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ABSTRACT

BACKGROUND/OBJECTIVES: There are concerns about the adverse health effects of 
behavioral changes linked to coronavirus disease 2019 (COVID-19). We conducted a survey 
to investigate changes in lifestyle habits, including exercise and eating, during the COVID-19 
pandemic and their association with changes in weight.
SUBJECTS/METHODS: We conducted a survey of 5,000 people in Hakui City, Japan, to assess 
their lifestyles and diets during the COVID-19 pandemic. A total of 3,992 complete responses 
were received. We also obtained pre- and post-pandemic health check-up data for 704 of the 
respondents. These health data were combined with the results of the questionnaire survey to 
identify factors associated with weight changes. Data were analyzed for 704 individuals.
RESULTS: The mean body mass index was 22.5 ± 3.1 kg/m2 for respondents whose weight did 
not change and 25.1 ± 2.7 kg/m2 for respondents whose weight increased. The pre-pandemic 
mean values for abdominal circumference in females and for gamma-glutamyl transferase 
in males tended to be higher in those whose weight increased. Those with decreased weight 
tended to be older. Respondents who were already overweight were more likely to gain 
weight because of COVID-19-related changes in their lifestyle. In males, alcohol consumption 
was directly associated with weight, and in females, abdominal circumference was more 
important.
CONCLUSION: The study found pre-pandemic overweight individuals likely gained more 
weight during it, with alcohol consumption being a significant factor for males. Weight loss 
was more crucial for those over 70, rather than weight gain.

Keywords: COVID-19; lifestyle; body weight

INTRODUCTION

The first case of coronavirus disease 2019 (COVID-19) was reported in Japan in mid-January 
2020 [1]. The World Health Organization declared COVID-19 a pandemic in March 2020 
[2], and the Japanese government declared a state of emergency in April 2020 [3]. This led 
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to major lifestyle changes, including the closure of public and recreational facilities, and 
people voluntarily staying at home, including working from home. By March 25, 2022, the 
cumulative number of positive COVID-19 cases in Japan was 6,273,753, with 27,593 deaths [4].

Lockdowns have taken place in many countries to prevent the spread of COVID-19 [5]. There 
were no legally binding restrictions on behavior in Japan, but the government tried to curb 
economic activity and limit human interaction [6]. Many Japanese people therefore reduced 
their activity [7], in line with the pattern worldwide [8]. There are concerns about the adverse 
health effects of these behavioral changes. A study from California reported a worldwide 
sharp decrease in daily steps taken during the COVID-19 pandemic [9]. A study in Japan 
found an increased risk of falls and obesity in younger children [10].

In Japan, the incidence of lifestyle-related diseases, including cancer, ischemic heart disease, 
cerebrovascular disease, and diabetes has been increasing for some time. To address this, a 
medical check-up called Tokutei Kenshin was implemented in April of 2007 [11] with the aim of 
reducing the visceral fat that causes metabolic syndrome. It is available to insurance subscribers 
aged 40 yrs and over who live in Japan. Japan has a universal health insurance system, with all 
citizens enrolled into a public insurance scheme depending on their employment type and/
or age. Almost all residents aged ≥ 40 yrs therefore have access to these check-ups, which are 
managed by medical insurers, including municipalities for certain schemes.

A previous study conducted before the COVID-19 pandemic found that people reporting 
a weight gain of ≥ 3 kg per year were more likely to develop arteriosclerotic cardiovascular 
disease than those who did not report a weight gain [12]. The total physical activity time 
of elderly Japanese people decreased significantly during the COVID-19 pandemic [7]. 
Behavioral changes prompted by COVID-19 may therefore increase obesity and lead to 
lifestyle-related diseases. This study used a questionnaire survey conducted in Hakui City, 
Japan, to investigate changes in lifestyle habits during the pandemic. The questionnaire 
results and data from the health check-ups were combined to investigate factors associated 
with weight changes. We established a collaboration agreement with Hakui City; within the 
framework of that agreement, we obtained permission to use health check-up data. The 
availability of these data was the main reason we selected Hakui City as the study area.

SUBJECTS AND METHODS

Setting
Hakui City is located in the central part of the Japanese archipelago, on the west side of the 
Noto Peninsula in Ishikawa Prefecture. As of April 1, 2021, the population of Hakui City was 
20,763, with 40.2% aged 65 yrs or more [13].

Survey
We designed a questionnaire based on a survey about health education previously conducted 
by the Japanese government [14]. We asked respondents about changes to their dietary habits 
and lifestyle during the pandemic, using a five-point scale with responses ranging from 
“increased” to “decreased.” “not applicable” was also an option for items that did not apply, 
such as, for example, respondents who did not drink alcohol. Limiting the response options 
for the weight change items to “increase” or “decrease” would have meant that respondents 
had to record weight changes of as little as 1 g. To address this issue, we used a standard 
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weight change of ≥ 3 kg. Therefore, a response of “slightly increased” indicated a change of  
> 3 kg but close to 3 kg. A response of “increased” indicated a clear change of ≥ 3 kg.

The survey was sent by mail to 5,000 randomly selected people over 40 yrs old living in 
Hakui City, to arrive on November 1, 2021. There is no upper age limit set for respondents. 
The questionnaire was self-administered, and participants were asked to return it by mail by 
November 30, 2021, in an enclosed pre-addressed envelope. An explanation of the survey’s 
purpose was published on the city’s website in advance and included in the survey form.

Health check-up data
The data from health check-ups included height, weight, waist circumference, and blood 
pressure; blood sugar and cholesterol levels as blood sample data; and information about 
lifestyle habits such as drinking and smoking. The Tokutei Kenshin data in this study are from 
before the pandemic because data from afterwards were not yet available. It was considered 
most appropriate to use Tokutei Kenshin data from 2019, the last year before any COVID-19-
related restrictions. However, limiting the data to 2019 might have limited the number of 
potential participants. We therefore used the 2019 data as the base, and supplemented them 
with data from 2018 and 2017 for participants who did not receive a check-up in 2019.

Japan has several types of public insurance systems. Tokutei Kenshin data stored by the city 
include the National Health Insurance and the medical care system for older people. National 
Health Insurance is mainly for self-employed people who do not work for a company, retirees, 
or their families. The medical care system for older people is for citizens aged 75 and over 
[15]. In Japan, 26.8% of the population is enrolled in the National Health Insurance system, 
and 12.8% in the medical care system for older people [16].

Data analysis
The results of the questionnaire and data from Tokutei Kenshin were combined before analysis. 
Questionnaires were coded with a unique cryptographic key linked to the individual. This was 
used to combine individual-level data from questionnaires and check-ups. The encryption 
keys were set in City Hall, and the researchers could not identify any individuals. Data were 
only combined when participants checked the consent box for this on the questionnaire. 
This study authors obtained approval from the ethical review committee at the researchers’ 
institution (approval No. 2018-129 [053]). The study procedures were in accordance with the 
Helsinki Declaration of 1975, as revised in 2013.

Data were checked for normality using histograms and the Shapiro–Wilk test. For biometric 
data, population normality was assumed. The groups with combined data and questionnaire 
data only were compared to check for any significant differences. Welch’s t-test was used for 
age, and Pearson’s χ2 test for all other variables, with Yates’ continuity correction added for sex.

Other data analyses focused mainly on lifestyle changes due to COVID-19, particularly 
changes in body weight, and associated diet and exercise changes. Cross-tabulations were 
performed between the weight change responses from the questionnaire and the weight 
and blood data obtained from the medical examination data. Respondents were also divided 
into 2 groups based on whether they reported a weight increase (“increased” or “slightly 
increased”) or decrease (“decreased” or “slightly decreased”), and these two groups were 
cross-tabulated with lifestyle habits to explore any habits associated with weight changes 
using one-way analysis of variance and χ2 tests or, for non-normally distributed data, the 
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Kruskal–Wallis rank sum test. Normal data were reported as means and standard deviations, 
and non-normal data as medians and upper and lower quartile.

RESULTS

Characteristics of respondents
In total, 3,992 questionnaires were collected, with a response rate of 79.8%. Among the 
respondents, 54.7% were female, and the median age was 70 yrs. The age range of respondents 
was 40 yrs old for the youngest and 101 yrs old for the oldest (Table 1). A total of 704 
questionnaires could be combined with Tokutei Kenshin data. The median age of this combined 
group was 72 yrs, and 58.7% were female. Compared with questionnaire-only respondents, 
those with combined data were slightly older, and this difference was statistically significant 
(P < 0.01). There were also slightly more females in the combined group, although this was 
not statistically significant. This is probably because there are more older females than males 
in Japan [17]. There were no other significant differences between the 2 groups.

The histograms suggested that the data were normally distributed. However, the Shapiro–Wilk 
test suggested that the age data were non-normal. These data are therefore reported as medians 
with IQR. Some of the other data were also non-normal, and the comparisons were therefore 
performed using both parametric and non-parametric tests as a check.

Lifestyle changes due to COVID-19
The most common response for all lifestyle items was “no change.” There were more changes 
in weight than in other items. Overall, 67.9% of the respondents reported that they had seen 
“no change” in their weight, and 8.2% reported that this question was “not applicable.” 
However, 14.9% reported an increase (“increased” or “slightly increased”) and 9.1% 
reported a decrease (“decreased” or “slightly decreased”). For the combined group, 72.8%, 
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Table 1. Lifestyle changes during the COVID-19 pandemic reported in questionnaires
Variables Increased Slightly increased No change Slightly decreased Decreased Not applicable5)

Questionnaire respondents1) (n = 3,992)
Weight change (3 kg or more)4) 174 (4.5) 401 (10.0) 2,626 (67.0) 197 (5.1) 154 (4.0) 317 (8.2)

Snacks 114 (2.9) 547 (14.1) 2,614 (67.5) 125 (3.2) 119 (3.1) 353 (9.1)
Vegetable intake 116 (3.0) 354 (9.1) 2,976 (76.7) 155 (4.0) 59 (1.5) 222 (5.7)
Protein intake 74 (1.9) 268 (6.9) 3,142 (80.9) 138 (3.6) 44 (1.1) 217 (5.6)
Alcohol intake 37 (1.0) 151 (3.9) 1,650 (43.0) 178 (4.6) 194 (5.1) 1,626 (42.4)
Physical activity 69 (1.8) 189 (4.9) 2,504 (64.6) 501 (12.9) 276 (7.1) 336 (8.7)

Combined data2)3) (n = 704)
Weight change (3 kg or more)4) 25 (3.6) 64 (9.2) 505 (72.8) 28 (4.0) 22 (3.2) 50 (7.2)

Snacks 19 (2.7) 100 (14.4) 498 (71.7) 15 (2.2) 13 (1.9) 50 (7.2)
Vegetable intake 18 (2.6) 67 (9.6) 552 (79.4) 23 (3.3) 8 (1.2) 27 (3.9)
Protein intake 7 (1.0) 57 (8.2) 573 (82.6) 23 (3.3) 6 (0.9) 28 (4.0)
Alcohol intake 6 (0.9) 24 (3.5) 304 (44.1) 28 (4.1) 27 (3.9) 300 (43.5)
Physical activity 11 (1.6) 31 (4.5) 476 (68.5) 91 (13.1) 37 (5.3) 49 (7.1)

Data are presented as number (%).
COVID-19, coronavirus disease 2019.
1)Age (yrs): Median (interquartile range), 70 (60–77), Range, 41–101; Sex: n (%), 1,792 (44.9) for male, 2,185 (54.8) for female, 8 (0.2) for Others (People whose 
gender identity is neither male nor female).
2)Age (yrs): Median (interquartile range), 72 (68–75), Range, 42-95; Sex: n (%), 290 (41.2) for male, 413 (58.7) for female, 0 (0.0) for Others (People whose gender 
identity is neither male nor female).
3)The combined data show respondents for whom data from health check-ups were available.
4)Weight change as answered by respondents. “Slightly increased” indicates a change of > 3 kg but close to 3 kg. “Increased” indicates a clear change of ≥ 3 kg. 
The same applies to the “decrease” response categories.
5)Not applicable includes no weight data, a diet that could not be assessed by the question (i.e., lacking snacks, vegetables, protein or alcohol), or no physical activity.



7.2%, 12.8%, 7.2%, reported “no change,” “not applicable,” “increased,” and “decreased,” 
respectively. Overall, 42.4% of all respondents and 43.5% of the combined group answered 
“not applicable” for alcohol consumption, probably because they did not drink alcohol.

Age and check-up results by weight change
The average age and Tokutei Kenshin results based on whether the respondent reported weight 
gain or loss in the questionnaire are shown in Tables 2-4. The age data were obtained from 
the questionnaire, and weight and body mass index (BMI) from the Tokutei Kenshin results. 
This analysis was conducted separately for males and females.

The most noticeable difference was in BMI. The mean BMI of the “no change” respondents 
was 22.5 ± 3.1 kg/m2, which was similar to the overall average of 22.7 ± 3.1 kg/m2. However, 
among those reporting increased weight, the mean pre-pandemic BMI was statistically 
higher. The mean values for abdominal circumference and gamma-glutamyl transferase 
(γ-GT) also tended to be higher for those reporting a weight increase. Age was significantly 
different between those reporting weight increases and decreases. Additionally, males whose 
weight had increased tended to be heavier at their most recent check-up, and there was also 
a significant difference in the mean value of γ-GT by weight increase or decrease. However, 
none of the γ-GT values were high enough to be clinically problematic [18]. Males with lower 
pre-pandemic γ-GT values tended to lose weight. Females who had gained weight tended to 
have a larger pre-pandemic waist circumference than those who had lost weight. However, 
the mean waist circumference of those who said that their weight had “decreased” was 87.0 
cm, larger than the overall mean of 82.6 cm.

The comparisons were repeated using the Kruskal–Wallis rank sum test, because 
some data were not normally distributed. The results (not shown for brevity) were very 
similar. Significant associations were found between BMI and waist circumference for all 
respondents, between BMI and γ-GT for males, and among body weight, BMI, and waist 
circumference for females.
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Table 2. Age and health check-up results categorized by weight changes reported by respondents (all respondents)1)

Variables Increased Slightly increased No change Slightly decreased Decreased Not applicable2) Overall average P-value3)

All respondents (n = 3,992) 174 (4.5) 401 (10.4) 2,626 (67.9) 197 (5.1) 154 (4.0) 317 (8.2)
Age (yrs) 64 (51, 72) 64 (53, 73) 70 (61, 76) 73 (63, 80) 72 (64, 80) 73 (66, 80) 70 (60, 77) < 0.001**

Combined data4) (n = 704) 25 (3.6) 64 (9.2) 505 (72.8) 28 (4.0) 22 (3.2) 50 (7.2)
Age (yrs) 71 (66, 73) 71.5 (67, 74) 71 (68, 75) 71.5 (67, 74) 71.5 (67, 74) 73 (69, 75) 72 (68, 75) 0.200

Body weight (kg) 61.2 ± 11.4 59.8 ± 9.2 57.1 ± 10.7 57.9 ± 12.8 60.7 ± 10.5 55.4 ± 8.5 57.4 ± 10.5 0.115
Body mass index (kg/m2) 25.1 ± 2.7 23.9 ± 2.5 22.5 ± 3.1 22.5 ± 3.8 23.4 ± 2.4 22.3 ± 3.4 22.7 ± 3.1 < 0.001**

Waist circumference (cm) 89.6 ± 8.8 87.2 ± 8.3 83.0 ± 9.0 82.2 ± 9.9 85.5 ± 8.2 82.0 ± 9.9 83.6 ± 9.1 0.004**

HbA1c_NGSP (%) 6.0 ± 0.5 5.8 ± 0.4 5.8 ± 0.5 5.7 ± 0.4 6.0 ± 0.6 5.9 ± 0.5 5.8 ± 0.5 0.420
Neutral fat (mg/dL) 127.4 ± 64.9 122.2 ± 70.3 119.6 ± 64.1 120.3 ± 58.8 118.1 ± 57.9 109.2 ± 57.7 119.6 ± 65.1 0.914
γ-GT (IU/L) 38.6 ± 29.8 35.0 ± 29.1 33.3 ± 52.5 35.7 ± 33.9 22.5 ± 10.1 28.4 ± 25.6 32.9 ± 46.9 0.025*

Systolic blood pressure (mmHg) 127.8 ± 13.6 127.9 ± 13.7 125.5 ± 15.3 126.1 ± 19.7 129.4 ± 17.9 121.6 ± 16.5 125.6 ± 15.4 0.473
Data for "all respondents" and "combined data" are presented as number (%). Age is presented as median (interquartile range), and other variables are 
presented as mean ± standard deviation.
γ-GT, gamma-glutamyl transferase; HbA1c, hemoglobin A1c; NGSP, National Glycohemoglobin Standardizations Program.
1)Weight change (≥ 3 kg) during the COVID-19 pandemic as reported by the respondent. “Slightly increased” indicates a change of > 3 kg but close to 3 kg. 
“Increased” indicates a clear change of ≥ 3 kg. The same applies to the “decreased” response categories.
2)Not applicable includes no weight data, a diet that could not be assessed by the question (i.e., lacking snacks, vegetables, protein, or alcohol), or no physical activity.
3)One-way ANOVA; questionnaire respondents for whom health check-up data were available. “Not applicable” was excluded from the analysis.
4)The combined data show respondents for whom data from health check-ups were available.
*Significant at the 5% level; **Significant at the 1% level.



Lifestyle changes according to weight increase or decrease
Table 4 shows the cross-tabulation of lifestyle changes according weight changes. The 
lifestyle habits with a statistically significant difference at the 5% level were snacking, 
vegetable intake, protein intake, and drinking alcohol. The snack intake tended to have 
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Table 3. Age and health check-up results categorized by weight changes reported by respondents (separated for male and female)1)

Variables Increased Slightly  
increased

No change Slightly  
decreased

Decreased Not 
applicable2)

Overall  
average

P-value3)

Male
All respondents (n = 1,751) 67 (3.8) 169 (9.7) 1,186 (67.7) 85 (4.9) 82 (4.7) 162 (9.3)
Age (yrs) 56 (49, 71) 64 (52, 73) 70 (61, 76) 72 (65, 80) 71 (64, 78) 73 (66, 78) 70 (61, 77) < 0.001**

Combined data4) (n = 209)
Age (yrs) 68 (66, 72) 73 (67, 75) 72 (69, 75) 71 (68, 73) 72 (69, 74) 74 (72, 75) 72 (68, 75) 0.228
Body weight (kg) 71.6 ± 10.9 66.6 ± 8.4 64.1 ± 9.9 67.0 ± 11.4 62.8 ± 10.7 59.5 ± 5.6 64.2 ± 9.7 0.040*

Body mass index (kg/m2) 25.3 ± 1.6 24.2 ± 2.6 23.2 ± 2.8 24.1 ± 3.6 23.2 ± 2.8 22.1 ± 2.4 23.3 ± 2.8 0.039*

Waist circumference (cm) 90.5 ± 8.3 87.9 ± 7.8 84.9 ± 8.2 86.5 ± 6.6 84.4 ± 8.4 81.1 ± 6.3 85.1 ± 8.2 0.116
HbA1c_NGSP (%) 6.4 ± 0.5 5.8 ± 0.5 5.9 ± 0.6 5.8 ± 0.4 6.0 ± 0.6 5.7 ± 0.6 5.9 ± 0.6 0.208
Neutral fat (mg/dL) 141.5 ± 39.0 104.5 ± 43.2 131.6 ± 69.4 141.1 ± 59.6 116.3 ± 59.4 109.0 ± 35.5 127.6 ± 64.4 0.129
γ-GT (IU/L) 39.5 ± 21.0 50.8 ± 31.4 43.1 ± 49.9 51.3 ± 42.4 23.0 ± 7.2 29.2 ± 18.8 42.1 ± 45.1 < 0.001**

Systolic blood pressure (mmHg) 27.7 ± 18.5 127.2 ± 11.3 126.1 ± 15.9 129.4 ± 15.6 123.7 ± 10.4 122.4 ± 15.0 125.9 ± 15.3 0.852
Female

All respondents (n = 2,104) 106 (5.0) 230 (10.9) 1,432 (68.1) 111 (5.3) 72 (3.4) 153 (7.3)
Age (yrs) 65 (53, 72) 63 (53, 72) 69 (61, 77) 73 (63, 80) 73 (65, 83) 73 (65, 80) 70 (60, 77) < 0.001**

Combined data4) (n = 414)
Age (yrs) 71 (66, 73) 70 (67, 73) 71 (67, 75) 71 (65, 74) 71 (66, 75) 73 (68, 75) 71 (67, 75) 0.766
Body weight (kg) 56.0 ± 7.7 56.1 ± 7.3 52.2 ± 8.2 49.7 ± 7.2 58.4 ± 10.4 52.0 ± 9.1 52.7 ± 8.3 0.047*

Body mass index (kg/m2) 25.1 ± 3.2 23.7 ± 2.5 22.1 ± 3.2 21.1 ± 3.5 23.7 ± 2.1 22.5 ± 4.0 22.3 ± 3.2 0.005**

Waist circumference (cm) 89.2 ± 9.4 86.9 ± 8.7 81.7 ± 9.3 78.5 ± 8.9 87.0 ± 8.5 82.7 ± 12.3 82.6 ± 9.6 0.015*

HbA1c_NGSP (%) 5.8 ± 0.3 5.9 ± 0.3 5.8 ± 0.4 5.7 ± 0.3 5.9 ± 0.5 5.9 ± 0.4 5.7 ± 0.4 0.341
Neutral fat (mg/dL) 120.4 ± 75.2 132.2 ± 80.6 111.1 ± 58.9 101.6 ± 54.2 120.1 ± 60.2 109.4 ± 71.8 114 ± 65.2 0.771
γ-GT (IU/L) 38.3 ± 34.2 26.2 ± 24.0 26.6 ± 53.4 21.7 ± 15.6 22.1 ± 13.1 27.8 ± 30.4 26.7 ± 47.1 0.725
Systolic blood pressure (mmHg) 128.0 ± 11.4 128.3 ± 15.1 125.0 ± 14.8 123.2 ± 23.2 136.0 ± 22.7 121.1 ± 18.0 125.3 ± 15.4 0.487

Data for "all respondents" are presented as number (%) for categorical variables. Age is presented as median (interquartile range), and other variables are 
presented as mean ± standard deviation.
γ-GT, gamma-glutamyl transferase; HbA1c, hemoglobin A1c; NGSP, National Glycohaemoglobin Standardisation Program.
1)Weight change (≥ 3 kg) during the COVID-19 pandemic as reported by the respondent. “Slightly increased” indicates a change of > 3 kg but close to 3 kg. 
“Increased” indicates a clear change of ≥ 3 kg. The same applies to the “decreases” response categories.
2)Not applicable includes no weight data, a diet that could not be assessed by the question (i.e., lacking snacks, vegetables, protein, or alcohol), or no physical activity.
3)One-way ANOVA. “Not applicable” was excluded from the analysis.
4)The combined data show respondents for whom data from health check-ups were available.
*Significant at the 5% level; **Significant at the 1% level.

Table 4. Changes in lifestyle habits reported by respondents during the COVID-19 pandemic according to weight gain or loss
Habits Weight gain or  

loss reported1)
Increased Slightly increased Did not change Slightly decreased Decreased Not applicable2) P-value3)

Snacks Gain 54 (9.5) 202 (35.5) 262 (46.0) 13 (2.3) 13 (2.3) 25 (4.4) < 0.001**

Loss 11 (3.2) 50 (14.5) 172 (50.0) 40 (11.6) 45 (13.1) 26 (7.6)
Vegetable intake Gain 38 (6.7) 76 (13.3) 391 (68.5) 39 (6.8) 13 (2.3) 14 (2.5) 0.009**

Loss 25 (7.3) 61 (17.7) 197 (57.3) 32 (9.3) 19 (5.5) 10 (2.9)
Protein intake Gain 22 (3.8) 75 (13.1) 429 (74.9) 22 (3.8) 11 (1.9) 14 (2.4) < 0.001**

Loss 20 (5.8) 35 (10.1) 235 (67.9) 35 (10.1) 15 (4.3) 6 (1.7)
Alcohol intake Gain 16 (2.8) 52 (9.2) 204 (36.0) 35 (6.2) 38 (6.7) 222 (39.2) 0.004**

Loss 5 (1.5) 12 (3.6) 106 (31.5) 26 (7.7) 31 (9.2) 157 (46.6)
Physical activity Gain 19 (3.3) 44 (7.7) 297 (52.0) 106 (18.6) 78 (13.7) 27 (4.7) 0.290

Loss 17 (4.9) 26 (7.5) 167 (48.3) 55 (15.9) 56 (16.2) 25 (7.2)
Data are presented as number (%).
COVID-19, coronavirus disease 2019.
1)Weight gain/loss as reported by the respondent. The classification of lifestyle habits as “increase” or “decrease” is based on respondents’ answers to the question.
2)Not applicable includes a diet that could not be assessed by the question (i.e., lacking snacks, vegetables, protein, or alcohol) or no physical activity.
3)χ2 test, †The sum of those responding “Increased” or “Slightly increased.” ‡The sum of those responding “Decreased” or “Slightly decreased.”
*Significant at the 5% level; **Significant at the 1% level.



increased in those who gained weight. Those who lost weight tended to have increased 
their vegetable intake, and reduced their protein intake. Overall, 5.7% of those who gained 
weight and 14.3% of those who lost weight had decreased their protein intake. No statistically 
significant differences were found in physical activity levels.

DISCUSSION

Previous studies have shown that pandemic-related behavioral changes have increased obesity 
[19]. It has been suggested that the social isolation policies implemented during the COVID-19 
pandemic may have contributed to obesity, which is associated with metabolic disorder [20]. 
Weight gain is linked to lifestyle-related diseases and should be prevented. A gain > 3 kg is a 
risk for developing arteriosclerotic cardiovascular disease [12]. This study therefore carried 
out an exploratory analysis focusing on weight changes using a questionnaire about habits 
during and after the pandemic, and data from pre-pandemic health check-ups. We found 
that those who were already prone to obesity were more likely to have gained weight during 
the pandemic. The increased snack intake among those gaining weight suggests that dietary 
habits may be more important than activity in this change. This is consistent with previous 
studies on the impact of exercise and nutrition on weight change [21,22].

Males with increased alcohol consumption tended to report weight increases, and those 
with decreased alcohol consumption tended to report weight decreases. This suggests 
that changes in alcohol intake directly lead to weight gain and loss. Greater caution with 
alcohol intake may be needed in males because of their tendency to drink more than females 
[23,24]. Females with a larger waist circumference tended to show a greater weight increase. 
However, this finding needs further examination because some respondents with a larger 
waist circumference lost weight.

Relatively younger age groups were more likely to gain weight. Similar results have been 
found in previous studies [19]. This may be because people tend to lose weight as they age 
[25]. Many older people experience difficulties in swallowing that can lead to weight loss 
[26,27]. Age-related changes to taste and smell can also change appetite and eating habits 
[26]. Our study suggested that protein intake tended to decrease in those who lost weight. 
The isolation brought about by pandemic measures may have meant that these changes 
were detected later than earlier. In fact, previous studies have reported that elderly people’s 
tendency to rely on community services for support left them more vulnerable to isolation 
during the pandemic, leading to physical decline [28,29]. In Japan, many nursing care 
facilities suspended their operations during the pandemic, negatively affecting the elderly 
population [30]. There is no evidence that dietary intake among elderly people declined 
during the COVID-19 pandemic. However, a negative correlation has been reported between 
loneliness levels and consumption of vegetables and fruits among elderly Japanese people 
[31]. We were unable to examine the relationship between weight changes and protein intake 
or other food intake by age group because of the small sample size in this study, but this 
could be explored in future research. Public health measures in Japan need to address the 
issue of weight loss among elderly people; a study of older adults in Japan found that males 
and females who met the criteria for sarcopenia were at increased risk of death and disability 
[32]. During the COVID-19 pandemic, the tendency to gain weight because of pandemic-
related restrictions was expressed in Japan by the phrase “corona-butori.” Many people 
engaged in proactive measures to try to lose this extra weight. However, the present study 
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findings suggest that, in elderly people, concern about losing weight is more likely needed 
than about gaining weight.

The COVID-19 pandemic led to unprecedented global social restrictions. Our study delivers 
crucial empirical data on weight changes during this period, underscoring the distinct 
impacts on younger and older males. This evidence is vital for informing future public 
health interventions and policy decisions, particularly in situations where social restrictions 
are imposed, such as during large-scale disasters. Our findings offer novel insights into 
managing the health effects of such crises across different population segments and 
underscore the necessity of tailored health recommendations.

This study had some limitations. First, the study sample was drawn from one segment of the 
population residing in Hakui City and does not represent a national dataset, which may affect 
the generalizability of the findings. Furthermore, the Tokutei Kenshin data were obtained from 
just 2 insurance systems, skewing towards older age groups, which may have affected the 
findings and limited the sample size of the combined data. Future studies might use health 
check-up data from other insurance systems, increase the sample size, conduct analyses by 
age group, and also compare check-up results from before and after the pandemic.

Second, although the weight measurements obtained during the health check-ups constitute 
objective and reliable data, the questionnaire responses themselves were subjective, and 
reflected respondents’ perceptions. Additionally, estimation of weight change is subjective and 
may lack accuracy. It is also unclear whether the respondents had actually weighed themselves. 
Furthermore, the questionnaire did not include any guidance on the use of the “not applicable” 
response, and thus some respondents may have used it to indicate “no change.”

Third, the statistical analysis was fairly simplistic, and we did not control for particular 
lifestyle factors or examine the effects of multiple changes. Therefore, this is best seen as an 
initial exploratory study. In future, we aim to conduct more sophisticated analyses, including 
controlling for various factors such as demographic information and pre-pandemic lifestyle.

Finally, in January 2024, a large-scale earthquake occurred in the Noto region, where Hakui 
City is located. Due to the severe damage, many residents continue to live as evacuees. 
Activities of evacuated residents are restricted. There is a particular concern about health 
damage to the elderly people. We hope that the results of this study will be useful.

In conclusion, the results of this study suggest that those who were already overweight before 
the pandemic were more likely to gain weight during the pandemic. The most important 
factor for weight change in males was alcohol consumption. Finally, weight loss may be a 
more important issue among older groups (those over 70 yrs of age) than weight gain.
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