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Purpose: This study evaluates the effect of introducing active gait training (AGT) to 
patients who are severely disabled with nasogastric tube feeding or gastrostoma on the 
recovery of oral feeding.
Patients and Methods: We conducted a historical cohort study at a single rehabilitation 
center in Japan between January 2013 and December 2019. In this study, 154 severely 
disabled patients with nasogastric tube feeding or gastrostoma due to neurological diseases or 
disuse syndrome admitted in a rehabilitation ward were included, and their median age was 
84 years. AGT was systematically implemented in August 2016, which consisted of using 
orthosis or assistance from physical therapists. We compared the recovery of oral feeding 
between periods before (Pre-AGT) and after (Post-AGT) the introduction of AGT.
Results: Among the 154 severely disabled patients included, 59 (38%) were admitted in the 
Post-AGT period. Twenty-eight (30%) and 54 patients (92%) started gait training in the Pre- 
AGT and Post-AGT periods, respectively (p < 0.001). Significantly more patients recovered 
oral feeding in the Post-AGT than in the Pre-AGT periods (49% vs 19%, respectively; p < 
0.001). After the introduction of AGT, the adjusted hazard ratio for the recovery of oral 
feeding was 4.0 (95% confidence interval, 1.9–8.3; p < 0.001).
Conclusion: After the introduction of AGT to patients, increased recovery of oral feeding 
was observed in this retrospective evaluation. AGT should be considered for patients with 
tube feeding to help them recover oral feeding even if patients were severely disabled and 
required full assistance during gait training.
Keywords: active gait training, dysphagia, lateral hypothalamus, oral feeding, orexin, tube 
feeding

Introduction
A common and disabling condition after stroke is dysphagia,1 which is not 
influenced by the type of stroke.2 There is also no significant difference in the 
severity and characteristics of dysphagia between patients with stroke and 
those with traumatic brain injury.3 In addition, dysphagia is also present 
after disuse syndrome,4 which is a pathophysiological condition or symptom 
which affects body systems, such as the musculoskeletal, circulatory, and 
respiratory systems, which manifests as a result of prescribed or unavoidable 
inactivity.5
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Nasogastric tube feeding and gastrostoma are highly 
utilized to provide nutritional support for patients with 
swallowing difficulties.6 Patient populations most com-
monly receiving non-oral feeding support include patients 
with stroke (65.1%) or dementia (30%).7,8 However, non- 
oral feeding support did not exhibit a clear clinical benefit 
on patients with swallowing difficulties.8 For example, 
Finucane et al reported that non-oral feeding did not pre-
vent aspiration pneumonia, prolong survival, improve 
wound healing, and reduce infections.8,9

The loss of body muscle mass or sarcopenia was asso-
ciated with dysphagia.5 Therefore, interventions to 
increase muscle strength and early ambulation could be 
potential treatment options for patients with low nutrition 
status due to dysphagia.10 Yoshimura et al reported that 
chair-stand exercise improves post-stroke dysphagia.11 

Besides, Takakusaki et al reported an association between 
locomotor function and feeding behavior.12,13 Since 
August 2016, we introduced active gait training (AGT) 
to patients who are severely disabled with nasogastric 
tube feeding or gastrostoma. Therefore, we conducted 
a historical cohort study to evaluate the relationship 
between the introduction of AGT to patients who are 
severely disabled with nasogastric tube feeding or gastro-
stoma and recovery of oral feeding.

Methods
Study Design and Participants
We conducted a historical cohort study at Toyonaka Heisei 
Hospital between January 2013 and December 2019. 
Patients admitted to the convalescent rehabilitation ward 
due to neurological diseases or disuse syndrome and those 
who were severely disabled and were not tolerable to 
independent gait training were considered eligible. 
However, those who could eat independently on admission 
were excluded from the study.

Rehabilitation
In August 2016, we introduced AGT to all of the severely 
disabled patients systematically for the improvement or 
prevention of disuse syndrome symptoms, including mus-
cle atrophy, muscle weakness, contracture, cardiopulmon-
ary disorders, deep vein thrombosis, and decubitus. The 
following types of AGT were implemented: gait training 
using orthosis and assisted gait training. We used different 
orthoses (eg, knee–ankle–foot orthosis, trunk–hip–bilateral 
knee–ankle–foot orthoses, and knee orthosis), which were 

some types of hospital equipment or were made to order, 
depending on the patients’ conditions such as mild- 
moderate contracture of legs. In case of a patient requiring 
a mechanical ventilator, an attending physician assisted the 
physical therapist (PT) for gait training (Figure 1). Before 
July 2016, some patients received AGT based on the 
judgment of the PT in charge and attending physician. 
On the other hand, if the patients had moderate-severe 
contracture of legs and/or orthoses of hospital equipment 
did not suit them, then gait training was not conducted.

Throughout the study period, before and after the 
introduction of AGT, all patients received three 20-min 
sessions of physical, occupational, and speech language 
therapies every day (a total of nine sessions). The speech 
language therapist (ST) conducted indirect swallowing 
training for the patients’ dysphagia. Oral sites such as the 
lower jaw, tongue, and cheeks were stimulated, and ice 
massage was performed to trigger the swallowing reflex. 
Video fluorography was used to assess the swallowing 
function based on the recommendations of the ST in 
charge before the introduction of AGT (Pre-AGT). Video 
fluorography was encouraged as a means to detect the 
slight changes in the swallowing function after the intro-
duction of AGT (Post-AGT). The ST provided recommen-
dations regarding direct swallowing training and oral 
intake based on clinical and/or instrumental swallowing 
assessment. Rehabilitation plan, alternative enteral nutri-
tion (nasogastric tube feeding or gastrostoma), and 

Figure 1 Trunk–hip–bilateral knee–ankle–foot orthoses and gait training used for 
a patient requiring tube feeding and mechanical ventilation. 
Note: Informed consent was obtained from the people for publication of this 
image.
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intravenous fluids were discussed among the medical team 
consisting of an attending physician, nurse, PT, occupa-
tional therapist, ST, and nutritionist. If the changes in 
symptoms occurred, the ST reevaluated the dysphagia 
status and suggested whether the patients should transition 
from tube feeding to oral feeding.

Measurements
The following baseline clinical characteristics were eval-
uated: age, sex, body mass index, serum total protein, 
serum albumin, Glasgow coma scale, number of days of 
non-oral feeding before admission, feeding route, target 
disease for rehabilitation, video fluorography implementa-
tion, conducting gait training, recovery of oral feeding, 
number of days from admission to oral feeding, length of 
stay at convalescent rehabilitation, and number of patients 
who died or were transferred to other hospitals. We used 
the Functional Oral Intake Scale (FOIS) to measure the 
patients’ oral intake status. The FOIS is a 7-point ordinal 
scale (1, nothing by mouth; 2, tube-dependent with mini-
mal oral intake attempts of food or liquids; 3, tube- 
dependent with consistent oral intake of food or liquids; 
4, total oral diet of a single consistency; 5, total oral diet 
with multiple consistencies but requiring special prepara-
tions or compensations; 6, total oral diet with multiple 
consistencies without special preparation but with specific 
food limitations; and 7, total oral diet with no 
restrictions).1,14 The attending physician and ST mainly 
discussed the decision of FOIS. Recovery of oral feeding 
was defined as the change from FOIS scores 1–3 on 
admission to FOIS scores 4–7 on discharge.

The Functional Independence Measure (FIM) was used 
to assess the patients’ activities of daily living (ADLs). 
The FIM is a tool for the collection and comparison of 
rehabilitation outcomes, measurement of patients’ pro-
gress, and planning treatment protocols.15 ADLs include 
self-care, eating, grooming, bathing, dressing, toileting, 
swallowing, sphincter control, mobility, transfer, and 
locomotion.15 The scale contains 18 items, of which 13 
items are in the physical domains, and 5 items are related 
to cognition.15 Motor items measure self-care, sphincter 
control, locomotion, and transfer.15 Cognitive ones evalu-
ate the subject’s communication and social cognition.15 

Based on the level of independence, each item is scored 
from 1 to 7, where 1 indicates total dependence, and 7 
represents complete independence.15 Possible total scores 
range from 18 to 126.15 Higher scores mean more inde-
pendence in performing ADLs.15 The FIM score is 

indicative of the patients’ level of disability and the burden 
of their care.15

Statistical Analysis
We present the baseline characteristics as median and 
interquartile range (IQR) for continuous variables and 
number and percentage for categorical variables. We com-
pared the baseline characteristics and the outcome between 
the Pre-AGT and Post-AGT periods. We used the 
Wilcoxon rank-sum test for continuous variables and chi- 
square tests for categorical variables. Also, we used the 
Kaplan-Meier method to estimate the cumulative inci-
dence of oral feeding. Using the Cox proportional hazard 
models, the effect of both Post-AGT and Pre-AGT on the 
recovery of oral feeding was estimated and expressed as 
hazard ratios (HRs) with 95% confidence intervals (CIs). 
The HRs were adjusted for age, male, gastrostoma, neu-
rological diseases, number of days of non-oral feeding 
before admission, FIM motor items at admission, and 
FIM cognitive items at admission. The continuous vari-
ables were included as continuous. We used the Wilcoxon 
signed-rank test to compare the FOIS and FIM scores 
between admission and discharge. All analyses were con-
ducted using JMP 14.0 (SAS Institute Inc., Cary, NC, 
USA). Two-tailed p values < 0.05 were considered statis-
tically significant.

Ethical Considerations
The study protocol complied with the World Medical 
Association’s Declaration of Helsinki and the Ethical 
Guidelines for Medical and Health Research Involving 
Human Subjects issued by the Ministry of Health, Labor, 
and Welfare of Japan. The study was approved by the 
research ethics committee of Hyogo College of Medicine 
(no. 202,006–066). The requirement for a written informed 
consent was replaced by the opt-out method owing to the 
retrospective nature of this study.

Result
Of the 947 patients who were admitted during the study 
period, 793 were excluded because they presented with 
oral feeding on admission, and 154 were included in this 
study. Fifty-nine patients (38%) were admitted in the Post- 
AGT period (Figure 2). The number of days of non-oral 
feeding before admission was significantly higher in Pre- 
AGT period than in Post-AGT period (median 58 days vs 
47 days, respectively; p = 0.01). Significantly more 
patients with nasogastric tube feeding were present in the 
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Post-AGT period than in the Pre-AGT period (93% vs 
47%, respectively; p < 0.001). Significantly more patients 
with neurological diseases were present in the Post-AGT 
period than in the Pre-AGT period (73% vs 53%, respec-
tively; p = 0.02). The FOIS scores at admission between 
the Pre-AGT and Post-AGT periods were not significantly 
different (median 1 vs 1, respectively; p = 0.07). The FIM 
scores at admission between the Pre-AGT and Post-AGT 
periods were not significantly different (median 20 vs 20, 
respectively; p = 0.3). Significantly video fluorography 
was conducted more in Post-AGT period than in Pre- 
AGT period (86% vs 10%, respectively; p < 0.001) 
(Table 1). Twenty-eight (30%) and 54 patients (92%) 
started gait training in the pre-AGT and post-AGT periods, 
respectively (p < 0.001). Significantly more patients tran-
sitioned to oral feeding in the Post-AGT period than in the 
Pre-AGT period (49% vs 19%, respectively; p < 0.001). 
The number of days from admission to oral feeding was 
significantly lower in Post-AGT period than in Pre-AGT 
period (median 19 days vs 55 days, respectively; p = 
0.002) (Table 2). The cumulative incidence of oral feeding 
at 270 days was 31.7% in Pre-AGT period and 58.6% in 
Post-AGT period (log-rank p < 0.001) (Figure 3). The 
adjusted HR of recovery of oral feeding in Post-AGT 
period was 4.0 (95% CI, 1.9–8.3; p < 0.001) (Table 3). 
Significant differences were found in the FOIS scores at 
discharge between the Pre-AGT and Post-AGT periods 
(median 1 vs 4, respectively; p < 0.001). Except for the 
patients who died or were transferred to other hospitals, 
the FIM scores at discharge between the Pre-AGT and 
Post-AGT periods were not significantly different (median 
23 vs 26, respectively; p = 0.1) (Table 4).

Regarding the way of conducting gait training, no 
significant difference between Pre-AGT period and Post- 
AGT period was found (Table 5). The most frequent 

reason of non-gait training was moderate-severe contrac-
ture of legs (n = 29, 40%). Although all causes of non-gait 
training in the Post-AGT period were identified, in the Pre- 
AGT period, the reasons of non-gait training for more than 
half of the patients were unknown (Table 6).

Discussion
The introduction of AGT to patients who are severely dis-
abled with feeding tubes increased the recovery of oral feed-
ing. Additionally, after the introduction of AGT, the number 
of days from admission to oral feeding was decreased. This 
study is the first to retrospectively evaluate the association 
between AGT and the recovery of oral feeding.

Figure 2 Study flow diagram. 
Abbreviation: AGT, active gait training.

Table 1 Baseline Clinical Characteristics

Characteristics No. (%) P value

Pre-AGT 
(n = 95)

Post-AGT 
(n = 59)

Age, year, median (IQR) 83 (76–90) 84 (77–90) 0.9

Male 36 (38) 34 (58) 0.02

Body mass index, kg/m2, 

median (IQR)

18 (16–20) 19 (17–22) 0.02

Total protein, g/dl, median 

(IQR)

6.5 (6.1–6.8) 6.3 (6.0–6.6) 0.06

Albumin, g/dl, median (IQR) 3.5 (3.1–3.7) 3.5 (3.3–3.8) 0.4

Glasgow coma scale, 

median (IQR)

11 (9–15) 11 (9–14) 0.4

Number of days of non-oral 

feeding before admission, 

median (IQR)

58 (46–85) 47 (36–62) 0.01

Feeding tube

Gastrostoma 50 (53) 4 (7) < 0.001
Nasogastric tube 45 (47) 55 (93)

Target disease for 

rehabilitation

Disuse syndrome 45 (47) 16 (27) 0.02

Neurological diseases 50 (53) 43 (73)

Ischemic stroke 28 (30) 25 (42)

Hemorrhagic stroke 19 (20) 13 (22)

Traumatic brain injury 3 (3) 3 (5)

Neuromuscular disease 0 (0) 2 (3)

FOIS, median (IQR) 1 (1–1) 1 (1–1) 0.07

FIM, median (IQR)

Total 20 (18–28) 20 (18–26) 0.3

Motor items 13 (13–15) 13 (13–14) 0.08

Cognitive items 7 (5–11) 6 (5–11) 0.7

Video fluorography 9 (10) 51 (86) < 0.001

Abbreviations: FOIS, Functional Oral Intake Scale; FIM, Functional Independence 
Measure.
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The association of AGT and the recovery of oral feeding 
was not well investigated from pathophysiological perspec-
tives, but several hypotheses were suggested. Orexin was 
a hormone associated with not only locomotor but also 
feeding behavior.12,13 Orexin A and Orexin B are synthe-
sized in the lateral hypothalamic and perifornical areas.13,16 

Orexin A and B are excitatory multitasking neuropeptides 
regulating a set of vital body functions, including locomo-
tion, feeding and appetite behavior, central regulation of gut 
function, sleep/wake rhythms, maintenance of wakefulness, 
energy homeostasis, thermoregulation, reward system, 
spontaneous physical activity, cognition and mood regula-
tion, cardiovascular responses, and activating activities of 
a sympathetic nerve.12,13,16 Orexin neurons do not only 
produce orexins A and B but also are directly and indirectly 
activated by orexin.17 Orexins A and B neurons are 
restricted to the lateral and posterior areas of the hypotha-
lamus; whereas, both orexins A and B nerve fibers project 
widely into the olfactory bulb, cerebral cortex, thalamus, 
hypothalamus, and brainstem.18 The extensive distribution 
of orexins suggests that they function as neuromodulators 
and/or neurotransmitters in a wide variety of neural 
circuitry.18 In addition, physical exercise increases the 
level of orexin in the plasma of humans.16 As described 
above, AGT could regulate the feeding behavior of patients 
who are severe through orexin hormone actions.

Damage to the left superior frontal gyrus, left dorsal 
anterior cingulate gyrus, left hypothalamus, and left 
nucleus accumbens was a significant predictor of FOIS 

score changes in patients with stroke.1 These regions 
mainly comprise structures of the limbic system (eg, cin-
gulate gyrus and hypothalamus) or are connected to the 
limbic system (eg, nucleus accumbens).1 These structures 
are known to be involved in emotions, motivation, and 
reward functions, as well as hunger and thirst regulation.1 

Orexin neurons involved in locomotion and feeding beha-
vior exist in the lateral hypothalamic area.12,13,16 

Therefore, AGT could regulate the feeding behavior of 
severe patients by stimulating the limbic system.

In this study, the HR of oral feeding for patients with 
neurological diseases was not statistically significant com-
pared to those with disuse syndrome. Although there is no 
report which compares the improvement of dysphagia 
between patients with neurological disease and disuse 
syndrome, it is clear that disuse syndrome had a negative 
impact on the improvement of swallowing function.4 

Besides the disuse syndrome, the period from the onset 
of severe dysphagia to the beginning of swallowing train-
ing could be an important factor to the prognosis.4 Despite 
the fact that the number of days of non-oral feeding before 
admission was significantly higher in Pre-AGT period than 
in Post-AGT period, a similar tendency to oral feeding was 
seen among patients in Pre-AGT and Post-AGT periods. 
Additionally, low FIM and cognitive dysfunction affect the 
outcome of dysphagia.2,4 Although the FIM motor item 
and FIM cognitive item scores at admission in both Pre- 
AGT and Post-AGT periods were low, we found that 
significantly more patients transitioned to oral feeding in 
the Post-AGT period than in the Pre-AGT period. In 
addition, male patients were significantly less likely to 
recover oral feeding than female patients. These findings 
were consistent with those found by Nakajima et al who 
reported that, at 3 months after stroke onset, male sex had 
a negative impact on oral intake.19

In this study, the HR for gastrostoma was also not 
statistically significant compared to nasogastric tube 
feeding. Significantly, it is clear that more patients 
with nasogastric tube feeding were present in the Post- 
AGT period than in the Pre-AGT period. Prolonged 
nasogastric tube placement exhibits a negative impact 
on the patient’s swallowing function which includes 
higher functional dysphagia scale scores, which mean 
worse swallowing function, slowing of the pharyngeal 
transit time, abnormal epiglottic movement pattern, resi-
dues in the valleculae and pyriform, increased penetra-
tion-aspiration rating, and edema in the pharynx and/or 
larynx.20 Therefore, nasogastric tube feeding is more 

Table 2 Clinical Outcomes Before and After the Introduction of 
Active Gait Training

Characteristics No. (%) P value

Pre-AGT 
(n = 95)

Post-AGT 
(n = 59)

Gait training 28 (30) 54 (92) < 0.001

Recovery of oral feeding 18 (19) 29 (49) < 0.001

Number of days from 
admission to oral 

feeding, median (IQR)

55 (45–127) 19 (12–57) 0.002

Length of stay at 
convalescent 

rehabilitation, days, 

median (IQR)

114 (64–177) 151 (90–177) 0.2

Death 12 (13) 5 (9) 0.6

Transfer to other 

hospitals

5 (5) 4 (7) 0.7

Abbreviation: AGT, active gait training.
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disadvantageous than gastrostomy tube feeding. 
Nevertheless, significantly more patients transitioned to 
oral feeding in the Post-AGT period than in the Pre- 

AGT period. This suggests that treating patients with 
nasogastric tubes is more effective than treating them 
with PEG immediately because research showed that 

Figure 3 Cumulative incidence of oral feeding. 
Abbreviation: AGT, active gait training.

Table 3 Factors Associated with the Recovery of Oral Feeding

Variables Crude Adjusted*

HR (95% CI) HR (95% CI) P value

Post-AGT 3.3 (1.8–6.0) 4.0 (1.9–8.3) < 0.001
Age 0.97 (0.95–0.99) 0.98 (0.96–1.0) 0.1

Male 0.8 (0.4–1.4) 0.4 (0.2–0.8) 0.006

Gastrostoma 0.2 (0.09–0.6) 0.7 (0.2–2.3) 0.5
Neurological diseases 1.6 (0.8–3.2) 0.9 (0.4–2.0) 0.8

Number of days of non-oral feeding before admission 0.99 (0.98–0.99) 0.99 (0.98–1.0) 0.2

FIM motor items at admission 1.0 (0.98–1.1) 1.1 (0.98–1.1) 0.2
FIM cognitive items at admission 1.1 (1.0–1.1) 1.0 (0.96–1.1) 0.4

Note: *Adjusted HR was calculated from the Cox proportional hazard model with all listed variables. 
Abbreviations: HR, hazard ratio; CI, confidence interval; AGT, active gait training; FIM, Functional Independent Measure.
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gait and swallowing training can effectively help 
patients transition to oral feeding.

This study exhibits several limitations. First, we did not 
assess the swallowing ability of our patients during speech 
therapy. Therefore, the effect of swallowing difficulty on the 
findings in this study was uncertain. Although we adjusted 
the potential confounders, we excluded the swallow function, 
and some other important confounders might be 

incorporated. Thus, our findings could be different when 
the assessment of swallowing function was conducted. 
Second, we did not consider the distance in and frequency 
of the gait training. Although we assessed whether gait 
training was conducted for patients who were severely dis-
abled, we did not examine the details of the gait training. The 
relationship between the total load and recovery of oral 
feeding should be evaluated in the future. Third, this study 
was a pre-post comparison between Pre-AGT and Post-AGT 
which was not robust. However, a multivariable Cox propor-
tional hazard model was used to adjust potential confounders 
to alleviate the systematic differences in these confounders. 
Finally, generalizing the results of this study should be cau-
tious because this was a single-center study.

Conclusion
After the introduction of AGT, increased recovery of oral 
feeding was observed in this retrospective evaluation. 
Moreover, AGT might increase oral feeding and such recovery 
of oral feeding should lead to improved quality of life which 
leads to patients’ dignity. Therefore, AGT should be consid-
ered for patients with tube feeding to facilitate the probability 
to regain oral feeding even if patients were severely disabled 
and required full assistance during gait training.
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Pre-AGT 
(n = 28)

Post-AGT 
(n = 54)

Orthosis
Knee–ankle–foot orthosis 6 (21) 13 (24) 0.1

Trunk–hip–bilateral knee– 

ankle–foot orthoses

1 (4) 14 (26) 0.2

Bilateral knee–ankle–foot 

orthosis

1 (4) 12 (22) 0.4

Knee orthosis 1 (4) 0 (0) 0.2

Assisted gait 11 (39) 6 (11) 0.5
Walking assistance device 7 (25) 9 (17) 0.3

T-cane 1 (4) 0 (0) 1.0
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