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Abstract

Background: It is of great challenge to raise the public coronavirus disease 2019 (COVID-19) related health literacy
(CRHL) in impoverished regions due to the limits of poor infrastructure, large proportion of vulnerable groups, etc.
However, those limits cannot be solved in the short term. Therefore, this study chose Liangshan Yi Autonomous
Prefecture, one of the poorest areas in China, as a pilot, to reveal the quantitative relationships among different
dimensions under the COVID-19 health education framework, clarify the key points for health promotion, and provide
specific suggestions for COVID-19 health education strategy in impoverished regions.

Methods: A cross-sectional questionnaire survey was conducted in five regions of Liangshan Yi Autonomous
Prefecture in 2020. There were 2,100 individuals sampled by multi-stage method. This survey mainly measured the
four dimensions: CRHL, COVID-19 related tense psychological reactions (CRTPR), COVID-19 related information report
acquisition (CRIRA), and general health literacy (GHL). The multivariate logistic regression was used to explore the
influence of demographic characteristics on each dimension. Furthermore, to quantify the relationships among dif-
ferent dimensions, this study employed the structural equation model (SEM), and analyzed the mediating effects of
CRHL and CRIRA as well as the moderating effects of regional characteristic variables.

Results: The CRHL played an important role in promoting COVID-19 health education, reaching 52.5% in Liangshan
Yi Autonomous Prefecture. The GHL (8=0.336) and age (8=0.136) had statistically positive impacts on CRHL. The
CRHL affected CRTPR negatively (3= — 0.198) and CRIRA positively (8=0.052). The CRHL played significant mediating
roles among the four dimensions (P < 0.05). Effectiveness of government prevention and control as well as the ethnic-
ity moderated not only the relationships between CRHL and other dimensions, but also the mediating effect of CRHL
(P<0.05). People with lower income and education levels had lower GHL (8=0.286, 1.292). The youth were more
likely to show CRTPR (8= — 0.080).

Conclusions: By proposing and verifying the theoretical framework, this study put forward specific suggestions
on how to improve COVID-19 health education strategies in impoverished regions via implementation methods, key
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groups and effect evaluation, which also provided references about future public health emergencies for other impov-

erished regions of the world.

Keywords: COVID-19, Health education strategy, Impoverished region, Health literacy, Structural equation model,

Mediating effect, Moderating effect

Background

The coronavirus disease 2019 (COVID-19) pandemic
posed a serious threat to human health, especially in
impoverished regions, which signaled a strong warn-
ing. The impoverished regions have backward economic
conditions and weak health systems, and face the double
burden of infectious and noninfectious diseases. Further-
more, it was reported that the public’s awareness of the
epidemic and health literacy were often low in impov-
erished regions around the world, such as some areas
in Kenya and Sudan, accompanied by a large number
of widespread misunderstandings and misinformation
about the COVID-19 [1, 2]. Those misconceptions are
conceivable threats to COVID-19 management strate-
gies. Therefore, public health literacy is crucial for fight-
ing against the epidemic. A good level of COVID-19
related health literacy (CRHL) is essentially necessary for
full compliance of the public with prevention and control
measures, which can help people identify the fake news,
trigger the public’s early and immediate response to the
epidemic, and promote people to take proactive preven-
tive measures in the face of the future epidemic. As a
result, it is necessary to pay special attention to how to
improve COVID-19 health education in impoverished
regions.

Although there have been some previous researches on
promoting CRHL, they were mostly focused on devel-
oped countries [3-5], or well-educated populations
in developing countries, such as college students and
medical workers [6-8]. Correspondingly, the majority
of measures proposed to enhance CRHL were based on
the Internet, or to improve information transparency and
optimize official communication [9, 10]. However, there
were few studies on CRHL in impoverished regions. In
fact, there are a large proportion of vulnerable groups
in impoverished regions, such as the low-income and
low-educated classes, who are the most vulnerable to
the impact of epidemic. However, due to the divergence
of demographic characteristics, science and technology,
economy, and culture, those existing research strategies
aimed at developed countries or well-educated popula-
tions could not be fully applied to impoverished regions.

Therefore, this study chose Liangshan Yi Autonomous
Prefecture as the pilot, which was a typical representa-
tive of impoverished areas in China. Before the year of
2021, there were 11 of the 17 counties which were deeply

impoverished. It is the largest Yi-inhabited area. Mean-
while, with the characteristics of ancient and closed, it
was also one of the areas where slavery was finally elimi-
nated in China. Coupled with factors such as incon-
venient transportation, inclement weather, backward
infrastructure, and weak public health conditions, it has
always been the main battlefield for the prevention and
control of infectious diseases, thus facing severe chal-
lenges of COVID-19 epidemic [11]. After the outbreak of
COVID-109, referring to the 2020 national resident health
literacy monitoring questionnaire issued by the National
Health Commission of China, Liangshan Yi Autono-
mous Prefecture put forward the COVID-19 health
education framework consisted of four dimensions:
CRHL, COVID-19 related tense psychological reactions
(CRTPR), COVID-19 related information report acquisi-
tion (CRIRA), and general health literacy (GHL). To this
end, this study aimed to reveal the quantitative relation-
ships among different dimensions, clarify the key points
for health promotion, and provide specific suggestions
for COVID-19 health education strategy in impoverished
regions to help better respond to the epidemic.

Methods
Data collection and preprocessing
This study adopted the 2020 national resident health lit-
eracy monitoring questionnaire issued by the National
Health Commission of China to the Centers for Disease
Control and Prevention at all levels. It consisted of two
parts, and one was the annually-updated general health
literacy of residents, which was utilized by this study to
measure the GHL. The other part was the special ques-
tionnaire for COVID-19, which was newly added in 2020
due to the outbreak of COVID-19. This study adopted
this part to measure the CRHL, CRIRA, and CRTPR.
According to the correct answers of the questionnaire,
the respondent whose questionnaire score reached 80.0%
or more of the total score was judged to be health liter-
ate, and the regional level of health literacy referred to
the proportion of people with health literacy in the total
population [12]. The definitions of the four dimensions
(CRHL, CRTPR, CRIRA, and GHL), as well as other
details, were listed in Table 1.

This study carried out a cross-sectional survey from
August 14, 2020 to December 11, 2020 in Liangshan Yi
Autonomous Prefecture, which was part of the national



Wang et al. Infectious Diseases of Poverty (2022) 11:38

Page 3 of 14

Table 1 Dimension structure, definition and measurement description of the questionnaire

Dimension Definition

Manifest variable

Measurement description

Basic medical literacy
Health information literacy

Information expression intelligibility
Information content practicability
CRTPR

CRHL The health literacy related to COVID-19

GHL The ability of individuals to obtain, understand and
process general health information and services, and
use them to make decisions conducive to improving
and maintaining their own health

CRIRA The evaluation of respondents on the access to COVID-
19 related information report

CRTPR The respondents’'anxiety and tense psychological reac-

tions related to COVID-19

Basic knowledge of COVID-19

Prevention behavior knowledge of COVID-19
Protection skills of COVID-19

Scientific health view

Infectious disease prevention and control literacy
Chronic disease prevention and control literacy

Information source authority
Information reporting adequacy

Sum of 13 yes/no items®
Sum of 12 yes/no items
Sum of 16 yes/no items
Sum of 21 yes/no items
Sum of 11 yes/no items
Sum of 27 yes/no items
Sum of 23 yes/no items
Sum of 15 yes/no items
5-point Likert-type scale®
5-point Likert-type scale
5-point Likert-type scale
5-point Likert-type scale

Sum of two 5-point Likert-
type scales and 7 yes/no
items®

2 Scored as 1 =yes, 0=no. ®Scored as 1 =disagree, 5 =strongly agree. “Scored as 0 =not at all, 1 = strongly nervous, 0 =no, 1=yes. CRHL COVID-19 related health
literacy, GHL general health literacy, CRIRA COVID-19 related information report acquisition, CRTPR COVID-19 related tense psychological reactions

resident health literacy continuous monitoring survey
conducted annually since 2012 [12]. The multi-stage sam-
pling framework was used to select individual respond-
ents. Firstly, according to the economic and social
development status and ethnic distribution, five repre-
sentative regions of Liangshan Yi Autonomous Prefec-
ture were selected, namely Huili County, Muli County,
Xichang City, Yuexi County, and Zhaojue County. Then
the probability proportionate to size sampling (PPS)
method was adopted to draw four towns or streets from
each region, and three villages or communities from each
town or street. There were 35 households randomly cho-
sen from each village or community. Besides, one per-
manent resident aged 15 to 69 was selected from each
household by the Kish table [13]. Finally, there were 2100
individuals sampled by this study.

Since some respondents had too low literacy to com-
plete the questionnaire by themselves, this study con-
ducted a household questionnaire survey of face-to-face
interviews to ensure the survey quality. In order to effec-
tively control the survey quality and facilitate the fol-
low-up study, the name of respondent was mandatory.
Considering privacy protection, both respondents and
investigators signed informed consents, which empha-
sized the confidentiality of the respondents’ information
and explained the purpose, importance, and main con-
tent of the investigation to the respondents. The ethics
committee at Liangshan Prefecture Center for Disease
Control and Prevention approved this study (LS2020005).

Quality control was carried out at the pre-investiga-
tion, investigation, and data processing stages. At the
pre-investigation stage, all members in the study team

received strict professional training followed by a pre-
liminary investigation. When it came to the investigation
stage, the research associates checked the questionnaires
every day and called for amendments if any violation
of the study protocol was detected. Finally, during the
data processing stage, a double-recording comparison
was used for data input, and complete case analysis was
adopted to deal with logical errors, outliers and missing
data problems [14].

Analyzing the influence of demographic characteristics

on each dimension

There may be differences in CRHL, CRTPR, CRIRA, and
GHL among people with different demographic char-
acteristics. Some studies have reported that education,
race/ethnicity, age, income, occupation, gender, etc. were
associated with health literacy or psychological distress
related to COVID-19 [15-17]. Therefore, it was neces-
sary to explore whether different characteristics of peo-
ple in impoverished regions have statistically significant
impacts on the levels of the above four dimensions, so as
to make policies, strategies, and measures more targeted
and accurate.

To explore whether the levels of CRHL, CRTPR,
CRIRA, and GHL were different among people with dif-
ferent demographic characteristics, we conducted the
multivariate logistic regression analysis. Demographic
characteristics were taken as independent variables. With
GHL, CRHL, CRIRA, and CRTPR as study outcomes
respectively, the medians of their measures were taken
as the cut-off points [18]. According to the hypotheses
below, the GHL was covariate of the model with CRHL
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as the study outcome. Similarly, the GHL and CRHL
were covariates of the CRIRA model. The GHL, CRHL,
and CRIRA were covariates of the CRTPR model. The
stepwise regression method was adopted to explore the
demographics that had statistical significance on each
dimension.

Exploring relationships among different dimensions

In order to improve the COVID-19 health education
strategy, one important step was to reveal the quantita-
tive relationships among different dimensions under the
COVID-19 health education framework. Regarding the
literature reviews and related hypotheses mentioned
below, this study proposed the theoretical framework
of the relationships among the four dimensions (CRHL,
CRTPR, CRIRA, and GHL), as shown in Fig. 1. Due to
the aim of this study, these relationships could be clas-
sified as three parts, i.e., direct effects involving CRHL,
direct effects not involving CRHL, and indirect effects
among dimensions.

Hypotheses on direct effects involving CRHL
Figure 1 showed that increase of CRHL may reduce
CRTPR, that was:

H1: CRHL negatively affects CRTPR.

People with higher CRHL were less likely to experience
excessive tension because they had a better understand-
ing of COVID-19 related health information. Research-
ers revealed that the knowledge or confidence of the
COVID-19 epidemic showed an inverse correlation with
psychological distress [19, 20]. To this end, this study put
forward the first hypothesis above.

In addition, Fig. 1 also indicated that there may be two
other dimensions directly associated with CRHL. Firstly,
the high uncertainty of an unknown disease may arouse

Fig. 1 Theoretical framework of the direct relationships among

the four dimensions (CRHL, CRTPR, CRIRA, and GHL). The ellipses
represented the latent variables, and the rectangle represented the
manifest variable. CRHL COVID-19 related health literacy, GHL general
health literacy, CRIRA COVID-19 related information report acquisition,
CRTPR COVID-19 related tense psychological reactions
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people to try reducing uncertainty by obtaining related
information to make sound decisions. People with high
CRHL may actively and intensively search for disease-
related information. There were studies that indicated
a clear association between misinformation belief and
poorer COVID-19 knowledge [21, 22]. Therefore, we
proposed the following hypothesis:

H2: CRHL positively affects CRIRA.

Another associated factor with CRHL was GHL.
Generally, individuals with higher GHL level had more
knowledge about infectious diseases. Research has shown
that confusion about COVID-19 was significantly higher
among those who had lower health literacy [4]. Hence, it
came into being the hypothesis as followed:

H3: GHL positively affects CRHL.

Hypotheses on direct effects not involving CRHL
Furthermore, it has been highlighted that health educa-
tion and improvement of health literacy were critical pre-
vention and health promotion measures for mitigating
the adverse effects of the so called infodemic [23, 24]. On
these grounds, we proposed that:

H4: GHL positively affects CRIRA.

In addition, groups with good GHL may have more
confidence in their own health, could actively deal with
public health emergencies, and have less psychologi-
cal burden. Previous studies found that people showing
sufficient health literacy were less likely to suffer from
psychological problems, such as anxiety, depression,
and sleeping disorders [25, 26]. As a result, this study
assumed that:

H5: GHL negatively affects CRTPR.

Another consideration was that the more sufficient
CRIRA was, the more likely it was to obtain more posi-
tive information, and the less likely the psychological
burden in the face of the epidemic will be. Researchers
also revealed that high satisfaction with health informa-
tion, specific up-to-date and accurate health information
were significantly associated with lower stress, anxiety,
and depression [27, 28]. Accordingly, we supposed that:

H6: CRIRA negatively affects CRTPR.

Hypotheses on indirect effects among different dimensions
In addition to the above direct effects, there may also be
some indirect effects among the four dimensions. There-
fore, five more hypotheses were proposed as below:

H7: CRHL mediates the relationship between GHL and
CRIRA.

H8: CRIRA mediates the relationship between CRHL
and CRTPR.

H9: CRHL mediates the relationship between GHL and
CRTPR.
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H10: CRIRA mediates the relationship between GHL
and CRTPR.

H11: CRHL and CRIRA mediate the relationship
between GHL and CRTPR.

Validation of hypotheses

This study adopted the structural equation model (SEM)
analysis to quantify the aforementioned relationships
among different dimensions. The estimation of SEM
relied on the multivariate normal distribution of the data.
The item parcel technology could be used to convert cat-
egorical scales questions of the questionnaire into contin-
uous variables and transformed their distributions close
to the normal ones. Parcels were formed by summing or
averaging scores on two or more indicators, which were
proven to be more continuous and normally distributed
than the individual items [29-35]. Therefore, this study
adopted the transformation method and process of
parceling proposed by Cattell et al. [29, 30].

The quality of the measurement models was analyzed
for their reliability and validity. Cronbach’s alpha and
composite reliability were used to evaluate the reliabil-
ity. The validity testing consisted of convergent validity
and discrimination validity. The results showed that the
design of measurement models was effective and rea-
sonable, indicating that further structural model fitting
analysis could be carried out. More details were shown in
Additional file 1.

As a consequence, we incorporated the statistically sig-
nificant demographic variables obtained from the logis-
tic models as the control variables into the theoretical
SEM, and then deleted those demographic variables with
insignificant factor load in SEM. In addition, the correla-
tions between the residual terms of SEM were adjusted to
improve the fit of the model.

The maximum likelihood method was used to esti-
mate the parameters of SEM. The univariate normal
distributions (— 1.438 < skewness < 1.480, — 0.919 <kur-
tosis < 3.047) and multivariate normal distribution (Mar-
dia’s kurtosis =45.622) were tested separately. Due to the
lack of multivariate normality, the Bollen-Stine bootstrap
p procedure (performed 5000 times) was used to correct
for fit statistic bias [36—40]. The following parameters
were used to assess model fitness: relative chi-square
(¢*/df), goodness of fit index (GFI), adjust goodness of
fit index (AGFI), normed fit index (NFI), Tucker-Lewis
index (TLI), incremental fit index (IFI), related fit index
(RFI), comparative fit index (CFI), and root mean square
approximation error (RMSEA).

Since the bootstrapping method was more powerful
than the classical Sobel test and causal steps approach in
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testing mediating variables effects [41, 42], we adopted
the bootstrapping (performed 5000 times) method to
analyze the mediating effects of CRHL and CRIRA.

Estimating the moderating effects of the regional
characteristics

It was necessary to pay attention to whether some impor-
tant regional characteristic variables played significant
moderating roles in the relationships among different
dimensions. The regional characteristic variables con-
cerned in this study, namely the mediating roles, mainly
included the effectiveness of government prevention
and control as well as the ethnicity. The effectiveness
of government prevention and control of the epidemic
may affect people’s use of the media, the acquisition of
COVID-19 related information, and even the level of
residents’ CRHL. The public’s evaluation of this effec-
tiveness reflects the degree of recognition of government
work from a personal perspective. In addition, the cur-
rent epidemiological data on COVID-19 suggested that
minority groups may be more susceptible to COVID-19
infections [43]. To this end, we proposed the last two
hypotheses:

H12: The moderating variables moderate the relation-
ships among GHL, CRHL, CRIRA, and CRTPR.

H13: The moderating variables moderate the relation-
ships among GHL, CRHL, CRIRA, and CRTPR via CRHL
and CRIRA.

To be specific, we constructed moderation models and
moderated mediation models to explore the moderating
roles of regional characteristic variables.

All the above statistical tests were conducted at the
statistically significant level of 0.05 and the statistical
analyses were conducted by using SPSS 22.0 (IBM Corp,
Armonk, New York, USA) and Amos 26.0 (IBM Corp,
Armonk, New York, USA) software.

Results

Basic characteristics of participants

A total of 1789 questionnaires were collected with a
response rate of 85.2%. After eliminating 118 responses
with missing values and outliers, 1671 valid question-
naires were obtained with an effective rate of 93.4%. The
demographic characteristics of participants were shown
in Table 2. The proportions across categories of gender
and age kept balanced. Most of the participants were Han
(47.3%) and Yi nationality (40.7%). The majority (86.7%)
were married. More than half of the participants (60.1%)
received no higher education than primary school, and
only 6.5% received college education or above. Of the
1671 respondents, 84.0% (n=1404) were farmers and the
majority (83.0%) had an annual income of <CNY 10,000.
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Table 2 Demographic characteristics and their influence on each dimension estimated by logistic regression

Variable and category n (%) OR (95% CI)
GHL CRHL CRIRA CRTPR
Gender / / /
Male 738 (44.2)
Female 933 (55.8) 0.686°
(0.539-0.872)
Age, years
<19 49 (2.9)
20-29 314 (18.8) 2.020 2629 4833 0.848
(0.801-5.479) (1.100-6.878) (1.935-14.757) (0.392-1.765)
30-39 385 (23.0) 2428 2644 4901 1.033
(0.948-6.673) (1.099-6.946) (1.949-15.047) (0.479-2.138)
40-49 406 (24.3) 1544 2916 3.984 0.502
(0.598-4.266) (1.214-7.657) (1.583-12.234) (0.234-1.034)
50-59 332(19.9) 1.060 3.280" 3619 0516
(0.404-2.965) (1.355-8671) (1.425-11.184) (0.238-1.075)
60-69 185 (11.1) 1.020 4722 4555 0.289"
(0.374-2.957) (1.901-12.760) (1.753-14.297) (0.127-0.634)
Ethnicity /
Han 791 (47.3)
Yi 680 (40.7) 0.308" 0.603" 0.601"
(0.230-0411) (0.480-0.757) (0.451-0.803)
Tibetan 88 (5.3) 0.609" 1.006 1535
(0.369-0.997) (0.638-1.578) (0912-2611)
Miao 68 (4.1) 1550 0.822 0.631
(0.883-2.777) (0.487-1.368) (0.357-1.110)
Hui 22(13) 2.886 1132 1.168
(0.900-12.913) (0.464-2.741) (0.429-3.742)
Other 22(13) 0709 2470° 1213
(0.271-1.870) (1.020-6.581) (0.440-3.471)
Marital status / / /
Unmarried 154 (9.2)
Married 1,449 (86.7) 2013"
(1.215-3.355)
Separated 2(0.1) 0.455
(0.011-17.363)
Divorced 18(1.1) 8111
(1.837-58.736)
Widowed 48 (2.9) 2.280
(0.908-5.596)
Educational level / /
llliterate or barely literate 575 (34.4)
Primary school 429 (25.7) 1546 2423"
(1.146-2.087) (1.803-3.266)
Junior high school 406 (24.3) 2915 5072"
(2.089-4.078) (3.629-7.123)
Senior high school / vocational high 152(9.1) 9.141" 6.956"
school / technical secondary school (5.007-17.526) (4.198-11.810)
Junior college 90 (5.4) 12,396 9.196"
(5.060-34.427) (4.690-19.543)
Undergraduate or above 19 (1.1) 3.689 5420

(0.898-19.217) (1.662-24.485)
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Table 2 (continued)
Variable and category n (%) OR (95% CI)
GHL CRHL CRIRA CRTPR
Occupation /
Teacher 18(1.1)
Medical staff 47 (2.8) 0.768 11338 2.241
(0.131-3.742) (3.183-44.187) (0.728-7.129)
Personnel of other institutions 62 (3.7) 0.881 3.899" 1.663
(0.157-4.010) (1.259-12.669) (0.565-5.036)
Student 29(17) 17367 9328" 7518
(1.580-424.614) (2.176-44.701) (1.756-36.609)
Farmer 1,404 (84.0) 0.515 3093 0.842
(0.106—1.894) (1.146-8.784) (0.325-2.256)
Worker 35(2.1) 0.398 0.906 0.566
(0.070-1.812) (0.246-3.344) (0.167-1.903)
Other 76 (4.6) 1.031 3057 1.274
(0.191-4.445) (1.022-9.586) (0.445-3.744)
Annual income, CNY / / /
<5000 784 (46.9)
5000-10,000 603 (36.1) 1.533"
(1.191-1.976)
10,000-15,000 127 (7.6) 1.277
(0.817-1.996)
15,000-20,000 82 (4.9) 1511
(0.878-2.629)
>20,000 75 (4.5) 2,146
(1.135-4.179)
GHL - 6.949 / 2492"
(5.535-8.764) (1.904-3.270)
CRHL - - 1171 0.763"
(0.952-1.440) (0.588-0.986)
CRIRA - - - 1403
(1.109-1.775)

- Not included in the model. / Variables not selected by stepwise regression method. CRHL COVID-19 related health literacy, GHL general health literacy, CRIRA COVID-
19 related information report acquisition, CRTPR COVID-19 related tense psychological reactions. *P < 0.05

As shown in Table 3, the level of CRHL reached 52.5%,
with 16.3% in basic knowledge of COVID-19, 62.8% in
prevention behavior knowledge of COVID-19, and 63.1%
in protection skills of COVID-19. A total of 94.5% of the
respondents agreed or strongly agreed with the suffi-
ciency of all aspects of their CRIRA. Only 14.0% of the
respondents had obvious tension and reaction to the
COVID-19. However, the level of GHL was only 10.7%.

Influence of demographic characteristics

As shown in Table 2, the results of logistic models
showed that most of the demographic characteristics
with statistical significance were poverty-oriented fac-
tors. Age and occupation were significantly associated
with CRHL. The older the age was, the higher the CRHL
level was (ORs>1). Age, ethnicity, and occupation were
significantly associated with CRIRA. Compared with the

low-age reference group (<19), other age groups had
more adequate CRIRA (ORs > 1). Compared with the Han
nationality, the sufficiency of the CRIRA of the Yi nation-
ality was weaker (OR=0.603, 95% CI: 0.480-0.757). Age,
ethnicity, and educational level were significantly asso-
ciated with CRTPR. Elderly people aged 60 and above
were less likely to show nervous reactions in the face of
the epidemic (OR=0.289, 95% CI: 0.127-0.634). The
Yi nationality was less prone to tension than the Han
nationality (OR=0.601, 95% CI: 0.451-0.803). Over-
all, the higher the level of education was, the easier it
was to be nervous (ORs>1). For the GHL, other demo-
graphic variables except age were statistically significant.
Women had lower GHL level than men (OR=0.686,
95% CI: 0.539-0.872). The GHL levels of Yi (OR=0.308,
95% CI: 0.230-0.411) and Tibetan (OR=0.609, 95% CI:
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Table 3 The regional level of the four dimensions of the questionnaire

Variable Level
CRHL 52.5%
Basic knowledge of COVID-19 16.3%
Prevention behavior knowledge of COVID-19 62.8%
Protection skills of COVID-19 63.1%
GHL 10.7%
Scientific health view 183%
Infectious disease prevention and control literacy 12.5%
Chronic disease prevention and control literacy 12.1%
Basic medical literacy 10.3%
Health information literacy 16.4%

CRIRA
Information source authority
Information reporting adequacy
Information expression intelligibility
Information content practicability
CRTPR

Disagree (0.0%)

Disagree somewhat (0.2%)
Generally (5.3%)

Agree (53.6%)

Agree strongly (40.9%)

Not nervous (49.2%)

A little nervous (36.7%)
Nervous relatively (10.2%)
Nervous (2.4%)

Nervous strongly (1.4%)

CRHL COVID-19 related health literacy, GHL general health literacy, CRIRA COVID-19 related information report acquisition, CRTPR COVID-19 related tense

psychological reactions

0.369-0.997) minorities were lower than that of Han
nationality. The lower the education level and income
level were, the more limited the GHL level was (ORs > 1).

Next, we incorporated the aforementioned statisti-
cally significant demographic characteristics as control
variables into the theoretical SEM, deleted the variables
with insignificant factor load, and made appropriate
adjustment. As shown in Fig. 2, the results showed that
age (5=0.136, P<0.001) had a significant impact on
CRHL, age (8=— 0.080, P=0.002) and educational level
(8=0.366, P<0.001) had significant impacts on CRTPR,
and income ($=0.286, P<0.001) and educational level
(8=1.292, P<0.001) had significant impacts on GHL.
However, no demographic variable in the SEM had a sta-
tistically significant association with CRIRA.

Relationships among different dimensions
Table 4 presented the assessment results of SEM fitting.
It showed that all the raw values of indices (column 2),
except for those of x*/df and RMSEA, were acceptable
compared with the criteria (column 4). However, after
adopting the Bollen-Stine bootstrap to correct for the fit
statistic bias, all the fitting indices were ideal (column 3).
The unstandardized path coefficients of SEM were
shown in Table 5. All the direct and indirect effects pro-
posed were statistically significant, and such findings

supported most of the proposed hypotheses in Meth-
ods section, albeit that for the H5 and H6, the estimated
results showed positive effects, which were contrary to
the proposed hypotheses. Considering the status quo
of Liangshan Yi Autonomous Prefecture, the positive
effects of GHL and CRIRA on CRTPR were most likely
due to the fact that the explosive growth of COVID-
19 related information after its outbreak formed sharp
contrast to the previous problem of information defi-
ciency in local area, which consequently led some resi-
dents to the excessive risk perception and tension.

Table 5 displayed the relationships among the four
dimensions, where CRHL was the key part. There
was a significant negative relationship between CRHL
and CRTPR (8=— 0.198), but a positive relationship
between GHL and CRTPR (8=0.195). Meanwhile, the
CRHL had a positive effect on CRIRA (5 =0.052), and
CRIRA had a positive effect on CRTPR (8=0.266). The
higher the GHL level was, the higher the CRHL level
was (=0.336).

From the results of mediating effects analysis, both the
paths GHL to CRHL to CRIRA to CRTPR (=0.005) and
GHL to CRIRA to CRTPR (8=0.007) had positive effects,
and it was found that their effect difference was not sta-
tistically significant after contrasts (H10 vs H11). How-
ever, the path GHL to CRHL to CRTPR (5= — 0.066) had
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Fig. 2 The unstandardized estimation results of the structural equation model. CRHL COVID-19 related health literacy, GHL general health literacy,
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Table 4 Results of the overall model fitting

Index Raw value Bollen-Stine Criterion
bootstrap
Xz 502.9667 98.5833 -
df 95 95 -
x/df 5.2944 1.0377 <3
GFI 0.9630 0.9923 >09
AGFI 0.9470 0.9864 >09
NFI 0.9606 0.9923 >09
TLI 0.9593 0.9996 >09
IFI 0.9678 0.9997 >09
RFI 0.9503 0.9903 >09
CFl 0.9678 0.9997 >09
RMSEA 0.0507 0.0048 <0.05

- Means not applicable. GFI goodness of fit index, AGF/ adjust goodness of fit
index, NFI normed fit index, TLI Tucker-Lewis index, IFl incremental fit index,
RFl related fit index, CFl comparative fit index, RMSEA root mean square
approximation error

a negative effect, which was mainly due to the negative
effect of CRHL on CRTPR. This specific indirect effect
accounted for 84.6% of the total indirect effect, which
had a great impact on the effect of GHL on CRTPR.

Moderation and moderated mediation effects of regional
characteristics

The basic information of moderating variables was pre-
sented in Table 6. Figure 3 was the schematic diagrams of
the basic moderation models and moderated mediation
model. Figure 4 illustrated that the moderating effects of
moderation variables on the paths, where the slope rep-
resented the strength of association between abscissa and
ordinate variables.

As shown in Table 7, the effectiveness of government
prevention and control significantly moderated the effect
of CRHL on CRIRA (X2=6.433, P=0.011), as well as the
effect of GHL on CRIRA ()(2=12.105, P=0.001). From
Fig. 4A and B, for those participants who considered the
government’s prevention and control was not perfect, the
CRHL was positively associated with CRIRA (8=0.285),
but GHL was negatively associated with CRIRA
(8=— 0.117). Meanwhile, as shown in Fig. 4B, the slope
of the group who held the government’s prevention and
control was not perfect was considerably larger than that
of the other group.

Ethnicity significantly moderated the effect of GHL on
CRHL ()(2= 10.641, P=0.001). Meanwhile, as illustrated
in the moderated mediation effect results of Table 8,
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Table 5 Unstandardized direct, indirect and total effects of the four dimensions in the structural equation model

Relationship Point estimate (B8)

Product of coefficient

Bootstrapping

Bias-corrected
percentile 95% CI

Percentile 95% C/

SE z Lower Upper Lower Upper

Direct effect
H1: CRHL to CRTPR —0.198 0.042 — 4714 —0.283 — 0119 —0.282 —0.118
H2: CRHL to CRIRA 0.052 0.018 2.889 0.019 0.087 0.019 0.089
H3: GHL to CRHL 0.336 0.016 21.000 0.304 0.368 0.303 0.368
H4: GHL to CRIRA 0.025 0.007 3.571 0.011 0.039 0.011 0.039
H5: GHL to CRTPR 0.195 0.025 7.800 0.148 0.245 0.147 0.244
H6: CRIRA to CRTPR 0.266 0.080 3325 0.109 0.425 0.115 0431
Indirect effect:
H7: GHL to CRHL to CRIRA 0018 0.006 3.000 0.006 0.029 0.007 0.030
H8: CRHL to CRIRA to CRTPR 0.014 0.007 2.000 0.003 0.029 0.004 0.032
H9: GHL to CRHL to CRTPR — 0.066 0.015 — 4400 —0.097 —0.040 —0.096 —0.039
H10: GHL to CRIRA to CRTPR 0.007 0.003 2333 0.002 0.013 0.003 0.014

11: GHL to CRHL to CRIRA to CRTPR 0.005 0.002 2500 0.001 0.010 0.001 0.010
Total effect:
CRHL to CRTPR —0.184 0.042 — 4.381 —0.268 —0.106 — 0.266 —0.105
CRHL to CRIRA 0.052 0018 2.889 0.019 0.087 0.019 0.089
GHL to CRHL 0.336 0.016 21.000 0.304 0.368 0.303 0.368
GHL to CRIRA 0.042 0.005 8400 0.033 0.052 0.034 0.052
GHL to CRTPR 0.140 0.016 8.750 0.109 0.173 0.109 0.172
CRIRA to CRTPR 0.266 0.080 3.325 0.109 0425 0.115 0431
Contrast:
H9vs H10 —0.073 0.015 — 4.867 —0.104 —0.045 —0.104 —0.045
H9vs H11 —0.071 0.015 —4.733 —0.102 — 0.044 —0.102 —0.043
H10 vs H11 0.002 0.003 0.667 — 0.005 0.009 — 0.004 0.010

CRHL COVID-19 related health literacy, GHL general health literacy, CRIRA COVID-19 related information report acquisition, CRTPR COVID-19 related tense

psychological reactions

Table 6 Statistical description of moderating variables

Variable and category n (%)
Effectiveness of government prevention and control
Not perfect 67 (4.0)
Perfect 1604 (96.0)
Ethnicity
Yi nationality 680 (40.7)
Non-Yi nationality 991 (59.3)

ethnicity moderated the mediating effect of CRHL on
the relationship between GHL and CRTPR. As shown in
Fig. 4C and D, the slope of the Yi nationality was consid-
erably larger than that of the non-Yi nationality. It could
be explained that the CRHL promotion and CRTPR miti-
gation work carried out by the local government have

A: B:
Effectiveness of government
prevention and control

DAY

CRIRA' GHL——— > CRTPR
Flg. 3 The basic moderation models and moderated mediation
model. A effectiveness of government prevention and control
as moderation variable. B ethnicity as moderation variable. CRHL
COVID-19 related health literacy, GHL general health literacy, CRIRA
COVID-19 related information report acquisition, CRTPR COVID-19

Ethnicity

related tense psychological reactions

generally achieved good results, especially for the Yi
nationality.
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CRIRA COVID-19 related information report acquisition, CRTPR COVID-19 related tense psychological reactions

Discussion

After the outbreak of COVID-19, the local government
of Liangshan Yi Autonomous Prefecture established the
epidemic information release mechanism and made
timely and prompt dissemination about the prevention
and control regulations [11], which effectively promoted
the CRHL. However, the GHL level used to remain very

Table 7 The test significance of moderating effects

Path Effectiveness Ethnicity

of government

prevention and control

X (df P X2 (df) P
H1: CRHL to CRTPR 0.230 (1) 0.631 2.084 (1) 0.149
H2: CRHL to CRIRA 6.433 (1) 0.011 1.707 (1) 0.191
H3: GHL to CRHL 1.586 (1) 0.208 10.641 (1) 0.001
H4: GHL to CRIRA 12.105 (1) 0.001 2673 (1) 0.102
H5: GHL to CRTPR 0487 (1) 0.485 1.184 (1) 0.276
Hé: CRIRA to CRTPR 0.070 (1) 0.792 0.081 (1) 0.775

CRHL COVID-19 related health literacy, GHL general health literacy, CRIRA
COVID-19 related information report acquisition, CRTPR COVID-19 related tense
psychological reactions

low due to the weak health service capacity and long-
term low socio-economic development level in Liang-
shan Yi Autonomous Prefecture. This study verified that
the theoretical framework based on the integration of
previous researches from different regions was basically
suitable for impoverished regions with only slight excep-
tions. On this basis, combining the theoretical results
and the demographic and regional characteristics of
impoverished regions, this study put forward the follow-
ing suggestions.

The mediating effect of CRHL between GHL and
CRTPR suggested that reducing public anxiety during the
COVID-19 epidemic could be carried out in two ways.
First, from the perspective of emergency response, the
increase of CRTPR caused by the difficulties of the pub-
lic to understand professional health information could
be alleviated by enhancing the CRHL. Therefore, the
government should efficiently provide updated informa-
tion about the COVID-19 for the public to avoid social
panic. In addition, from the perspective of long-term pre-
vention and control of public health emergencies, since
the GHL is the crucial cornerstone of CRHL, it indi-
cated that the construction of a long-term mechanism
for GHL improvement in impoverished regions cannot
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Table 8 Path coefficients of GHL to CRHL to CRTPR in terms of ethnicity moderating the mediation effect of CRHL

Moderate Point estimate

Product of coefficient

Bootstrapping

Bias-corrected
percentile 95% C/

Percentile 95% C/

SE V4 Lower Upper Lower Upper
Non-Yi nationality —0.039 0.020 —1.950 —0.080 —0.002 —0.079 —0.001
Yi nationality —0.108 0.025 — 4320 —0.161 —0.063 —0.159 —0.062
Non-Vi nationality vs Yi 0.069 0.032 2.156 0.008 0.134 0.008 0.134

nationality

GHL general health literacy, CRHL COVID-19 related health literacy, CRTPR COVID-19 related tense psychological reactions

be ignored. Only by ensuring long-term, sustained, and
effective health education in impoverished regions could
the health literacy of residents be truly improved, thereby
further enhancing their abilities to cope with public
health emergencies.

In the course of health education work, this study also
suggested some vulnerable groups should deserve much
attention. For example, long-term GHL education could
be focused on the vulnerable groups with low income
and education levels. For low-income individuals, the
medical workers appointed by the government could
cultivate a person with relatively high health literacy for
each low-income family by means of group assistance
with the family as the unit. Meanwhile, the employment
training and public welfare jobs could also be provided
for low-income people, thereby improving their afford-
ability to maintain the healthy level. For low-educated
individuals, the first suggestion was that family physi-
cians could jointly carry out health education with local
religious and cultural representatives, which can give full
play to the role in promoting health. Secondly, profound
prevention and control knowledge could be made into
easy-to-understand science materials close to regional
characteristics, such as audio and wall charts. In addition,
experts can also be invited to conduct health lectures
combined with specific cases and guide on-site drills to
promote the improvement of GHL.

In addition to education and income factors, special
attention should also be paid to the youth in the impov-
erished regions. Because their outlook on life and values
have not yet been fully formed, they lack discrimina-
tion against rumors and are prone to be impulsive when
facing public health emergencies. Therefore, in addi-
tion to the local efforts to promote COVID-19 knowl-
edge through new media such as the official website and
WeChat public accounts, we highly recommended con-
solidating school education and peer education for the
youth, as well as the connection with their family mem-
bers. Through the above measures, the CRHL of young

people could be improved comprehensively and their
anxiety could also be further alleviated.

Besides the health education work itself, the govern-
ment should also implement timely assessment of the
work effects for further improvement. This study showed
although the vast majority (96.0%) were satisfied with
the government’s epidemic prevention and control work,
there were also a small number of people who thought
that the government’s prevention and control was not
perfect. Furthermore, the dissatisfaction mainly came
from people with relatively high education and income
in society. Since the key groups for the impoverished
regions in the emergency state of the outbreak were those
with low income and education levels, it was understand-
able that health education work in the early-stage of
COVID-19 could hardly take care of everyone’s interest.
However, with the in-depth development of the scientific
prevention and control strategy of COVID-19, the gov-
ernment should consider conducting timely assessment
of work effects. It is also necessary to listen to the feed-
back of different groups, and adjust the prevention and
control strategies dynamically according to the epidemic,
so as to improve the public’s satisfaction and confidence
in the government’s efforts on epidemic prevention and
control, and steadily realize the normalized management
of the epidemic.

Overall, this study made both theoretical and practi-
cal contributions to improving the COVID-19 health
education strategy in impoverished regions. From the
theoretical perspective, a set of hypotheses framework
was specifically proposed for impoverished regions, and
its validity was also checked by our pilot study in Liang-
shan Yi Autonomous Prefecture. Besides, in terms of
practice, this study put forward specific suggestions on
how to improve COVID-19 health education strategies in
impoverished regions, involving implementation meth-
ods, key groups and effect evaluation. These suggestions
have been partially adopted by the Liangshan Prefecture



Wang et al. Infectious Diseases of Poverty (2022) 11:38

Center for Disease Control and Prevention, and some
preliminary work has already been initiated.

However, it should also be acknowledged that there
were still limitations in our study. For example, self-
reported measures may lead to bias and inaccurate esti-
mation of measured variables with the interference of
subjective factors. Besides, this was a cross-sectional
design study. It is highly expected that future work could
be carried out on the longitudinal study of the dynamic
effects of health education work.

Conclusions

Although it was difficult to raise the public CRHL in
impoverished regions, this study proposed and verified
the theoretical framework of the relationships among
several dimensions under the COVID-19 health educa-
tion framework. Specific suggestions on how to improve
COVID-19 health education strategies in impoverished
regions were put forward. These suggestions would also
provide ideas for the popularization of health literacy
and the development of health education of other public
health emergencies in impoverished regions in the future.
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