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Abstract
Background  Esophageal cancer surgery requires maintenance and enhancement of perioperative nutritional status and 
physical function to prevent postoperative complications. Therefore, awareness of the importance of preoperative patient 
support is increasing. This study examined the usefulness of using a diary in combination with a wearable fitness tracking 
device (WFT) in patients undergoing surgery for esophageal cancer.
Methods  Ninety-four patients who underwent esophagectomy between February 2019 and April 2021 were included. Physi-
cians, nurses, dietitians, and physical therapists provided diary-based education for the patients. In addition, a WFT was used 
by some patients. The perioperative outcomes of patients who used both the diary and WFT (WFT group) and those who 
used the diary alone (non-WFT group) were compared. In addition, propensity score matching was performed to improve 
comparability between the two groups.
Results  After the propensity score matching, the rate of postoperative pneumonia was significantly lower in the WFT group 
(0% vs. 22.6%, P = 0.005). The postoperative hospital stay was shorter in the WFT group (P = 0.012). Nutritional status 
indices, such as the prognostic nutritional index, also improved significantly in the WFT group at 1 month after surgery 
(P = 0.034). The rate of diary entries was significantly higher in the WFT group (72.3% vs. 28.3%, P < 0.001).
Conclusion  The use of a WFT reduced the incidence of postoperative pneumonia and improved postoperative nutritional 
status and rates of diary entries after esophagectomy, suggesting that its use may be useful for promoting recovery after 
esophagectomy.
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Introduction

Despite continued advancements in minimally invasive 
surgery for esophageal cancer, it remains a highly inva-
sive procedure with a high rate of postoperative complica-
tions and mortality [1–3]. Infectious complications after 

esophagectomy may worsen patient prognosis [4]. Previ-
ous studies have reported that sarcopenia is a risk factor 
for respiratory complications and anastomotic leakage after 
esophagectomy [5, 6]. In this regard, patients undergoing 
esophageal cancer surgery should have their nutritional 
status and physical function maintained and enhanced in 
the perioperative period to prevent postoperative complica-
tions. However, there are only a few reports on patient self-
physical management in the perioperative period and patient 
education to promote recovery after surgery. Furthermore, 
the kind of education that would be useful remains unclear.

In 2017, the Hamamatsu Perioperative Care Team 
(HOPE), a multidisciplinary preoperative management 
team, was established [7]. Beginning in 2019, preoperative 
education using a treatment diary and a wearable fitness 
tracking device (WFT) was added to the HOPE program. 
The diary comprises items describing the state of the body, 
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such as dietary intake, body weight, and exercise. The aim 
of keeping a diary is to help patients develop interest in 
their status and be willing to respond to changes in physi-
cal condition after surgery. The purpose of the WFT is 
to improve motivation for perioperative rehabilitation and 
visualize the amount of physical activity. Previous stud-
ies have reported physical activity levels using WFTs in 
patients with chronic diseases, such as diabetes, heart fail-
ure, and chronic obstructive pulmonary disease [8–11]. In 
addition, there are numerous reports on the use of WFTs 
in patients with cancer, including breast and colorectal 
cancer, showing how the use of WFT during or after treat-
ment affects physical and psychological aspects [12, 13]. 
However, there are no reports on the use of WFTs for 
perioperative patients requiring highly invasive surgery, 
such as esophageal cancer surgery, and the usefulness of 
WFTs in the perioperative period is unclear. Therefore, we 
hypothesized that the preoperative use of a WFT would be 
associated with accelerated recovery after surgery. This 
study investigated the usefulness of a combination of diary 
and WFT in the perioperative management of esophageal 
cancer surgery.

Patients and methods

Patients

A total of 98 patients underwent esophagectomy between 
February 2019 and April 2021 at the Department of Sur-
gery at Hamamatsu University School of Medicine. Of 
the 98 patients, 94 were included in the analysis, and 4 
patients who underwent 2-stage surgery were excluded. 
Without preoperative treatment, HOPE intervention began 
when the surgery was decided after the first visit, and at 
the same time, the use of WFTs was confirmed. For those 
with neoadjuvant therapy, HOPE interventions were ini-
tiated at the time of neoadjuvant therapy initiation, and 
after chemotherapy, WFTs were confirmed for use when 
surgery was decided. Informed Consent (IC) for using 
WFT was obtained in all essential cases except when the 
device was lacking. There were 8 (8.5%) patients in whom 
IC was not obtained due to lack of device, 5 (5.3%) who 
were excluded due to inadequate understanding of WFT, 
40 (42.6%) who refused to wear WFT, and 41 (43.6%) who 
agreed to wear WFT. Patients were excluded if they had an 
inadequate understanding of how to charge and operate the 
WFT. The reasons for refusing to wear the WFT include: 
(1) the patients were not used to wearing it, and (2) they 
felt like they were being monitored (Online Resource 1). 
The patients were divided into 2 groups: 41 in the WFT 
group and 53 in the non-WFT group.

The HOPE protocol for esophagectomy

The HOPE protocol for esophagectomy was previously 
reported [7]. HOPE is composed of multiple professions that 
initiate interventions as soon as possible for those sched-
uled for surgery and provide guidance on abstinence from 
alcohol, tobacco use, and oral care. The patient’s physical 
function and nutritional status were evaluated, and the inter-
vention was carried out according to the patient’s condition.

Following the surgery, early mobilization was encour-
aged while providing care to relieve pain. The dietician and 
rehabilitation staff regularly intervened within the first year 
after discharge.

Preoperative education on using the WFT and diary

In addition to previously instated HOPE programs for 
patients scheduled for esophagectomy, we explained how 
to use the diary and provided lifestyle guidance (Fig. 1). 
The patients who wore WFTs were given instructions on 
how to use them. The Fitbit Alta HR or inspire HR (Fitbit; 
San Francisco, CA) was used in this study. The Fitbit can 
automatically measure the patient’s heart rate, step count, 
calories consumed, activity time, and sleep time. In this 
study, the WFT and diary were used from the time of HOPE 
intervention until 1 month after postoperative discharge. 
This study was approved by the Clinical Research Ethics 
Committee of Hamamatsu University School of Medicine 
(approval No. 19–093).

Assessment of perioperative outcomes

The duration of ventilator use and oxygen administra-
tion after extubation were summed as the length of days 
of postoperative oxygen administration. We assessed 
the occurrence of postoperative complications, includ-
ing pneumonia and anastomotic leakage of grade II and 
higher, according to the Clavien-Dindo classification 
[14]. Postoperative pneumonitis was assessed using the 
scores on the Utrecht Pneumonia Scoring System [15]. We 
assessed ingestion according to the interval between sur-
gery and oral intake initiation, which was defined as eating 
meals such as rice gruel and other foods, excluding fluids 
and jelly used for swallowing rehabilitation. In the evalu-
ation of early mobilization, the patients were concluded 
to have achieved standing if they could stand the day after 
surgery and have achieved ambulation if they could walk 
a few meters using a walker. The body weight at 1 month 
after surgery and the weight loss rate compared with their 
preoperative values were calculated. Energy intake at 
discharge was extracted from the medical records. The 
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average and the ratio to the nutritional requirements (NR) 
of energy intake for meals, oral supplementation (ONS), 
and enteral nutrition (EN) during the 3 days prior to dis-
charge were calculated. NR was calculated as follows: NR 
= basal energy expenditure (BEE) ×1.3. BEE was cal-
culated using the Harris-Benedict equation [16]. Nutri-
tional status was assessed using the Glasgow prognostic 
score (GPS) and prognostic nutritional index (PNI), as 
well as serum levels of C-reactive protein (CRP), albumin, 
and transthyretin. PNI was calculated using two factors, 
blood albumin level and peripheral lymphocyte count, as 
reported by Onodera et al. [17]. GPS was based on a com-
bination of CRP level and albumin level [18]. Body com-
position was assessed by the skeletal muscle index (SMI), 
body fat mass, and leg muscle mass using the Inbody S10 
(Inbody, Tokyo, Japan). In addition, to assess changes in 
nutritional status prior to surgery, GPS was calculated at 
two time points: at the initial visit and prior to surgery.

Regarding use of the diary, the rate of diary entries was 
calculated and evaluated. When more than the minimum 
description, such as body weight and dietary intake, was 
provided, it was judged that a diary entry had been made. 
In this study, the WFT-wearing rate was captured from 
pulse recordings, and the number of days that it was worn 
for > 12 h/day was determined as previously described [19]. 
We calculated the number of days the WFT was worn as 
the difference between the days the WFT was worn and the 
preoperative days.

Statistical analyses

Differences in continuous variables between the two groups 
were assessed using the Mann–Whitney U test, whereas 
nominal variables were assessed using the chi-square test 
or Fisher’s exact test. Patients were matched according to 
four variables, namely, age, sex, neoadjuvant therapy, and 

Fig. 1   Perioperative HOPE program, including use of a diary and WFT. HOPE Hamamatsu Perioperative Care Team, WFT wearable fitness 
tracking device
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body mass index (BMI), to control potential confound-
ers. Propensity scores for all patients were estimated with 
multiple logistic regression analysis. The two groups were 
identified using a 1:1 matching ratio, and no restoration 
extraction was performed. The caliper for matching was set 
to 0.03, which is the standard deviation multiplied by 0.2. 
Univariate analysis was performed to examine whether age, 
preoperative physical factors (neoadjuvant therapy, BMI, 
%vital capacity, forced expiratory volume % in 1 s, PNI, 
transthyretin level, and SMI), and WFT use were associated 
with postoperative pneumonia. Multiple logistic regression 
analysis for the association of the dependent variables with 
postoperative pneumonia was performed. Statistical analyses 
were performed using IBM SPSS statistics 27.0 for Mac 
(IBM, Armonk, NY, USA). The statistical significance level 
was set at P value of < 0.05.

Results

Propensity score matching matched 31 patients in the WFT 
and non-WFT groups. The characteristics of patients before 
and after propensity score matching are shown in Table 1. 

Before propensity score matching, the patients in the WFT 
group were significantly younger and had early-stage cases 
in oncological factors. After propensity score matching, 
there were no significant differences in patient characteris-
tics. The perioperative outcomes are shown in Table 2. There 
was no significant difference in the duration of postoperative 
oxygenation (3 vs. 4 days, P = 0.046) or days to initiation 
of oral intake (11 vs. 12 days, P = 0.754). Early mobiliza-
tion by standing on the first day after surgery was achieved 
in 90.3% of patients in the WFT group and 100% in the 
non-WFT group, with no significant difference between the 
two groups (P = 0.119). There was also no significant dif-
ference in the percentage of patients achieving ambulation 
on postoperative day 1 between the WFT (58.1%) and non-
WFT (64.5%) groups (P = 0.397). The overall postoperative 
complication rate of Clavien-Dindo grade II or higher was 
5 (16.1%) and 12 (38.7%) (P = 0.043) in the WFT and non-
WFT groups, respectively, with a significantly lower rate 
in the WFT group. The postoperative complication rate of 
grade III or higher was 5 (16.1%) and 11 (35.5%), respec-
tively (P = 0.073). The incidence of postoperative pneumo-
nia of Clavien-Dindo grade II or higher was significantly 
lower in the WFT group than in the non-WFT group (0% vs. 

Table 1   Patient characteristics

WFT wearable fitness tracking device, PS Performance Status, %VC percentage of vital capacity, FEV1.0% forced expiratory volume % in 1 s
*Median (interquartile range: 25th percentile to 75th percentile)
† Mean ± standard deviation

Before propensity score matching After propensity score matching

WFT
N = 41

Non-WFT
N = 53

P value WFT
N = 31

Non-WFT
N = 31

P value

Age (years)* 64 (60–70) 69 (65–74)  < 0.001 67 (62–71) 68 (63–73) 0.530
Sex
Male/female 32/9 47/6 0.133 27/4 27/4 0.646
PS 0/1/2/3/4 36/5/0/0/0 37/14/1/1/0 0.185 26/5/0/0/0 21/9/0/1/0 0.263
Pathological findings
pT 0/1/2/3/4 2/25/0/11/3 2/17/7/26/1 0.006 2/19/0/8/2 2/10/3/15/1 0.083
pN 0/1/2/3 18/14/1/8 16/17/14/6 0.014 14/10/1/6 8/11/8/4 0.057
Preoperative weight (kg)* 61.0 (53–67) 58.0 (51–64) 0.371 61.1 (56.9–66.6) 59.3 (55.5–63.2) 0.285
Body mass index (kg/m2)* 21.9 (20–23) 21.1 (20–25) 0.723 20.2 (19.3–22.7) 21.7 (20.4–24.0) 0.961
Brinkman index* 610(300–800) 495(0–901) 0.659 620 (400–800) 600 (158–975) 0.902
Respiratory function
%VC (%)† 101.8 ± 9.3 95.8 ± 11.9 0.167 95.5 ± 20.7 98.6 ± 12.7 0.958
FEV1.0% (%)† 73.6 ± 7.2 72.3 ± 8.7 0.474 74.9 ± 7.6 71.9 ± 8.8 0.237
Neoadjuvant therapy 15(36.6%) 28 (52.8%) 0.087 15 (48.4%) 15 (48.4%) 0.600
Surgical approach 0.774 0.789
Thoracoscopy + laparoscopy 21 (51.2%) 25 (47.2%) 14 (45.2%) 13 (41.9%)
Thoracoscopy + laparotomy 11 (26.8%) 15 (28.3%) 8 (25.8%) 9 (29.0%)
Thoracotomy + laparoscopy 5 (12.2%) 7 (13.2%) 5 (16.1%) 4 (12.9%)
Thoracotomy + laparotomy 3 (7.3%) 6 (11.3%) 3 (9.7%) 5 (16.1%)
Mediastinoscopy + laparoscopy 1 (2.4%) 1 (3.2%)
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22.6%, P = 0.005). There was no significant difference in the 
incidence of anastomotic leakage between the two groups 
(WFT group 9.7% vs. non-WFT group 6.5%, P = 0.500). 
The median postoperative hospital stay was 22 days in the 
WFT group and 29 days in the non-WFT group, and was 

significantly shorter in the WFT group (P = 0.012). There 
was no significant difference between the two groups in 
body weight and weight loss rate at 1 month after surgery 
(57.3 vs. 54.7 kg, P = 0.226 and 5.8% vs. 5.7%, P = 0.569, 
respectively).

Table 2   Postoperative outcomes

WFT wearable fitness tracking device, ONS oral nutrition supplementation, EN enteral nutrition, PNI prog-
nostic nutritional index, GPS Glasgow prognostic score, CRP C-reactive protein, SMI skeletal muscle mass 
index
*Median (interquartile range: 25th percentile to 75th percentile)
† Mean ± standard deviation
a Achieved on postoperative day 1
b Clavien-Dindo grade Classification
c Clavien-Dindo grade II or higher
d Average of 3 days before discharge
e Rate of intake relative to nutritional requirements
f Values at 1 month after surgery rate of change in the values from preoperative to 1 month postoperative

WFT
N = 31

non-WFT
N = 31

P value

Postoperative oxygenation (days)* 3 (3–4) 4 (3–8) 0.046
Initiation of oral intake (days)* 11 (10–16) 12 (9–15) 0.754
Early ambulation
Achievement of standinga 28 (90.3%) 31 (100%) 0.119
Achievement of ambulationa 18 (58.1%) 20 (64.5%) 0.397
Any complicationb

Grade II or higher 5 (16.1%) 12 (38.7%) 0.043
Grade III or higher 5 (16.1%) 11 (35.5%) 0.073
Anastomotic leakagec 3 (9.7%) 2 (6.5%) 0.500
Pneumoniac 0 (0) 7 (22.6%) 0.005
Energy intake at discharge*,d

Total (kcal/day) 1440 (1290–1800) 1400 (1159–1730) 0.257
Meal (kcal/day) 500 (400–790) 500 (199–637) 0.083
ONS (kcal/day) 280 (160–500) 0 (0–410) 0.049
EN (kcal/day) 600 (500–600) 600 (400–900) 0.288
Rate of energy intake at discharge*,d,e

Total (%) 84.8 (69.9–99.5) 80.5 (63.7–96.4) 0.335
Meal (%) 30.5 (24.3–41.4) 27.3 (10.9–36.9) 0.107
ONS (%) 14.2 (8.6–29.5) 0.0 (0.0–22.3) 0.052
EN (%) 31.7 (28.9–37.9) 37.0 (26.8–61.2) 0.087
Postoperative hospital stay (days)* 22 (20–29) 29 (24–36) 0.012
Postoperative weight (kg)*,f 57.3 (52.9–62.9) 54.7 (51.7–58.6) 0.226
Rate of weight loss (%)*,f 5.8 (4.0–7.1) 5.7 (4.3–8.7) 0.569
Postoperative nutritional status†,f

PNI 46.2 (40.8–49.7) 42.6 (37.8–45.9) 0.034
GPS 0/1/2 25/6/0 14/13/4 0.008
Albumin level (g/dl) 3.9 (3.6–4.1) 3.6 (3.2–3.9) 0.013
Transthyretin level (g/dl) 24.4 (21.5–26.0) 19.4 (15.0–22.9) 0.001
CRP level (mg/dl) 0.14 (0.09–0.31) 0.35 (0.15–1.60) 0.018
Postoperative body composition*,f

SMI (kg/m2) 7.0 (6.2–7.3) 6.3 (6.2–7.2) 0.228
Body fat (%) 21.0 (16.3–23.9) 21.7 (17.6–27.3) 0.416
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The energy intake from food and ONS at discharge was 
significantly increased in the WFT group (500 vs. 500 kcal, 
P = 0.083 and 280 vs. 0  kcal, P = 0.049, respectively). 
There was no significant difference in energy intake from 
EN between the two groups (600 vs. 600 kcal, P = 0.288). 
There was also no significant difference in the proportions 
of food intake, ONS, and EN between the two groups (30.5% 
vs. 27.3%, P = 0.107; 14.2% vs. 0%, P = 0.052; 31.7% vs. 
37.0%, P = 0.087, respectively). The preoperative PNI was 
not significantly different between the two groups in terms of 
nutritional assessment. However, at 1 postoperative month, 
the PNI was significantly better in the WFT group than in the 
non-WFT group (46.2 vs. 42.6, P = 0.034). Serum albumin 
and transthyretin levels were also significantly higher in the 
WFT group (3.9 vs. 3.6 g/dl, P = 0.013 and 24.4 vs. 19.4 g/
dl, P = 0.001, respectively). CRP levels were significantly 
lower in the WFT group (0.14 vs. 0.35 mg/dl, P = 0.018). 
SMI and body fat were not significantly different between 
the two groups (7.0 vs. 6.3 kg/m2, P = 0.228 and 21.0% 
vs. 21.7%, P = 0.416, respectively). Similar results were 
observed in GPS (Table 2, Online Resource 2). There was 
no significant difference in perioperative GPS between the 
two groups at the initial visit (GPS 0/1/2: 26/5/0 vs. 24/5/2, 
p = 0.353). Just before surgery, GPS was improved in the 
WFT group (score 0/1/2: 31/0/0 vs. 26/4/1, P = 0.066), and 
was also significantly improved in the WFT group 1 month 
after surgery (score 0/1/2: 25/6/0 vs. 14/13/4, P = 0.008).

Multiple logistic regression analysis revealed that the use 
of WFT significantly reduced the incidence of postoperative 
pneumonia (odds ratio [OR] 0.086, confidence interval [CI] 
1.31–102.23, P = 0.027; Table 3).

The outcomes associated with the diary are shown in 
Table 4. The diary entry rate was significantly higher in the 
WFT group (72.3% vs. 28.3%, P < 0.001). The majority of 
patients in the WFT group had diary entry rates of ≥ 70%, 

while the majority in the non-WFT group had ≤ 50%. There 
was one patient in the WFT group and two in the non-WFT 
group who lost their diary, but the difference was not signifi-
cant between the two groups (1/30 [3.3%] vs. 2/21 [9.5%], 
P = 0.361).

The mean WFT-wearing rate was 91.8% ± 11.8%, and it 
was more than 80% in 35 cases (85.4%) (Online Resource 
3). The mean preoperative step count in patients with WFT 
was 7662 ± 3066 steps/days. When the mean preoperative 
step count was divided into two groups (≥ 7000 and < 7000 
steps/day), there was no significant difference in periop-
erative outcomes. However, the oral intake (meal) rate at 
discharge (35.6% vs. 24.2%, P = 0.040) and diary entries 
(84.7% vs. 64.0%, P = 0.043) were also higher in the group 
that walked ≥ 7000 steps/day preoperatively compared with 
the other group (Online Resource 4–6).

Discussion

The main findings of this study were that patients wearing 
a WFT had a significantly lower rate of postoperative pneu-
monia. In addition, the use of WFTs was found to increase 
the rate of diary entries and affect the postoperative course. 

Table 3   Logistic regression 
analysis of postoperative 
pneumonia

OR odds ratio, 95% CI confidence interval, %VC percentage of vital capacity, FEV1.0% forced expiratory 
volume % in 1 s, PNI prognostic nutritional index, SMI skeletal muscle mass index, WFT wearable fitness 
tracking device

Univariate logistic regression 
(N = 94)

Multiple logistic regression 
(N = 94)

OR P value 95% CI OR P value 95% CI

Age (years) 1.037 0.366 0.96–1.12 1.03 0.468 0.95–1.12
Neoadjuvant therapy (yes/no) 0.670 0.535 0.19–2.37 0.80 0.748 0.20–3.15
Preoperative body mass index (kg/m2) 0.968 0.754 0.79–1.19
Preoperative %VC (%) 0.993 0.730 0.96–1.03
Preoperative FEV1.0% (%) 0.978 0.572 0.91–1.06
Preoperative PNI 1.015 0.804 0.90–1.14
Preoperative transthyretin level (g/dl) 1.035 0.522 0.93–1.15
Preoperative SMI (kg/m2) 1.273 0.484 0.689–2.36 1.75 0.151 0.81–3.78
Use of WFT (yes/no) 0.111 0.037 1.14–75.98 0.086 0.027 1.31–102.23

Table 4   Diary outcomes

WFT wearable fitness tracking device
*Mean ± standard deviation

WFT
N = 30

Non-WFT
N = 21

P value

Rate of description (%)* 72.3 ± 31.6 28.3 ± 12.4  < 0.001
 ≥ 50% of the description 23 (76.7%) 2 (9.5%)  < 0.001
Loss of diary 1 (3.3%) 2 (9.5%) 0.361
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To our knowledge, this is the first study to report that WFT 
promotes early recovery after esophagectomy.

Preoperative education for patients undergoing highly 
invasive surgery, such as esophageal cancer resection, is par-
ticularly critical to support patients in anticipation of early 
postoperative recovery. Previous studies on WFTs and step 
counts have reported that daily checks may lead to greater 
awareness of measured and targeted values and also increase 
step counts [20–22]. The amount of physical activity before 
esophagectomy is associated with the risk of postoperative 
pneumonia, and the incidence of pneumonia decreases as the 
amount of physical activity increases [23]. In this study, the 
incidence of postoperative pneumonia was lower in the WFT 
group than in the non-WFT group, suggesting that the use of 
WFT may have maintained and increased physical activity 
before surgery. Although this is indirect evidence because 
the amount of activity in the non-WFT group was not visual-
ized, GPS was improved preoperatively in the WFT group. 
This suggests that the nutritional status of the WFT group 
may have improved along with maintenance and increase in 
activity, which may have consequently contributed to reduc-
tions in postoperative pneumonia.

The incidence of pneumonia (22.6%) in the non-WFT 
group of this study was slightly high, but it was not con-
sidered to be remarkably higher than approximately 15% 
of postoperative pneumonia, according to the analysis of 
the Japanese National Clinical Database [1]. Additionally, 
pneumonia may be diagnosed more often in our facility 
than in other facilities because the computed tomography 
is routinely examined in the first week postoperatively in 
our facility.

WFTs have been reported to be effective in promoting 
activity after surgery. A randomized controlled trial (RCT) 
of colorectal and endometrial cancer survivors who had 
completed active cancer treatment showed that the physical 
activity was significantly improved in the intervention group 
[12]. A pilot RCT of non-metastatic or recurrent colorectal 
cancer patients who had completed curative therapy showed 
that the WFT increased their motivation to exercise [24]. 
Although these studies used post-treatment interventions, 
the use of WFT before surgery, as in this study, can similarly 
motivate physical activity and promote recovery, which may 
influence perioperative outcomes. Postoperative pneumonia 
is a common complication after esophagectomy. For the pur-
pose of reducing postoperative complications such as pneu-
monia, it may be useful to visualize preoperative physical 
activity of the patients as much as possible and voluntarily 
increase their activity using WFT.

Postoperative EN might decrease the incidence of pneu-
monia after esophagectomy [25], and all patients in this 
study received EN postoperatively. Moreover, it is also rec-
ommended that oral intake be prioritized over EN and paren-
teral nutrition in postoperative nutritional management [26]. 

The WFT group had shorter postoperative hospital stays and 
better PNI and albumin levels at 1 month after surgery, sug-
gesting that oral intake was stabilized earlier than the non-
WFT group. One of the reasons for the better oral intake in 
the WFT group was that the patients using WFT might have 
been able to maintain their motivation for physical activity 
after the surgery and restore their oral intake according to 
their activity level. In the WFT group, patients with a mean 
preoperative step count of ≥ 7000 steps/day tended to have 
a higher meal intake than those with a mean preoperative 
step count of ≤ 7000 steps/day, suggesting that the activity 
and oral intake are related. The non-WFT group had a higher 
incidence of postoperative pneumonia than the WFT group, 
and the prolonged inflammation may have led to reduced 
oral intake. Although we did not investigate the dietary 
intake at 1 month postoperatively, these findings suggest 
that oral intake in the WFT group may be higher at 1 month.

This study showed that the rate of diary entries was higher 
in the WFT group. Objective monitoring of the patients’ 
physical condition using the WFT may have encouraged 
them to maintain diary entries. To produce behavioral 
changes in daily life, patients require feedback on their 
behaviors [27, 28]. We assumed that the diary would be the 
patient’s own self-assessment tool and that this feedback 
would motivate their preparations for surgery. The greater 
attention paid to diary maintenance in patients using WFTs 
may have motivated them to recover after surgery. In this 
study, the rate of diary entries was low in the non-WFT 
group that used diary only, and the rate of diary entries was 
high when used in combination with WFTs. Therefore, it 
is considered that the effect of the diary alone is limited to 
the subjects of this study. A previous RCT of patients with 
heart failure using diaries found that higher diary use leads 
to longer survivorship, suggesting that higher engagement in 
self-care behaviors is associated with improvement of heart 
failure outcomes [29]. The present study also showed a high 
rate of diary entries with the WFT, which may have led to 
increasing involvement in self-care behaviors and usefulness 
of the diary. This appeared to have affected the maintenance 
of physical activity, early stabilization of oral intake, and 
early discharge after surgery.

This study has some limitations. First, the WFT group 
comprised patients who voluntarily used WFTs. Thus, 
patients in the WFT group may have been more invested in 
managing their bodies than those in the non-WFT group. 
The use of WFT as indicated may be influenced by the 
patient's willingness to participate in the treatment. How-
ever, we believe that not only patient’s willingness to be 
treated, but also various factors influenced their participation 
in this study, such as non-participation due to lack of WFT 
in the initial period of the study and refusal to use devices 
due to patients’ daily habits. It is difficult to visualize and 
quantify factors, such as patients’ willingness to be treated 
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and habits; therefore, it is impossible to add to the adjust-
ment factors for propensity score matching, and we believe 
that this is one of the key limitations of this study. Second, 
there is no objective data to show the amount of activity in 
the non-WFT group. Therefore, it is not possible to make 
a direct comparison with the WFT group regarding preop-
erative activity. In this study, we estimated activity in the 
non-WFT group based on preoperative nutritional status. In 
addition, the interval between the initial visit and surgery 
varied from patient to patient, and these data are preliminary 
and considered as limitation to the study.

Third, the results of this study may not be universal, as 
only a limited number of cases from a single center are 
included in the analysis. However, this study is the first 
attempt to analyze the usefulness of the WFT in periop-
erative patients with esophageal cancer. It is also expected 
that mobile devices will be widely operationalized in the 
future healthcare fields and the prospects that the available 
information will be obtained [30]. Mobile devices are also 
expected to be applied in the surgical field, and we believe 
that this study will provide foundational material for future 
multi-institutional collaborations and studies with a high 
level of evidence.

Future directions for this area of research include increas-
ing the number of cases and verifying the effective interven-
tions and long-term effects of patient support using a WFT 
and diary prior to esophagectomy.

Conclusion

In this study, the use of WFT was associated with reduced 
incidence of postoperative pneumonia, early stabilization of 
oral intake, and improved rates of diary maintenance. These 
findings suggest that the use of WFT can help promote early 
recovery after esophagectomy.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10388-​021-​00893-3.

Acknowledgements  We would like to thank all patients who partici-
pated in this study. This work was partially supported by JSPS KAK-
ENHI Grant Number 19K11297.

Author contributions  Study conception and design: JH, YH, and SK. 
Provision of study materials or patients: HT, KK, HK, YM, and TM. 
Collection and assembly of data: JH and SK. Analysis and interpre-
tation: JH, YH, SK, EB, and KM. Final approval of manuscript: all 
authors.

Declarations 

Ethical statement  All study procedures were in accordance with the 
ethical standards of the responsible committee on human experimenta-
tion (institutional and national) and with the 1964 Helsinki Declaration 

and later versions. Informed consent or its substitute was obtained from 
all patients for inclusion in the study.

Conflict of interest  All authors declare that they have no conflict of 
interest. This work was partially supported by JSPS KAKENHI Grant 
Number 19K11297.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Takeuchi H, Miyata H, Gotoh M, et  al. A risk model for 
esophagectomy using data of 5354 patients included in a Japanese 
nationwide web-based database. Ann Surg. 2014;260:259–66.

	 2.	 Takeuchi H, Miyata H, Ozawa S, et al. Comparison of short-term 
outcomes between open and minimally invasive esophagectomy 
for esophageal cancer using a nationwide database in Japan. Ann 
Surg Oncol. 2017;24:1821–7.

	 3.	 Kikuchi H, Takeuchi H. Future perspectives of surgery for esopha-
geal cancer. Ann Thorac Cardiovasc Surg. 2018;24:219–22.

	 4.	 Kataoka K, Takeuchi H, Mizusawa J, et al. Prognostic impact 
of postoperative morbidity after esophagectomy for esopha-
geal cancer: exploratory analysis of JCOG9907. Ann Surg. 
2017;265:1152–7.

	 5.	 Ida S, Watanabe M, Yoshida N, et al. Sarcopenia is a predictor of 
postoperative respiratory complications in patients with esopha-
geal cancer. Ann Surg Oncol. 2015;22:4432–7.

	 6.	 Makiura D, Ono R, Inoue J, et al. Preoperative sarcopenia is a 
predictor of postoperative pulmonary complications in esophageal 
cancer following esophagectomy: a retrospective cohort study. J 
Geriatr Oncol. 2016;7:430–6.

	 7.	 Kawata S, Hiramatsu Y, Shirai Y, et al. Multidisciplinary team 
management for prevention of pneumonia and long-term weight 
loss after esophagectomy: a single-center retrospective study. 
Esophagus. 2020;17:270–8.

	 8.	 Van Remoortel H, Giavedoni S, Raste Y, et al. Validity of activity 
monitors in health and chronic disease: a systematic review. Int J 
Behav Nutr Phys. 2012;9:84.

	 9.	 Demeyer H, Burtin C, Remoortel V, et al. Standardizing the analy-
sis of physical activity in patients with COPD following a pulmo-
nary rehabilitation program. Chest. 2014;146:318–27.

	10.	 Polgreen LA, Anthony C, Carr L, et al. The effect of automated 
text messaging and goal setting on pedometer adherence and phys-
ical activity in patients with diabetes: a randomized controlled 
trial. PLoS ONE. 2018;13:e0195797.

	11.	 Krik MA, Amiri M, Pirbaglou M, et al. Wearable technology and 
physical activity behavior change in adults with chronic cardio-
metabolic disease: a systematic review and meta-analysis. Am J 
Health Promot. 2019;33:778–91.

	12.	 Maxwell-Smith C, Hince D, Cohen PA, et al. A randomized 
controlled trial of WATAAP to promote physical activity in 

https://doi.org/10.1007/s10388-021-00893-3
http://creativecommons.org/licenses/by/4.0/


268	 Esophagus (2022) 19:260–268

1 3

colorectal and endometrial cancer survivors. Psychooncology. 
2019;28:1420–9.

	13.	 Marthick M, Dhillon HM, Alison JA, et al. An interactive web 
portal for tracking oncology patient physical activity and symp-
toms: prospective cohort study. JMIR Cancer. 2018;4:e11978.

	14.	 Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 6336 
patients and results of a survey. Ann Surg. 2004;240:205–13.

	15.	 Van der Sluis PC, Verhage RJ, van der Horst S, et al. A new clini-
cal scoring system to define pneumonia following esophagectomy 
for cancer. Dig Surg. 2014;31:108–16.

	16.	 Harris JA, Benedict FG (1918) A biometric study of human basal 
metabolism. Proc Natl Acad Sci USA. 370–3

	17.	 Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in 
gastrointestinal surgery of malnourished cancer patients. Nihon 
Geka Gakkai Zasshi. 1984;85:1001–5.

	18.	 Forrest LM, McArdle CS, Angerson WJ, et al. Evaluation of 
cumulative prognostic scores based on the systemic inflammatory 
response in patients with inoperable non-small-cell lung cancer. 
Br J Cancer. 2003;89:1028–30.

	19.	 Harman SD, Barreira TV, Kang M, et al. Impact of accelerometer 
wear time on physical activity data: a NHANES semisimulation 
data approach. Br J Sports Med. 2014;48:278–82.

	20.	 Clemes SA, Parker RA. Increasing our understanding of reactivity 
to pedometer in adults. Med Sci Sports Exerc. 2009;41:674–80.

	21.	 Clemes SA, Matchett N, Wane SL. Reactivity: an issue for short-
term pedometer studies? Br J Sports Med. 2008;42:68–70.

	22.	 Nishiwaki M, Nakashima N, Ikegami Y, et al. Effects of lifestyle 
intervention by the concurrent use of an activity monitor and 
Twitter on physical activity—a randomized intervention study. 
Jpn J Phys Fit Sports Med. 2013;62:293–302.

	23.	 Halliday LJ, Doganay E, Wynter-Blyth, et al. Adherence to pre-
operative exercise and the response to prehabilitation in oespha-
geal cancer patients. J Gastrointest Surg. 2021;25:890–9.

	24.	 Van Blarigan EL, Chan H, Van Loon K, et al. Self-monitoring and 
reminder text messages to increase physical activity in colorectal 
cancer survivor (smart pace): a pilot randomized controlled trial. 
BMC Cancer. 2019;19:218.

	25.	 Takesue T, Takeuchi H, Ogura M, et al. A prospective randomized 
trial of enteral nutrition after thoracoscopic esophagectomy for 
esophageal cancer. Ann Surg Oncol. 2015;22:S802–9.

	26.	 Mc Clave SA, Taylor BE, Mertindale RG, et al. Guidelines for 
provision and assessment of nutrition support therapy in the adult 
critically ill patient: Society of critical care medicine (SCCM) and 
American society for parental and enteral nutrition. J Parenter 
Enter Nutr. 2016;40:159–211.

	27.	 Clemes SA, Parker RA. Increasing our understanding of reactivity 
to pedometers in adults. Med Sci Sports Exerc. 2009;41:674–80.

	28.	 Cui M, Wu X, Mao J, et al. T2DM self-management via smart-
phone applications: a systematic review and meta-analysis. PLoS 
ONE. 2016;11:e0166718.

	29.	 Park LG, Dracup K, Mary A, et  al. Symptom diary use and 
improved survival for patients with heart failure. Circ Heart Fail. 
2017;10:e003874.

	30.	 Savage N. Mobile data: made to measure. Nature. 
2015;527:S12–3.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Usefulness of wearable fitness tracking devices in patients undergoing esophagectomy
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients
	The HOPE protocol for esophagectomy
	Preoperative education on using the WFT and diary
	Assessment of perioperative outcomes
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




