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Objectives: Fine particulate matter pollution has emerged as a significant life-threatening issue in Thailand. Recognizing the impor-
tance of environmental health literacy (EHL) in disease prevention is crucial for protecting public health. This study investigated EHL
levels and aimed to identify associated factors among village health volunteers (VHVs) in the upper northern region of Thailand.
Methods: A cross-sectional study was conducted to collect data from 710 VHVs using the EHL assessment tool developed by the De-
partment of Health, Thailand.

Results: The overall EHL score was moderate (mean, 3.28 out of a possible 5.0), with the highest and lowest domain-specific mean
score for the ability to make decisions (3.52) and the ability to access (3.03). Multiple linear regression revealed that the factors associ-
ated with EHL score were area of residence (urban areas in Chiang Mai: B=0.254; urban areas in Lampang: B=0.274; and rural areas in
Lampang: B=0.250 compared to rural areas in Chiang Mai), higher education levels (senior high school: B=0.212; diploma/high voca-
tional certificate: B=0.350; bachelor’s degree or above: B=0.528 compared to elementary school or lower), having annual health check-
ups compared to not having annual health check-ups (B=0.142), monthly family income (B=0.004), and individuals frequently facing
air pollution issues around their residence (B=0.199) compared to those who reported no such issues.

Conclusions: The VHVs exhibited moderate EHL associated with residence area, education, health check-ups, family income, and resi-
dential air pollution. Considering these factors is vital for enhancing VHVs' EHL through strategic interventions.
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INTRODUCTION

Air pollution is the leading environmental factor contribut-
ing to global disease burden and premature mortality. Each
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year, over 13 million deaths are attributed to preventable envi-
ronmental causes [1]. The combined effects of ambient and
household air pollution result in approximately 7 million pre-
mature deaths annually, with countless individuals experienc-
ing health problems from inhaling polluted air [1,2]. Develop-
ing countries are disproportionately affected, with these na-
tions accounting for more than half of the total death toll
[1,3-5]. Among these risks, particulate matter with a diameter
of less than 2.5 um (PMs) is a major concern globally [6]. Nu-
merous scientific studies have linked exposure to particle pol-
lution to various health issues, including premature death,
heart or lung diseases, non-fatal heart attacks, irregular heart-
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beat, aggravated asthma, decreased lung function, and respi-
ratory symptoms such as irritation of the airways, coughing, or
difficulty breathing [1,2,6,71.

According to the 2021 World Air Quality Report, East Asia,
Southeast Asia, and South Asia had the highest annual aver-
age PM,;s concentrations when adjusted for population [8].
Open burning is estimated to account for a significant 5% to
30% of the total man-made emissions in Southeast Asia [9].
Thailand was ranked fifth among countries in the region and
45th globally [8]. The upper northern region of Thailand is
plagued by a seasonal haze crisis that recurs during the winter
and early summer months [10]. This persistent haze, particu-
larly in basin-like terrains under dry and stable atmospheric
conditions, leads to detrimental effects on environmental
quality and public health. An analysis of PM.s measurements
in 2021 revealed that the upper northern region frequently
exceeded the established air quality standards [11].

Environmental health literacy (EHL) refers to the ability to
forge significant links between environmental exposures and
human health outcomes [12]. This intellectual skill encom-
passes the active pursuit, comprehension, evaluation, and ap-
plication of environmental health information to make in-
formed decisions, minimize health risks, improve quality of
life, and protect the environment [13-15]. Mastery of EHL can
lead to a thorough understanding of specific risks and is rec-
ognized as a dynamic process. Through this process, individu-
als and communities gradually gain knowledge about envi-
ronmental and health risks, exposures, outcomes, and strate-
gies to counteract negative environmental impacts while si-
multaneously promoting health [16-18]. Efforts to mitigate
the health effects of air pollution requires coordinated efforts
from public authorities at national, regional, and international
levels [18]. In Thailand, village health volunteers (VHVs) play a
major role in disseminating vital public health information
and messages to community members, especially during out-
breaks or epidemics. VHVs are skilled communicators in the lo-
cal language and demonstrate a profound respect for local
cultural and religious practices [19,20]. They play a key role in
educating the community about the health risks associated
with air pollution and in providing advice on protective mea-
sures to reduce exposure, particularly for at-risk groups. These
measures include recommending staying indoors and limiting
physical activity when air quality is poor [21].

Previous studies in various countries have thoroughly inves-
tigated PMas health literacy assessments at both the national
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level and within specific populations, employing research
tools designed to meet their respective objectives [17,22-25].
Several factors have been identified as key determinants influ-
encing different aspects of EHL; however, not all factors have
shown significant correlations [13,17,22-24,26,27]. EHL has the
potential to enable VHVs to lead community environmental
management efforts, enhancing awareness and promoting ef-
fective collaboration [13,19]. Despite this, research evaluating
EHL among VHVs is scarce, particularly in areas with high PM,s
concentrations, such as the upper northern region of Thailand.
Therefore, the main aim of this study was to evaluate EHL lev-
els pertaining to fine particulate matter and its influencing
factors among VHVs in this region. The findings of this study
will offer valuable insights for policymakers, aiding in the de-
velopment of targeted interventions to minimize EHL dispari-
ties across different demographic groups.

METHODS

Study Design and Setting

This study employed a cross-sectional design, focusing on
VHVs in the upper northern region of Thailand during July
2023 and August 2023. The study used a combination of pur-
posive and convenience sampling techniques in the following
sequence: Initially, the provinces of Chiang Mai and Lampang
were purposively selected based on their high number of days
with PMa; levels exceeding the Thailand ambient air quality
standards in 2021, according to which the 24-hour average of
PM.s must not exceed 50 pg/m’ [11]. Subsequently, the area
cluster method was utilized to divide the administrative dis-
tricts in each province, selecting one rural and one urban dis-
trict from each. Within these districts, four sub-districts were
chosen. For the recruitment of participants, convenience sam-
pling was employed, yielding approximately 45-46 VHVs per
sub-district.

Participants and Sample Size

The sample size estimation for the initial phase of develop-
ing a health literacy enhancement program aimed at fine par-
ticulate matter prevention for VHVs in upper northern Thai-
land was conducted using a cross-sectional study design. Co-
chran’s proportion formula [28] was utilized to calculate the
necessary sample size. Several key parameters informed this
calculation: a proportion of 0.686 [26], a 95% confidence level,
and a 5% margin of error [29]. To accommodate the complexi-
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ties of the sampling design, a design effect of 2 was incorpo-
rated, yielding a sample size of 661 participants. Given that
data collection was based on self-administered questionnaires
and relied on voluntary participation, the potential for incom-
plete responses was recognized. To account for this, a non-re-
sponse rate of 10% was included in the sample size calcula-
tion, increasing the total number of participants to 728 for the
study. The inclusion criteria required that participants be ac-
tive VHVs who had lived in the study area for at least 1 year.
They also needed to express a willingness to participate in the
research and have adequate reading, writing, and listening
skills in Thai. Any individuals with incomplete data were ex-
cluded from the analysis.

Instruments

The questionnaire utilized in this study was divided into two
sections. The first section collected general demographic in-
formation about the participants, covering variables such as
geographic area of residence, gender, age, body mass index
(BMI), education level, occupation, underlying diseases, aller-
gies, frequency of annual health check-ups, years of experience
as VHVs, primary language, household size, monthly family in-
come, perceived adequacy of family income, and local air pol-
lution issues. The inclusion of these particular factors was in-
formed by prior academic research [13,17,22-24,26,271, which
ensured their relevance to the context of this study and con-
tributed to its overall validity and applicability.

The second section of the questionnaire was derived from
the EHL assessment on PM.s, which was developed by the
Health Impact Assessment Division of the Department of Health
in Thailand [13]. This section was based on the conceptual
framework of EHL as proposed by Gray [15] and Marsili et al.
[14]. It consists of 28 items, evenly divided into four domains
with seven items each. These domains assess the ability to ac-
cess, understand, evaluate, and make decisions using environ-
mental health information to protect against PM.s exposure.
Participants provided their responses on a 5-point Likert scale,
with options ranging from strongly disagree (1 point) to strongly
agree (5 points). The scores were then converted into percent-
ages, with specific thresholds used to categorize EHL levels:
scores below 60% (mean, 1.00-3.00) were considered indica-
tive of low EHL, scores between 60% and 80% (mean, 3.01-4.00)
suggested moderate EHL, and scores above 80% (mean, 4.01-
5.00) were classified as high EHL. This assessment tool had
been previously used with VHVs in an eco-industrial town in
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central Thailand. The questionnaire was also developed in col-
laboration with three experts in behavioral health research
and measurement to ensure its validity and comprehensive-
ness. The index for item objective congruence was above 0.5,
the reliability coefficient ranged from 0.80 to 0.95, the power
of discrimination was between 0.26 and 0.84, and the factor
loading varied from 0.50 to 0.84 [13].

Statistical Analysis

The data collected in this study were meticulously organized
and analyzed using SPSS version 29.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics were used to investigate the study
variables. We employed a simple linear regression model to
identify potential factors associated with EHL. Variables with a
p-value of less than 0.15 were considered for inclusion in the
multiple linear regression analysis. Only variables with statisti-
cal significance at the alpha level of 0.05 were presented in the
final model. A variance inflation factor value of less than 5 in-
dicated the absence of multicollinearity [30].

Ethics Statement

This study strictly adhered to the ethical principles outlined
in the Declaration of Helsinki. Approval and ethical clearance
were obtained from the Faculty of Public Health Research Eth-
ics Committee on Human Research at Chiang Mai University,
with the assigned institutional review board approval number
Ref. No. ET018/2023. Written consent was obtained from all
participants in the study after they received a thorough expla-
nation of the study’s nature and objectives.

RESULTS

In this study, a total of 710 VHVs participated. Of these, 361
individuals (50.8%) were recruited from Chiang Mai province,
with an equal distribution between urban (25.6%) and rural
(25.2%) districts. The remaining 349 individuals (49.2%) came
from Lampang province, where 20.9% were from urban dis-
tricts and 28.3% from rural districts. The majority of partici-
pants were women, making up 80.4% of the total, while men
represented 19.6%. Nearly half of the participants (47.2%) re-
ported having underlying diseases, and a small percentage
(4.2%) reported allergies. On average, participants had 14.8
10.2 years of experience as VHVs. Most participants (62.7%)
spoke Northern Thai as their primary language, and the medi-
an number of family members was four. In terms of air pollu-
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tion issues around their homes, 35.0% of the participants re-
ported occasional problems, while 40.6% reported frequent
problems (Table 1).

The participants’ overall EHL was found to be at a moderate
level, with mean scores ranging from 3.03 to 3.52 out of a pos-
sible 5.0. Within the various domains assessed, the ability to
access environmental health information had the lowest mean
score of 3.03£0.97. In contrast, the ability to make decisions
based on the information received the highest mean score of
3.52+0.85. The study indicated that just over half of the par-
ticipants (52.5%) rated their EHL as moderate, while a small
minority (13.9%) viewed themselves as highly proficient. Con-
cerningly, more than half of the participants (51.8%) reported
low EHL when it came to accessing environmental health in-
formation, as shown in Table 2.

Linear regression analyses were conducted to investigate
the variables associated with EHL on PM.s. In the univariable
analysis, several factors were examined, including geographic
area of residence, education level, occupation, underlying dis-
eases, annual health check-ups, primary language, family in-
come, sufficiency of family income, and the presence of air
pollution problems around the residence. These factors
showed significant associations with EHL, each with a p-value
of less than 0.15. Subsequently, all nine variables were includ-
ed in the multivariable analysis (Table 3).

The final results of the multiple linear regression analysis in-
dicated that several factors were significantly associated with
EHL, with a p-value less than 0.05. These factors included geo-
graphic area of residence, level of education, frequency of an-
nual health check-ups, monthly family income, and the pres-
ence of air pollution problems around the residence. Specifi-
cally, VHVs living in the urban district of Chiang Mai (B=0.254;
p<0.01), the rural district of Lampang (B=0.250; p<0.01), and
the urban district of Lampang (B=0.274; p=0.001) had signifi-
cantly higher EHL scores compared to those in the rural district
of Chiang Mai. Additionally, VHVs with higher educational at-
tainments, such as senior high school (B=0.212; p<0.01), di-
ploma/high vocational certificate (B=0.350; p<0.01), and
bachelor’s degrees or higher (B=0.528; p<0.001), were found
to have higher EHL scores. VHVs who participated in annual
health check-ups also had higher EHL scores (B=0.142; p<0.05).
A positive correlation was observed between monthly family
income and EHL (B=0.004; p<0.05). Notably, VHVs living in
areas with frequent air pollution problems reported higher
EHL scores than those without such issues (B=0.199; p<0.01)

Environmental Health Literacy

Characteristics n (%)
Geographic areas of residence
Chiang Mai, rural districts 179 (25.2)
Chiang Mai, urban districts 182 (25.6)
Lampang, rural districts 201(28.3)
Lampang, urban districts 148 (20.9)
Gender
Women 571 (80.4)
Men 139 (19.6)

Age, mean = SD [Min-Max] (y)
Body mass index, mean + SD [Min-Max] (kg/m?)
Education level

54.5+10.4[22.0-73.0]
245+39[16.5-39.8]

Elementary school or lower 243(34.2)

Junior high school 137(19.3)

Senior high school 222 (31.3)

Diploma/High vocational certificate 45(6.3)

Bachelor's degree or above 63(8.9)
Occupation

Agriculturists 286 (40.3)

General workers 128 (18.0)

Merchants/Personal business 59(8.3)

Unemployed/Retired 237 (33.4)
Underlying diseases

No 375(52.8)

Yes 335(47.2)
Allergies

No 680 (95.8)

Yes (drugs, insects, fur, dust mites) 30(4.2)
Annual health check-ups

No 260 (36.6)

Yes 450 (63.4)
Village health volunteer experience, mean+ SD 14.84+10.2 [1.0-40.0]

[Min-Max] (y)
Primary language

Karen 41(5.8)

Thai 224(31.5)

Northern Thai 445 (62.7)
No. of members in the family, median (IQR) 4(1)[1-10]

[Min-Max] (person)

Family income, mean + SD [Min-Max] (Thai baht)' 18 311.7+16 150.6

[1000.0-96 000.0]
Sufficiency of family income
Adequate and savings 55 (7.7)
Adequate but no savings 269(37.9)
Inadequate 386 (54.4)
Air pollution problems around their residence
Never 173 (24.4)
Sometimes 249 (35.0)
Often 288 (40.6)

SD, standard deviation; IQR, interquartile range; Min, minimum; Max, maxi-
mum.
11000 Thai baht=28.3 US dollars.



Nattapon Pansakun, et al.

EHL domain Low Moderate
Ability to access 368 (51.8) 244 (34.4)
Ability to understand 320 (45.1) 305 (42.9)
Ability to evaluate 249(35.1) 341 (48.0)
Ability to make decisions 212(29.9) 343 (48.3)
Overall 238(33.6) 373 (52.5)

Values are presented as number (%).
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High Mean +SD Levels
98(13.8) 3.03£0.97 Moderate
85(12.0) 3.18+0.86 Moderate
120(16.9) 3.38+0.87 Moderate
155 (21.8) 352+0.85 Moderate
99(13.9) 3.28+0.79 Moderate

EHL, environmental health literacy; PM;s, particulate matter with a diameter of less than 2.5 ym; SD, standard deviation.

(Table 4).

When categorized by geographic area of residence, the mul-
tiple linear regression analysis revealed that education levels
significantly influence EHL, with higher education correlating
with greater literacy in both districts, especially in the urban
areas of Chiang Mai and Lampang. In Lampang’s rural district,
having annual health check-ups is positively associated with
EHL, whereas monthly family income is a significant factor in
the rural areas of Chiang Mai. Furthermore, the presence of air
pollution problems in the vicinity of one’s residence is consis-
tently linked with higher EHL in the rural district of Lampang,
highlighting the importance of local environmental factors
(Table 5).

DISCUSSION

The present study aimed to evaluate the levels of EHL and
associated factors among VHVs in the upper northern region
of Thailand. Our findings indicate that the overall EHL level
among participants was moderate. However, it is concerning
that approximately one-third of the participants displayed low
EHL. Additionally, the results show that all domains of EHL
were at a moderate level, with mean scores ranging from 3.03
to 3.52 on a 5-point scale. Of these domains, the ability to ac-
cess information had the lowest mean score, while the ability
to make decisions had the highest. Our findings are consistent
with previous studies conducted in an eco-industrial town in
central Thailand (Ratchaburi, Samut Sakhon, Nakhon Pathom,
Rayong, Chonburi), which also found that the majority of par-
ticipants had moderate EHL [13,26]. Similarly, our results align
with a study from Bueng Kan, Northeast Thailand, where the
mean EHL score of participants was determined to be moder-
ate [27]. These commonalities across different regions of Thai-
land highlight the importance of addressing EHL to promote
sustainable practices and improve public health outcomes.
When comparing our results with those from other countries

using different EHL measurement tools, our study’s outcomes
are in line with research among adult residents of Taiwan,
where similar EHL levels were reported [22]. However, there is
a notable difference with a study from China, which found the
overall EHL level to be low [23]. This indicates that EHL levels
can vary significantly between different countries or regions,
potentially due to a variety of factors such as educational lev-
els, the presence or absence of awareness campaigns, and cul-
tural differences. Furthermore, variations in the tools or instru-
ments used to measure EHL could influence the results, as
there may be differences in design, content, and measure-
ment methodologies across studies.

The research findings highlight significant disparities in EHL
across districts. Individuals in the urban district of Chiang Mai,
as well as both the rural and urban districts of Lampang, showed
higher levels of EHL compared to their counterparts in Chiang
Mai’s rural district, which is home to a minority group. This ob-
servation is consistent with a study conducted in China, which
found that rural residents had significantly lower EHL than
those living in urban areas [23,31]. These results suggest that
geographical location may play a role in influencing EHL levels
among participants. Furthermore, multiple linear regression
analysis, when categorized by geographic area of residence,
reveals that a variety of factors are significantly associated with
EHL in different regions. These findings highlight the array of
factors that affect EHL and underscore the importance of de-
signing interventions that are tailored to the specific needs of
different areas.

The study found a positive association between higher edu-
cation levels and enhanced EHL. This aligns with existing re-
search that demonstrates a strong link between education
and health literacy [23,31,32]. However, it is important to rec-
ognize that individuals with lower educational levels can also
possess EHL. Tailored outreach and educational programs that
reach across different educational backgrounds can promote
EHL, thereby making this critical knowledge accessible to a
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Table 3. Relationship between predictors and EHL regarding PM.s among VHVs using simple linear regression

. 95% Cl
Variables B SE Beta p-value
LL UL

Geographic areas of residence

Chiang Mai, rural districts Reference

Chiang Mai, urban districts 0.354 0.081 0.196 <0.001 0.195 0.514

Lampang, rural districts 0.349 0.079 0.200 <0.001 0.193 0.505

Lampang, urban districts 0.422 0.086 0.217 <0.001 0.253 0.590
Gender

Women Reference

Men 0.083 0.075 0.042 0.268 -0.064 0.229
Age y) 0.003 0.003 0.034 0.368 -0.003 0.008
Body mass index (kg/m?) 0.002 0.008 0.009 0.808 -0.013 0.017
Education level

Elementary school or lower Reference

Junior high school 0.103 0.082 0.052 0.208 -0.057 0.264

Senior high school 0.254 0.071 0.150 <0.001 0.115 0.394

Diploma/High vocational certificate 0.430 0.124 0.133 0.001 0.186 0.674

Bachelor's degree or above 0.669 0.108 0.241 <0.001 0.456 0.881
Occupation

Agriculturists Reference

General workers 0.349 0.083 0171 <0.001 0.187 0.512

Merchants/Personal business 0.318 0.111 0.112 0.004 0.100 0.536

Unemployed/Retired 0.183 0.068 0.110 0.008 0.049 0.317
Underlying diseases

No Reference

Yes 0.111 0.059 0.071 0.060 -0.005 0.228
Allergies

No Reference

Yes (drugs, insects, fur, dust mites) 0.186 0.147 0.047 0.206 -0.103 0.474
Annual health check-ups

No Reference

Yes 0.182 0.061 0.111 0.003 0.062 0.302
Village health volunteer experience (y) -0.001 0.003 -0.007 0.857 -0.006 0.005
Main language

Karen Reference

Thai 0.744 0.131 0.439 <0.001 0.488 1.001

Northern Thai 0.732 0.131 0.439 <0.001 0.485 0.979
No. of members in the family (person) 0.009 0.020 0.017 0.658 -0.030 0.048
Family income (1000 Thai baht/unit)’ 0.008 0.002 0.173 <0.001 0.005 0.012
Adequacy of family income

Adequate and savings Reference

Adequate but no savings -0.031 0.113 -0.198 0.006 -0.536 -0.092

Inadequate -0.026 0.116 -0.161 0.024 -0.490 -0.034
Air pollution problem around the residence

Never Reference

Sometimes 0.109 0.078 0.066 0.162 -0.044 0.262

Often 0.156 0.076 0.097 0.040 0.007 0.305

EHL, environmental health literacy; PM:s, particulate matter with a diameter of less than 2.5 pm; VHVs, village health volunteers; B, unstandardized coefficient;
Beta, standardized coefficient; SE, standard error; Cl, confidence interval; LL, lower limit; UL, upper limit.
11000 Thai baht=28.3 US dollars.
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Table 4. Relationship between predictors and EHL regarding PM.s among VHVs using multiple linear regression

. 95% CI
Variables B SE Beta p-value VIF
LL UL

Geographic areas of residence

Chiang Mai, rural districts Reference

Chiang Mai, urban districts 0.254 0.086 0.141 0.003 0.086 0.422 1.77

Lampang, rural districts 0.250 0.089 0.129 0.005 0.074 0.426 1.67

Lampang, urban districts 0.274 0.080 0.157 0.001 0.117 0.431 1.64
Education level

Elementary school and lower Reference

Junior high school 0.056 0.082 0.028 0.493 -0.105 0.217 1.33

Senior high school 0.212 0.072 0.072 0.003 0.071 0.353 1.41

Diploma/High vocational certificate 0.350 0.125 0.125 0.005 0.104 0.596 1.18

Bachelor's degree or above 0.528 0.111 0.111 <0.001 0.309 0.746 1.27
Annual health check-ups

No Reference

Yes 0.142 0.060 0.087 0.020 0.023 0.260 1.08
Family income (1000 Thai baht/unit)’ 0.004 0.002 0.081 0.037 0.008 0.847 1.18
Air pollution problems around their residence

Never Reference

Sometimes 0.127 0.075 0.077 0.092 -0.021 0.275 1.63

Often 0.199 0.073 0.124 0.007 0.055 0.342 1.63

EHL, environmental health literacy; PM.s, particulate matter with a diameter of less than 2.5 um; VHVs, village health volunteers; B, unstandardized coefficient;
Beta, standardized coefficient; SE, standard error; Cl, confidence interval; LL, lower limit; UL, upper limit; VIF, variance inflation factor.
11000 Thai baht=28.3 US dollars.

Table 5. Coefficients in multiple regression analyzing the relationship between factors and EHL regarding PM.s among VHVs
classified by geographic areas

Unstandardized coefficient (B)

Variables Chiang Mai Lampang

Urban districts Rural districts Urban districts Rural districts

Education level

Elementary school and lower Reference Reference Reference Reference
Junior high school 0.452* -0.066 0.029 -0.130
Senior high school 0.385* 0.189 0.206 -0.022
Diploma/High vocational certificate 0.103 0.576 0.288 0.348
Bachelor's degree or above 0.783* 1.279 0.445* 0.344
Annual health check-ups
No Reference Reference Reference Reference
Yes 0.010 0.155 -0.020 0.347*
Family income (1000 Thai baht/unit)’ -0.001 0.011* 0.003 0.003
Air pollution problems around their residence
Never Reference Reference Reference Reference
Sometimes 0.145 -0.327 0.018 0.501*
Often 0.256 -0.105 0.278 0.381*

EHL, environmental health literacy; PM:s, particulate matter with a diameter of less than 2.5 um; VHVs, village health volunteers.
11000 Thai baht=28.3 US dollars.
*p<0.05.
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wider range of VHVs. Education plays a key role in equipping
individuals to understand and address environmental health
challenges, leading to more informed decision-making and
improved public health outcomes [12,33-35]. It is particularly
noteworthy that VHVs who participate in annual health check-
ups show higher levels of EHL. This compelling finding sug-
gests a possible link between personal health awareness and
environmental consciousness. The correlation may imply that
individuals who take their health seriously are also more likely
to seek out information on environmental factors that could
affect their well-being [36,37].

A significant association was found between higher month-
ly family income and positive EHL outcomes in this study, indi-
cating that a higher monthly family income correlates with a
greater literacy score in this domain. This finding is consistent
with a study from the United States, which also reported a
positive relationship between income levels and EHL [35].
Similarly, research from Denmark showed that individuals with
an annual income below the national average were more like-
ly to have inadequate and limited health literacy [38]. These
results suggest that higher income levels typically lead to bet-
ter access to healthcare, healthier living conditions, and more
resources to maintain a healthy lifestyle. Furthermore, the study
identified a notable link between the presence of air pollution
issues in one’s locality and increased levels of EHL. The data in-
dicate that individuals who frequently encounter air pollution
problems (described as “often”) have a significant and positive
association with EHL, unlike those who never face air pollution
issues. However, this positive association is not statistically sig-
nificant for individuals who only sometimes experience air
pollution issues (described as “sometimes”). It is important to
note that this study is observational in nature, and while a sta-
tistical correlation is present, causation cannot be inferred.
There may be other factors not considered in this study that
could affect the relationship between air pollution issues and
EHL. Further research and thorough analysis are essential to
identify these potential factors.

The study has certain limitations that should be taken into
account. First, the cross-sectional design limits our ability to
establish causal relationships between the identified factors
and EHL. Longitudinal studies or experimental designs would
be more appropriate for determining causality. Second, the
use of self-reported questionnaires may introduce social desir-
ability bias, with participants potentially providing responses
they believe to be more favorable. Although steps were taken
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to ensure anonymity and confidentiality, it is not possible to
completely eliminate inherent biases. Third, the study is limit-
ed to VHVs in the upper northern region of Thailand, which
may limit the generalizability of the findings to other popula-
tions or regions. Conducting the study in various settings
could enhance the external validity of the results. Finally, rely-
ing on a single EHL assessment tool may not capture all as-
pects of EHL. Future research should consider using both qual-
itative and quantitative methods to gain a more holistic un-
derstanding of EHL among VHVs and to investigate additional
dimensions not covered by the current tool.

In conclusion, this study revealed that VHVs in the upper
northern region of Thailand exhibited a moderate level of EHL.
Significant associations with EHL were observed in relation to
geographic areas of residence, education level, frequency of
annual health check-ups, monthly family income, and levels of
air pollution around their residences. Therefore, policymakers
and healthcare providers should consider these factors when
developing strategies and interventions to enhance EHL
among VHVs.

NOTES

Conflict of Interest
The authors have no conflicts of interest associated with the

material presented in this paper.

Funding
None.

Acknowledgements

The researchers express their sincere gratitude to the Gradu-
ate School of Chiang Mai University for their generous provi-
sion of Teaching Assistant and Research Assistant Scholarships,
which have greatly supported the researchers in their endeav-
ors. Furthermore, the researchers wish to acknowledgment
the Faculty of Public Health at Chiang Mai University for their
valuable support throughout this study, including their assis-
tance in facilitating the issuance of an official letter.

Author Contributions

Conceptualization: Pansakun N, Naksen W, Boonchieng W,
Ong-Artborirak P, Prapamontol T. Data curation: Pansakun N,
Naksen W, Prapamontol T. Formal analysis: Pansakun N, Naksen
W, Ong-Artborirak P. Funding acquisition: None. Methodology:



Nattapon Pansakun, et al.

Pansakun N, Naksen W, Boonchieng W, Ong-Artborirak P. Proj-
ect administration: Pansakun N, Naksen W. Visualization: Pan-
sakun N, Naksen W, Boonchieng W, Ong-Artborirak P. Writing —
original draft: Pansakun N. Writing — review & editing: Pansakun
N, Naksen W, Boonchieng W, Ong-Artborirak P, Prapamontol T.

ORCID
Nattapon Pansakun  https.//orcid.org/0000-0002-2236-736X
Warangkana Naksen https://orcid.org/0000-0002-3765-3131
Waraporn Boonchieng  https://orcid.org/0000-0003-4084-848X
Parichat Ong-Artborirak https://orcid.org/0000-0003-0884-9466
Tippawan Prapamontol https.//orcid.org/0000-0001-7132-3235

REFERENCES

1. World Health Organization. World health day: 7 April 2022 our
planet, our health [cited 2023 Nov 25]. Available from: https://
www.who.int/campaigns/world-health-day/2022

2. UN Environment Programme. Pollution action note — data
you need to know; 2023 [cited 2023 Dec 20]. Available from:
https://www.unep.org/interactives/air-pollution-note/

3. World Health Organization. Ambient (outdoor) air pollution;
2022 [cited 2023 Apr 10]. Available from: https://www.who.
int/news-room/fact-sheets/detail/ambient-(outdoor)-air-
quality-and-health

4. World Health Organization. Household air pollution; 2022
[cited 2023 Apr 10]. Available from: https://www.who.int/
news-room/fact-sheets/detail/household-air-pollution-and-
health

5. World Health Organization. Exposure & health impacts of air
pollution [cited 2023 Mar 10]. Available from: https://www.
who.int/teams/environment-climate-change-and-health/air-
quality-and-health/health-impacts/exposure-air-pollution

6. United States Environmental Protection Agency. Particulate
matter (PM) basics [cited 2022 Oct 20]. Available from: https://
www.epa.gov/pm-pollution/particulate-matter-pm-basics#PM

7. World Health Organization. Air quality, energy and health [cit-
ed 2022 Oct 20]. Available from: https://www.who.int/teams/
environment-climate-change-and-health/air-quality-and-
health/health-impacts/types-of-pollutants

8. IQAir. 2021 World air quality report: region & city PM2.5 rank-
ing [cited 2022 Sep 20]. Available from: http://www.indiaen-
vironmentportal.org.in/files/file/2021%20world%20air%20
quality%20report.pdf

9. United Nations Environment Program. Air pollution in Asia

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Journal of
Preventive Medicine
Public Health

and the Pacific: science-based solutions; 2019 [cited 2022 Jan
29]. Available from: https://wedocs.unep.org/handle/20.500.
11822/32101

Ministry of Natural Resources and Environment. Provincial
operational guidelines for preventing and resolving PM2.5
dust problems; 2021 [cited 2022 Sep 20]. Available from: https://
www.pcd.go.th/publication/13479 (Thai).

Thailand Ministry of Natural Resources and Environment. The
pollution report of northern Thailand 2021; 2022 [cited 2022
Sep 20]. Available from: http://reo01.mnre.go.th/th/informa-
tion/more/339

Finn S, O’Fallon L. The emergence of environmental health
literacy-from its roots to its future potential. Environ Health
Perspect 2017;125(4):495-501. https://doi.org/10.1289/ehp.
1409337

Thailand Department of Health. Environmental health literacy
of village health volunteers (VHVs) on the prevention of health
effects from particles less than 2.5 micrometers in diameter
(PM2.5); 2021 [cited 2022 Sep 10]. Available from: https://hia.
anamai.moph.go.th/th/news-anamai/205869 (Thai).

Marsili D, Comba P, Castro PD. Environmental health literacy
within the Italian asbestos project: experience in Italy and Lat-
in American contexts. Ann Ist Super Sanita 2015;51(3):180-
182. https://doi.org/10.4415/ANN_15_03_02

Gray KM. From content knowledge to community change: a
review of representations of environmental health literacy. Int
J Environ Res Public Health 2018;15(3):466. https://doi.org/
10.3390/ijerph 15030466

Lichtveld MY, Covert HH, Sherman M, Shankar A, Wickliffe JK,
Alcala CS. Advancing environmental health literacy: validated
scales of general environmental health and environmental
media-specific knowledge, attitudes and behaviors. Int J Envi-
ron Res Public Health 2019;16(21):4157. https://doi.org/10.
3390/ijerph16214157

Raufman J, Blansky D, Lounsbury DW, Mwangi EW, Lan Q, Ol-
loquequi J, et al. Environmental health literacy and household
air pollution-associated symptoms in Kenya: a cross-sectional
study. Environ Health 2020;19(1):89. https://doi.org/10.1186/
$12940-020-00643-5

Landrigan PJ, Fuller R, Acosta NJ, Adeyi O, Arnold R, Basu NN,
et al. The Lancet Commission on pollution and health. Lancet
2018;391(10119):462-512. https://doi.org/10.1016/50140-
6736(17)32345-0

Thailand Bureau of Environmental Health. Handbook of envi-
ronmental health community leaders; 2017 [cited 2022 Sep


https://wedocs.unep.org/handle/20.500.11822/32101
https://wedocs.unep.org/handle/20.500.11822/32101
https://www.pcd.go.th/publication/13479
https://www.pcd.go.th/publication/13479
https://doi.org/10.1289/ehp.1409337
https://doi.org/10.1289/ehp.1409337
https://doi.org/10.4415/ANN_15_03_02
https://doi.org/10.3390/ijerph15030466
https://doi.org/10.3390/ijerph15030466
https://doi.org/10.3390/ijerph16214157
https://doi.org/10.3390/ijerph16214157

20.

21.

22.

23.

24.

25.

26.

27.

28.

Journal of
Preventive Medicine
Public Health

10]. Available from: Available from: https://env.anamai.moph.
go.th/th/cms-of-85/download/?did=203910&id =69981&rel
oad= (Thai).

Perry H. Health for the people: national community health
worker programs from Afghanistan to Zimbabwe; 2023 [cited
2023 Oct 1]. Available from: https://thecompassforsbc.org/
project-examples/health-for-the-people-national-communi-
ty-health-worker-programs-from-afghanistan-to-zimbabwe
World Health Organization. Frequently asked questions about
ambient and household air pollution and health; 2018 [cited
2022 Oct 5]. Available from: https://www.who.int/vietnam/
news/feature-stories/detail/frequently-asked-questions-about-
ambient-and-household-air-pollution-and-health

Hou WH, Huang YC, Lu CY, Chen IC, Lee PC, Lin MY, et al. A na-
tional survey of ambient air pollution health literacy among
adult residents of Taiwan. BMC Public Health 2021;21(1):1604.
https://doi.org/10.1186/512889-021-11658-z

Zhao Y, Sheng Y, Zhou J, Wang H, Chilufya MM, Liu X, et al. In-
fluencing factors of residents’ environmental health literacy in
Shaanxi province, China: a cross-sectional study. BMC Public
Health 2022;22(1):114. https://doi.org/10.1186/512889-022-
12561-x

Weng YL, Liang CC, Tseng CC, Lee SY, Yeh GL. A survey of PM2.5
preventive behavioral intention and related factors among
community elderly in Northern Taiwan. Medicine (Baltimore)
2021;100(29):€26675. https://doi.org/10.1097/MD.00000000
00026675

Tomsho KS, Polka E, Chacker S, Queeley D, Alvarez M, Scam-
mell MK, et al. Characterizing the environmental health litera-
cy and sensemaking of indoor air quality of research partici-
pants. Int J Environ Res Public Health 2022;19(4):2227. https://
doi.org/10.3390/ijerph19042227

Yongyu M. Environmental health literacy on the prevention of
health effects from particles less than 2.5 micrometers in di-
ameter (PM2.5) by village health volunteers (VHV) in eco in-
dustrial town under the 5th Health Region. Thailand J Health
Promot Environ Health 2021;44(2):83-96 (Thai).

Sripha W. Developing environmental health literacy to tackle
the problem of microscopic particles (PM2.5) in the village
health volunteers, Sophisai district. Songklanagarind J Nurs
2021;14(1):29-39 (Thai).

Cochran WG. Sampling techniques. 3rd ed. New York: John
Wiley & Sons; 1977, p. 75-76.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Environmental Health Literacy

. Gignac GE, Szodorai ET. Effect size guidelines for individual

differences researchers. Pers Individ Dif 2016;102:74-78. https://
doi.org/10.1016/j.paid.2016.06.069

Rogerson PA. Statistical methods for geography: a student’s
guide. 5th ed. London: SAGE; 2019.

Wang W, Zhang Y, Lin B, Mei Y, Ping Z, Zhang Z. The urban-ru-
ral disparity in the status and risk factors of health literacy: a
cross-sectional survey in central China. Int J Environ Res Pub-
lic Health 2020;17(11):3848. https://doi.org/10.3390/ijerph
17113848

Chen Q, Zhang J, Xu Y, Sun H, Ding Z. Associations between
individual perceptions of PM2.5 pollution and pulmonary
function in Chinese middle-aged and elderly residents. BMC
Public Health 2020;20(1):899. https://doi.org/10.1186/512889-
020-08713-6

Lindsey M, Chen SR, Ben R, Manoogian M, Spradlin J. Defining
environmental health literacy. Int J Environ Res Public Health
2021;18(21):11626. https://doi.org/10.3390/ijerph182111626
Rohlman D, Kile ML, Irvin VL. Developing a Short Assessment
of Environmental Health Literacy (SA-EHL). Int J Environ Res
Public Health 2022;19(4):2062. https://doi.org/10.3390/ijerph
19042062

Irvin VL, Rohlman D, Vaughan A, Amantia R, Berlin C, Kile ML.
Development and validation of an environmental health liter-
acy assessment screening tool for domestic well owners: the
Water Environmental Literacy Level Scale (WELLS). Int J Envi-
ron Res Public Health 2019;16(5):881. https://doi.org/10.3390/
ijerph16050881

Lee HY, Kim S, Neese J, Lee MH. Does health literacy affect the
uptake of annual physical check-ups?: Results from the 2017
US health information national trends survey. Arch Public
Health 2021;79(1):38. https://doi.org/10.1186/513690-021-
00556-w

Goto E, Ishikawa H, Okuhara T, Kiuchi T. Relationship of health
literacy with utilization of health-care services in a general
Japanese population. Prev Med Rep 2019;14:100811. https://
doi.org/10.1016/j.pmedr.2019.01.015

Svendsen MT, Bak CK, Serensen K, Pelikan J, Riddersholm SJ,
Skals RK, et al. Associations of health literacy with socioeco-
nomic position, health risk behavior, and health status: a large
national population-based survey among Danish adults. BMC
Public Health 2020;20(1):565. https://doi.org/10.1186/512889-
020-08498-8


https://doi.org/10.1097/MD.0000000000026675
https://doi.org/10.1097/MD.0000000000026675
https://doi.org/10.3390/ijerph17113848
https://doi.org/10.3390/ijerph17113848
https://doi.org/10.3390/ijerph19042062
https://doi.org/10.3390/ijerph19042062
https://doi.org/10.3390/ijerph16050881
https://doi.org/10.3390/ijerph16050881

