vention of falls is important to promote the smooth treat-

ment of elderly inpatients.

Although physical activity is known to be reduced in

the morning, the incidence of falls during this time is higher

than that during daytime 8,9 ) . This suggests that specific

changes associated with falls may occur during the morn-

ing. Several studies have reported poor postural control in

the morning compared with that during the daytime 10,11 ) .

However, they measured static postural control and not dy-

namic control. Falls often occur during unstable walking.

Although the evaluation of dynamic postural control during

gait is important for the prevention of falls, the effect of the

diurnal pattern on dynamic postural control during gait is

not well understood.

Gait unintentionally fluctuates with each stride, and

gait variability is known to reflect poor balance during am-

bulation12). Many studies have reported that high gait vari-

ability is associated with fall incidence in elderly individu-

als12,13). Moreover, Mbourou et al. investigated the gait char-

acteristic of a faller and non-faller and reported that gait

variability of the initial strides was higher in fallers when

compared with that in non-fallers14 ) . Their results suggest
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Table　1.　Demographic data of participants.

Inpatient Orthopedic Stroke p

Participants 37 26 11

Gender (M:F) 9:28 2:24 7:4

Age (years) 79.7 ± 9.5 81.5 ± 7.7 76.1 ± 11.1 0.108

Height (cm) 149.8 ± 10.5 147.9 ± 10.0 154.4 ± 9.9 0.087

Weight (kg) 52.1 ± 10.2 49.9 ± 10.0 56.9 ± 7.4 0.051

BMI (kg/m2) 23.0 ± 3.0 22.5 ± 3.5 23.7 ± 1.3 0.299

Post-injury (day) 69.2 ± 36.8 58.7 ± 34.3 94.2 ± 27.6 0.005

BMI, Body mass index. Values represent mean ± standard deviation. The p-value 

relates to comparisons between the orthopedic and stroke subgroups.

that the initiation gait requires complex processes and may

reveal important information associated with the risk of

falls. However, some previous studies that analyzed gait

variability only examined the steady-state gait condition

and excluded the first few strides15,16). Although it is essen-

tial to investigate both steady-state gait and initiation gait

for an understanding of gait variability, the effect of the di-

urnal pattern on the variability in each gait process is still

unknown.

The aim of this study was to investigate the diurnal

variation in initiation and steady-state gait variability in eld-

erly inpatients. This study will be useful in preventing falls

in elderly inpatients. We hypothesized that elderly inpa-

tients have a high variability of initiation gait in the morn-

ing relative to that during daytime.

Material and Methods

1. Participants
Thirty-seven elderly inpatients who could walk were

sampled in this study (inpatient group: mean age, 79.7 ±

9.5 years) . The inpatient group included orthopedic and

stroke patients (orthopedic: 70%) and were subdivided into

orthopaedic and stroke subgroups. The orthopedic sub-

group included trauma fractures (hip 42%, spine 38%, pel-

vis 4%, and lower leg 8%) according to fall events, and

knee osteoarthritis (8%), and almost all patients had under-

gone surgical treatment (85%) . On the other hand, the

stroke subgroup included infarction (38%) and hemorrhage

(72%) and had moderate paralysis of the upper and lower

limbs (Brunnstrom stage, upper: 4.5 ± 1.2; lower: 4.7 ±

0.9). Demographic data are shown in Table 1. Patients were

excluded if they had diseases that could directly affect bal-

ance, such as chronic head injuries, low blood pressure,

vestibular conditions, diabetic peripheral sensory disorder,

severe dementia, or Parkinson’s disease/parkinsonism.

Each participant provided informed consent prior to

participating in this study. This study was approved by the

ethics committees of Shimura Hospital (approval number:

22) according to the Helsinki Declaration.

2. Functional physical assessment
All patients were evaluated using the functional inde-

pendence measure (FIM). The FIM is scored based on ac-

tivity limitations and performance observations. A high

score reflects independence in daily life.

Balance ability was determined using the timed up and

go test (TUG). This test evaluates balance during motions,

including sit-to-stand, walking 3 m, and turning around.

Participants were asked to perform a series of actions as

quickly as possible and informed that the increased time to

perform the task was undesirable. This functional physical

data was evaluated at once during the daytime.

3. Assessment of gait variability
An inertial motion sensor, including triaxial acceler-

ometers and gyrosensor (WAA-010, ATR-Promotions, Ja-

pan) , was placed on the lower back to be close to the

body’s center of mass according to the lumbar spinal proc-

ess at the level of third based on a previous study32) and at-

tached using a belt. The data were collected during a 10-m

walk at a 100-Hz sampling rate. To reflect the natural walk-

ing, the patients were asked to walk with a comfortable

speed once and the first step was not instructed on which

leg when they started walking. All data were analyzed us-

ing MATLAB software (MATLAB 2015a, MathWorks, Ja-

pan) . The raw acceleration data were processed using a

low-pass filter with a cut-off frequency of 10 Hz. The time

for one stride was determined based on the timing of the

heel strike, which produced peak acceleration in the antero-

posterior direction17). The quantitative value of gait variabil-

ity was defined as the coefficient of variation (CV) based

on four consecutive stride durations determined using triax-

ial accelerometers and was calculated using the formula

(standard deviation [SD] of stride time/average stride time)

× 100. The CV was evaluated for initiation and steady-state

gait, referred to as initiation CV and steady-state CV, re-

spectively. As the representative value for statistical analy-

ses, in the initiation CV, the leg with the first stride, and in

the steady-state CV, one leg with a higher CV in both legs

was adopted. The starting point of the strides for initiation

and steady state were determined as the first and middle
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Figure　1.　 The characteristic gait variability between-condi-

tion.

Values represent means ± standard deviation. *sig-

nificant difference between gait characteristics and 

conditions, p < 0.01.

Table　2.　Functional physical assessment in each subgroup

Inpatient Orthopedic Stroke p

Gait speed (m/s) 0.7 ± 0.2 0.8 ± 0.2 0.7 ± 0.3 0.225

TUG (sec) 17.8 ± 11.0 15.1± 7.1 24.1 ± 14.7 0.019

FIM (score) 111.1 ± 12.4 112.2 ± 11.3 108.4 ± 14.0 0.403

TUG, timed up and go test; FIM, functional independence measure. Values repre-

sent mean ± standard deviation. The p-value relates to comparisons between the 

orthopedic and stroke subgroups.

points during walking. The evaluation of gait variability

was randomly performed in two time conditions: morning

(between 7:00 and 8:00 a.m.) and daytime (between 1:00

and 2:00 p.m.).

4. Statistical analyses
The functional physical assessments and demographic

data were compared in each subgroup using the Student’s t-

test. The Shapiro-Wilk test demonstrated heterogeneity in

age, height, FIM, and TUG, and these were analyzed using

the Mann-Whitney U test. To analyze the difference in gait

variability between time of day and gait process in elderly

patients, a two-way factorial analysis of variance with repli-

cation was performed. Additionally, to analyze the gait

variability in each subgroup, a three-way factorial analysis

of variance with replication was conducted. These analyses

were followed by Bonferroni correction as post hoc testing.

All statistical analyses were performed using R, i386, ver-

sion 3.4.1. The significance level was set at 5%.

Results

1. Participants’ demographic and functional physical as-
sessment data

The demographic data of the participants are shown in

Table 1. The post-injury day was significantly longer in

stroke patients, but the other data showed no significant dif-

ferences between subgroups (Table 1).

Moreover, the FIM score and gait speed were not dif-

ferent between subgroups (Table 2) . However, the time

taken for TUG in stroke patients was significantly greater

than that in orthopedic patients. (Table 2).

2. Comparison of characteristic gait variability between
conditions in the inpatient group

There was an interaction between the gait process and

condition (F (1,36) = 7.59, p< 0.01). On the main effects,

the CV in the morning was significantly higher than that

during the daytime (condition: F (1,36) = 14.36, p < 0.01).

Moreover, the value of the initiation CV in the morning

was significantly higher than that during the daytime (gait

process: F (1,36) = 14.46, p < 0.01).

With regard to gait process, in the morning condition,

the initiation CV was significantly higher than the steady-

state CV (p < 0.01). On the other hand, there was no sig-

nificant difference in the CV value for gait process in the

daytime condition (Figure 1).

3. Comparison of characteristic gait variability between
conditions in each subgroup

There was interaction among the gait process, condi-

tion, and group (F (1,35) = 6.0, p< 0.05). The main effects

for gait process, condition and group were found by

repeated-measures analysis (gait process: F (1,35) = 17.91,

p < 0.01; condition: F (1,35) = 24.9, p < 0.01); group : F
(1,35) = 5.3, p < 0.05).

In the morning condition, the initiation CV in stroke

inpatients was significantly higher than that in orthopedic

patients (p < 0.01). However, the steady-state CV in the

morning condition, and initiation and steady-state in day-

time were not different between subgroups.

With regard to gait process and conditions, in both

groups, the initiation CV was higher than steady-state CV

in the morning but not during daytime (orthopedic : p <
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Figure　2.　The characteristic gait variability between-condition in each subgroup.

Orthopedic (A), stroke patients (B). Values represent means ± standard deviation. *significant difference 

between gait characteristics and conditions, p < 0.05.

0.05, stroke: p < 0.01) (Figure 2A, B). Moreover, in stroke

inpatients, the initiation CV in the morning condition was

significantly higher than that in the daytime condition (p <

0.01) (Figure 2B).

Discussion

Our study found that initiation gait had greater vari-

ability than steady-state gait, and this phenomenon was par-

ticularly apparent in the morning, especially in elderly inpa-

tients with stroke. These findings show that elderly inpa-

tients have a higher risk of falling during gait initiation in

the morning than during daytime.

Hausdorff et al. investigated the differences in gait

variability of the stride time among young, non-faller eld-

erly, and faller elderly in the community-dwelling sub-

jects33). Their results showed a higher CV in fallers (young:

1.8 %, non-faller elderly: 2.3 %, faller elderly: 4.2 %), sug-

gesting that the obtained higher CV was reflected as a char-

acteristic of the elderly faller. In the present study, the ob-

tained CV was 5.4 %, which is similar to the fallen elderly,

and might indicate that our participants also have the char-

acteristics of fallers based on a previous study.

In elderly inpatients, we confirmed that the initiation

CV was higher in the morning condition, although steady-

state CV was not significantly different between the two

conditions. Additionally, the initiation CV was higher than

steady-state CV only in the morning condition. These re-

sults support our hypothesis and might indicate that elderly

inpatients have an unstable gait pattern at the initiation of

walking in the morning. Several studies have reported that

high CV during gait is associated with poor postural con-

trol18,19 ) . Moreover, many studies of diurnal patterns have

shown that postural control ability fluctuates with time and

declines in the morning20-22). However, another study evalu-

ated postural control and reported no difference in the abil-

ity in the morning and daytime23,24). Therefore, these previ-

ous studies indicate that the effect of time alone on postural

control may not be clearly present. However, gait variabil-

ity increases when performing dual tasks compared to a sin-

gle task, indicating that the required high level of postural

control increases gait variability25,26). Regarding gait process,

a difference in postural control between the initial gait and

steady gait has been reported; initial gait requires greater in-

tegration and coordination of multiple sensory modalities

such as visual, vestibular, and somatosensory senses 27 ) .

These previous studies show that initial gait is more af-

fected by the diurnal pattern because of the required higher

ability, which might explain why the variation in initial gait

was higher in the morning.

Additionally, the phenomenon of higher initiation gait

variability in the morning was clearer in stroke patients

than in orthopedic patients. The initial gait variability in the

morning may be related to patient characteristics. Many

studies have reported higher gait variability in stroke pa-

tients28,29 ) . Callisaya et al. investigated the association be-

tween sensorimotor ability and high gait variability and re-

ported the correlation with poor body sway, reaction time,

and proprioception function18). These previous studies indi-

cate that gait variability, including irregular foot placement,

may cause a lack of postural control due to sensorimotor

disorders. In the present study, we used TUG, which is as-

sociated with sensorimotor abilities 30 ) , and observed that

stroke patients had a longer TUG time than orthopedic pa-
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tients. Additionally, a previous study reported that postural

control due to sensorimotor ability was poor in the morning

when compared with that in the daytime because of the

worse symptoms31). In this study, stroke patients with mod-

erate paralysis might also have worsened symptoms such as

spasms and sensorimotor in the morning. These results and

previous studies support the validity of our findings that

gait variability in the morning is a characteristic of patients

with sensorimotor disorders.

We evaluated gait stability using the variability of the

gait cycle and showed that the value of variability gait is

higher during the few initial strides in the morning. Falls

are believed to be caused by an irregular motion that differs

from a person’s intention in a dynamic condition. A previ-

ous study reported that elderly individuals with a history of

falls exhibited higher gait variability14). Moreover, another

study revealed that high gait variability was associated with

the incidence of falls in elderly inpatients26). These studies

indicate that higher gait variability is a risk factor for falls,

and its management is important for preventing falls. In the

present study, we revealed that initiation gait influenced

gait variability in the morning. Therefore, evaluation of gait

variability, including gait initiation, should be better able to

identify the risk of falls in inpatients and help prevent falls

in the morning.

There were several limitations to this study. First, our

sample included inpatients with a variety of characteristics,

making it difficult to analyze patient characteristics and ob-

tain detailed information such as the nature of falls. For ex-

ample, some patients had a history of falls; therefore, fall

risk might have been affected by psychological factors in

these patients. Second, this study did not acquire sleep

quality data. A previous study reported an association be-

tween sleep quality and gait variability and suggested that

low quality sleep affects gait performance34). Third, patients

took different medications and were treated using different

rehabilitation approaches; these factors can influence gait

performance. Future studies need to acquire data regarding

sleep quality in participants with matched pathological

states.

Conclusion

Our study revealed that initiation gait influenced gait

variability in the morning, especially in elderly inpatients

with stroke. In evaluations aiming to prevent falls, it may

be particularly important to assess the initiation gait in the

morning.
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