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Abstract

This work aimed to study the effect of confinement on weight and lifestyle using the Wakamola chatbot
to collect data from 739 adults divided into two groups (341 case-control, 398 confinement). Nutrition
score (0—100 scale) improved for men (medians 81.77-82.29, p <0.05), with no difference for women
(medians 82.29 in both cases). Both genders reduced the consumption of sweetmeats and sugared drinks
(p<0.01); men increased their consumption of vegetables, salad, and legumes (p <0.0l). Both genders
reduced their physical activity score (men 100—40.14, p <0.01, women 80.42-36.12, p <0.01). Women sat
less hours/week, men’s medians 28.81-28.27, women’s medians 35.97-23.33, p=0.03. Both genders slept
longer (hours/day), men 7-7.5, women 7-8 (p <0.01) (medians). Their overall health score was significantly
reduced (men 85.06-74.05, p <0.01, women 84.47-72.42, p <0.0l), with no significant weight difference
in either gender. Wakamola helped to contact participants and confirm changes in their lifestyle during
confinement.
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Introduction

On March 11th, 2020, the WHO declared the outbreak of the coronavirus (COVID-19) pandemic.!
COVID-19 is caused by the coronavirus known as SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2).2 The first cases of the disease were detected in Wuhan, China, in late
December 2019.3 and it soon expanded around the world. Until May 19th, 2020, the WHO
reported 4,425,485 confirmed cases worldwide, including 302,059 deaths (May 16th, 2020).*

In response to this health crisis, the Spanish government declared a national emergency from
March 15th, which led to the confinement of all the population that carried out non-essential activi-
ties to reduce the spread of the disease and the danger of a collapse of the healthcare system.

Recent studies highlighted the consequences of the confinement on people’s lifestyle, including
reduced physical activity,>” unhealthy diet,®® or change to a healthier diet,>*!? a negative psycho-
logical effect, including post-traumatic stress symptoms, confusion, anger,'! anxiety, depression,
and sleep disorder.!>"1° It also caused changes in people’s weight>!%!720 and had some long-term
effects on cardiovascular disease, mainly related to an unhealthy lifestyle and anxiety.?

In this context, telemedicine, mobile health, and other digital health interventions became
highly relevant in managing the current global health emergency.?'?> Telehealth provides remote
assessment and health care to people with COVID-19, even hospital patients. For those not infected,
telehealth provides access to routine care without the risk of exposure in a crowded hospital or
medical centre,?® especially those with a higher risk of being affected (e.g. the obese, the elderly
with pre-existing medical conditions such as asthma, chronic kidney disease, chronic lung disease,
diabetes, those over 65, etc.24?%).

Chatbots have participated in the fight against COVID-19% as part of digital health, for exam-
ple, the WHO launched a messaging service on WhatsApp and Facebook to keep people safe from
coronavirus®’ providing up-to-date information on the pandemic, including symptoms and protec-
tive measures. It also offers real-time data to help government decision-makers. Apple updated the
Siri voice chatbot to help people diagnose COVID-19 symptoms.?® The Kanagawa Prefecture
(Japan’s second-largest prefecture after Tokyo, with a population of about 9 million) launched an
individualized support program using a LINE app chatbot. Data from this app are also used to
study the mental health of family, friends, and co-workers of COVID-19 patients.?’ Rudini*’ also
has a chatbot to diagnose COVID-19 symptoms.

Early studies pointed to obesity as a major COVID-19 factor,> while the existing evidence
highlights the fact that diet profoundly affects people’s immune system and disease susceptibility.’!
Chatbots have been used to study the obesity epidemic®? as well as promoting healthy habits to
prevent weight gain in the adult population®® and children.’> Recently Zhang et al.** published a
brief literature review on the use of chatbots in promoting physical activity and a healthy diet. The
study concluded that there was a need for more interdisciplinary work to continue developing Al
techniques to improve chatbot’s relational and persuasive capacities to change physical activity
and diet behaviors with strong ethical principles. During the pandemic and mobility restrictions,
these systems could become more relevant due to the difficulties of accessing face-to-face profes-
sional guidance and control.

In December 2019, the university involved in the study launched the Wakamola chatbot to
assess the risk of overweight and obesity by collecting data on socio-demographic variables, eating
habits, and physical activity. This chatbot calculates the user’s Body Mass Index (BMI) and scores
related to overall health, diet, and physical activity. It also collects sitting and sleeping hours and
creates a social network connecting users.

This paper analyses the data collected by Wakamola from a university community during a
normal (case-control) and the pandemic confinement to study its effect on weight, eating habits,
physical activity, and time spent sitting and sleeping.
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Materials and methods
Ethics

This study was approved by the Ethical Committee of the Universitat Politécnica de Valéncia
(UPYV, Ethical Code: P7_12 11 2018).

Hypothesis

We hypothesised that confinement could lead to changes in eating habits, physical activity, and
sitting and sleeping time.

Selection of participants and study design

A cross-sectional study based on a self-report questionnaire was carried out to study changes due
to confinement. The questionnaire was implemented in the Wakamola Telegram chatbot. The study
involved participants from a Spanish university (students, teachers, and staff). Participation in the
study was completely free and voluntary. All the user’s data were anonymous and no personal
identification data was collected. The university population involved consisted of 31,310 people,
of which 26,483 were students, 1897 administrative staff, and 1930 teaching and research staff.*>

The participants were invited to join the study by two institutional emails. The first email was
sent on October 17th, 2019, before the pandemic (case-control). The second was launched on April
21st (confinement). Both emails included a brief description of the study and a link to Wakamola
in Telegram.

We included all the participants 18 years and older (Adult, Older Adult), and all the sexes that
completed the questionnaire (See Figure 1).

Instruments and variables

Wakamola (available in Spanish, English, and Catalan) was designed under a user-centred approach
in Telegram (Figure 2) to identify risk factors associated with obesity and overweight. The chatbot
asks questions on diet, physical activity, the time spent sitting and sleeping, potential diseases,
socio-demographic variables, and social network. The questions are organised into four sections:
Personal, Diet, Physical Activity, and social network.*®

The “Personal” section comprises 16 questions on weight, height, gender, age, level of educa-
tion, marital status, how many people are at home, main activity (i.e. study/work), zip code, hours
of sleep cigarettes smoked, a diagnosis of hypertension, diabetes, high cholesterol, or cardiovas-
cular disease. Clinicians have defined these questions for further data analysis regarding over-
weight and obesity factors. From the weight and height data collected, the Body Mass Index
(BMI) score is calculated, assigning 100 points to Normal weight (18.5-24.9kg/m?); 75 point for
Overweight (25-29.9kg/m?) or Underweight (<18.5kg/m?); 50 points for Obesity Class 1 (30—
34.9kg/m?); 25 points if Obesity Class 2 (35-39.9kg/m?); Opoint for Extreme Obesity Class 3
(=40kg/m?).%’

There are 51 questions regarding food consumption frequency adapted from “Short question-
naire on frequency of dietary intake”® (see Table 1). Diet question responses (real values) are
scored from 1 to 10 based on the “Spanish diet quality according to the healthy eating index.””* The
lower the score of the item, the less healthy its consumption. The items not included in this index
were scored by experts in nutrition according to the Mediterranean Diet Pyramid.*’ Each food
item is scored according to its food group (see Supplemental Table S1) and its frequency of
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Inclusion criteria:

University community - Interested in participating

n=31310 in the study.
- Telegram access.
": - Participation date between
October 17t 2019, and May

Total sample

1st, 2020.
n=904 participants °
Inclusion criteria: Inclusion criteria:
- Participation date between R - Participation date between
October 17 2019, and April 215¢2019, and May 1st
February 17t 2020. 2020.
A 4
Case-control total sample Confinement total sample
n=365participants n=539participants
Exclusion criteria: Exclusion criteria:
- Incomplete questionnaire |~ - Incomplete questionnaire
(n=24). (n=139).
- Age<18 (n=0). - Age<18 (n=2).
v v
Case-control final sample Confinement final sample
Participants included (Adults) Participants included (Adults)
n=341 n=398
Figure 1. Inclusion and exclusion criteria flow chart.

consumption (see Supplemental Table S2). Then all the items’ scores are added up and normalized
on a 0—100 scale to calculate the Nutrition score. Table 1 shows an example of the diet questions
in the chatbot.

There are seven activity questions about the intensity and duration of the activity adapted from
the International Physical Activity Questionnaire (IPAQ)*' (see Table 2). According to the IPAQ
index, the Activity score is calculated by multiplying the activity intensity (measured in METS),
weekly frequency, and duration. The index is then normalised on a 0-100 scale to obtain the
Activity score, with an upper limit of 1800 Mets-min-week (Highly Active level).®

The Wakanet section shows users’ number of contacts in Wakamola. The user can share the
chatbot in the Sharing section by sending a message including a link to the chatb in Telegram. He
can then view the network graph in this section through a link to the graphical viewer web tool.*?
The Social score is calculated according to equation (1). The Social score (0—100 scale) depends
on the number of contacts and their Wakastatus. We included this score to promote sharing
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Figure 2. Wakamola chatbot screenshots from diet, activity, network, and sharing section.

Wakamola and as a reward to reflect users’ obesity and overweight problem concern with their
social environment. However, the weight of the Social score in the final Wakaestatus score was

limited (see Max, ., in equation (1)).

1
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Table 1. Wakamola’s diet section questionnaire.

N° Initial explanation
0 In the diet questionnaire you will have to indicate how many times on average you consume the
following foods PER DAY (Questions 1-9) and PER WEEK (Questions 10-51).
N° Questions text N° Questions text
| Milk 25 Minced meat, sausage, hamburger, veal, sausages
2 Yogurt 26 White fish: hake, grouper. . .
3 Breakfast cereal 27 Oily Fish: Sardines, tuna, salmon. . .
4 Biscuits without filling or covering 28 Seafood: mussels, prawns, squid
5 Bread in sandwich or with meals 29 Croquettes, pasties, pizza
6 Wholemeal bread 30 French fries
7 Olive oil 31 Serrano ham, cold meat (salchichon, chorizo,
salami, fuet. . .)
8 Other oils: sunflower, soybean, etc. 32 Cooked ham
9 Butter 33 White or fresh low-calory cheese
10 Chocolate: bar, chocolates, or others 34 Other cheeses: cured, semi-cured, creamy
I Biscuits with chocolate or cream, with 35 Citrus fruit: orange, mandarin.
filling
12 Cupcakes, sponge cake. . . 36 Other fruits: apple, pear, peach, banana. . .
13 Ensaimada, donut, croissant. . . 37 Canned or syrupy fruit
14 Salad: lettuce, tomato, escalora, 38 Natural fruit juices
gazpacho. . .
I5 Green beans, chard or spinach 39 Commercial fruit juices
16 Garnish vegetables such as eggplant, 40 Nuts: peanuts, hazelnuts, almonds. . .
mushrooms. . . or vegetable creams
17 Potatoes (not fried) 41 Dairy desserts: custard, flan, cottage cheese
18 Legume: lentils, chickpeas, beans, 42 Cream or chocolate cakes
soybeans
19 White rice, paella 43 Bags of snacks type (snack) chips
20 Pasta: noodles, macaroni, spaghetti 44 Confectionery: gummy jellies, candy
21 Noodle or rice soups 45 Ice creams
22 Eggs 46 Light or Zero Low-Calory drinks. . .
23 Chicken or turkey 47 Sugared drinks or other soft drinks
24 Pork, lamb, steak. . . 48 Wine, Sangria
49 Beer without alcohol
50 Beer
51 Liquors: whiskey, gin, cognac. . .
Where:
S8S,: Social score of user u
WS, : wakastatus of user u
WSC,: wakastatus of user u
MAX ,0ni © @ cOnstant to limit the weight of the Social score in the final Wakaestatus score,

default value = 10.

The Wakastatus section provides a Wakastatus score between 0 and 100 and represents the
user’s overall health status. It is calculated by adding the normalised BMI, Nutrition, Activity, and
Social scores.
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Table 2. Activity section questionnaire.

N° Questions text

| In the last 7 days how many days did you engage in vigorous physical activity such as lifting
heavy objects, digging, aerobics, or fast cycling for more than 10min?

2 How many minutes did you spend in one of those days on those vigorous activities?

3 In the last 7 days how many days did you do moderate physical activities for more than [0 min
such as carrying light objects, pedalling a bicycle at a regular pace, or playing tennis doubles?

4 How many minutes did you dedicate in one of those days to those moderate activities?

5 In the last 7 days, how many days did you walk to work, on transfers, or for recreation for
least 10 continuous minutes

6 On one of those days how many minutes do you normally walk?

7 In the last 7 days how many hours did you spend sitting?

Data collection

The first data were gathered from October 17th 2019 to February 27th 2020 before the confinement
(case-control). The second was launched from April 21st to May 1st, 2020, when strict mobility
restrictions were imposed on most of the population. During confinement, people were allowed to
go shopping for food and medicines and go to banks and medical centres. In both studies, the chat-
bot asked about the previous week’s diet (food frequency), physical activities and sitting and sleep-
ing time, among others.

Statistical analysis

Data were analysed using Statgraphics Centurion XVII software. The descriptive analysis applied
the counts and percentages for categorical variables and median, mean and standard deviation for
continuous measures. Density and Q-Q plots were used to check normality visually and tested by
the calculated standardized skew and standardized kurtosis. The non-parametric Mann—Whitney U
test was applied to test significant differences in weight, BMI, frequency of food consumption,
physical activity measurements, sitting and sleep time, and Wakamola scores.

Results

Participants’ characteristics

Nine hundred and four subjects participated in the study, 365 in the case-control, and 539 in con-
finement. We excluded those who did not meet the inclusion criteria (24 in case-control and 141 in
confinement) (see flow chart in Figure 1).

Three hundred and forty one participants were included in the case-control period (147 women
and 194 men), 214 students and 127 workers from 143 different post codes. Among obesity-asso-
ciated diseases, 18 participants indicated hypertension (8 also indicated cholesterol, 1 diabetes, 1
cardiovascular disease); 2 diabetes, 39 high cholesterol, and 9 cardiovascular diseases, 34 were
smokers (19 women and 15 men).

During the confinement period, 398 people were included (232 women and 166 men), 275 stu-
dents, and 123 workers from 166 different post codes. Of the diseases associated with obesity, 30
cases had high cholesterol (2 also diabetes and 4 hypertension), 7 had diabetes, 15 hypertension,
and 14 suffered cardiovascular diseases. Again, only 40 participants were smokers (26 women and
14 men). Since there were differences in men and women’s participation in both scenarios, we
compared lifestyles by gender.
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Table 3. Mean, standard deviation, and p values of age, height, and weight of case-control and
confinement groups by gender.

Variable Gender Case-control. Total 341 Confinement. Total 398 p-Values
(194 men and 147 women) (166 men and 232 women)
Mean SD Median Mean SD Median Mann -Whitney
Age (years) M 28.87 12.13 23.5 27.92 11.32 23 0.71
w 30.04 12.15 25.5 28.00 10.11 24 0.58
Height (cm) M 177.84 6.85 177 178.42 5.78 178 0.28
w 165.16 5.72 165 165.33 6.20 165 0.67
Weight (kg) M 76.39 12.01 75 75.74 10.56 75 0.55
w 62.73 I1.68 60 60.78 9.86 59 0.22

For the age, height, and weight variables we tested the normality for men and women samples
in case-control and confinement, applying Q-Q and Density plots and calculating the standardized
skew and standardised kurtosis. Only height presented a normal distribution for men and women
in both cases. Table 3 shows the mean, standard deviation, median, and p-values of the Mann-
Whitney test of age, height, and weight in both groups for men and women, respectively. According
to the p-values calculated, there are no significant differences in age, height, or weight for men and
women between the groups, with a confidence level of 95%.

Body mass index and Wakamola scores case-control versus confinement

The BMI and Wakamola scores were calculated in both study cases for men and women. We also
compared them to identify significant differences with a confidence level of 95% applying the
Mann-Whitney test (Table 4).

The BMI medians indicate normal weight for men and women in both groups, with no signifi-
cant difference between cases with a confidence level of 95%. We found significant differences in
the BMI score and Social Score, but only for women. There were significant differences for both
genders in the Nutrition, Physical Activity, and Wakastatus scores (see Table 4).

Comparison of type of food and frequency of consumption

There was a significant difference between cases in consuming certain foods for both men and
women, although they changed between genders (Tables 5 and 6). In confinement, men signifi-
cantly reduced their consumption of pastries (doughnut, croissant, . . .), French fries, low-calory
drinks, light or zero. . ., and sugared drinks or other soft drinks while in confinement they signifi-
cantly increased their consumption of vegetables (green beans, chard, or spinach), potatoes (not
fried), and salad (see Table 5, Figure 3).

Women in confinement significantly decreased their consumption of oily fish, chicken, or tur-
key; pastries; nuts; olive oil, sugared, or other soft drinks and wine. However, their consumption of
potatoes and cupcakes, sponge cake increased (see Table 6, Figure 4).

Physical activity and sleeping time

We found significant differences in physical activity and sleeping hours between groups in men
and women in case-control and confinement, with a confidence level of 95% (Table 7).
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Table 4. Mean, standard deviation, median, and p values of the BMI and Wakamola BMI, overall status,
nutrition, activity, and social scores of case-control and confinement. Values of BMI <18.5 kg/m? indicate
underweight; 18.5-24.9 kg/m? indicate normal weight; overweight 25-29.9 kg/m?; obesity (Class I)

30-34.9 kg/m?; obesity (Class 2) 35-39.9 kg/m?; extreme obesity (Class 3) =40kg/m2.3’

Gender Case-control. Total 341 (194
men and 147 women)

Confinement. Total 398 (166

men and 232 women)

p-Values

Mean SD Median  Mean SD Median  Mann -Whitney
BMI (Kg/m?) M 24.14 3.47 23.66 23.67 3.00 23.15 0.19
w 23.04 4.14 21.83 22.21 3.27 21.90 0.20
BMI score M 89.56 15.81 100 92.01 14.57 100 0.10
w 91.78 16.64 100 95.45 12.81 100 0.01*
Nutrition score M 81.35 3.31 81.77 82.26 2.73 82.29 0.03*
w 82.35 2.96 82.29 82.26 2.90 82.29 0.90
Activity score M 71.32 34.78. 100.0 53.03 38.94 40.14 0.00*
w 68.01 34.76 80.42 48.99 36.12 40.00 0.00*
Social score M 0.93 426 0 0.50 2.6l 0 0.24
w 201 5.52 0 0.76 4.10 0 0.00*
Wakastatus M 80.84 13.29 85.06 75.88 14.86 74.05 0.00%*
w 81.01 13.19 84.47 75.66 12.89 72.42 0.00%*

p-Values with (*) indicate significant difference between cases.

Table 5. Foods with significant differences in weekly consumption between case-control and confinement

by men.

Foods

Case-control

Confinement

p-Values
(Mann-Whitney

Men (n=194) Men (n=166) test)
Mean SD Median Mean SD Median
Ensaimada, doughnuts, croissants. .. 0.62 122 0 032 075 O 0.0048%*
French fries 1.07 134 | 066 096 0 0.0007*
Green beans, chard, or spinach 200 222 2 237 197 2 0.0120%*
Legume: lentils, chickpeas, beans, 194 155 2 248 172 2 0.0003*
soybeans
Low-calory drinks Light or Zero. .. 127 220 0 091 194 0 0.0339*
Minced meat, sausage, hamburger, 1.79 1.35 2 .49 1.22 | 0.0341*
veal, sausages
Pork, lamb, steak. . . .72 158 2 145 1.57 | 0.0102*
Potatoes (not fried) 1.6l 129 | 205 140 2 0.0025%*
Salad: lettuce, tomato, endives, 367 264 3 458 291 4 0.001 I*
gazpacho. . .
Sugared drinks or other soft drinks  0.50  1.07 0 023 075 0 0.0019%*

p-Values with (¥) indicate significant difference between cases.

Men increased the number of times per week they practised vigorous activities, with no differ-
ences in the duration of these sessions. No differences were found for men practising moderate
activity weekly, but the duration of these sessions decreased. As expected, the times and duration
of weekly walks at least 10 min for men significantly decreased in confinement. Women increased
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Table 6. Comparison of significant differences in women’s weekly food consumption between case-
control and confinement.

Foods Case-control Confinement p-Values
(Mann-Whitney
Women (n=147) Women (n=232) test)

Mean SD Median Mean SD Median

Bluefish: Sardines, tuna, salmon.  1.62  1.37 | .30 I1.13 | 0.04*
Chicken or turkey 286 230 3 236 1.68 2 0.03*
Cupcakes, sponge cake. . . 074 1.13 0 .16 1.77 | 0.03*
Ensaimada, doughnuts, 0.55 1.04 0 027 093 0 o*
croissant. . .

Nuts: peanuts, hazelnuts, 347 252 3 299 253 3 0.04*
almonds. . .

Olive oil 16.38 8.72 14 1421 724 14 0.03*
Potatoes (not fried) 1.93 1.50 2 226 1.37 2 0.01*
Sugared drinks or other soft 033 088 0 0.10 043 0 0*
drinks

Wine, Sangria .10 1.68 0 077 136 0 0.01*

p-Values with (¥) indicate significant difference between cases.

M Case-control M Confinement

. I 0,5
Sugared drinks such as Coca-Cola, Fanta or... ] 0’2_5}

: . 0,62
Ensaimada, donut, croissant... B 0,37

. I 1,07
French fries I 0,66

Low-calorie drinks Coca-Cola Light or Zero... =09%'27

. — 1 61
Potatoes (Not fried) it » 05

—— 1 72
Pork, lamb, steak... o 1 4%

: ]
Minced meat, sausage, hamburger, veal, ... e | 419'79

’

. ) —
Legume: lentils, chickpeas, beans, soybeans —1942 48

; I
Green beans, chard o SpiNath 237

e —||
Salad: lettuce, tomato, escalora, gazpacho... —3674 58

Mean units per week

Figure 3. Foods with significant differences in weekly consumption between case-control and
confinement by men.
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I Case-control ® Confinement
Sugared drinks such as Coca-Cola, Fanta or 5,33
other soft drinks 10,1

) . | 0,55
Ensaimada, donut, croissant... 10,57

Cupcakes, sponge cake... —017116

: : 1,1
Wine, Sangria 0,77

e ; 1,62
Blue fish: Sardines, tuna, salmon.. — )

Potatoes (not fried) i129235

Chicken or turkey == ‘223'26

. 13,47
Nuts: peanuts, hazelnuts, almonds... — 2 99

o 16,381
Olive Ol o 14,21

Mean units per week

Figure 4. Comparison of significant differences in women’s weekly food consumption between
case-control and confinement.

the number of times they practised vigorous activity in confinement, with no differences in the
duration of these sessions. There were no significant changes in moderate activity between cases
for women. The time walking more than 10 min per week decreased significantly in confinement
for women; the walk duration also decreased in confinement. The hours spent sitting significantly
decreased for women with no differences for men. Men and women slept longer in confinement.
All these differences are summarized in Table 7.

To assess and compare the level of physical activity, we used the International Physical Activity
Questionnaire (IPAQ).*!. Men’s physical activity level decreased from high level in case-control to
amedium level in confinement. Women remained at a medium level of physical activity despite the
confinement (see Supplemental Table S5).

Discussion

To our knowledge, this is the first study to examine the effect of confinement on weight, BMI, eat-
ing habits, physical activity, and hours spent sitting and sleeping by gathering self-reported data
through a chatbot. We analyzed these variables for 739 adults belonging to the university community
(students, teachers, and staff) in two cohorts at different times: 341 users in the case-control group
(October 2019 to February 2020) and 398 users in the confinement group (April 21st to May 1st, 2020).

Data collection methods used to study diet, physical activity, and weight in
confinement
Recent worldwide studies have analyzed the effects of confinement on weight, eating habits, and

physical activity. Most of these studies collected data through online web questionnaires on Google
forms,>!%1843 SurveyMonkey,'** or others platforms (not specified).!”* Some studies used phone
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Table 7. Comparison of physical activity and time sleeping in case-control versus confinement.

Activity Gender Case-control. Total 341 (194 Confinement. Total 398 (166 p-Values
men and 147 women) men and 232 women) (Mann-
Whitney
Mean SD Median  Mean SD Median (et

Times vigorous M 3.02 217 3 3.77 2.16 3.5 0*
physical activities

w 2.27 2.08 2 3.80 2.84 4.0 0*
Minutes vigorous ™M 53.19 47.79 60 44.83 32.03 40 0.17
physical activities

w 41.54 43.35 40 36.00 3443 30 0.36
Times moderate M 2.78 422 2 2.49 2.54 2 0.75
physical activities

W 3.30 8.72 2 3.09 5.28 2 0.83
Minutes moderate M 33.55 34.39 30 23.65 27.23 20 0.01*
physical activities

W 26.83 38.22 20 2191 22.78 20 0.7
Days dwalking M 5.38 3.29 6 2.14 3.03 0.5 0%
for at least 10
continuous
minutes

W 5.33 5.03 5 2.06 3.10 1.0 0%
Minutes walking M 37.86 31.50 30 21.30 51.79 2.5 0%

W 44.66 50.68 30 16.86 41.14 0.0 0%
Sitting M 28.81 26.38 14 28.27 3091 12 0.41
(hours/week)

wW 35.97 55.45 20 2333 30.14 10 0.03*
Sleeping M 7.13 0.85 7 7.47 0.93 7.5 0%
(hours/day)

W 7.03 0.92 7 7.54 0.87 8.0 0%

p-Values with (*) indicate a significant difference between cases.

interviews®*® or institutional databases.*’” However, none of them used a chatbot to collect the data.
We here propose a chatbot as a novel method of collecting data to study changes in weight and
lifestyle in a confinement context. Previous studies found that chatbots can be more engaging for
users to complete questionnaires.*®#’ They are thus more likely to answer questions through a
chatbot than in a questionnaire or interview because they associate them with entertainment and
social and relational factors and they are curious about what they view as a novel phenomenon.*
Some recent studies analysed the advantages of chatbots over web surveys. Kim et al.”! found that
chatbots reduced respondent satisfaction behaviour (tend to generate satisfying responses instead
of accurate responses to reduce the cognitive burden®?). They also produced high-quality data and
encouraged user engagement compared to a web survey. The lack of an interviewer causes response
quality problems in web surveys and a chatbot can prevent these problems by partly performing the
role of a human interviewer. Besides, a chatbot’s casual tone as the one used by Wakamola may
help users to recall human-to-human interaction,’' improving their emotional connection.*® Celino
and Re Calegari®® showed that users appreciate the conversational form and prefer it to web sur-
veys. From a data collection point of view, the conversational method is as reliable and has a higher
response quality than a web survey. Wambsganss et al.>* found that participants using chatbot
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surveys showed higher response quality and social presence than a web survey. In a health context,
Te Pas et al. concluded that patients preferred a chatbot questionnaire over a computer question-
naire as the chatbot was faster, although real-time to completion of both questionnaires did not
differ. Based on these studies, chatbots are a feasible alternative to traditional online and computer
surveys to improve collected data quality and user experience.

Confinement effects on weight

According to recent evidence, confinement can cause changes in people’s weight, with either a
weight gain>1%17-20 or weight loss,!>*° while there may also be no weight changes at all.*® Our study
found no significant variation in men and women’s weight between the case-control and confine-
ment. However, there was a slight decrease in weight for both genders (Table 3). This result could
be explained by the fact that most participants kept practising physical activity regularly (Table 7)
and ate healthier food in confinement (Tables 5 and 6), which may have contributed to preventing
weight gain. Fernandez-Rio et al.*! studied (4379 Spanish citizens 16-84 years old) and found that
most participants declared no weight changes. Physical activity and optimism were protective ele-
ments for weight change. More significant weight variability was observed in males and obese
individuals and symptoms of depression were linked to greater weight changes.

We found that the BMI medians in men and women indicated normal weight in the case-control
and confinement groups (Table 4), without showing a significant variation between cases. This
result could have been influenced by the predominance of students (young adults) in both cases
(62% of participants in case-control, 69% in confinement (mean age 28.8 years and 27.92 years in
confinement)), both values corresponding to young adults (19—40 years of age). Numerous studies
have reported age-related increases in body weight and fatness after young adulthood.’” The nutri-
tion score indicates a healthy level for men and women in both cases (Table 4), contributing to the
normal weight levels.

There was a statistically significant difference between the median women’s BMI score in case-
control and confinement with a confidence level of 95%; medians were higher (healthier) in con-
finement than in case-control (Table 4). This result reflects an increase in women’s normal weight
level in confinement.

More in-depth research will be necessary to explain the discrepancies between these studies.

Confinement effects on diet

Recent research highlights that confinement changes people’s eating habits,>6%10:1943:45-47.58 Oy
study found significant differences in the consumption of some types of food by men and women
between the cases (Tables 5 and 6). For men in confinement, consumption of foods with a low-
frequency intake recommendation in the Mediterranean Pyramid* (e.g. pastries) decreased; French
fries, minced meat, sausages, hamburgers, veal and sugared drinks, or other soft drinks. However,
confinement increased the consumption of foods associated with the Mediterranean diet*’ such as
green beans, chard or spinach, legumes, potatoes (not fried), salad, and gazpacho (tomato soup
with oil and bread). These results could indicate a change in healthy eating habits for men in con-
finement. Some authors also observed changes to a healthier diet, for example, Sdnchez-Sanchez
et al.’ observed that adherence to the Mediterranean Diet slightly increased during confinement.’
Rodriguez-Pérez et al.!” also found an improvement in dietary behaviour with a higher intake of
fruit, vegetables, and legumes, and a lower intake of red meat, alcohol, fried foods, or pastries.
Gornicka et al.’ found changes in the dietary patterns of 47% of the participants in their study
(n=2381 adults), 28% changed to a prohealthy diet pattern and 19% to an unhealthy diet pattern,
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with no changes in diet for the rest of the participants (53%). A prohealthy diet is associated with
an increase in the intake of vegetables, fruit, whole grains, pulses, fish, and water, with a reduced
discretionary food intake. The unhealthy diet was associated with an increased intake of processed
meat, fast food, ice cream, commercial pastry and alcohol, salty snacks, and homemade pastry and
confectionery.

For women, significant differences are also found in the consumption of some food types (Table
6). Women in confinement significantly reduced oily fish, chicken or turkey, nuts, and olive oil
consumption, doughnuts, croissants, sugared drinks, soft drinks and wine, recommended at low
frequency levels in the Mediterranean diet.*® Although there was an increase in the consumption of
cupcakes and sponge cake, the authors hypothesise that this increase was due to the longer time
available for cooking desserts as entertainment during the confinement. Gornicka et al.” found an
increase in homemade pastry and confectionary intake in approximately 70% and 80% of respond-
ents. Further study will be needed to confirm this.

We found statistically significant differences in the nutrition score for men between the case-
control and confinement groups, with a confidence level of 95% from a median of 81.77 in case-
control to 82.29 in confinement (healthier). The nutrition score was a little higher in women than
men in case-control but increased for men in confinement to reach similar scores. No significant
differences were appreciated in women (Table 4) for this score. The nutrition score in confinement
indicated a healthy level for men and women (82 points out of 100) (Table 4). This could be
explained by the above-mentioned change to healthier food types in confinement (Tables 5 and 6).
Shopping for food and its preparation was an essential activity in people’s daily lives in this period,
which may have contributed to promoting healthier eating.>?%%®0 Gornicka et al.’ found higher
adherence to the prohealthy dietary change pattern in respondents who ate more homemade meals.

In short, there is evidence that confinement affected people’s eating habits. However, as some
studies showed changes to healthier habits>*!? as in the present study, while others reported an
increase in unhealthy ones®*!747 besides an increased appetite,'®*® so that there is a need for an
in-depth study of dietary changes in confinement and their effects, for which the Wakamola chatbot
would be a useful tool. It could also help in self-assessments (Wakastatus) and promote healthy
habits in a confinement.

Confinement effects on physical activity

There is evidence that confinement affects physical activity.>'? Most of the studies report a decrease
in physical activity,>>!%!8 although Di Renzo et al.>® indicate a slight increase.

We found statically significant differences in the activity score for both men and women between
the medians in case-control and confinement with a confidence level of 95%. The men’s median in
case-control was 100, and 40 in confinement, the higher being healthier (Table 4). For women, the
median was 80.42 in case-control, less than men, and decreased to 40 in confinement (Table 4).
These results indicate a decrease in both genders’ physical activity consistent with recent
studies.> 71018

According to our IPAQ results, men increased the number of times per week they practised
vigorous activities, with no differences in session duration in confinement. No differences were
found in the times they practised moderate activity each week but their duration decreased (Table
7), in disagreement with the study of Castafieda-Babarro et al.,” in which men reported reduced
vigorous and moderate activities. These authors studied the physical activity of 3800 healthy
Spanish adults (mean age 42.7 years) during confinement by applying the IPAQ short version.®!

In our study women increased the number of times they practised vigorous activity, with no
differences in session duration and no significant changes in moderate activity between cases
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(Table 7). Castafieda-Babarro et al.” found that women reduced their vigorous activity but
increased moderate activities.

This discrepancy with Castafieda-Babarro et al.” could be because of differences between the
studies regarding sample size, period evaluated and age of the participants, with a smaller size, a
longer period, and a greater presence of young adults in our sample.

The weekly physical activity of men in confinement decreased from a high to medium level.
Women’s physical activity remained at a medium level in confinement (see Supplemental Table
S5).

The time spent walking more than 10min per week, as expected, decreased significantly in
confinement for men and women and the duration decreased in confinement (Table 7), in agree-
ment with Castafieda-Babarro et al.”

Castafieda-Babarro et al.” found that sedentary time increased in men more than in women. In
our study sedentary time significantly decreased for women, with no differences for men, while
there were significant differences in sitting hours per week for women in confinement, from a
median of 20to 10 h/week. There were no significant differences for men in sitting hours per week
in confinement, with a median of 14—12h/week (Table 7).

These results indicate that people went on practising physical activity despite confinement,
although we found a decrease in physical activity in both men and women during confinement
caused by its restrictions on movement (Table 7). However, this has been shown not to have an
impact on weight gain.

Sleep in confinement

Confinement led to widespread changes in the sleep routine.!>'46%%3 In our study, men and women
slept longer in confinement (median 7.5h men and 8 h women), men increased by 24 min and
women by 51. The increase could be explained by people not needing to spend time travelling to
work. The recommended time for a good rest in adults is 7 h/day.** Although we found an increase
in sleeping time, due to our study’s limitations we could not confirm its quality. Several authors
also observed an increase in sleeping time and highlighted its worse quality.®? According to Cellini
et al.,' during home confinement sleeping time markedly changed, with people going to bed and
waking up later, but paradoxically also reporting lower sleep quality. Marelli et al. found a worsen-
ing of sleep quality and insomnia symptoms during confinement. Romero-Blanco et al.®* reported
that the mean time students spent in bed was higher during lockdown than before but its quality
worse.

Future Wakamola chatbot improvement should include questions about the quality of sleep, for
example, to allow calculation of the Pittsburgh Sleep Quality Index (PSQI),*® for a better under-
standing of sleep changes during confinement.®

Strengths and limitations of the study

This study’s main strength is including a chatbot as a novel technique to interact with people during
the most critical period of confinement and data collection to confirm changes in eating habits
(food frequency), physical activity, and sitting and sleeping time. The clarification of the effect of
lockdown on lifestyle could lead to preventive actions to avoid overweight, obesity, and associated
diseases. However, we are also aware of some limitations. The cohort of the pilot study may not be
representative due to selection bias and sample size. Also, Wakamola is only available for Telegram
app users and for these reasons our results are not necessarily representative of the university’s
general population as a whole.
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Conclusions

This study confirmed changes in eating habits, physical activity, and sitting and sleeping time in
a Spanish university community during the confinement period. Dietary habits improved during
this period, the consumption of fattening foods decreased significantly (confectionary and sugar
drinks), and men ate more vegetables, salad, and legumes. Weekly physical activity decreased in
men from a high to medium level, while women remained at a medium level. The number of
walks per week decreased significantly and men and women slept longer. Women spent less time
sitting, with no differences for men. The global health indicator (Wakastatus) decreased signifi-
cantly for both men and women due to less physical activity. Healthy nutrition and moderate
activity contributed to avoiding a higher BMI, which remained at normal weight levels despite
mobility restrictions.

After analyzing the changes that took place in confinement we can conclude that the recom-
mendations on the importance of maintaining a healthy diet, exercising regularly, and ensuring
adequate rest during confinement may have positively influenced the university community in the
study.®¢:67

On the other hand, this study highlights the usefulness of the Wakamola chatbot in collecting
data to study lifestyle habits in a population during the COVID-19 pandemic. The user-centred
design favoured the participation of users in case-control and confinement. The data collected is of
particular interest for analysing lifestyle changes due to the exceptional circumstances. The
Wakamola chatbot turned out to be useful to contact users in confinement and collect data on their
weekly habits, and allowed us to obtain the mean population BMI and changes in weight and life-
style that could be useful to guide preventive actions against overweight and obesity, while the
information on dietary habits could help to study dietary patterns,’*% the relationship between
nutrition and obesity and other diseases.*>%

This chatbot could also be used not only to collect data but also as an interactive tool to promote
home-based physical activity and healthy diets, help obesity screening, prevalence studies, and in
monitoring confined populations.
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