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Abstract

Since the outbreak of the new crown epidemic in China in early 2020, the number of con-
firmed cases of COVID-19 has continued to increase, and the Chinese government’s policy
of "static management" in the first round of the epidemic may affect the health behavior
adjustment of Chinese residents. Using survey data on the TCM health literacy of 4016 resi-
dents in China (Gansu Province), a causal inference approach was used to explore the
impact of the emergence of confirmed cases of COVID-19 on residents’ TCM health literacy.
We found that the emergence of confirmed cases can increase by 3.5%-7.0% in residents’
TCM health literacy. Among them, the TCM health literacy of uneducated residents has not
improved significantly, and the residents with secondary education have increased signifi-
cantly by 8%. For those with higher education, the number of residents increased signifi-
cantly by 6%. At the same time, the emergence of confirmed cases will increase the
residents’ practical TCM health literacy and decrease theoretical TCM health literacy.
Through heterogeneity analysis, we explored the impact mechanism of confirmed cases on
residents’ TCM health literacy. We believe that the emergence of confirmed cases will make
residents more inclined to participate in TCM-free clinics, theme activities, and other ways to
acquire TCM knowledge.

Introduction

COVID-19 is a global public health event that countries including China are experiencing.
The full-scale outbreak of COVID-19, which compels residents to obtain, identify and apply
health information, has emphasized that health literacy is an underestimated global public
health issue [1]. In Europe, for example, nearly half of adults’ report having health literacy
issues and lack the associated ability to take care of their health and that of others. Health liter-
acy has been recognized as an important tool for the prevention of non-communicable
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diseases, and government education and dissemination of health literacy have taken sustain-
able long-term measures from early in the life course of residents [2]. However, when COVID-
19 quickly emerged, two aspects became noticeable. First, on a global scale, health literacy is
equally important for preventing communicable diseases as it is for preventing non-communi-
cable diseases. Second, in addition to social medical system preparation, individual prepara-
tion is also key to solving complex real-world problems. In this pandemic, improving the
health literacy of residents in a short period is difficult, but possible, as governments and citi-
zens need to take immediate action due to the emergence of locally confirmed cases [3, 4].

In China, the health literacy of Chinese residents differs from that of most other countries.
The Chinese government has preserved the time-honored traditional medicine, so China’s
medical and health system is based on both Western medicine and traditional Chinese medi-
cine, which is a fully institutionalized and government-supported part of the Chinese medical
system. Western medicine has the same legal status. It provides nearly 40% of healthcare ser-
vices in contemporary China [5]. Therefore, the health literacy of Chinese residents should
include the part of traditional Chinese medicine, that is, health literacy of traditional Chinese
medicine. If someone does not consider the health literacy of Chinese medicine residents
when summarizing the health literacy of Chinese residents, we think this is unreasonable and
cannot represent the overall Chinese residents. Health literacy level, Chinese medicine health
literacy of Chinese residents is often overlooked, and Chinese medicine has played an impor-
tant role in dealing with the COVID-19 incident. Therefore, it is necessary to study the health
literacy of traditional medicine, at least for Chinese residents [6]. With the help of the COVID-
19 pandemic, we will focus on exploring whether the occurrence of COVID-19 infection in a
region affects the health literacy of residents in traditional Chinese medicine, that is, whether
the disclosure of information about confirmed cases will affect the health behavior of
residents.

In this study, we conducted a TCM health literacy monitoring survey on 4,016 residents
from Gansu Province before and after the epidemic, which included respondents’ exposure to
TCM, knowledge of TCM, basic knowledge of TCM, and Basic information about the respon-
dents themselves and their families. We focused on monitoring eight areas, which showed dif-
ferent severity of the epidemic after 2020. Some areas did not have confirmed residents after
the outbreak of COVID-19, while others did. We made three possible assumptions based on
factors such as China’s (Gansu) epidemic prevention policy and the traffic in each monitoring
area: First, it is assumed that the eight monitoring areas are independent and relatively closed
after the outbreak of COVID-19, and the population mobility is poor [7]; Second, if a con-
firmed case occurs in a certain area, the area should be closed and managed immediately to
prevent the possibility of secondary transmission and outward spread of infected persons [8];
third, it is assumed that only residents of areas with confirmed cases are at risk of infection,
and residents of areas without confirmed cases have no (or low) risk of infection [9, 10].

Based on the hypothesis of possibility, we can classify our samples twice: first, according to
the distinction between samples before and after COVID-19, we use the samples in 2019 as the
control group and the samples in 2020 as the control group. The samples are used as the exper-
imental group; the second is to distinguish according to the areas with confirmed cases after
the outbreak of COVID-19, residents in areas without confirmed cases are used as the control
group, and residents in areas with confirmed cases are used as the experimental group. After
identifying the control group and the experimental group, we used the DID (difference-in-dif-
ference) method to explore whether the occurrence of confirmed cases had an impact on the
residents’ TCM health literacy. In our results, the TCM health literacy of residents in areas
with confirmed cases was significantly higher than that in areas without confirmed cases, and
this conclusion was confirmed by two placebo tests.
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More interestingly, the changes in TCM health literacy also showed hierarchical changes
among residents of different socioeconomic statuses. Unfavorable socioeconomic status can
lead to low health literacy, especially in terms of educational attainment, which has the greatest
impact on residents’ health literacy. So, we divided all residents into groups according to their
educational level. We also explored the mechanism at the end. The source of this effect lies in
the difference in residents’ immediate sexual response to confirmed cases in the local area,
which expands the level of residents’ TCM health literacy.

The main contributions of this study are as follows: First, it confirms the “confirmed case”
factor in the improvement of Chinese residents’ TCM health literacy during the COVID-19
pandemic; There are significant differences in the improvement of health literacy; the third is
to explore the specific aspects and specific mechanisms of the impact of confirmed cases of
COVID-19 on residents’ traditional Chinese medicine health literacy; the fourth is to use eco-
nomics and epidemic methods to solve problems in the field of public health, which is an
important attempt for interdisciplinary integration development.

It and chapters are arranged as follows: The second part briefly introduces the anti-epi-
demic background and traditional Chinese medicine background of the COVID-19 pandemic
in China (Gansu), and discusses our theoretical assumptions in detail; the third part introduces
the data sources of this study, variables and descriptive statistics; the fourth part describes the
identification strategy, model setting and empirical results of this study; the fifth part is the
conclusion.

Background

China, the first country to suffer from COVID-19, has moved quickly to prevent and control
the virus due to its emergency health policy. The introduction of the first-level public health
emergency response policy can be traced back to 2007 when the Chinese government accumu-
lated experience in dealing with the severe acute respiratory syndrome (SARS) and formulated
the Emergency Response Law of the People’s Republic of China. During the first-level public
health emergency, local governments need to demarcate control areas, seal off epidemic areas,
take coercive measures (i.e., restrict or suspend work, production, and business), implement
restrictions on the movement of people, establish quarantine stations, and collect information
from various communities. With the outbreak of COVID-19, the number of newly confirmed
cases of infection in China has been increasing, and it has attracted the attention of the central
government and the implementation of emergency health policies. China has enacted restric-
tions on the movement of people.

While ensuring the reduction of future confirmed cases, the Chinese government is also
actively treating residents infected with COVID-19. Based on China’s special health system,
Chinese medicine has a long history and has been an important part of the Chinese people’s
fight against various epidemics since ancient times. means, including the 2003 SARS or the
2019 pandemic. The General Office of the Chinese Health Commission and the China Admin-
istration of Traditional Chinese Medicine issued the "Diagnosis and Treatment Plan for Novel
Coronavirus Infected Pneumonia” (hereinafter referred to as the "Plan"), which reaffirmed the
obvious role of traditional Chinese medicine in the treatment of COVID-19.

The COVID-19 pandemic has forced us to refocus on the health literacy of residents [4].
There is no doubt that the improvement of residents’ health literacy will effectively improve
the overall efficiency of solving public health events, and have a significant effect on reducing
the infection rate and mortality rate of residents [11-15]. Then, for China, after experiencing
the first round of the epidemic, the health literacy of Chinese residents has been improved,
which can play a positive role in coping with repeated epidemics in the future, and due to the
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particularity of China’s medical and health system and the data of this study, we It was decided
to look for the causes of COVID-19 from the changes in traditional Chinese medicine health
literacy among Gansu residents.

To prevent the continued expansion of COVID-19, in addition to the factors of behavior
adjustment caused by the improvement of residents’ health literacy, the important factor is the
government’s intervention policy. Some empirical studies by scholars around the world pay
close attention to the government’s public health emergency. role in incident emergency man-
agement, as the government has the primary responsibility for governance in such situations.
In fact, since the emergence of COVID-19, the early warning, monitoring, and response to the
crisis have all been inseparable from government actions [16-21]. These studies generally
agree that the public’s compliance with government-recommended protective behaviors is
critical to controlling the spread of epidemics [22]. Therefore, during the COVID-19 pan-
demic, the adjustment of public health behavior is an important research topic. Such studies
also generally target residents who have experienced public health events and regard the
changes in residents’ health literacy as the key to residents’ behavior adjustment. Important
reasons [23].

We speculate that in this case, the occurrence of confirmed cases of COVID-19 in the living
area of the residents is the greatest impact and effect of the residents’ behavior adjustment
(changes in health literacy) on the residents, so we have made possible this impact. Sex
Assumptions:

First, assuming that the areas where residents live are relatively independent, when
COVID-19 cases occur in areas beyond the living areas, this independence effect will be
enhanced, making population mobility less mobile. The Chinese government issued a nation-
wide announcement when there were a large number of COVID-19 cases in Wuhan: Beware
of foreigners bringing the virus into local jurisdictions. Local governments have also asked res-
idents to "do not leave their territories unless necessary, and do a good job of home isolation."
At the beginning of the COVID-19 outbreak, China was about to enter the "Spring Festival"
stage. At this time, due to the pandemic, the "Spring Festival" was suspended, making most of
the flow The population stays in place, and some residents choose to "Chinese New Year" in
other places. Gansu Province itself is located in northwest China, with mountains and ravines,
relatively inconvenient transportation, and a large labor exporting province, which made
Gansu Province suffer from poor population mobility and relatively fixed and independent liv-
ing areas during the first round of the epidemic. The first round of the epidemic lasted only a
month [24, 25].

Second, assuming a confirmed case occurs, closure measures should be taken promptly,
and the government can successfully eliminate the possibility of secondary transmission of
infected people and the spread of the virus to other areas. Both the central government and the
local government implemented "static management" measures in the early stage of the epi-
demic, that is, "one place is closed for one case". Both facts and studies have demonstrated that
this policy has a positive effect on suppressing the spread and spread of COVID-19 while
sacrificing related economic benefits [26-29].

Third, assuming that only confirmed cases occur within residents’ living areas, residents
will have sufficient reasons to adjust their behavior to avoid being infected. If the first two
hypotheses are justified, we believe that the third hypothesis should also be justified. Residents’
risk awareness includes three aspects: the perceived severity of COVID-19, the mortality rate
of COVID-19, and the degree of impact of COVID-19 on their lives [30-35], at the beginning
of the epidemic, Especially when no infected person with COVID-19 is found in the living
area of residents, residents do not have a deep understanding of the severity of COVID-19. For
Gansu Province, the mortality rate of COVID-19 in Gansu Province was 91 confirmed in the
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first round of the epidemic, and the last one died. As of October 16, 2022, the cumulative num-
ber of confirmed cases in Gansu Province was 1,351, and the cumulative number of cured
patients was 1,349. A total of 2 people died, and the mortality rate was 0.148%, which was a
low level in China. When there are no new crown cases in the residents’ living areas, the resi-
dents’ lives are not greatly affected, but when there are new crown cases in the residents’ living
areas, the government will implement "static management” on the local area, and almost all
residents are required to isolate at home, so the residents’ Living in this situation will be
severely affected. Therefore, during the period of COVID-19, there were no new crown cases
in the living area of residents. We can think that residents have a low-risk perception of
COVID-19, and few people will adjust their life behavior to deal with COVID-19 with great
fanfare [8, 36-39].

To sum up, we put forward the above hypothesis based on the research results of existing
scholars, the purpose of which is to construct a theoretical framework that "the occurrence of
confirmed cases of COVID-19 in the territory is a determinant of the improvement of resi-
dents’ TCM health literacy”. The basis for the argumentation of the central thesis by the aca-
demic method.

Date

The sample includes 4,016 permanent residents aged 15-69 from 8 monitored counties (dis-
tricts) in Gansu Province from 2019 to 2020. 3 townships (streets) are selected from each mon-
itored county (district), and 2 are selected from each township (street). Each household in the
village (neighborhood committee) selects one eligible survey object until 45 questionnaires are
completed. The questionnaire was conducted using the "Chinese Citizens Chinese Medicine
Health and Cultural Literacy Questionnaire” uniformly compiled by the China Administration
of Traditional Chinese Medicine. A paper questionnaire was used on-site at households, and
the investigators completed face-to-face inquiries. The questionnaire for each resident mainly
consists of three parts, the first is the investigation of the popularization of TCM knowledge,
the second is the main test of TCM health literacy, and the last is the personal information of
the residents (For details about the questionnaire, please refer to the S1 Appendix).

The question explored in this study is whether confirmed cases of COVID-19 can affect res-
idents’ TCM health literacy. We constructed two groups of control samples, one before and
one after control, we set the residents surveyed in 2019 as the control group, and the residents
surveyed in 2020 as the experimental group, which is the first difference of the DID model; It
is the control of whether there have been confirmed cases in the living districts and counties of
the residents. We set the residents of the areas with confirmed cases of COVID-19 in 2020 as
the experimental group (the 2019 sample also set the residents of these areas as the experimen-
tal group). Residents in areas with no confirmed cases of COVID-19 in 2019 were set as the
control group (the 2019 sample also set residents in these areas as the control group), which is
the second difference of the DID model. As shown in Table 1, a year represents the compari-
son before and after, and Confirmed cases represent whether there are confirmed cases in the
living counties of residents. The variables "Year" and "Confirmed cases" are the explanatory
variables of this article, and "Score" is the explained variable of this article. In addition to the
above three main variables, in order to reduce the endogeneity of the experiment, we intro-
duced other relevant control variables:

From the perspective of the individual characteristics of the respondents, the control vari-
able "gender" was added, of which male respondents accounted for 48% and female respon-
dents accounted for 52%. The control variable "age” was added, among which 12.5% of the
respondents were between 15 and 30 years old; 42.1% were between 31 and 50 years old;
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Table 1. Summary statistics.

Variable Describe Obs. Mean Std. dev. Min Max
Numeric variable
Score Score of traditional Chinese medicine health literacy 4016 51.61504 20.85104 2 96
Age Respondent’s age 4016 47.29706 13.17334 15 69
Income Household income of respondents 4016 37009.24 37557.14 0 800000
Population Respondent’s household population 4016 2.842629 1.627024 1 16
Classification variable
Year Distinguish between respondents before and after COVID-19 4016 --- --- 2019 2020
Con The confirmed case in the respondent’s residence is 1, not 0 4016 --- --- 0 1
Gender 1 male and 2 female respondents 4016 --- --- 1 2
Sick 1 for respondents with chronic diseases, otherwise 0 4016 --- --- 0 1
Han if the respondent is Han, otherwise 0 4016 --- --- 0 1
Occupation Occupation of respondents 4016 --- --- 1 9
Education Education level of respondents 4016 --- --- 1 6

Note: This table summarizes the demographic characteristics of the residents and their families, as well as the residents’ TCM health literacy scores and other related
data. Among them, the number of respondents in 2019 was 1969, and the number of respondents in 2020 was 2047. The respondents in these two years are not exactly

the same.

https://doi.org/10.1371/journal.pone.0285744.t001

Visitors accounted for 45.4%. Added the control variable "education level", a total of 24.8% of
the respondents had no schooling; 20.3% of the respondents had a primary school education;
23.3% of the respondents had a junior high school education; 15.5% of the respondents 15.6%
of the respondents had a bachelor’s degree; 0.5% of the respondents had a postgraduate degree.
The control variable "ethnicity" was added, and the Han nationality accounted for 88.8% of the
respondents; the ethnic minorities accounted for 11.2%. We also summarized the occupations
of the respondents. 1-9 represent civil servants, teachers, medical personnel, personnel from
other public institutions, students, farmers, workers, personnel from other enterprises, and
other occupations, accounting for 1.5% of the total, 2.9%, 1.1%, 3.1%, 4.6%, 62%, 5.0%, 5.7%,
14%. The control variable "disease or not" was added, and 55.3% of the respondents suffered
from chronic diseases such as hypertension, heart disease, cerebral thrombosis, and diabetes.

From the perspective of the family characteristics of the respondents, adding the control
variable "family size", 17.2% of the respondents lived alone; 67.6% of the respondents had 2-4
people in their families; The above respondents accounted for 15.2%. Adding the control vari-
able "household income", about 10.6% of the respondents had an annual household income of
less than 10,000 yuan; about 62% of the respondents had a family income between 10,000
49,999 yuan; and their household income was between 50,000-100,000 Respondents whose
household income is more than 100,000 yuan accounted for about 20.9%; respondents whose
household income was greater than 100,000 yuan accounted for 6.5%.

Two things are worth noting about the findings of this survey. The first is the period of the
survey (Fig 1). Regarding the 2019 questionnaires, we have already withdrawn them all before
the outbreak, so the respondents can’t predict the arrival of the epidemic and deliberately
check the knowledge related to traditional Chinese medicine., Regarding the questionnaire for
2020, we conducted it under the condition that there were no new local cases in Gansu Prov-
ince after the outbreak, and the survey results were all withdrawn before the next new local
case in Gansu Province, so this is A completely independent experiment, the 2019 survey
results were identified as pre-COVID-19, and the 2020 survey results were fully identified as
post-COVID-19. The second is about the score of the second part of the questionnaire.
Regarding the score of the questionnaire, the questionnaires we used before and after COVID-
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Late 2019
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Late 2020

"Plan" Investigation
released ends

—
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G000

Gansu
confirmed cases

———— Data processing

Fig 1. Flow chart of monitoring and investigation period. Note: This picture shows the relationship between the time of the TCM health literacy monitoring
survey of residents in Gansu Province and the time of the COVID-19 outbreak. Before the outbreak of COVID-19, we collected data on the TCM health
literacy of residents in Gansu Province in 2019. After the first round of the epidemic in Gansu Province ended, we started the 2020 survey on the TCM health
literacy of residents in Gansu Province and surveyed the TCM health literacy of residents in Gansu Province in 2020. Complete the monitoring survey before

starting.

https://doi.org/10.1371/journal.pone.0285744.9001

19 are all the same set of questionnaires, without any modification, and there is no need to
worry about the difficulty of the test. There is no need to standardize or rank the results of the
survey scores due to deviations in the scoring standards of residents before and after COVID-

19.

Identification strategies and empirical results

Identification strategy. Before the COVID-19 pandemic occurred, no one could predict
the occurrence of a pandemic. COVID-19 is completely an exogenous shock to individuals, so
it is a natural experiment with randomness. At the same time, to enhance the effect of
COVID-19 on individual behavior, we take confirmed cases in the living area of residents as
the standard. We borrow from [40, 41] and use a Difference-in-Difference (DID) model for
cross-sectional data:

Scoreits = ﬁ() + ﬁlconis X COVIDts + ﬁZCOVIDts + ﬁb}conz‘s + ﬁ4Xit$ + Eits (1

~—

In Eq 1, Scorey is the TCM health literacy test score of resident i in region s in year t, as the
explained variable. Among the explanatory variables, Con;;x COVIDj; is the interaction item
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between the occurrence of confirmed cases and the occurrence of epidemics, which is also the
main research object of this study. The effect of literacy, f; is the coefficient of the interaction
term, only when Con;; and COVID,, are both 1, § exists, that is, §; reflects the effect that the
interaction term is 1 and only 1. COVID, is whether COVID-19 occurred in year t in region s,
it is our proxy variable to measure before and after the outbreak, and 3, is the coefficient of the
proxy variable. Con;, is the proxy variable of whether there are confirmed cases of COVID-19
in the living area of residents in area s, and f; is the coefficient of the proxy variable. Xj;, are
exogenous variables that may be related to personal and family characteristics that affect test
scores, including gender, age, ethnicity, family income, number of family members, whether
they are sick, etc. B, is the coefficient of these exogenous variables. , and £;;, represent the
constant term and the error term, respectively.

Empirical results

After the outbreak of COVID-19, some areas were detected to have COVID-19 infection, so
these areas were implemented "static management” measures to prevent the spread of infec-
tion, other healthy residents in the area were in a state of "frightened", afraid Infected by the
virus, so these residents will adjust their behavior to protect themselves from infection, they
may temporarily reserve relevant knowledge or medicines to reduce the probability of infec-
tion, including knowledge and products related to traditional Chinese medicine, but for those
who do not appear to be infected As far as the residents in the areas where they live, their daily
life is not restricted by "static management", so most of them will not be in a state of
"unfounded worries" because they believe in the management ability of the government, and
they will not prepare in advance. In this way, the two types of residents show different coping
states, so there will be differences in their TCM health literacy afterward.

Baseline results. We expect that in areas where there have been confirmed cases of
COVID-19, residents living there will feel anxious because they are worried about being
infected, which will cause certain necessary adjustments to their health behaviors, and the
health literacy of these residents in traditional Chinese medicine will be improved the rise was
higher compared to residents living in areas without a confirmed case of COVID-19. The esti-
mated results are shown in Table 2, in which the first row estimates the impact of whether
there is a confirmed case of COVID-19 in a resident’s territory on the residents’ TCM health
literacy. Model (1)—Model (9) We add other variables that may affect the health literacy of tra-
ditional Chinese medicine to the equation and focus on whether there is a confirmed case and
whether it is the result of the cross coefficient of the epidemic year, At the same time, we con-
ducted a multicollinearity test for each model, and the test results were ideal (S3 Table).

First, we report the underlying regression estimates for the overall sample data. It was found
that comparing the residents with confirmed COVID-19 patients in their living areas and the
residents without confirmed patients with COVID-19, the health literacy of traditional Chinese
medicine in the former was significantly higher than that of the latter. In contrast, the level of
Chinese medicine literacy of residents in areas with confirmed COVID-19 patients was 3.5-7
points higher than that of residents in areas without confirmed patients with COVID-19, and
the level of TCM literacy was still significant at 1% after adding relevant variables that may affect
health literacy. It is significant at the level and the estimated coefficient estimates are relatively
stable. This estimation result strongly verifies our conjecture that, under other conditions being
equal, if a resident has a confirmed case of COVID-19 in his living area, this external factor will
greatly improve the resident’s traditional Chinese medicine health cultural literacy [42-44].

Second, we also estimated the different responses of residents with different educational
levels when faced with confirmed cases of COVID-19 in their living areas, that is, the impact
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Table 2. The impact of confirmed cases on the literacy of residents in traditional Chinese medicine.

Interpreted variable: Score

Variable
(1) (2)
Con*COVID 3.458*** 4.441%*
(1.145) (1.111)
COVID 11.538™** 9.897***
(0.840) (0.848)
Con 14.025%** 12.118%**
(0.878) (0.873)
income 0.000***
(0.000)
Occupation
Education
Population
Han
Sick
Age
Gender
Constant 37.956*** 35.122%**
(0.615) (0.694)
Observation 4016 4016
R-squared 0.246 0.289

(3) (4) (5) (6) (7) (8) 9
4.482%%* 7.040%%* 6.949%** 4.624%%* 4,857+ 4.926%%* 4.882%%*
(1.115) (1.011) (1.009) (1.077) (1.078) (1.079) (1.079)
9.877%** 10.869*** 12.336*** 13.516%** 14.075%%* 13.861%** 13.846***
(0.850) (0.722) (0.774) (0.793) (0.835) (0.843) (0.842)
12.037%** 6.737%%* 6.906™** 7.842%%% 7.601%%* 7.519%%* 7.560"*
(0.889) (0.819) (0.818) (0.831) (0.836) (0.840) (0.840)
0.000%** 0.000%** 0.000%** 0.000%** 0.000%** 0.000%** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

0.135 (0.176) 0.563%** 0.477%%* 0.455%%* 0.468*** 0.453*** 0.461%**
(0.153) (0.153) (0.153) (0.153) (0.153) (0.153)
6.3247%%* 6.198%** 5.957%%% 5.931%** 6.025%* 5.972%%*
(0.199) (0.202) (0.204) (0.204) (0.211) (0.214)
-0.933%** -0.628*** -0.601%** -0.538*** -0.545%**
(0.164) (0.168) (0.168) (0.171) (0.170)
6.505%+* 6.430%%* 6.337+%* 6.353%*
(0.857) (0.855) (0.853) (0.853)
J1.511%* -1.256** -1.279**
(0.592) (0.611) (0.611)
0.042** 0.039 (0.020)
(0.020)
-0.727 (0.498)
34.312%%* 18.592%** 21.172%%* 14.784%%* 15.372%%* 13.117%** 14.438%**
(1.327) (1.170) (1.254) (1.503) (1.520) (1.874) (2.091)
4016 4016 4016 4016 4016 4016 4016
0.289 0.432 0.435 0.443 0.445 0.445 0.445

Note: Robust standard errors in brackets, significant level

*p<0.10
**p<0.05
#p.<0.01.

https://doi.org/10.1371/journal.pone.0285744.t1002

on TCM health literacy. Similarly, we also controlled for relevant variables that may affect
TCM literacy, and the results are shown in Table 3. We found that for uneducated (illiterate)
residents, whether there was a confirmed case of COVID-19 in their living area was positively,
but not significantly, the improvement in medical and health literacy. This is consistent with
the scientific literature on health inequality. Consistent with repeated evidence of a strong
association between lower education levels and poorer health literacy outcomes [45-50]. For
residents with secondary education (primary or secondary education) and higher education
(university or above), if there is a confirmed case of COVID-19 in their living area, the
improvement in their TCM health literacy level is Significant, the specific performance is as
follows: for residents with secondary education, the TCM health literacy of residents in areas
with confirmed COVID-19 cases is about 8 points higher than that in areas without confirmed
cases of COVID-19, and at a significant level of 1%. Significantly, the coefficient is stable with
or without the addition of control variables; for residents with higher education, the TCM
health literacy of residents in areas with confirmed COVID-19 cases is about 6 points higher
than that in areas without confirmed cases of COVID-19, and in It is significant at the 5% sig-
nificance level, and the coefficient is stable with or without the addition of control variables.
Finally, we subdivide TCM health literacy. In the TCM health literacy test, we summed up
the three test scores of TCM cultural knowledge, TCM basic concepts, and TCM information
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Table 3. The impact of confirmed cases on the literacy of residents in traditional Chinese medicine (by education level).

Variable Uneducated Middle education Higher education

) ©) @) 4 (©) (6)
Con*COVID 3.961 (2.427) 0.037 (3.112) 7.922%%* (1.356) 8.191%** (1.402) 6.374** (2.555) 5.523%* (2.530)
COVID 13.794*** (1.260) 17.176%* (1.639) 10.081%** (0.963) 12.006*** (1.104) 7 541%% (2.256) 7.987%% (2.630)
Con 11.995*** (2.054) 13.868™** (2.281) 8.506™** (1.058) 6.503*** (1.127) 1.383 (1.929) 0.832 (1.907)
Income 0.000*** (0.000) 0.000*** (0.000) 0.000*** (0.000)
Occupation 2.458™* (1.026) 1.520%** (0.285) -0.404** (0.201)
Population -1.142*** (0.353) -0.656*** (0.228) -0.454 (0.506)
Han 6.636™* (1.675) 7.477*** (1.233) 1.778 (2.259)
Sick -0.347 (1.122) -1.378* (0.820) 1.046 (1.738)
Age 0.003 (0.047) -0.000 (0.026) 0.094 (0.046)
Gender -2.059* (1.089) -0.488 (0.663) -0.288 (1.063)
Constant 24.275%%* (0.854) 6.701 (6.947) 42.705%** (0.699) 26.999%** (2.812) 59.447*** (1.727) 54.311%%* (4.345)
Observation 996 996 2374 2374 646 646
R-squared 0.308 0.351 0.253 0.299 0.180 0.214

Note: The mediation between residents’ health literacy and their socioeconomic status lies in residents’ educational attainment, which is also of particular interest to us.
We classify the surveyed residents according to their education level, and classify residents with an education level equal to 1 as "Uneducated"; classify residents with an
education level greater than 1 and less than or equal to 4 as "Middle education"; Residents with a level greater than 4 were classified as "Higher education", with robust
standard errors in parentheses, significant levels

*p<0.10

#p<0.05

#Hp<0.01.

https://doi.org/10.1371/journal.pone.0285744.t003

comprehension ability, and defined it as a "theoretical knowledge score"; Methods The sum of
the scores for the two tests is defined as the "Approach Score". Its purpose is to explore the spe-
cific aspects of the improvement of residents’ TCM literacy. Is this improvement in theory or
practice? The results are shown in Table 4. In terms of "theoretical knowledge score", the
improvement of TCM health literacy of residents in areas without confirmed cases of COVID-
19 was significantly higher than that of residents in areas with confirmed cases of COVID-19.
Compared with the latter, the health literacy of traditional Chinese medicine is improved by
about 3 points, which is significant at the significant level of 1%, and the coefficient of whether
the control variable is added or not is stable; and for the "application method score", the tradi-
tional Chinese medicine of residents in areas with confirmed cases of COVID-19 The improve-
ment of health literacy is significantly higher than that of residents in areas without confirmed
cases of COVID-19. The specific manifestation is that the health literacy of traditional Chinese
medicine in the former is improved by about 7 points compared with the latter, and it is signifi-
cant at the 1% significant level. Whether to add a control variable The coefficients are stable.

Placebo test. The key identification assumption of the DID method is that the emergence
of confirmed cases of COVID-19 has no significant impact on residents’ health literacy of tra-
ditional Chinese medicine. To test the validity of this hypothesis, we set up two placebo tests.
The first test is to randomly generate the experimental group. We randomly assign the values
of the variable "COVID" and the variable "Con" to "0 or 1", respectively. The second test is to
change the time of occurrence of COVID-19, and use the survey data from 2018-2019 (see S2
Table and S1 Appendix Description for the relevant information on the 2018 data) to replace
the original data from 2019-2020 for basic regression.

In the test of the randomly generated experimental group, the null hypothesis is that the
occurrence of confirmed cases of COVID-19 in the region does not affect residents’ TCM
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Table 4. The impact of confirmed cases on the literacy of residents in traditional Chinese medicine (by subject).

Variable Theoretical knowledge score Application method score

)] (2 (3) @
Con*COVID -3.407*** (0.644) -2.526™** (0.601) 7.016™** (0.583) 7.571"** (0.571)
COVID 5.686%** (0.481) 6.823%** (0.473) 5.852*%* (0.411) 7.030%** (0.436)
Con 7.231%%* (0.492) 3.468*** (0.462) 6.794*** (0.439) 4.088** (0.440)
Income 0.000*** (0.000) 0.000*** (0.000)
Occupation 0.207** (0.085) 0.250*** (0.083)
Education 3.487*** (0.119) 2.490*** (0.114)
Population -0.208"* (0.094) -0.356*** (0.095)
Han 3.483*** (0.474) 2.826™** (0.459)
Sick -0.807** (0.337) -0.442 (0.325)
Age 0.013 (0.011) 0.026** (0.011)
Gender -0.759%** (0.278) 0.023 (0.267)
Constant 16.593%** (0.352) 4.234%%* (1.161) 21.362%+* (0.299) 10.255%%* (1.126)
Observation 4016 4016 4016 4016
R-squared 0.106 0.358 0.378 0.491

Note: This table is categorized by scoring subjects. To facilitate observation and discussion, we summed up the three test scores of Chinese medicine cultural knowledge,

basic concepts of Chinese medicine, and Chinese medicine information comprehension ability in the Chinese medicine health literacy test, and defined it as a

"Theoretical knowledge score"; The sum of the scores of the two tests of the method and the public appropriate method of traditional Chinese medicine is defined as the

"Application method score". Robust standard errors in parentheses, significant levels

*p<0.10
#5<0.05
#4p<0.01.

https://doi.org/10.1371/journal.pone.0285744.t1004

health literacy. Under the null hypothesis, the estimated coefficients from the actual data can be

considered as random samples in the permutation distribution, we can generate permutation
distributions of estimated coefficients and use them for statistical inference. On the one hand,

we first randomly assign the occurrence period of COVID-19, and construct a placebo treat-
ment status for each resident [51, 52], specifically, our database is 2019 and 2020 A total of two
years of survey data, the judgment of the variable "COVID" is only 0 or 1 when randomly gener-
ating the experimental group, we will randomly assign the value of the "COVID" variable in the
sample to "0 or 1", without repetition, use the randomly assigned "COVID" variable to combine
with the original "Con" variable to form a new interaction term, and then make a new estimate.
On the other hand, similar to the former, we just replace the randomly assigned variable with
"Con", combine it with the original "COVID" variable to form a new interaction term, and then
make a new estimate. Fig 2 shows the distribution of the placebo treatment effect from 1000
random assignments, the solid line shows the estimated treatment effect from the baseline anal-
ysis, placebo with an absolute value equal to or greater than the corresponding estimate from
the baseline analysis when the P value of the permuted placebo test is replaced For the estimated
proportion, we found that the P values were significant within the 1%-5% confidence interval in
the test, so it rejected the invalid null hypothesis that the effect of the confirmed cases of
COVID-19 in the region is not entirely due to endogeneity Bias, that is to say, there may be an
endogenous bias in the effect of confirmed cases of COVID-19 in a region, but there is a great
possibility that there will be an additional effect based on this endogenous bias. This effect can-
not be zero, which will also provide support for our further identification strategy.

In our tests of changing the timing of COVID-19, we used a sample of survey data from
2018-2019. COVID only broke out in Gansu, China in early 2020. We use the TCM health
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Fig 2. Placebo effect on the impact of confirmed cases on residents’ TCM literacy (replacement test). Note: This figure shows the estimated distribution of
placebos using the randomly generated "COVID" variable and "Con" variable on the impact of residents’ TCM literacy, taking into account the time of the
outbreak of COVID-19 and whether there are confirmed cases of COVID-19 in the region, which is randomly assigned, so we get each estimate by executing
our main model specification (with the addition of control variables), and we do this process 1000 times. where a and b represent the random "COVID"

variable and "Con" respectively.

https://doi.org/10.1371/journal.pone.0285744.9g002

culture of residents in Gansu Province in 2018 and assume that the epidemic broke out in
Gansu in early 2019, and we expect the "placebo” treatment status to be insignificant. The data
used for this test will not be affected by COVID-19. Using data from 2018 and 2019 has several
advantages. First of all, the surveys in 2018 and 2019 were sample surveys conducted across the
province before the outbreak of COVID-19, and the testing areas have not changed, making
our testing more targeted. Secondly, the data included in 2018 is the same as the data indica-
tors included in 2019 and 2020, which allows us to use the model specifications shown in
Table 2 to estimate the impact of confirmed cases of COVID-19 in the region on the health of
residents. The impact of literacy. Finally, the two sample sizes we use ("2018-2019" and "2019-
2020" samples) are close to the same, which can avoid problems such as inconsistency and
inaccuracy in estimation caused by large gaps in sample sizes. The results of this placebo test
are shown in Table 5. We did not find any statistically significant results in model (1)-model
(9) interaction coefficients. Therefore, we reject the validity of the DID identification hypothe-
sis, and there are sufficient reasons to believe that the emergence of confirmed cases of
COVID-19 will significantly impact the health literacy of traditional Chinese medicine among
local residents.

Mechanism. In addition to the main results, we further discussed the reasons why the
presence of confirmed COVID-19 cases in the region would promote the improvement of
TCM literacy among residents.

First, we defined the ways or mechanisms for improving residents’ TCM health literacy. It
is believed that the main source of residents’ acquisition of TCM health quality is learning
TCM knowledge, so what mechanism residents use to obtain TCM knowledge is the key topic
discussed in this part. In our survey, there are various ways for residents to acquire knowledge
of Chinese medicine, such as publicity boards, mass media, printed materials, video materials,
TCM free clinics, theme activities, theme lectures, etc. To facilitate the discussion, we classify
these ways, that is, the traditional methods of residents through propaganda boards, mass
media, printed materials, video materials, etc. are classified as "the first type of mechanism".
This mechanism generally exists in public life. And it is the main method of health literacy
knowledge in China, which is characterized by a one-way acquisition mechanism of "people to
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Table 5. The impact of confirmed cases on the literacy of residents in traditional Chinese medicine.

Variable
(1) (2
Con*COVID | 0.647 (1.221) | -0.222 (1.207)
COVID -2.491%* -2.357%%%
(0.846) (0.830)
Con 13.378%** 12.766***
(0.849) (0.848)
Income 0.000***
(0.000)
Occupation
Education
Population
Han
Sick
Age
Gender
Constant 40.447*** 38.113***
(0.581) (0.667)
Observation 3,889 3889
R-squared 0.117 0.147

Interpreted variable: Score

(3) (4) (5) (6) (7) (8) 9
-0.205 (1.206) | -1.156 (1.104) | -0.093 (1.099) | -0.227 (1.107) | -0.204 (1.110) | -0.204 (1.110) | -0.189 (1.111)
-2.344%%* 3.112%* -5.031%+* -5.034%+* -5.065%** -5.063%** -5.102%**
(0.830) (0.743) (0.787) (0.787) (0.789) (0.792) (0.796)
12.554%** 7.893%** 6.900%** 6.869%** 6.865*** 6.863*** 6.823***
(0.862) (0.824) (0.820) (0.822) (0.823) (0.825) (0.829)
0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
0.320 (0.196) 0.611%** 0.576%** 0.576%** 0.575%** 0.575%** 0.568***
(0.172) (0.172) (0.171) (0.171) (0.171) (0.172)
6.351%%* 6.341%%* 6.364%%* 6.381%%* 6.383*** 6.410%*
(0.227) (0.227) (0.228) (0.232) (0.236) (0.238)
1.238%** 1.242%%* -1.237%%* -1.236%* -1.233%%*
(0.225) (0.225) (0.226) (0.227) (0.227)

-1.276 (1.517) | -1.292 (1.517) | -1.292 (1.518) | -1.310 (1.517)
0.232 (0.658) | 0.229 (0.660) | 0.228 (0.660)

0.001 (0.022) | 0.002 (0.022)

0.377 (0.554)

36.168%** 21.431%%* 25,9977+ 27,2177 27.131%%* 27.076%** 26.477%%*
(1.397) (1.308) (1.504) (2.081) (2.097) (2.428) (2.584)
3889 3889 3889 3889 3889 3889 3889
0.148 0.291 0.296 0.297 0.297 0.297 0.297

Note: Robust standard errors in brackets, significant level

*p<0.10
p<0.05
#Hp<0.01.

https://doi.org/10.1371/journal.pone.0285744.t1005

things". Residents are classified as "second-type mechanisms" through special methods such as
TCM-free clinics, theme activities, and theme lectures. Partially existing in public life, it is a
secondary method of health knowledge propaganda in China. It is characterized by a two-way
acquisition mechanism of "people to people" in addition to the one-way communication
mechanism of "people to objects". We allow residents to acquire knowledge of traditional Chi-
nese medicine through these two types of mechanisms at the same time.

Second, we divide the total sample into two sub-samples according to different mechanisms
for separate regression. In the total sample, 3159 residents obtained knowledge of traditional
Chinese medicine through the first type of mechanism, and 2561 residents obtained knowl-
edge of traditional Chinese medicine through the second type of mechanism. In this section,
we discuss why residents in areas with confirmed cases have a greater improvement in TCM
health literacy than residents in areas without confirmed cases. Are there different ways of
acquiring knowledge of Chinese medicine between the former and the latter? With these prob-
lems in mind, we continued to use the estimation model of Eq (1) and regressed the two sub-
samples. The result of the regression indicated that (under this mechanism) the residents of
areas with confirmed cases were more likely than the residents of areas without confirmed
cases. Comparing the two sub-samples for the improvement of medical and health literacy, the
larger the coefficient, the more preferred the residents in the areas with confirmed cases have
for this type of mechanism, and the greater the improvement of the residents’ traditional Chi-
nese medicine literacy by this mechanism. We expect that residents in areas with confirmed
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Table 6. The impact of confirmed cases on the literacy of residents in traditional Chinese medicine (by impact mechanism).

Variable Type I mechanism Type II mechanism

(1) (2 3 “@
Con*COVID 4,573 (1.202) 4.556™** (1.145) 6.091%%* (1.311) 7.317%%* (1.261)
COVID 9.600%** (0.902) 13.577%%* (0.937) 9.837%** (1.025) 11.661%** (1.076)
Con 10.341*** (0.931) 6.590*** (0.909) 12.723*** (0.901) 7.941%%* (0.900)
Income 0.000*** (0.000) 0.000*** (0.000)
Occupation 0.228 (0.154) 0.107 (0.171)
Education 4.802*** (0.246) 4.794*** (0.251)
Population -0.645™** (0.186) -0.518** (0.219)
Han 6.368"** (0.942) 5.239*** (1.076)
Sick -1.295* (0.670) -0.360 (0.732)
Age 0.046** (0.022) 0.053** (0.024)
Gender -0.121 (0.539) -0.236 (0.598)
Constant 43.403%** (0.672) 20.471%%* (2.385) 41.715%%* (0.662) 21.293%** (2.503)
Observation 3159 3159 2561 2561
R-squared 0.218 0.372 0.269 0.407

Note: This table shows the mechanism by which the occurrence of confirmed cases of COVID-19 in the region improves the literacy of residents in traditional Chinese

medicine. Robust standard errors in parentheses, significance levels

*p<0.10
*p<0.05
#Hp<0.01.

https://doi.org/10.1371/journal.pone.0285744.t1006

cases are more inclined to acquire knowledge of traditional Chinese medicine through the
"second type of mechanism", and believe that the "second type of mechanism" can greatly
improve the residents’ TCM health literacy.

Finally, the findings confirmed our expectations. As shown in Table 6, both types of mecha-
nisms can have a significant positive impact on the improvement of residents’ traditional Chi-
nese medicine literacy, which is shown in the following: For residents who have acquired
traditional Chinese medicine health literacy through the first type of mechanism, areas with
confirmed cases of COVID-19 Compared with residents in areas without confirmed cases of
COVID-19, the TCM literacy of residents improved by 4.6%, which was significant at the 1%
level, and the coefficient remained stable after adding control variables; for residents who
obtained TCM health literacy through the first type of mechanism, The TCM literacy of resi-
dents in areas with confirmed cases of COVID-19 increased by 6%-7.3% compared with resi-
dents in areas without confirmed cases of COVID-19, which was significant at the 1% level,
and the coefficient remained stable after adding control variables.

Conclusion

Using data from the TCM health literacy monitoring survey of residents in China (Gansu
Province) in 2019 and 2020, we focused on the impact of confirmed cases on TCM health liter-
acy. Thanks to the management and control policies of the central and local governments on
the COVID-19 pandemic, the first round of the epidemic in Gansu Province can be effectively
controlled, allowing us to have a perfect experimental sample and opportunities for in-depth
research. The research is completely justified Consider the COVID-19 event as a powerful
exogenous shock, and the emergence of confirmed cases of COVID-19 is an important mani-
testation of the exogenous shock.
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By comparing the improvement gap in traditional Chinese medicine health literacy
between residents in areas with confirmed cases of COVID-19 and those in areas without con-
firmed cases of COVID-19. We came to three main conclusions:

First, the occurrence of confirmed cases of COVID-19 will lead to a 3.5%-7.0% improve-
ment in residents’ TCM health literacy. This is the original intention of our research and the
basic conclusion of our research. This conclusion proves that confirmed cases of COVID-19
have a positive impact on residents’ TCM health literacy, indicating that after experiencing
regional "static management”, residents will adjust their health behaviors because of fear of
being infected, and these behaviors may be related to TCM At this time, the residents’ TCM
health literacy will be improved due to their behavior adjustment.

Second, the occurrence of confirmed cases of COVID-19 does not significantly improve the
TCM health literacy of uneducated residents, but it will lead to an increase of about 8% and
6% in the TCM health literacy of residents with secondary education and higher education.
"Static management" has no significant impact on the health literacy of traditional Chinese
medicine among uneducated residents. This group of residents will only obey the government
or other residents’ admonitions, and "staying at home" may be their only health behavior
adjustment. "They are illiterate” may be the strongest explanation for this result. The occur-
rence of confirmed cases of COVID-19 has a greater impact on the TCM health literacy of sec-
ondary education residents than higher education residents. The reason is that the TCM
health literacy of higher education residents is higher than that of secondary education resi-
dents. The upper limit is higher education residents have less room for improvement, and sec-
ondary education residents have more room for improvement.

Third, the occurrence of confirmed cases of COVID-19 affects residents’ TCM health liter-
acy, which is mainly reflected in practical health literacy. Under the condition that all residents
have the same time to acquire health knowledge of traditional Chinese medicine, the occur-
rence of confirmed cases of COVID-19 will make residents spend more time to acquire acquir-
ing a practical knowledge of traditional Chinese medicine, and at this time, the time for
residents to acquire theoretical knowledge of traditional Chinese medicine will be reduced.
The resulting results were reflected in the residents’ tests: the presence of a confirmed case of
COVID-19 resulted in a significant decrease in the resident’s "Theoretical Knowledge Score"
and a significant increase in the "Approach Score". This kind of practical thinking corroborates
the old saying circulated among Chinese residents, that "regardless of whether the cat is black
or white, the cat that can catch mice is a good cat".

In addition to the main conclusions, we further explored how the emergence of confirmed
cases of COVID-19 affects residents’ health behavior adjustment through heterogeneity analy-
sis, and ultimately affects residents’ TCM health literacy, that is, residents’ preference for access
to TCM knowledge. In the above, we believe that there are two ways to acquire knowledge of
traditional Chinese medicine, and these two ways should have different degrees of influence
on the health literacy of traditional Chinese medicine. Positively, our research also confirms
this. If the knowledge of traditional Chinese medicine is only obtained through the "first type
mechanism", then the occurrence of confirmed cases of COVID-19 will increase the residents’
traditional Chinese medicine health literacy by about 4.5%. %-7% or so. Therefore, after
experiencing "static management", residents will prefer to acquire knowledge of traditional
Chinese medicine through the "second type of mechanism". After the boring isolation is over,
residents will have a strong need to release their depressed hearts, so they will prefer to choose
interesting and active ways to acquire knowledge of traditional Chinese medicine. The "second
type of mechanism" is exactly this way.

Although this study explores the impact of confirmed cases of COVID-19 on residents’
TCM health literacy from local data, it provides new evidence for the improvement of TCM
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health literacy among Chinese residents (during the COVID-19 pandemic). That is, during the
COVID-19 pandemic, the emergence of confirmed cases will improve residents’ TCM health
literacy. With the improvement of the Chinese medicine literacy of residents, it is beneficial to
both society and individuals. In the short term, improved health literacy can help individuals
reduce their risk of contracting COVID-19 and reduce the number of confirmed cases of
COVID-19 in society. In the long run, the improvement of health literacy can improve the effi-
ciency of residents’ medical treatment, protect the life and health of residents to a greater
extent, promote the rational allocation of social medical resources, and reduce the waste of
medical resources.

Reviewing our research, we think that research has some limitations. On the one hand, our
sample size only covers the entire Gansu Province, and the situation in other regions may not
be the same as in Gansu Province (the economy, culture, and politics of other regions may be
different, but it will also affect the score), if it represents all regions of China, we think it is far-
fetched. We did not collect data from other provinces, which is a pity that the research is lim-
ited and researchers cannot consider as many regions as possible. On the other hand, we have
no way to objectively measure each person’s uniqueness, so there will be omissions in the vari-
ables we consider. This uniqueness may affect its score, such as personal understanding of Chi-
nese medicine knowledge, preferences, etc. subjective inner consciousness. Since the data are
cross-sectional, we cannot use individual fixed effects to reduce their bias in estimates.
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