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Abstract
Long COVID is a newly emerged condition characterized by persistent symptoms 
affecting multiple bodily systems in patients with COVID-19. This study intended to 
determine the prevalence of chronic COVID and its associated risk factors, particularly 
PM2.5 exposure. This cross-sectional investigation was conducted in the Northeast of 
Thailand with 710 participants who had recovered from COVID-19. Using a generalized 
linear mixed model, the associations were determined. The incidence of Long COVID 
was 64.79 %. Participants exposed to PM2.5 at 38-50 μg/m3 were at increased risk of 
developing Long COVID (adjusted odds ratio [AOR] = 2.04, 95%CI: 1.36 - 3.06), 
exposed to PM2.5 for more than one hour per day (AOR=1.89, 95%CI: 1.30-2.75), exposed 
to PM2.5 until experiencing abnormal symptoms (AOR = 1.71, 95%CI: 1.19 - 2.45),
not wearing a face mask to prevent PM2.5 exposure (AOR = 1.61, 95%CI: 1.10 - 2.36), 
living in urban areas (AOR = 2.45, 95%CI: 1.66 - 3.62). Other significant covariates 
included the gender and age. People with COVID-19 exhibited a high prevalence of 
chronic COVID conditions. Exposure to PM2.5 increases the risk of developing Long 
COVID significantly. Additionally, efforts should be taken to prevent PM2.5 exposure.
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1. Introduction
The problem of Long COVID, which 

is characterized by either the persistence of 
symptoms after a patient has recovered from 
the illness or the persistence of abnormalities 
in various bodily systems despite the absence 
of infection, is still being addressed by this 
study in the wake of the COVID-19 outbreak. 
At least two months pass during which time 
new symptoms that cannot be explained 
by any other condition start to appear. 
(Carvalho-Schneider et al., 2021; Fernández-
de-Las-Peñas, Guijarro, Plaza-Canteli, 
Hernández-Barrera, & Torres-Macho, 
2021; Garrigues et al., 2020; World Health 
Organization, 2022). A previous study found 
that 40 to 50 percent of individuals with 
COVID-19 infection also have Long COVID. 

(Chen et al., 2022). For the COVID-19 
pendemic in Thailand, > 20,000 cases 
occurred from December 2020 to March 
2021, and from April 2021 to May 2022, there 
were > 2,000,000 cases. On May 20, 2022, in 
the Northeast Thailand, more than 200,000 
cases were reported. (Department of Disease 
Control, Ministry of Public Health, 2022).  

 The global issue of PM2.5 still has to be 
addressed in this research (Ali et al., 2021; 
Huiming Li et al., 2016; X. Li et al., 2015). 
Nearly 90% of the world’s population is 
exposed to air that is dangerously polluted, 
making air pollution a widespread issue 
that has an impact on the majority of people 
globally. Tragically, air pollution causes 
seven million deaths per year and is a major 
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contributor to a number of chronic illnesses 
(Bu et al., 2021; Schraufnagel et al., 2019). 
In metropolitan areas across the globe, 
80% of people live in places where indoor 
and outdoor air pollution levels are higher 
than the limits advised by the globe Health 
Organization (World Health Organization, 
2021). Additionally, from 2014 to 2018, the 
northeastern part of Thailand had the greatest 
prevalence of daily PM2.5 levels that were 
above the recommended threshold, at a rate 
of 33.29% (Suburairat & Bunjongsiri, 2020). 
Further research has shown that extended 
COVID-19 in China is related to air pollution 
(Yu et al., 2023). 

 Considering the significance and review 
of the literature No studies have been 
conducted to determine the relationship and 
prevalence between PM2.5 exposure and long-
term health effects after long-term COVID-19 
infection, classified by symptomatic systems 
that affect all nine symptoms, and previous 
research still has some limitations.	

 In order to provide important information 
for developing policies and methods to 
decrease the sources of PM2.5 and produce 
guidelines for high-risk populations, this 
study assessed the prevalence of Long 
COVID and its related variables in individuals 
who have recovered from COVID-19. 
Consequently, the purpose of this study was 
to determine the prevalence of Long COVID 
and its contributing factors, particularly 
PM2.5 exposure, which has a major negative 
influence on human health among COVID-19 
patients who have recovered.

2. Materials and methods

2.1 Research design and sample

A cross-sectional analytical study was 
carried out to gather information from 
interviews with a sample group of people who 
had previously been infected with COVID-19 
in the Northeast region of Thailand and data 
on the levels of PM2.5 from the Pollution 
Control Department of the Ministry of Natural 
Resources and Environment. Thai citizens 
aged 18 and older who have previously 
contracted COVID-19 and have recovered for 
longer than three months meet the inclusion 

criteria for this study. In addition, they must 
have lived in the targeted area for more than 
three months starting on the day the virus was 
discovered and have no history of asthma, 
allergic sensitization, or other respiratory 
conditions prior to the COVID-19 pandemic. 
Additionally, the volunteers must be open 
to taking part in the study. People with any 
ailment that makes it difficult for them to 
provide information and volunteers who 
cannot participate until the study is over are 
among the exclusion criteria.

The sample size of 710 was derived from 
a prior study that examined Long COVID 
symptoms in adults (Paul & Fancourt, 2022). 
The sample size was determined using 
the sample size calculation formula for a 
multivariate analysis based on the proportion 
with a binomial distribution of the dependent 
variable (Hsieh, Bloch, & Larsen, 1998).

To generate a representative sample 
of the population, a multi-stage random 
sampling technique was used in the study. 
The Pollution Control Department has 
installed air pollution monitors in two zones 
of the Northeastern region: the upper and 
lower parts. These zones were chosen for the 
sampling process. Geographic stratification 
was used to divide the population, with 
the upper and lower Northeastern portions 
making up the Northeast region. Using a 
straightforward random sample technique, 
two provinces were chosen at random from 
each zone, for a total of four provinces. Then, 
using proportionate-to-size sampling, samples 
were chosen from the list of COVID-19 cases 
in each province according to the percentage 
of infected people, until a total of 710 samples 
were collected.  	

2.2 Data collection methods
	
In this study, recovered COVID-19 

patients were interviewed using a structured 
questionnaire that asked about their personal 
characteristics, symptoms they had during 
and recovered from the COVID-19 infection, 
self-care routines, mental health issues, and 
how they perceived and behaved toward 
PM2.5 in the study area. The Pollution 
Control Department of Thailand’s Ministry 
of Natural Resources and Environment 
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provided air quality information on PM2.5 in 
the atmosphere (Pollution Control Department 
of Thailand, 2022). Five experts evaluated the 
questionnaire’s content validity and reliability, 
and their evaluations led to an index of item 
objective congruence (IOC) score of 0.85 
and a Cronbach’s alpha coefficient of 0.84. 
Between February 2023 and March 2023, 
a professional research team conducted 
interviews that lasted around 45 minutes 
apiece to gather data. Before analysis, the 
acquired data was coded and checked for 
accuracy. The Khon Kaen University Ethics 
Committee in Human Research, Khon Kaen, 
Thailand, accepted this study (Reference No. 
HE652238).

2.3 Variables and measurements
	
The levels of PM2.5 in the atmosphere, 

as determined by data gathered from 
the Pollution Control Department of 
the Ministry of Natural Resources and 
Environment, are among the parameters of 
interest in this study. Through participant 
interviews, perception data and behavior-
related exposure to PM2.5 were also gathered. 
Covariate factors considered in this study 
ranged from physical characteristics such 
as gender, age, Body Mass Index (BMI), 
congenital disease, education, occupation, 
income, and right to health care. Behavioral 
and environmental health factors, consisting 
o f  smoking ,  a l coho l  consumpt ion , 
secondhand smoke exposure by cigarette 
smokers, secondhand smoke exposure by 
E-cigarette smokers, and the behavior of 
participating in social gatherings, put people 
at risk of exposure to secondhand smoke on 
a regular basis.

The study outcome of interest is Long 
COVID condition with the general system, 
cardiovascular system, respiratory system, 
neurological system, musculoskeletal system, 
otolaryngology system, integumentary 
system, digestive system, and immune system. 
That was done by interviewing; the scale of 
measurement was a nominal scale or category 
data by assigning those who have either 
symptom to have Long COVID (1) and those 
without Long COVID (0).

2.4 Statistical analysis

The data were analyzed using the STATA 
program. Descriptive statistics of the personal 
information were described using frequency 
and percentage for categorical data and 
mean, standard deviation, median, and 
maximum-minimum for continuous data. The 
estimated prevalence of exposure to PM2.5 and 
Long COVID conditions was reported with 
frequency, percentage, and 95% confidence 
intervals. Bivariate analysis using simple 
logistic regression was conducted to identify 
Crude Odds and p-value for entry (Pe) < 0.25 
and p-value for remove (Pr) > Pe (Hosmer Jr, 
Lemeshow, & Sturdivant, 2013), which were 
used to select independent variables for the 
analytical model. Correlated factors were then 
analyzed with a Generalized Linear Mixed 
Model (GLMM) to control for the clustering 
effect, dividing into 2 geographical zones, the 
upper and lower northeastern regions. The 
final model was obtained using the Backward 
elimination method, and the research results 
were presented with the Adjusted Odds Ratio 
(Adj. OR) and 95% CI at a significance level 
of 0.05.

3. Results and discussion

 3.1 Results
 
The majority (72.54%) of the 710 

recovered COVID-19 patients in the 
northeast  of Thailand who were the 
subject of the study were female. The 
most prevalent age range was 30 - 39 
years (29.30%), with the average age 
being 39.6 years ( ± 12.72). The majority 
of recovered COVID-19 patients had a 
BMI of 23.89 kg/m2 (around ± 1.16) on 
average, with a range of 18.5 - 22.9 kg/m2

for the majority. A congenital illness 
affected about 18.03% of the individuals. 
The majority of patients (32.25%) and 
government employees (40.99%) had 
bachelor’s degrees. The majority of patients 
were qualified for the Civil Servant Medical 
Benefit Scheme (CSMBS) (51.55%) and 
Universal Coverage (UC) (50.42%) and 
most had sufficient income without savings 
(45.07%), Table 1.
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Table 1. Characteristics among recovered COVID-19 patients (n = 710)
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29.01% of the sample group continued to drink 
alcohol, whereas 6.06% continued to smoke. 
18.45% of participants were exposed to 
secondhand electronic cigarette smoke, while 
46.20 percent of participants were exposed 
to secondhand cigarette smoke. Only 4.79% 
of people regularly attended social events 
where they might be exposed to secondhand 
smoke. During the COVID-19 pandemic, 
the majority of participants (30.42%) lived 
in urban areas, while 14.79% did not live 
near any factories that produced PM2.5. The 
majority of participants (64.61%) were at 
risk of exposure to PM2.5 in places where air 
quality started to have an impact on health 
(64.6 g/m3) and 41.6 % of participants worked 
in areas with PM2.5 concentrations. 38.77% 
of subjects had daily PM2.5 exposure of more 
than an hour. The majority of participants 
(57.61%) never checked the air quality in 
their homes, and when the PM2.5 level was 

high, they tried to use masks (24.37%) while 
still leaving the building as usual. Among the 
participants, only 12.68% wore N-95 masks 
to guard against PM2.5 exposure. After being 
exposed to PM2.5, 47.46% of participants 
reported having unusual symptoms such eye 
discomfort, nose burning, rash, coughing, or 
sneezing (Table 2).

Table 3 depicts the prevalence of Long 
COVID among recovered COVID-19 patients. 
The majority of participants (64.79%, 95% CI: 
61.19 – 68.22) had Long COVID condition 
with 9 systems, which included general 
symptoms (35.49%), respiratory symptoms 
(43.80%),  integumentary symptoms 
(22.39%), musculoskeletal symptoms 
(20.28%), otolaryngology symptoms (5.49%), 
neurological symptoms (29.01%), digestive 
symptoms (5.07%), immune symptoms 
(12.39%), and cardiovascular symptoms 
(12.54%).

Table 2. Behavior literacy and exposure to PM2.5 among recovered COVID-19 patients (n = 710)
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Table 2. Behavior literacy and exposure to PM2.5 among recovered COVID-19 patients (n = 710) 
(Cont.)
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Table 3. Prevalence of Long COVID among recovered COVID-19 patients (n = 710)

Bivariate analysis is shown in Table 4 
for the factors associated with Long COVID 
in recovered COVID-19 patients. In the 
initial model for multivariable analysis, 
only the factors with p-values less than 
0.25 were included. This included smoking 
status, exposure to secondhand smoke from 
E-cigarette smokers, residential area during 
COVID-19 infection, presence of a factory 
producing PM2.5 in the residential area, 
duration of daily exposure to PM2.5 (g/m3), 
abnormal symptoms after exposure to PM2.5, 
actions taken when aware of high levels 
of PM2.5 in the residential area, and type 
of mask worn to prevent PM2.5 exposure. 
A covariate consisting of gender, age, BMI, 
medical conditions, highest level of education, 
occupation, financial status, and access to 
healthcare was also included.

The results of the GLMM analysis 
showed that several behavioral factors, 
perceptions, and risks of exposure to PM2.5 

were significantly associated with Long 
COVID. These included exposure to PM2.5 

at 26-37µg/m3 and 38-50 µg/m3, compared 
to PM2.5 at 0 - 25 µg/m3, with adjusted odds 
ratios (AOR) of 1.54 (95% CI: 0.87 - 2.73) and 
2.04 (95% CI: 1.36 - 3.06), respectively, with 
a p-value of 0.002. Additionally, exposure 
to PM2.5 for more than 1 hour per day was 
associated with an AOR of 1.89 (95% 
CI: 1.30 - 2.75, p-value < 0.001), as well 
as having abnormal symptoms caused by 

exposure to PM2.5 with an AOR of 1.71 (95% 
CI: 1.19 - 2.45, p-value = 0.003). Those who 
did not always wear a mask to prevent inhaling 
PM2.5 were associated with an AOR of 1.61 
(95% CI: 1.10 - 2.36, p-value = 0.012). Living 
in an urban area was associated with an AOR 
of 2.45 (95% CI: 1.66 - 3.62, p-value < 0.001). 
As for covariates, age groups 30-39 years, 
40 - 49 years, and ≥ 50 years had AOR of 
1.81 (95% CI: 1.15 - 2.87), 2.60 (95% CI: 
1.50 - 4.50), and 1.08 (95% CI: 0.68 - 1.71), 
respectively, compared to age < 30 years, 
with a p-value < 0.001. Being female was also 
significantly associated with Long COVID, 
with an AOR of 2.08 (95% CI: 1.42 - 3.05, 
p-value < 0.001) (Table 4).

3.2 Discussion 
	
Long COVID prevalence among 

COVID-19-infected individuals in the 
Northeastern region of Thailand was 
determined to be as high as 64.79 percent 
in the preponderance of samples. It was 
discovered to have a higher prevalence than 
the findings of 50 systematic reviews and 
meta-analyses. In the population of 1,680,003 
patients, it was evident that approximately 
43% had Long COVID. Asia had the highest 
rate at 51%, followed by Europe at 44% and 
the United States at 31% (Chen et al., 2022). 
When classifying symptoms according to 
systemic symptoms, 44% are respiratory 
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Table 4.  Long COVID risk factors in recovered COVID-19 patients, utilizing a Generalized 
Linear Mixed Model (n = 710)

system symptoms, 35% are general system 
symptoms, and 30% are neurological system 
symptoms, in that order. Consistent with 
the China study, the most prevalent Long 
COVID symptom affected the general system 
at 49.6%, followed by the respiratory system 
at 30% and the cardiovascular system at 
13% (Daugherty et al., 2021). However, 
despite the fact that the incidence of Long 
COVID in China’s general system was 
greater than the results of this study, the 
respiratory and neurological systems of this 
study were greater. This may be a result of 
the time during which China seized control 

of the COVID-19 virus’s spread. During 
the lockdown, PM2.5 levels are diminished, 
reducing the population’s exposure to PM2.5 
dust compared to normal conditions (Zhu 
et al., 2021), resulting in a lower incidence 
of Long COVID in the respiratory system 
than in this study. This may have a greater 
impact on the respiratory system due to the 
fact that the majority of the sample groups 
resided in areas at risk for PM2.5 exposure at 
air quality levels that begin to affect health. 
In Northeastern Thailand, the following 
factors are associated with exposure to PM2.5 
and Long COVID.
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The exposure of COVID-19 patients 
to PM2.5 was evaluated using various 
concentration ranges of PM2.5 in g/m3. The 
study found that patients who were exposed to 
PM2.5 during a period when air quality began to 
affect health, as determined by World Health 
Organization (WHO) air quality criteria, 
were at a greater risk of experiencing long-
term effects following COVID-19 infection. 
Compared to COVID-19 patients who were 
ill in areas with high levels of air quality, this 
risk was observed to increase by more than 
twofold. In accordance with the Swedish 
study on the association between air pollution 
exposure and Long COVID, this study found 
that air quality affected the incidence of Long 
COVID in younger individuals (Yu et al.,
2023), as well as reporting the effects of 
long-term exposure to air pollution on antibody 
response to COVID-19 vaccines and Long 
COVID in the general Catalonia population 
(Kogevinas et al., 2023). In addition, a 
European study discovered a correlation 
between the quantity of PM2.5 at an average 
concentration of approximately 45 g/m3

and an increased COVID-19 mortality rate of 
5.5 1.0% (Renard et al., 2022). It is evident 
that PM2.5 dust can exacerbate or cause the 
severity of a disease that has the potential to 
cause Long COVID in COVID-19-infected 
patient populations. It does not only affect 
the incidence of Long COVID, as the health 
risks associated with PM2.5 extend to a variety 
of other aspects. It is essential to implement 
management strategies and measures to 
prevent PM2.5 from occurring. At-risk 
individuals must take stringent precautions 
to avoid exposure to PM2.5 pollution.

The study also found that the duration 
of daily exposure to PM2.5 was a significant 
factor in COVID-19 patients developing 
Long COVID. When compared to COVID-19 
patients who were not exposed to PM2.5, 
the risk of developing Long COVID was 
approximately twofold higher among patients 
who were exposed to PM2.5 for more than one 
hour per day. This indicates that the duration 
of exposure poses a high risk, particularly for 
the group that does not utilize masks and has a 
greater likelihood of being exposed to PM2.5. 
This affects COVID-19 and Long COVID 
symptoms. Long-term exposure to PM2.5 

or poor air quality in the environment has 
been found to increase the risk of developing 
Long COVID (Yu et al., 2023), corroborating 
previous research on the association between 
air pollution and Long COVID. In addition 
to the risk of Long COVID, the duration of 
exposure to PM2.5 is also associated with the 
risk of disease and symptoms associated with 
COVID-19 (Li et al., 2022).

Exposure to PM2.5 has been identified as a 
contributor to the onset of abnormal symptoms, 
such as eye irritation, nasal burning, rashes, 
coughing, and sneezing. The study discovered 
that COVID-19 patients who were exposed 
to PM2.5 and exhibited these initial aberrant 
symptoms had a risk of developing Long 
COVID that was approximately twofold 
greater than COVID-19 patients who were 
not exposed to PM2.5. This is consistent with 
a meta-analysis of 26 studies that found a 
correlation between PM2.5 and a 15% increase 
in COVID-19 infections and a 9% increase 
in the COVID-19 mortality rate (Meo, 
Al-Khlaiwi, & Ullah, 2020). In addition to 
increasing the morbidity and mortality rate 
of COVID-19, it is conceivable that exposure 
to PM2.5 will also increase the incidence of 
Long COVID.

The study also examined the influence 
of regular PM2.5 -protective mask use on the 
incidence of Long COVID in COVID-19 
patients. The analysis of the data revealed that 
those who did not regularly wear a mask with 
PM2.5 protection had a greater likelihood of 
developing Long COVID than those who did. 
This suggests a correlation between the regular 
use of a mask with PM2.5 protection and the 
incidence of Long COVID among COVID-19 
patients. This is due to the effectiveness of the 
mask in preventing the effects of PM2.5, such 
as influenza or other pathogens that can cause 
diseases and conditions in those with physical 
weakness, as well as the assessment report of 
respiratory masks for capturing air pollutants 
and pathogens, such as influenza and human 
rhinoviruses. (Zhou et al., 2018) discovered 
that quality and effective masks, such as N95 
masks, provide adequate protection against 
exposure to air contaminants and pathogens. 
In the assessment of the effectiveness of masks 
used to protect against airborne pollution in 
Beijing, China, medical-grade masks were 
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found to be effective (Cherrie et al., 2018). 
This study found no significant difference 
between not wearing a medical-grade
mask and wearing a non-medical-grade 
surgical mask that cannot defend against 
dust and germs as effectively or to the same 
degree. This is consistent with the findings 
of an evaluation of the effectiveness of 
non-medical-grade masks in reducing 
persona l  exposure  to  PM 2.5,  which 
determined that non-medical-grade masks 
provided less than half the particulate 
protection (Pacitto et al. ,  2019).The 
study also investigated the influence of 
residential areas on the incidence of Long 
COVID among COVID-19 patients. It was 
discovered that the risk of developing Long 
COVID was approximately 2.5 times higher 
for patients who resided in cities or urban 
areas compared to those who resided in rural 
or non-urban areas. The likelihood that urban 
residents are exposed to higher levels of air 
pollution and pathogens. This is consistent 
with the findings of a Swedish study (Yu 
et al.,  2023) that found an increased 
correlation between long-term exposure 
to air pollution in residential areas and the 
incidence of Long COVID.

Other personal characteristics that 
may be associated with the incidence of 
Long COVID in COVID-19 patients were 
also investigated. The analysis of the data 
revealed that age and gender exhibited a 
significant correlation with Long COVID. 
With a prevalence rate of 70.67 percent, the 
30 - 39 age group had the highest likelihood 
of developing Long COVID, followed by the 
40 - 49 age group with a prevalence rate of 
76.09%. Compared to patients younger than 
30 years of age, this age group was found to 
have a correlation with Long COVID. This is 
consistent with the Long COVID prevalence 
study in Bangladesh, in which Long COVID 
prevalence was found to be 36.8% in the 
31 - 40 age group and 19.7% in the 41 - 50 
age group (Hossain et al., 2021). Moreover, 
gender is also associated with Long COVID, 
with females twice as likely to have Long 
COVID compared to males. This is consistent 
with studies conducted in Italy, which 
found that females were associated with 
Long COVID incidence (Bai et al., 2022). 

Parallel to the disease research reports, 
the risk of developing various diseases 
in  the  era  of  COVID-19 and Long 
COVID revealed that  gender was a 
factor in the potential short-term and 
long-term changes in COVID-19, especially 
in cases involving long-term complications 
of COVID-19 (Bucciarelli et al., 2022).

4. Conclusion

The findings of this study indicate that 
exposure to PM2.5 remains a significant 
risk for COVID-19-infected individuals 
and can  have  long- term effec ts  on 
multiple physiological systems, including 
the respiratory, general, neurological, 
integumentary,  and musculoskeletal 
systems. Consequently, groups at risk 
should utilize this information to safeguard 
themselves and reduce their health risks. 
In addition, relevant agencies should use 
the findings of the study to devise risk 
prevention measures for exposure to PM2.5 
and its long-term effects on COVID-19 
patients. Relevant agencies and public 
health authorities should take measures to 
strictly and consistently control the sources 
of PM2.5 while also communicating the risks 
and advising on practices to reduce exposure 
to PM2.5, particularly for those who are sick 
with COVID-19 or at risk of exposure for 
more than 1 hour per day. Individuals who 
have been exposed to PM2.5 and exhibit 
symptoms are more likely to develop long 
COVID, and the absence of PM2.5-protective 
masks has been linked to Long COVID. In 
addition, research should be conducted to 
develop sources for measuring PM2.5 at the 
district or provincial level in order to use the 
data obtained in spatial risk assessments and 
to plan and implement PM2.5 source control 
policies more effectively.
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