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Abstract: In the early epidemic of COVID-19 in Wuhan, the proportion of elderly patients 10 

over 60 years was significantly higher than that of other populations. However, with the 11 

implementation of strong social control measures, the proportion of which dropped rapidly 12 

to the same level as that of middle-aged patients (40-59), which indicated that the elders’ social 13 

behavioural pattern may have some connections with the infection. A retrospective study was 14 

carried out to investigate the behavioural patterns of different age groups before the social 15 

distance control in Wuhan, to find out the relationship between them and the infection under 16 

the nature state, and furthermore, to put forward targeted suggestions to enhance the 17 

resistance of the elderly to public health emergencies. To carry out the research, social survey, 18 

one-way ANOVA and logistic regression models were utilized. The results showed that the 19 

elderly had more social activities, more offline shopping, more travels by semi-public 20 

transportation, and the factors below had significant impacts on the infection (P<0.05): the 21 

level of indoor entertainment, the frequency of going to convenience stores or markets, the 22 

frequency of walking, and the level of protection. Besides, suggestions were proposed, 23 

including controlling the social distance of the elderly, developing senior-friendly shopping 24 

platforms, advocating tailored car travel, etc. This study could provide data and theoretical 25 

support for government's regulatory actions, enrich epidemiological theories of transmission 26 

routes based on behaviour, and improve the adaptability of the elderly to public health 27 

emergencies. 28 

Keywords: elderly; behavioural patterns; susceptibility to infection; logistic regression; 29 

policy 30 

1. Background 31 

At the beginning of 2020, COVID-19 broke out in Wuhan, China, and then spread rapidly 32 

throughout China. At the initial stage of the outbreak, the government and the public did not 33 

fully understand about the coronavirus. Academician——Nanshan Zhong first announced the 34 

existence of human-to-human transmission of COVID-19 on 20th Jan. Before that most Wuhan 35 

residents continued to purchase supplies for the Spring Festival. They underestimated its 36 

infectivity and didn’t recognize it could be so severe. Behavioural patterns of most residents 37 

had not changed significantly so the epidemic developed rapidly. After academician Lanjuan 38 

Li put forward measures such as home quarantine, wearing masks, building container 39 

hospitals and locking down the city on 22nd Jan., which effectively cut off the spread channel 40 

of the virus, behaviours of Wuhan residents were changed significantly. At the end, the spread 41 

of the epidemic was successfully controlled. Until 8th Apr., 2020, when Wuhan city had been 42 

sealed off, there were 50,008 confirmed cases and 2,574 deaths in Wuhan with the resident 43 
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population of 11.21 million, and there were 81,802 confirmed cases and 3,333 deaths in the 44 

whole country with the resident population of 1.4 billion [1]. 45 

Looking back at the history of the epidemic (Figure 1), the elderly over 60 years old were 46 

more susceptible than the younger population as for COVID-19. During the period from 1st 47 

Dec. 2019, the Lancet reported the first case of COVID-19 in Wuhan, to 9th Jan. 2020, the first 48 

death case of COVID-19, 51.8% of COVID-19 patients were over 60 years old. With the 49 

introduction of a series of government control measures, until the closure of Wuhan on 23rd 50 

Jan., the proportion of the elderly people who were diagnosed with COVID-19 declined slightly, 51 

but it was still higher than other age groups in overall hospitalized patients. On 10th Apr., the 52 

elderly over 60 years old accounted for 42.4% of the total infected people in Wuhan. The 53 

infection proportion of young people under the age of 40 was 19.9%, and that of middle-aged 54 

people aged 40 to 60 years old was 37.7% [2]. Progressively, the proportion of elderly patients 55 

was changing.  56 

Since the end of January, the COVID-19 prevention and control headquarters in Wuhan 57 

had issued many notices, including ‘Wuhan closed’ on 23rd Jan, ‘Suspension of net-booked 58 

cars and taxis’ on 24th Jan, ‘restricting the use of motor vehicles in the central city’ on 31st Jan, 59 

which greatly reduced the unnecessary contact of the public and effectively slowed down the 60 

spread of COVID-19. In February, the government in Wuhan issued a notice: residential areas 61 

were managed in a closed way, and only one entrance was reserved in each community to 62 

restrict travel. Up to 8th Mar., the proportion of COVID-19 patients over 60 years old had 63 

dropped significantly to 35.4% of all patients, and people aged 40-59 years old accounted for 64 

33.9% [2]. It was the first time that the two age groups differed little. 65 

Figure 1. Policy implementation and age classes of COVID-19 patients. 66 

The control measures in Wuhan had a significant effect and showed that the elderly were 67 

not more susceptible than other age groups after restricting social behaviour. A study also 68 

showed that, although the elderly was susceptible to infectious diseases [3], COVID-19 was 69 

common in all age groups. 70 

By comparative analysis of the proportion of elderly patients before and after social 71 

control in Wuhan, we put forward the following hypothesis: behaviour of the elderly under 72 

the nature state was different from that of other age people, which was one of the main reasons 73 

why elders were more likely to suffer from the disease.  74 

1.1. Literature review 75 

Many scholars at home and abroad had paid close attention to the virus and invested 76 

considerable efforts in research, mainly focusing on the clinicopathological characteristics of 77 
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patients with COVID-19 [4,5], the trend and prediction of COVID-19 infection and mortality in 78 

certain countries and regions [6,7], the configuration of urban medical system under the 79 

epidemic [8], and the measures to prevent and control the epidemic [9].  80 

Yu Feng et al. proposed that COVID-19 virus could be transmitted through droplets 81 

produced by coughing and sneezing, or by contact with the virus [10]. In general, the main 82 

transmission routes of COVID-19 virus were close airborne droplets, contact with respiratory 83 

secretions of patients, and contact transmission [11]. Researches showed that droplet and 84 

contact transmission of the infectious virus were mainly reflected in people's daily lives 85 

through social interaction [10], shopping [12], transportation [13], hospital visits [14], and 86 

family life [15,16]. Yiqiang Liu pointed out that social interaction and mobility were the basis 87 

of COVID-19 virus transmission [17]. Zhang et al. suggested that transportation had become 88 

the main place of virus transmission in the epidemic because of its narrow space, dense 89 

population and close contact conditions [18].  90 

From the perspective of behavioural patterns, Junxiong Li et al. found that during the 91 

epidemic, most young and middle-aged shoppers shifted their spending from offline to online, 92 

while the older consumers, with less level of informatization, could only risk infection by 93 

buying food in supermarkets, convenience store or market complexes [19]. For the elderly aged 94 

60-75, life satisfaction was closely related to face-to-face social activities [20].Food markets 95 

were more popular among the elderly, because they could provide lower prices, more varieties 96 

and more opportunities to interact with others [21]. Older people relied more on non-motorized 97 

transportation than younger people, and there is a stronger relationship between their mobility 98 

patterns and the distribution of leisure service facilities [22]. Shan Hu pointed out that the 99 

elderly had a higher rate of infection and mortality due to their worse physical resistance, more 100 

narrow social patterns, comorbidities, and looking down on the epidemic [23].  101 

To sum up, existing research results showed that COVID-19 was mainly transmitted 102 

through airborne droplets and contact in people's daily activities such as socializing, shopping 103 

and transportation, etc. The elderly were more likely to be infected due to their poor health and 104 

negative attitude towards the epidemic. There was still a lack of research on the relationship 105 

between the high infection rate of the elderly and their daily behaviours, and few scholars had 106 

conducted in-depth research on the specific behaviours that may lead to higher infection rate 107 

in social interaction, shopping and transportation.  108 

The paper attempts to analyze the link between different behavioural patterns under 109 

nature state and diseases by investigating behaviour habits of different age people. Specifically, 110 

the questionnaire was designed in terms of shopping, social life, travel, and protective 111 

measures, etc. The data were collected through the Internet and telephone. To determine the 112 

significance of behavioural differences between the elderly and the middle-aged, we used a 113 

one-way ANOVA. The logistic regression model was introduced to explore the factors that 114 

could have had the greatest influence on the disease state under various behaviours and to 115 

prove the correlation between the disease state and behavioural patterns. Finally, considering 116 

the effectiveness of policies implemented in Wuhan during the epidemic, some suggestions 117 

and policy supplements were put forward to improve the behaviour of the elderly. This article 118 

is expected to provide data and theoretical support for the government's regulatory actions, 119 

enrich epidemiological theories of transmission routes based on behaviour, and improve the 120 

adaptability of the elderly to public health emergencies in daily state. 121 

2. Data and Method 122 

2.1. Research Data 123 

The first outbreak of COVID-19 epidemic was in Wuhan, Hubei Province, which was the 124 

epicenter of outbreak development in China. As of 8th Apr., 2020, when Wuhan was unsealed, 125 

the total number of infected people in Wuhan had been 50,340, which means the rate of 126 
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infection in Wuhan was 4.49‰, accounting for 73.88% of the number of infected people in 127 

Hubei Province and 61.54% in China [1]. At the same time, Wuhan was located in the middle 128 

reaches of the Yangtze River with a resident population of 11.212 million in 2019 of which 21.43% 129 

were over 60 years old [24]. Consequently, it is typical to study the COVID-19 infection among 130 

the elderly in Wuhan. 131 

In order to collect data on behaviours of the elderly under their natural state to exclude 132 

the effect of epidemic control, the samples of patients interviewed in this paper were limited to 133 

those diagnosed before 6th Feb., 2020. When Wuhan closed on 23rd Jan., Wuhan residents 134 

realized the seriousness of the epidemic, and their living behaviours were then constrained 135 

accordingly. Due to the 14-day average incubation period of the virus before the onset of the 136 

disease, it could be roughly assumed that people who were diagnosed before 6th Feb. were 137 

infected before the city was closed. At this time, their living behaviours were basically 138 

unaffected by the epidemic which could be considered under nature state. 139 

During April—June, 126 eligible patients’ information was obtained through Chinese 140 

microblogging site Weibo, with the keywords ‘COVID-19 patients called for help’. The patients 141 

had been diagnosed without getting a hospital bed in time, so they sought help on Weibo, 142 

which could lead to greater awareness and faster access to help. Patients who seek help will 143 

post their certificate of diagnosis, personal information (including name, age, address, etc.), 144 

and date of diagnosis on the Internet. In this survey, phone numbers of the patients were 145 

collected manually and randomly on Weibo. For non-illness residents of Wuhan, we conducted 146 

the survey by distributing a questionnaire on the Internet. The main methods of investigation 147 

included making telephone conversations with COVID-19 patients to conduct semi-structured 148 

interviews. The survey included basic information (gender, age, physical condition), whether 149 

or not the respondent was infected with COVID-19 ( the time of illness and suspected possible 150 

causes). Based on the literature review, the survey was conducted from the following patterns 151 

of behaviour: social behaviours (frequency, duration, number of people, protective measures), 152 

shopping behaviours (frequency, congestion, protective measures), travel frequency and 153 

Internet usage (frequency, access to information).  154 

2.2. Research Methods 155 

The results of the survey were used to calculate the means or proportions of variables such 156 

as frequency, duration of social interaction, number of contacts, shopping congestion, and 157 

protective measures of social, shopping and transportation for the elderly and middle-aged 158 

groups. Differences between the two groups were measured to determine the behavioural 159 

characteristics of older adults that differed from those of younger adults. One-way ANOVA 160 

was used to statistically analyze the significantly different characteristic variables between two 161 

groups. Logistic regression analysis method was introduced to demonstrate which behaviours 162 

had significant effects on the infection rate. 163 

3. Results  164 

3.1. Statistical Characteristics of the Sample 165 

In terms of the patients, a total of 35 questionnaires were obtained, and 34 of them were 166 

valid. To conduct a comparative study, online surveys were conducted for people who were 167 

not infected the virus as the control group, 44 questionnaires were collected and 38 of them 168 

were valid. The survey was difficult and required a lot of time and effort. We went through as 169 

many surveys as possible and ended up with a valid sample of 72 with an efficiency rate of 170 

91.1%, which is more than the 30 needed to do a correlation analysis, so we could get a reliable 171 

result. The ratio of patients to non-patients is 1:1.12 . There are 18 elderly patients (age ≥ 60), 16 172 

young and middle-aged patients (18 < age < 60), 15 elderly non-patients, and 23 young and 173 

middle-aged non-patients (Table. 1). 174 

http://www.youdao.com/w/respondent/#keyfrom=E2Ctranslation
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Table 1. Description of overall characteristics of the study samples(n=72). 175 

Characteristics n % 

Gender   

Male 37 51.39  

Female 35 48.61  

Age   

18-29 16 22.22 

30-44 9 12.5 

45-59 14 19.44 

≥60 33 45.83 

A statistical analysis of residents’ behavioural pattern between two populations obtained 176 

from the questionnaire was conducted. The results are shown in Table 2. There are many 177 

significant differences (Sig < 0.05). Older adults exercise outdoors, play indoors, chat 178 

occasionally, and shop at convenience stores and food markets more frequently than younger 179 

adults. They are also less likely to use the Internet for online socializing and shopping. The 180 

duration that older adults spend outdoors exercising was longer than that of young and 181 

middle-aged adults. Protective measures between older adults and younger adults are 182 

significantly different. Older adults are less likely than younger adults to take precautions 183 

when shopping and socializing. In terms of travel, older adults walk more often, but take cars 184 

less often than younger adults. We used the investigators' self-rated health status scores to 185 

compare the differences in physical condition between the two groups. Both groups differ 186 

significantly in terms of their physical condition and use of online electronic devices. 187 

Table 2. Statistics on the behavioural patterns of elderly and young and middle-aged. 188 

  

Group 1: 

The 

elderly  

Group 

1: S.D. 

Group 2: 

The young 

and middle-

aged 

Group 

2: S.D. 

ANOVA 

between 

groups: F 

ANOVA 

between 

groups: Sig. 

Frequency 

of social 

activity

（weekly） 

Outdoor 

exercise*** 
2.76 2.50 0.80 1.43 17.57 0.00 

Indoor 

entertainment ** 
2.12 2.63 0.84 1.50 6.85 0.01 

Dinner parties 0.38 0.81 0.55 0.95 0.67 0.41 

Performance 0.14 0.44 0.28 0.72 0.93 0.34 

Casual chat*** 3.45 2.48 1.10 1.38 26.19 0.00 

Linking game** 0.17 0.96 1.21 2.34 5.77 0.02 

Webchat*** 0.70 1.30 2.42 2.49 12.96 0.00 

Duration of 

social

（minutes

） 

Outdoor 

exercise*** 
32.42 26.34 13.75 21.98 10.91 0.00 

Indoor 

entertainment 
27.58 29.16 17.75 24.70 2.43 0.12 

Dinner parties 10.00 22.08 19.63 27.56 2.63 0.11 

Performance 6.36 18.00 8.75 20.25 0.28 0.60 

Casual chat 5.76 3.34 7.25 15.52 0.29 0.59 



6/16 

 

Number of 

social 

Outdoor 

exercise*** 
2.59 3.19 0.98 1.44 8.23 0.00 

Indoor 

entertainment 
2.20 2.74 1.61 2.60 0.87 0.35 

Dinner parties 0.91 2.18 1.46 2.25 1.12 0.29 

Performance 1.82 5.84 2.14 5.63 0.06 0.81 

Casual chat 1.41 1.03 1.2 1.75 0.37 0.55 

Social 

precautions

（%）*** 

Class Ⅲ 

precaution 
3.20 —— 30.00 —— 

29.26 0.00 

Class Ⅱ 

precaution 
6.06 —— 25.00 —— 

Class I 

precaution 
36.19 —— 27.50 —— 

None 54.55 —— 17.50 —— 

Frequency 

of shopping

（weekly） 

Convenience 

stores** 
1.68 1.63 2.7 2.16 5.24 0.02 

Supermarkets 0.92 1.19 1.24 1.42 1.01 0.32 

Food markets* 2.52 2.71 1.53 2.25 2.91 0.09 

Street stall 0.77 1.38 0.68 1.43 0.09 0.77 

Takeaways*** 0 0 1.39 2.02 15.52 0.00 

Online 

shopping*** 
0.11 0.61 2.35 2.08 35.72 0.00 

Shopping 

crowed 

level 

Convenience 

store 
2.58 1.06 2.25 1.21 1.46 0.23 

Supermarket 2.15 1.44 2.35 1.35 0.37 0.55 

Food market 2.79 1.47 2.23 1.37 2.85 0.10 

Street stall** 1.15 0.44 1.60 0.93 6.48 0.01 

Shopping 

precautions

（%）*** 

Class Ⅲ 

precaution 
6.06 —— 32.50 —— 

10.83 0.00 

Class Ⅱ 

precaution 
18.18 —— 25.00 —— 

Class I 

precaution 
30.30 —— 20.00 —— 

None 45.45 —— 22.50 —— 

Frequency 

of travel

（weekly） 

Walk*** 5.35 2.34 2.81 2.54 19.33 0.00 

Bike 0.85 1.82 0.91 1.49 0.03 0.87 

Bus 1.79 1.63 1.38 1.87 0.99 0.32 

Underground* 0.52 1.28 1.14 1.56 3.38 0.07 

Car** 0.23 1.31 1.13 2.01 4.89 0.03 

Taxi** 0.00 0.00 0.41 1.10 4.65 0.03 
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Physical 

Health 

Score*** 

1 3.03 —— 0.00 —— 

9.11 0.00 

2 21.21 —— 7.50 —— 

3 36.37 —— 22.50 —— 

4 30.30 —— 45.00 —— 

5 9.09 —— 25.00 —— 

Usage of 

electronic 

equipment

（%）*** 

Never 42.43 —— 5.00 —— 

74.66 0.00 

1-2 times per 

week 
36.36 —— 5.00 —— 

3-4 times per 

week 
9.09 —— 2.50 —— 

Everyday 12.12 —— 87.50 —— 

Note: S.D. is Standard Deviation; ANOVA is Analysis of Variance; F is F-criterion; Sig. is Significance. 189 

* Sig<0.1；** Sig <0.05；*** Sig <0.01 190 

3.2. Social behaviour 191 

The social behaviours such as outdoor exercise, indoor entertainment, gathering meals, 192 

watching performances, and occasional chat would be called offline social, while interact online 193 

would be called online social. People’s physical contact behaviour was an important factor in 194 

the spread of the virus in this epidemic. On the contrary, the online behaviour reduced the 195 

occurrence of large-scale infection, provided the potential to resist epidemic continuously, and 196 

reduced the risk of infection. 197 

3.2.1. Differences in social styles 198 

From the characteristics of the elderly sample, the overall social behaviours of ‘frequent 199 

offline socialization and lack of online socialization’ could be seen distinctly. For offline social 200 

interaction, only 30% of people used the Internet to socialize. According to the characteristics 201 

of the young and middle-aged, the proportion of online social contact increased significantly, 202 

and it showed a flexible alternation between online and offline social interaction generally.  203 

By comparing the choice of social behaviours, it could be seen that older people were more 204 

likely to choose offline contact socialization than online non-contact socialization. Young and 205 

middle-aged people could use electronic equipment to socialize, so that they could make up 206 

for the absence of offline socialization through online socialization. 207 

Based on the comparison of social interaction patterns, we further analyzed the specific 208 

social behaviours of each age group, including social frequency, duration, number of people, 209 

and protection measures. The Figure 2 shows that the older people socialized more frequently 210 

than young and middle-aged people, and the proportion of contact socialization among the 211 

elderly is much higher.  212 

Specifically, the average weekly frequency of social contact (including outdoor exercise, 213 

indoor entertainment, performance appreciation, dinner party, and casual chat) of the elderly 214 

was higher than the young and middle-aged. The elderly mainly relied on offline socialization 215 

to meet their daily social needs.  216 
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 217 

Figure 2. Social frequency, duration, and the participant number. 218 

In terms of the characteristics of the elderly sample, 54.6% had no protection at all. Some 219 

of the elderly took their masks off when chatting and did not keep a safe social distance. Only 220 

3% were well protected in Class Ⅲ by wearing masks all times, keeping a safe distance from 221 

others, and disinfecting their hands. Concerning the characteristics of young and middle-aged 222 

samples, 17.5% were unprotected and 30% were well protected in third-class. 223 

3.2.2. Logistic regression results of social behaviour 224 

Table 3 shows that the model Omnibus Test result was 0.008 and the overall percentage of 225 

prediction was 81.4% with high reliability. The frequency and duration of indoor entertainment, 226 

the number of people exercising outdoors, and the level of protection had a greater relationship 227 

with whether they were sick. For each unit increased in the frequency of indoor entertainment, 228 

the time of indoor entertainment, and the number of people for indoor entertainment, the ratio 229 

of the risk of getting infected to not-infected increased by 0.353%, 0.624% and 0.489%. When 230 

the protective measures were increased by one level, the ratio of the probability of getting sick 231 

to not-sick would decrease by 0.471%. Therefore, indoor social behaviours have the most 232 

significant influence on whether getting sick. 233 

Table 3. Logistic regression results of social behaviours. 234 

Variable name Coefficient Significance OR 

Frequency of outdoor exercise  0.199 0.296 1.221 

Frequency of indoor entertainment *** 1.041 0.002 0.353 

Frequency of gathering meals -0.329 0.237 1.275 

Frequency of watching performances * -0.484 0.092 0.569 

Frequency of occasional chat 0.391 0.169 1.662 

Frequency of online games -0.001 0.997 0.999 

Frequency of online chat * -0.439 0.092 0.645 

Duration of outdoor exercise 0.291 0.173 1.337 

Duration of indoor entertainment ** 0.472 0.017 0.624 

Duration of gathering meals 0.263 0.161 1.300 

Duration of artistic performances -0.071 0.264 0.931 

Duration of occasional chat 0.240 0.345 1.271 

Number of people for outdoor exercise * 0.447 0.062 1.563 

Number of people for indoor entertainment *** 0.716 0.001 0.489 
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Number of people for gathering meals 0.243 0.237 1.275 

Number of people for artistic performances * -0.564 0.092 0.569 

Number of people for occasional chat 0.508 0.169 1.662 

Social protection measures ** -0.780 0.020 0.458 

Note: * P<0.1；** P<0.05；*** P<0.01. 235 

3.3. Shopping behaviour 236 

People’s physical contact shopping behaviour was an important factor in the spread of the 237 

virus in this epidemic. The shopping behaviours in food markets, supermarkets, food shops, 238 

and street stalls would be called offline shopping, while goods purchased by online platforms 239 

would be called online shopping, such as Taobao, JD.com (online shopping platform) and 240 

Meituan (online ordering platform). 241 

The density of the virus in space was the key factor in determining its transmission rate, 242 

and the efficiency of virus transmission was lower in open and ventilated outdoor sites than 243 

indoors. Therefore, shopping in a closed indoor environment became an important factor for 244 

COVID-19 virus. Crowded and narrow shopping space created favorable conditions for virus 245 

spreading through droplets and contact. The more frequently people go shopping in this 246 

environment, the more likely they would be infected. Protective measures after shopping such 247 

as wearing masks and gloves, sterilizing clothes, could effectively reduce the possibility of 248 

personal contact with virus. 249 

3.3.1. Differences in shopping behaviour 250 

As Figure 3 shows, older adults made more physical purchases per week, and sick older 251 

adults made more than non-sick older adults. Moreover, physical purchases accounted for a 252 

higher proportion of total shopping frequency in both comparison trials. 253 

 254 

Figure 3. Physical Shopping Frequency and Crowding Degree. 255 

In the comparison of offline shopping behaviours between elderly and young and middle-256 

aged people, we found that the elderly went to food markets most frequently. The elderly 257 

shopped more often and longer in vegetable markets and stores than young and middle-aged 258 

people, where the probability of infection was higher in physical stores. The sick elderly 259 

shopped more often and longer in food markets than the non-sick elderly.45.5% of the elderly 260 

had no protection, and only 6.1% of the elderly protect themselves effectively and correctly 261 

including wearing masks and gloves, sterilizing clothes after shopping and so on. Among the 262 
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younger adults, there were 32.5% with correct protection. The survey results show that the 263 

general protection level of the elderly was low, and their awareness of protection is poor.  264 

3.3.2. Logistic regression results of shopping behaviour 265 

The result of logistic regression analysis shows that the model Omnibus Test result was 266 

0.001, and the overall percentage of prediction was 76.4%, with a high confidence level. Table 267 

4 shows the regression results. 268 

The frequency of shopping at convenience stores, food markets, the degree of congestion 269 

in supermarkets, and the level of protection negatively correlated to illness is significant. With 270 

the increase of shopping frequency of convenience stores, food markets, the degree of 271 

congestion in supermarkets, the ratio of the probability of getting sick to not getting sick 272 

increases by 2.426%, 1.77%, 2.852%. The ratio of the probability of getting sick to the probability 273 

of not getting sick decreases by 0.359% with the improvement of protection level. 274 

Table 4. Logistic regression results of shopping behaviour. 275 

Variable name Coefficient Significance OR 

Shopping frequency at convenience stores ** 0.886 0.012 2.426 

Shopping frequency at general supermarkets * -0.707 0.079 0.493 

Shopping frequency at food markets** 0.571 0.025 1.770 

Shopping frequency at street stalls -0.328 0.303 0.720 

Shopping frequency on the Internet -0.117 0.631 0.889 

Frequency of takeout 0.115 0.662 1.122 

Congestion of convenience stores -0.657 0.228 0.518 

Congestion of general supermarket *** 1.038 0.006 2.825 

Congestion of the vegetable market -0.218 0.617 0.804 

Congestion of street stalls 0.127 0.865 1.136 

Protection level *** -1.025 0.007 0.359 

Note: * P<0.1；** P<0.05；*** P<0.01. 276 

According to the above analysis, the frequency of visiting convenience stores, food stores 277 

and markets, the degree of congestion in supermarkets, and the level of protection have a 278 

greater impact on shopping behaviour.  279 

3.4. Travel behaviour 280 

According to the transmission characteristics of coronavirus, with the increase of people's 281 

exposure, the probability of infection of COVID-19 increased correspondingly. In this process 282 

of analyzing modes of transportation, six common modes of transportation including walking, 283 

cycling, bus, Underground, taxi, and driving have been counted. To facilitate statistical 284 

analysis, the modes of transportation were classified according to the different exposure risks, 285 

and the possibility of infection was ranked from high to low, which were divided into three 286 

categories: public transportation, semi-public transportation and private transportation. 287 

Because of the high population density and closed space, buses and Undergrounds were 288 

classified as public transport. Walking and taking taxis were classified as semi-public 289 

transportation because of the strong contingency and relatively open space. Biking and driving 290 

were classified as private transportation because of the clear destinations, low population 291 

density and completely private space. 292 

3.4.1. Differences in travel behaviour 293 

Comparing the results of the elderly and the young and middle-aged showed by Figure 4, 294 

the elderly took public transport more frequently, while the frequency of public transportation 295 

used by the elderly was almost the same as that of young and middle-aged people. Besides, the 296 
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elderly made fewer trips on private transport. In the comparison between sick and non-sick 297 

elderly people, sick elderly people traveled more frequently by semi-public transportation and 298 

rarely chose private transportation. 299 

The elderly were more likely to use semi-public transport and less likely to use private 300 

transport, because they lacked driving skills and preferred to walk leisurely. Compared with 301 

private transportation, semi-public transportation was a direct cause of the increased risk of 302 

the disease, because of the high degree of exposure, which also showed that the choice of 303 

transportation did have an impact on the disease risk. 304 

 305 

Figure 4. Frequency of each transport modes for people with and without illness. 306 

3.4.2. Logistic regression results of travel behaviour 307 

Table 5 shows that the model Omnibus Test result is 0.018 and the overall percentage of 308 

prediction is 69.4%, which shows that the reliability of research results was high. The results of 309 

the regression analysis are as follows. 310 

Table 5. Logistic regression results of travel behaviour. 311 

VARIABLE NAME COEFFICIENT SIGNIFICANCE or 

FREQUENCY OF WALKING ** 0.281 0.013 1.325 

FREQUENCY OF CYCLING -0.278 0.155 0.758 

FREQUENCY OF TAKING BUSES 0.21 0.341 1.233 

FREQUENCY OF TAKING THE UNDERGROUND 0.009 0.971 1.009 

FREQUENCY OF DRIVING -0.018 0.925 0.982 

FREQUENCY OF TAKING TAXI -0.26 0.538 0.771 

Note: * P<0.1；** P<0.05；*** P<0.01. 312 

According to the data in the table, the walking mode is highly significant. For each increase 313 

in the number of walking, the ratio of sick to non-sick increased by 1.325%. And this is 314 

consistent with the expectation that walking pattern is incidental and often intertwined with 315 

social behaviours. Therefore, walking has a great influence on traffic behaviour. 316 

4. Discussion 317 

According to the results of this survey, it can be learned that the reason why elderly people 318 

are susceptible to COVID-19 under the natural state is related to the characteristics of their 319 

daily behavioural patterns. 320 

1. Elderly people have more frequent face-to-face social interaction including outdoor 321 

exercise, indoor entertainment and casual chatting. In addition, the frequency of indoor 322 

recreation and casual chatting have a significant effect on the infection of the disease. Therefore, 323 

the elderly is more susceptible to COVID-19. The main modes of transmission of COVID-19 are 324 
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contact transmission and close droplet transmission. Physical contact and close talk in the 325 

process of offline social interaction increase the risk of illness.  326 

2. Elderly people have more frequent offline shopping including shopping at convenience 327 

stores and food markets. In the process of shopping, consumers stay in indoor environments 328 

with poor air circulation and high population density. According to the study, the frequency 329 

of shopping at convenience stores, supermarkets, and food markets, the crowdedness of 330 

supermarkets, and the precautions taken while shopping had a significant effect on the 331 

infection of the disease. Products are displayed in a public manner, which often touched and 332 

selected by multiple consumers. Thus, the virus can spread rapidly using these commodities 333 

as carriers, which provides advantageous conditions for the spread of novel coronavirus. 334 

3. Elderly people have more walking. For reasons of exercise and cost-saving, walking was 335 

one of the most important travel modes for the elderly. Different from other modes of travel, 336 

walking was not only a complete process of reaching a destination, but also usually 337 

accompanied by occasional social behaviours, such as bumping into acquaintances while 338 

walking, which increases the risk of COVID-19 among the elderly. 339 

These behaviours are important factors in the susceptibility of the elderly to COVID-19 340 

because they are consistent with the core of novel coronavirus’ transmission - contact, which 341 

results in a high risk of viral infection in the elderly. And as humans’ activities are often 342 

complex and integrated, the social behaviours are often mutually influential and interactive. 343 

This investigation is demonstrated that the above behaviours are indeed important causes of 344 

susceptibility to COVID-19 in the elderly.  345 

 346 

Figure 5. Diagram of the relationship between virus transmission and behaviour. 347 

As we investigate further, the factors that contribute to the increased susceptibility of older 348 

people to COVID-19 include not only direct factors, but also several indirect factors (Figure 6). 349 

1. Low level of informatization in the elderly. In this information age, the network has 350 

been integrated with people's lives, and information technology such as cashless payment and 351 

online shopping has greatly improved the efficiency of our lives. However, the learning cost of 352 

technology makes the elderly do not have the ability and willingness to learn new technology. 353 

As a consequence, they still prefer the traditional model to socialize and go shopping in daily 354 

life, which causes a higher risk of exposure during the epidemic. Moreover, due to the 355 

increasing proportion of online taxis in China, more and more cabs are moving to online 356 

services [24]. Hailing a taxi has become difficult for the elderly who do not use smartphones 357 

skillfully. 358 

2. Elderly people have negative attitudes towards the epidemic. Wearing a mask is an 359 

excellent means of blocking the spread of the virus, and the decision to wear a mask depends 360 

on the government's macro-control and the individual's will. Due to the negative attitude of 361 
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the elderly towards the epidemic, their mask-wearing rate and willingness to wear masks is 362 

lower, which has greatly reduced their ability to resist the virus. 363 

 364 

Figure 6. Influence of Indirect Factors on the elderly’s daily Behaviour. 365 

Some of these daily behaviours that make the elderly vulnerable to COVID-19 are real 366 

problems that need improvement, such as improving the resistance of the elderly to the 367 

unknown development of rapidly spreading respiratory infections. Behavioural patterns of 368 

elderly can be adapted with proper guidance to make them more capable of combining online 369 

and offline. Older people in their natural state can also reduce their chances of contracting 370 

infectious diseases in the future. 371 

Because the investigation was conducted during the epidemic, the research methods have 372 

some limitations. Most of the patients were sensitive to epidemic-related experiences, so it was 373 

difficult to research on a large scale, which limited the sample size. Data were collected by 374 

semi-structured interviews which were easily influenced by the interviewees' own 375 

comprehension and subjective factors, so there may be respondent errors. The study conducts 376 

regression analyses on three aspects which have most significant impact early in the 377 

development of the epidemic: socialization, shopping, and transportation, but lacks a 378 

consideration of other activities such as health seeking behaviours and work behaviours. As a 379 

consequence, the accuracy and generalizability of the research results can be further confirmed. 380 

We believe that the general rules of the conclusions are clear. 381 

5. Conclusion 382 

The results show that the elderly have more social activities, more offline shopping, more 383 

travels by walking, and the factors below have significant impacts on the infection (P<0.05): the 384 

level of indoor entertainment, the frequency of going to convenience stores or food markets, 385 

the frequency of walking, and the level of protection. During the epidemic, some policies of the 386 

Wuhan government have resisted the spread of the virus to a large extent, such as the closure 387 

of access routes to Wuhan, the closure of communities and high-traffic facilities and the 388 

suspension of public transport. They also controlled the spread of the virus by reducing 389 

unnecessary shopping, social and travel behaviours. The proportion of sick elderly people was 390 

relatively high among all patients at the beginning of the epidemic, but the closure of the city 391 

of Wuhan led to a substantial reduction in the proportion of elderly people who became ill. 392 

Other policies also had a dampening effect on the illness of elderly people. In the policy context 393 

of strict epidemic prevention, most of the policies focus on prohibiting and restricting the 394 

behaviour of the residents. The elderly is at a loss when it comes to sudden prohibitive policies. 395 

The promulgation and implementation of ‘age-friendly’ policies should be optimized and 396 

adjusted in the ’post epidemic period ‘.  397 

In the aspect of social interaction of the elderly, their online social interaction ability in 398 

daily life should be enhanced. Moreover, we should mobilize the community or other relevant 399 

staff to supervise and control the social distance of the crowd with reasonable means. Social 400 
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networking platforms for the elderly should be developed and promoted reasonably. The level 401 

of information technology among the elderly should be raised. 402 

In the aspect of shopping of the elderly, in order to reduce the frequency of offline 403 

shopping during the epidemic, the online shopping ability of the elderly should be improved. 404 

The unified purchase and distribution of daily necessities should be done well during the 405 

epidemic period. During the non-epidemic period, a shopping platform for the elderly should 406 

be developed. The government should enhance community O2O construction, which makes 407 

online and offline services to complement each other. 408 

In the aspect of transportation of the elderly, the ability of the elderly to travel by net-409 

booked car should be enhanced on the premise of ensuring the safety of the elderly. Public 410 

transport should also be strictly controlled and uniformly deployed during the epidemic 411 

period. 412 

The maintenance of social responsibility and mental health of the elderly should be 413 

concerned. Negative attitudes such as blind self-confidence and indifference to the epidemic 414 

among some elderly people have led to low levels of self-protection. In the epidemic, the 415 

government should not only mandate to wear masks, but also disseminate correct epidemic 416 

prevention measures in an easy-to-understand manner. During non-epidemic periods, the 417 

community should strengthen the social responsibility of the elderly through targeted 418 

education and collective activities. 419 
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