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The spread of coronavirus disease 2019 (COVID-19) has led to
drastic changes in people’s lifestyles, including teleworking and
restrictions on socializing. In the context of observing social
distancing for preventing infection, the need to maintain fitness
and health has attracted particular attention. We aimed to
determine the relationship between the increase in the number
of active users of online diet management applications and
COVID-19 infection rates in Japan. A total of 1.5 million rows of
log data was analyzed. The active number of users of online diet
management applications increased with increase in the number
of COVID-19 infections. The active user number in Kanagawa
Prefecture, where the first cases of COVID-19 were reported in
Japan, was particularly high. Moreover, there was a significant
increase in the user number in prefectures under a state of
emergency when compared to that in prefectures not under a
state of emergency. The social anxiety caused by COVID-19 is
expected to increase the demand for online health management
applications further. The use of such programs can aid in
achieving social distancing while enabling users to maintain
healthy lifestyles.
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Coronavirus disease 2019 (COVID-19), an infectious disease
caused by the novel coronavirus (2019-nCoV, SARS-

CoV-2), was first identified in 2019 near Wuhan City, Hubei
Province, China.(1) SARS-CoV-2 has caused a global pandemic
of COVID-19 owing to its highly latent viral characteristics.(1)

With the COVID-19 global pandemic, the world has entered
what is now referred to as the COVID-19 era.(2) The spread of
COVID-19 has led to major changes in people’s lifestyles,
including teleworking and restrictions on socializing. The global
economy has adapted to make the best use of information
technology (IT) to ensure social distancing.

In Japan, the first state of emergency was declared on April 7,
2020, covering seven prefectures including Tokyo, Kanagawa,
Osaka, and Fukuoka. On April 16, 2020, the state of emergency
was extended to cover the entire country. The original emergency
deadline was set for May 6; however, it was subsequently
extended to May 31 for the entire country. On May 14, the state
of emergency declarations for all but eight prefectures, including
Tokyo, Kanagawa, and Osaka, were lifted. Subsequently, on May
25, the state of emergency declarations for all prefectures were
lifted. However, the subsequent public health situation has
continued to significantly impact people’s lives.

It is generally accepted that diet, exercise, and sleep are

important for a healthy life. However, in the COVID-19 era,
activities related to these components are changing significantly.
In Japan, a stay-at-home policy has been proposed to prevent
infection, and consequently, online diet management services
have received considerable attention as a means of addressing the
aforementioned needs. However, the association between the use
of online services for diet management and the spread of
COVID-19 era still needs to be studied. In Japan, several online
meal management services provide advice on selecting cooking
ingredients, cooking methods, and ways to “plate” food. In this
context, Oishi Kenko Inc. has been offering personalized meal
management services based on the user health status since 2016.
In this study, we considered the user data from the company to
investigate the association between the increase in the active user
number and the infection status in active user resident areas and
their distance from areas under the state of emergency. The
results showed an increase in the widespread use of online
IT-based services for health management and monitoring driven
by social anxiety and the imposition of social distancing
measures during the COVID-19 pandemic.

Materials and Methods

Design. Observational study.
Setting. The logs of an online diet management application

were analyzed.
Participants. Oishi Kenko Inc. (https://oishi-kenko.com/)

offers a dietitian-directed recipe search and menu creation service
for the prevention and management of diseases as well as weight
loss via web and mobile applications (iOS and Android). In this
study, we analyzed the logs of an online diet management appli‐
cation. This study was approved by Kyoto Prefectural University
of Medicine, Clinical Research Review Board (ERB-C-1638).
The consent for this study was obtained by the opt-out approach.
Oishi Kenko Inc. declares that data obtained from the service is
to be used for research related to healthcare as per Article 10
“Utilization of usage status, etc.” on its website (https://oishi-
kenko.com/terms). If the user does not agree with the declaration
during registration for the use of the service, they can choose not
to register. Existing users who disagree with these terms can
express their refusal in the form of withdrawal from the service.

In this study, we used data from both the web and mobile
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applications. We re-moved individual-identifiable information
from the data, and the anonymized active user information, menu
preparation information, and recipe search information were
exported. The number of active users was calculated for each
ISO week from W01 (Week 1) to W21 (Week 21), 2020.
COVID-19 infection information was obtained from reports

on the number of COVID-19 cases (outbreaks, domestic
outbreaks, airport quarantine cases, overseas situation, and total
number of COVID-19 cases) in Japan as provided by the
Ministry of Health, Labour and Welfare (MHLW) from Toyo
Keizai under the MIT license.(3,4)

The population and number of households in each prefecture
and the prefecture location were used to characterize the area of
residence of the active users. The estimate of the population in a
prefecture was based on population estimates as of October 1,
2017.(5) The number of households by prefecture was based on
the 2019 estimates of the number of households in Japan.(6)

Distances between prefectures were estimated based on straight-
line point-to-point distances between prefectural offices.(7)

Definitions. In this study, we analyzed the data corre‐
sponding to the duration from ISO W01 to W21, 2020. The first
COVID-19 infection in Japan was identified on February 1 (ISO
W05), 2020, in Kanagawa Prefecture. Weeks W01–W04 were
defined as the pre-COVID-19 era, and we used the data of W03
as a reference for the pre-COVID-19 era in Japan. Moreover, we
defined the COVID-19 era as W05–W21 and the duration of the
state of emergency as W15–W21. In Japan, the first state of
emergency was declared on April 7 (ISO W15), covering seven
prefectures including Tokyo, Kanagawa, Osaka, and Fukuoka.
On May 25 (first day of ISO W22), the state of emergency decla‐
rations for all prefectures were lifted.
The cumulative number of infected people during the state of

emergency was estimated on April 12, 2020 (last day of ISO
W15). The number of newly infected people during the state of
emergency was defined as the number of newly infected people
in April 5–12, 2020 (ISO W15). The cumulative infection rate
during the state of emergency was defined as the cumulative
number of infected people as estimated on April 12, 2020,
divided by the population of the province. The rate of new infec‐
tions during the state of emergency was calculated as the number
of new infections divided by the population of the prefecture in
April 5–12, 2020 (ISO W15).
The active user number was standardized by the number of

active users per 1,000 households in the prefecture. The number
of active online diet management application users before the
COVID-19 era was defined as the number of active users in the
week of January 13–19, 2020 (ISO W03). The active user
number during the state of emergency was defined as that in the
week of April 5–12, 2020 (ISO W15). We also estimated the rate
of new infections and the active user number in the week of May
18–24, 2020 (ISO W21). The increase in the active user number
during the state of emergency was defined as the number of
active users per 1,000 households at ISO W15 or ISO W21
subtracted by the number of active users per 1,000 households at
ISO W03.

Statistical methods. We conducted a t test for continuous
variables between the two types of areas considered (areas
covered by the state of emergency and those not covered by the
emergency), and we conducted a chi-squared test to evaluate the
differences in pro-portions between the covered and non-covered
areas. To clarify the association between the number of active
users per 1,000 households and the cumulative infection rate or
geographical distance from Tokyo (Japan’s capital city, which
exhibited the highest cumulative infection rate) or the prefectures
wherein a state of emergency was declared for COVID-19, we
generated scatterplots and asymptotic lines. The associations
were evaluated by means of Pearson’s correlation coefficient. A
p value of ≤0.05 was considered statistically significant. We

analyzed all data using SPSS software (ver. 25; SPSS Inc.,
Chicago, IL). In the study, the continuous variables are presented
as means with SD.

Results

We analyzed a total of 1.5 million rows of log data and
conducted a spatial epidemiological study of the number of
active users per 1,000 households. Changes in the cumulative
infection rate per population and the number of active users per
1,000 households in each prefecture were projected onto a map
of Japan (Fig. 1). During ISO W03, no COVID-19 infections
were identified in Japan except in Kanagawa Prefecture (Fig. 1
and Supplemental Fig. 1*). After ISO W04, the number of
COVID-19 patients in Japan increased gradually, and the infec‐
tion began to spread to different prefectures (Supplemental
Fig. 1*). Simultaneously, the number of active online diet
program users per household increased (Fig. 1). Figure 2 displays
the trends in infections and active users over time. It can be
observed that the number of active users per 1,000 households
increased along with the cumulative infection rate per population.
After ISO W13, the rate of infection increased dramatically in
some prefectures, with Tokyo exhibiting the highest cumulative
infection rate (Fig. 2). Subsequently, the number of active users
per 1,000 households increased in some prefectures (Fig. 2).
The number of active users per 1,000 households increased

significantly in the prefectures under a state of emergency, as
listed in Table 1. The number of active users doubled after the
declaration of the state of emergency from 80,011 during ISO
W03 to 104,282 during ISO W15, corresponding to an increase
of over 20,000 people. There were 1.96 active users per 1,000
households during ISO W15 across Japan. The prefectures under
a state of emergency had a higher total number of households and
a larger population; therefore, these prefectures had significantly
higher cumulative infection rates. The number of active users per
1,000 households also increased significantly in prefectures
under the state of emergency when compared with those not
under emergency.

Next, we examined the relationship between the cumulative
infection rate per population and the increase in the number of
active users per 1,000 households (Fig. 3). The number of active
users per 1,000 households during the state of emergency or
during the COVID-19 era increased with the cumulative infec‐
tion rate. An increase was observed in the number of active users
per 1,000 households during the state of emergency or during the
COVID-19 era in both prefectures under and not under the state
of emergency as the cumulative infection rate increased. In
particular, the number of active users per 1,000 households
increased prominently in Kanagawa Prefecture; however, this
increase was observed to occur earlier than in the other cases
(Fig. 2).
We also found that the number of active users per 1,000 house‐

holds during the state of emergency or during the COVID-19 era
was inversely correlated with the geographical distance from
Tokyo, which had the highest cumulative infection rate. More‐
over, the number of active users per 1,000 households was corre‐
lated with the geographical distance from Tokyo (Supplemental
Fig. 2*).

Next, we evaluated the increase in the number of active users
per 1,000 households in relation to their geographical distance to
the seven prefectures under the state of emergency (Supplemental
Fig. 3*). The results showed that the geographical distance from
the seven prefectures increased with increase in the number of
active users per 1,000 households. The geographical distances
between the prefectures near Tokyo and the seven prefectures
under emergency were correlated with the cumulative number of
people infected per population (Supplemental Fig. 2 and 3*).
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Discussion

The number of active users of online diet management applica‐
tions increased during the COVID-19 era. There was a signifi‐
cant increase in the active user number in areas under a state of
emergency, and this number increased according to the cumula‐
tive infection rate in the region. These results suggest that the
active user number will continue to increase owing to the social
anxiety associated with COVID-19 infection rates in the region
and the stay-at-home policy implemented as a consequence of the
declaration of a state of emergency.

In addition, the number of active users per household
increased significantly, particularly in Kanagawa Prefecture.
Although the reason for this significant increase in Kanagawa
Prefecture was unclear, we hypothesize that this increase was
influenced by social anxiety regarding the relatively higher
number of COVID-19 infections in this region. The first
COVID-19 infection in Japan was identified on February 1,
2020, in Kanagawa Prefecture. This octogenarian patient was
onboard the cruise ship Diamond Princess, which departed from
the Port of Yokohama on January 20, 2020. The patient subse‐
quently disembarked in Hong Kong on January 25, 2020.(8)

SARS-CoV-2 RNA was detected in 10 of 31 Diamond Princess
crew members on February 4, 2020.(8) A total of 712 out of 3,713
passengers tested positive for COVID-19 by April 15, 2020,
and at least 13 deaths were confirmed in Kanagawa Prefecture
(case fatality rate of 1.8%).(9) The fact that deaths were actually
occurring in Kanagawa Prefecture owing to COVID-19 suggests
that social anxiety in the prefecture was more pronounced than in
other areas. Thus, Kanagawa Prefecture differed from the other
prefectures in that it had confirmed positive SARS-CoV-2 RNA

infections as of February 4, 2020.
There have been various reports on the characteristics of host

that aggravate the severity of COVID-19 symptoms.(10–26) Aging
over 65 years, malignant tumor, chronic obstructive pulmonary
disease, chronic kidney disease, type 2 diabetes, hypertension,
dyslipidemia, obesity, smoking, or immune deficiency is thought
to be associated with the severity of COVID-19 symptoms.(10–26)

In regard with a condition for immune deficiency, selective IgA
deficiency can be associated with COVID-19 the severity of
COVID-19 symptoms.(27) In addition to underlying disease of the
host, nutritional states of host are also associated with the
severity of COVID-19 symptoms.(28,29) Malnutrition and hypo‐
proteinemia were reported to be associated with the severity of
COVID-19 symptoms.(28,29) Not only is malnutrition a risk for the
severe, but overnutrition is a risk for the severity as well.(10,11) In
particular people with diabetes and obesity are reportedly at
greater risk for severe COVID-19 symptoms.(17,30–34) Therefore,
in the COVID-19 era, the prevention and treatment of diabetes
and other lifestyle diseases assumes even greater importance.
Conversely, during the COVID-19 era, the stay-at-home policy
has led to significant changes in people’s life-styles. Therefore,
lifestyle interventions optimized for this new reality involving
COVID-19 are inevitable.

In fact, changes in exercise and eating habits were reported
in diabetic patients owing to anxiety about COVID-19, with
diabetics experiencing a worsening of HbA1C levels and
increasing body weight.(35) Thus, effective dietary management is
required for people with comorbidities during the COVID-19 era.
In this context, the current study indicates that the COVID-19
infection rate in a given region, the declaration of a state of
emergency, and the stay-at-home policy led to an increase in the
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Table 1. Basic characteristics between prefectures under a state of emergency and those with no state of emergency

Prefecture not subject
to a state of

emergency declaration

Prefecture subject
to a state of

emergency declaration
p value

Number of prefectures 40 7

Number of people living in the prefecture 1,779,556.8 (1,303,681.5) 7,964,357 (2,937,550.9) 0.001

Total number of households in the prefecture (×1,000) 716.9 (552.3) 3,522.3 (1,568.6) 0.003

Cumulative Infections of COVID-19 in the prefecture 54.4 (67.5) 713.1 (641.2) 0.035

Cumulative Infections of COVID-19 per number of people 29.2 (25.7) 80.7 (35.8) <0.001

Number of active users after COVID-19 era 930.8 (1,126.9) 10,427.4 (8,767.7) 0.029

Number of active users before COVID-19 era 724.1 (887.2) 7,968.9 (7,717.1) 0.048

Number of active users per 1,000 households after COVID-19 era 1.2 (0.3) 2.6 (1.2) 0.021

Number of active users per 1,000 households before COVID-19 era 0.9 (0.2) 1.9 (1.1) 0.056

Increased number of active users per 1,000 households before and
after COVID-19 era

0.3 (0.1) 0.7 (0.3) 0.014

Data expressed as means (SD). A t test was applied to assess the difference between two groups.
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number of users of online dietary management applications.
Therefore, diet management through online meal management
apps has become a new approach for addressing people’s health
needs in the COVID-19 era.
This is the first study to examine the association between

the COVID-19 pan-demic and the use of online dietary manage‐
ment applications from a spatial epidemiological perspective.
However, the study suffers from certain limitations: The applica‐
bility of these results to other countries may be limited as the
data as well as the app are limited to Japan. Another limitation of
this study is that psychological factors were not considered.
Although social anxiety caused by the COVID-19 pandemic is
speculated to have contributed to the increase in the number of
active users of online dietary management applications, no
psychological assessment of the population was conducted.
Authors should discuss the results and how they can be inter‐
preted from the perspective of previous studies and of the
working hypotheses. The findings and their implications should
be discussed in the broadest context possible. Future research
directions may also be highlighted.

Conclusions

In our study, we determined that there has been a significant
increase in the number of users of online dietary management
applications owing to social anxiety and the stay-at-home
policies implemented in the COVID-19 era. We note here that the
optimization of lifestyle interventions has become essential for
the health and well-being of people in the COVID-19 era. Online
healthcare services are expected to be further expanded, and
therefore, their usefulness needs to be thoroughly tested.
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