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ABSTRACT ( ENGL ISH) # # 6374010453 : MAJOR PUBLIC HEALTH 

KEYWORD: Ho Chi Minh City; hospital admission; mental and behavioral disorders; PM2.5; 

time-series study. 

 Do Thi Hoai Thuong : ASSOCIATION BETWEEN PM2.5 CONCENTRATIONS AND 

HOSPITALIZATION CASES FOR SCHIZOPHRENIA AND MOOD DISORDERS IN 

HO CHI MINH CITY, VIETNAM FROM 2019 TO 2020. Advisor: KRAIWUTH 

KALLAWICHA, Ph.D. 
  

The evidence for adverse effects of ambient particulate matter pollution on mental and 

behavioral disorders (MBDs) is limited. Until now, few epidemiological studies have focused on this 

field, especially in developing countries. With the changes in concentrations and sources of air 

pollution over the past decade in Vietnam lead to high levels of air pollutants, especially particulate 

matters including PM2.5. Therefore, it is worthwhile to investigate the acute effects of outdoor air 

pollution on MBDs. However, no Vietnamese study has looked into the short-term effect of PM2.5 on 

hospitalization for MBDs. 

To examine the association between PM2.5 and the cases for total MBDs, Schizophrenia 

and Mood disorder from June 2019 to December 2020 at Ho Chi Minh City Mental health hospital. 

A quasi-Poisson time series regression model was used to determine the association between PM2.5 

exposure and daily hospital admission for all-cause mental disorders and two specific disorders 

including Schizophrenia and Mood disorder. A natural cubic regression smooth function was 

adopted to filter out long term trends and seasonality and stratified analyses were also performed by 

age, gender and season. Besides, to estimate the delayed effect, we examined the association in 

distributed lag models when lag terms were modelled one at a time (from lag0 to lag7). We select 

the most optimal model based on the Q-AIC criterion (Akaike Information Criterion). 

In total, 3,513 hospital admissions for MBDs were collected from HCMC Mental health 

hospital in 2019-2020. The number of hospital admissions of Schizophrenia was nearly four times of 

Mood disorder (1,724 vs 447 admissions, respectively). Data from monitoring stations suggested 
that the daily concentration of PM2.5 ranged from 8.7 to 66.0 μg/m3 with a mean of 25.6 μg/m3. 

Results revealed that each 10 μg/m3 increase in PM2.5 at lag 7 for MBDs and Schizophrenia 

corresponded to an increase of 1.25 (95%CI: 1.03 – 1.52), 1.45 (95%CI: 1.12-1.89) in daily hospital 

admission among the elderly, respectively. 

Our study demonstrated that the elderly in HCMC have an increased risk of MBDs 

admissions due to the high level of PM2.5 concentration in the city's ambient air. These findings have 

provided evidence for building public health policies to prevent and minimize the adverse health 

effects of air pollution on the elderly. 
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Chapter I: Introduction 

1.1 Background 

Increasing mental disorder is a serious public health problem, which has 

brought about a social, economic and disease burden in all countries worldwide. 

Mental health problems are comprised of depression, bipolar disorder, schizophrenia, 

dementia, as well as developmental disorders including autism and other psychiatric 

disorders (WHO, 2019). According to the World Health Organization (WHO) report, 

unipolar depressive disorder was the third root of disease burden, constituting 4.3% of 

the global burden of disease. Estimates for low and middle-income countries are 3.2% 

and 5.1%, respectively (WHO, 2011). Globally, an estimated 264 million people are 

affected by depression, 50 million people are affected by dementia, 45 million people 

are affected by bipolar disorder and 20 million people are affected by schizophrenia 

(James et al., 2018). This leads to people having lived with a disability-related to 

mental disorders in low- and middle-income nations, making up 25.3% and 33.5%, 

respectively (WHO, 2011). WHO predicted that by 2030 depression will be the 

leading cause of the disease burden worldwide (WHO, 2011). Additionally, those who 

suffer mental disorders often lack educational and income-generation opportunities, 

restricting their economic development chances and depriving them of social 

networks and status within society (WHO, 2011). Consequently, mental health issues 

also lead individuals and families to poverty at the national level and delay economic 

growth. A report has predicted that over the next 20 years, the estimate of total global 

effects of mental illness in terms of lost economic performance is US$ 16,000 billion 

(World Economic Forum and the Harvard School of Public Health, 2011). Because of 

the significant individuals and social burden caused by mental health problems, it is 

imperative to identify the risk factors for modifiable mental disorders. 

Previous studies have determined that there are many risk factors for mental 

illness such as genetic factors (Di Forti et al., 2012; Geschwind & Flint, 2015; 

Robinson et al., 2016), socioeconomic (Fazel, Geddes, & Kushel, 2014; Kawakami et 

al., 2012) and lifestyle factors such as diet (Cristy, 2017) or smoking (Edward, 2012). 

Recently, however, new research has indicated a relationship between the presence of 

mental disorders and ambient air pollution. Air pollution is the presence in the air of 
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hazardous substances or compounds at health-threatening levels, such as particles 

matter (PM), ozone (O3), nitrogen dioxides (NO2), sulfur dioxides (SO2), carbon 

monoxide, carbon monoxide (CO) (WHO, 2020). Despite the accurate elemental air 

pollution-induced brain pathology mechanism is not completely found, current 

research has shown that neuritis, oxidative stress, glial activation, and cerebrovascular 

damage are the key potential triggers (Block & Calderón-Garcidueñas, 2009; 

MohanKumar, Campbell, Block, & Veronesi, 2008). For instance, an animal 

experiment showed that, compared to dogs from a clean rural area, dogs living in 

Mexico city exposed to high-level air pollution develop major histologic lesions in the 

olfactory bulb and other brain regions (Oberdörster & Utell, 2002). Fonken study 

comparing male mice exposed to particulate matter with aerodynamic diameter less 

than 2.5 µm (PM2.5) and filtered air (FA) showed that PM2.5 mice showed more 

depressive reactions (Fonken et al., 2011) and impairments in spatial learning and 

memory comparison to mice exposed to FA (Calderón-Garcidueñas et al., 2004). 

Animal testing data showed that long-term exposure to adverse air pollution can also 

have adverse effects on the human brain.  

Many epidemiological studies worldwide have also reported a lot of evidence 

on the relationship between environmental particulate matter contamination and 

mental health, notably in developing nations. In one longitudinal research, data 

suggested that people exposed to long-term air pollution were more likely to be 

diagnosed with dementia than those under low exposure (Oudin et al., 2016). 

Prolonged exposure to air contamination is health concern for schizophrenia (C. B. 

Pedersen, Raaschou-Nielsen, Hertel, & Mortensen, 2004), depressive and anxiety 

symptoms (Pun, Manjourides, & Suh, 2017). In addition, short time associations have 

also been identified between exposure to surrounding matter particles and mental 

illness hospitalization (Briere, Downes, & Spensley, 1983; Rotton & Frey, 1984; J. 

Song et al., 2018). According to a Chinese time-series study, it is indicated that daily 

hospital admission for mental and behavioral disorders increased 0.48% correspond to 

a 10 μg/m3 increase in a 3-day average concentration (lag02) of PM2.5 and PM10 (J. 

Song et al., 2018). Another study by Chen et al. (2018) shown that a 10 μg/m3 

increase in 2-day, moving-average concentration of inhalable particulate matter was 
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remarkably related to increments of 1.27% [95% (CI): 0.28%, 2.26%] in hospital 

admissions per day for MDs (Chen et al., 2018) 

In Vietnam, regarding the National Mental Hospital, the proportion of 10 

frequent mental health conditions in 2014 was 14.2%, of which 2.45% belonged to 

depressive disorders. The rate of suicide in 2015 was 5.87 per 100.000 population 

(National Psychiatric Hospital No 1, 2015). Meanwhile, air pollution in Vietnam 

increased significantly. According to a report by Air Visual, in 2019, Vietnam ranked 

15th in the world for PM2.5 pollution with an average annual concentration of PM2.5  up 

to 34.06 µg/m3 (Air Visual, 2017). Especially in Ho Chi Minh City - a large industrial 

park and leading commercial center of the country with nearly 9 million people 

(General Statistic Office, 2019a). In 2017, up to 61% of the total days in Ho Chi Minh 

City had an average daily PM2.5 concentration exceeding WHO guidelines (25µg/m3) 

(Green Innovation and Development Centre, 2017). Besides, the rapid economic 

development attracts more people to migrate to the city. This increases people's 

concerns about the surrounding air quality. However, there are no studies in Vietnam 

that concentrate on air contamination impacts on particular mental disorders. There is 

a lack of research focusing on the association of PM2.5 with the number of hospital 

admissions for mental illness in developing countries with tropical climates and a low 

capacity to cope with the influences of extreme weather events. Meanwhile, air 

pollution plays a crucial preventable element, which helps reduce the burden of illness 

related to mental disorders, so special attention should be paid to it. 

  Therefore, the author conducted this study to determine the association 

relationship between the air pollution caused by PM2.5 and the number of hospital 

admissions because of mental disorders in Ho Chi Minh City. Such evidence will 

contribute to improve mental health management and construct suitable adoption 

programs for each vulnerable group. The findings of this study have important 

implications for public health adaptation and prevention program implementation in 

the protection of residents from the adverse health effects of ambient particulate 

matter. 
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1.2 Research question 

Is there an association between PM2.5 and the cases for total Mental and 

Behavioral Disorders (MBDs), Schizophrenia and Mood disorder from June 2019 to 

December 2020 at Ho Chi Minh City Mental health hospital? 

1.3 Research objectives 

1.3.1 General objective 

To examine the association between PM2.5 and the cases for total Mental and 

Behavioral Disorders (MBDs), Schizophrenia and Mood disorder from June 2019 to 

December 2020 at Ho Chi Minh City Mental health hospital. 

1.3.2  Specific objectives 

1. To describe the characteristics of the cases for MBDs at Ho Chi Minh City 

Mental health hospital from June 2019 to December 2020. 

2. To describe the distribution of ambient PM2.5 concentration in Ho Chi Minh 

City from June 2019 to December 2020. 

3. To determine the association between PM2.5 concentration and cases by sex, 

age and season for MBDs at Ho Chi Minh City Mental hospital from June 

2019 to December 2020. 

1.4 Research Hypotheses 

1.4.1 Null Hypothesis 

There is no association between PM2.5 and the cases for total Mental and 

Behavioral Disorders (MBDs), Schizophrenia and Mood disorder at Ho Chi Minh 

City Mental health hospital from June 2019 to December 2020. 

1.4.2 Alternative Hypothesis 

     There is an association between PM2.5 and the cases for total Mental and 

Behavioral Disorders (MBDs), Schizophrenia and Mood disorder at Ho Chi Minh 

City Mental health hospital from June 2019 to December 2020. 

1.5 Operational definitions 

Admission date It is the date of admission with the interested diagnosis 

according to the medical record. The admission date 

considered in this study is from June 1st, 2019 to August 31st, 
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2020. 

Discharge date It is the date of discharge after treatment of interested diagnosis 

according to the medical record.  

Age According to the birth year, the age of the patient at the 

admission date from the medical records of study subjects. 

Sex recording from the medical records, dichotomous variable 

including 2 values: Male, Female 

Address The permanent address based on the medical record and is the 

address in Ho Chi Minh City. 

ICD10 code ICD-10 is the 10th revision of the International Statistical 

Classification of Diseases and Related Health Problems (ICD), 

a list of medical categorization introduced by the World Health 

Organization (WHO). It consists of disease codes, signs and 

symptoms, abnormal outcomes, complaints, social contexts, 

and external roots of injury or illnesses. 

Mental and 

Behavioral 

Disorders 

(MBDs) 

It is diagnosed and encoded by the psychiatrist by ICD-10 

codes (MBDs) in the diagnostic code group: F00-F99 (WHO, 

1992).  

Schizophrenia 
A form of schizophrenia in which affective changes are 

prominent, delusions and hallucinations fleeting and 

fragmentary, behaviour irresponsible and unpredictable, and 

mannerisms common. The mood is shallow and inappropriate, 

thought is disorganized, and speech is incoherent and encoded 

by the psychiatrist as F20 in the ICD-10. 

Mood disorder 
It includes disorders in which the underlying disorder is a 

change in mood affecting depression (with or without anxiety 

related) or with excitement. Mood swings are often 

accompanied by a change in overall activity level; most other 
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symptoms are secondary or easy to develop in the context of 

mood and activity changes. Most of these disorders tend to 

recur, and the onset of each can often be related to stressful 

situations and encoded by the psychiatrist as F30-F39 in the 

ICD-10. 

Hospitalizations 

for MBDs: 

A total number of hospital admissions diagnosed under the 

ICD-10 code (F00-F99) from June 1st, 2019 to December 31st, 

2020. 

PM2.5 

concentration 

The average concentration of PM2.5 per day (μg/m3) will be 

measured from 31 monitoring stations from June 1st, 2019 to 

December 31st, 2020. 

Relative Humidity 

(RH,%) 

It is the average value of relative humidity (%) measured from 

31 monitoring stations. 

Temperature (°C) It is the average value of ambient temperature (%) measured 

from 31 monitoring stations. 
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1.6 Conceptual Framework  

 

 

  INDEPENDENT 

VARIABLE 

PM2.5 (μg/m3) 

 

DEPENDENT VARIABLE 

MBDs case 

- ICD10 code 
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- Age groups 
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COVARIATE 
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- Day of week (DOW) 

- Temperature (oC) 
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Chapter II: Literature Review 

2.1 Mental health overview 

As defined by the World Health Organization (WHO): "Health is a state of 

complete physical, mental and well-being and not merely the absence of disease or 

infirmity." (WHO, 2018d). A vital meaning of this concept is that mental health (MH) 

has been an indispensable and essential component of health and that MH has a close 

connection with physicality and society (WHO, 2018d).  

Since then, WHO also introduced the concept of MH: Mental health “is a state 

of well-being in which an individual realizes his or her abilities, can cope with the 

normal stresses of life, can work productively and is able to contribute to his or her 

community.” (WHO, 2018d). MH represents a feeling, psychological and social. It 

affects how we operate our brain, feel and act. Besides, it helps us to deal with stress 

and make decisions. (U.S. Department of Health & Human Services, 2020). 

Mental illness (mental disorder) 

According to the World Health Organization (WHO): “Mental disorders include 

a wide range of problems and different symptoms. They are often characterized by 

some combination of unusual thoughts, feelings, behaviors and relationships with 

others” (WHO, 2019).  

Mental and Behavioral Disorders are classified as an international illness 

(ICD10) in diagnostic codes: F00-F99. 

F00-F09 Organic, including symptomatic, mental disorders 

F10-F19 Mental and behavioral disorders due to psychoactive 

substance use 

F20-F29 Schizophrenia, schizotypal and delusional disorders 

F30-F39  Mood [affective] disorders 

F40-F48 Neurotic, stress-related and somatoform disorders 

F50-F59 Behavioral syndromes associated with physiological 

disturbances and physical factors 

F60-F69 Disorders of adult personality and behavior 

F70-F79 Mental retardation 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 

 

 

F80-F89 Disorders of psychological development 

F90-F98 Behavioral and emotional disorders with onset usually 

occurring in childhood and adolescence 

F99 Mental disorder, not otherwise specified 

2.1.1  Causes of mental and behavioral disorder 

Although the exact root of most mental diseases is vague, it is known via prior 

research to have depicted that there are multiple mental illness hazards, such as 

genetic factors (Di Forti et al., 2012; Geschwind & Flint, 2015; Robinson et al., 

2016), environmental factors such as socioeconomic (Fazel et al., 2014; Kawakami et 

al., 2012) and lifestyle factors namely diet (Cristy, 2017) or smoking (Edward, 2012). 

Recently, however, recent research has suggested a correlation between the rate of 

mental illnesses, in addition to air contamination in the ambiance (Briere et al., 1983; 

C. B. Pedersen et al., 2004; Rotton & Frey, 1984; J. Song et al., 2018).  

         2.1.1.1 Genetic factors 

Mental illness sometimes runs in families. Genes also play a role in 

determining if someone has a mental illness. Experts believe that many mental 

illnesses are associated with abnormalities in many genes, not just one or several 

genes. The way these genes interact with social-environmental or lifestyle factors 

varies from person to person. In 2012, Di Forti et al. has shown that as compared to 

consumers who were T/T carriers, individuals using cannabis having the C/C 

genotype showed a greater than double the risk of a psychotic illness (OR= 2.18, 95% 

Cl 1.12-4.31). In addition, frequent consumers of cannabis bearing the C/C genotype 

reported a sevenfold rise in psychosis probabilities relative to T/T carriers (OR=7.23, 

95% Cl 1.37-38.12) (Di Forti et al., 2012). Previous research has established that 

several forms of genetic susceptibility for autism spectrum disorders (ASDs) affect a 

continuum of behavioral and developmental characteristics that can be diagnosed with 

ASD or other psychiatric illnesses (Robinson et al., 2016).  

         2.1.1.2 Environmental factors 

Infection: Several infections have been associated with brain injury and the 

development or deterioration of mental illness. Studies by Schaefer et al. has 
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discussed that HCV-infected individuals are more susceptible to mental illness, which 

may be due to a higher incidence of HCV infection in psychiatric patients, but may 

also be due to a direct or indirect impact of HCV on the central nervous system (CNS) 

(Schaefer et al., 2012). Other research findings indicate that young people with 

perinatal HIV encounter emotional and behavioral issues at higher than normal rates 

compared to the general population, including mental disorders (Mellins & Malee, 

2013).  

Defects or Injury to the brain: Signs of cognitive dysfunction occur 

following traumatic brain injury and partly mediate symptoms of depression 

(Gorgoraptis et al., 2019). 

Socioeconomic: Mental medical problems are one reason for the high death 

rate among homeless people, especially suicide (Fazel et al., 2014). Another study 

also reported that low individual incomes and spouse incomes (increased 

unemployment, decreased earnings among the employed) were associated with early-

onset mental disorders (Kawakami et al., 2012).  

      Air pollution:  

There is a growing body of literature that recognizes air pollution with a 

negative relationship to mental health. Individuals exposed to long-term air pollution 

were more likely to be diagnosed with dementia than those exposed to a low exposure 

(Oudin et al., 2016). Ambient air pollutants have been associated with poor mental 

health, especially PM and nitric oxides. Long-term exposure to PM2.5 could lead to a 

rise in the risk of new-onset of depressive symptoms. Besides, the rate of nitric 

dioxide increased in summer exacerbated depressive conditions (Buoli et al., 2018). 

Furthermore, much research demonstrated the increasing mental disorders admission 

related to contaminants such as PM2.5, PM10 (Briere et al., 1983; Rotton & Frey, 1984; 

J. Song et al., 2018).   

         2.1.1.3 Lifestyle factors 

Existing research has acknowledged the remarkable point that after toxic 

smoke inhalation, long-term brain and psychological dysfunction result, with certain 

areas of the brain showing gradual deterioration after smoke inhalation after 3 to 14 

years (Edward, 2012). It has previously been observed that those who smoke have a 

poorer state of mental health, especially among people with more serious illnesses 
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(Plurphanswat, Kaestner, & Rodu, 2017). In addition, other risk factors such as diet 

(Cristy, 2017; O’neil et al., 2014), online social networking (Igor, 2014), experiencing 

abortion (Ditzhuijzen, Have, Graaf, Nijnatten, & Vollebergh, 2018) or Covid-19 

pandemic (Janusz, 2020) also contribute to the effect on human mental health.  

2.1.2. The state of mental health 

Mental health in adults 

According to recent estimates, about 20% of Americans over 18 years old have 

a diagnosed mental disorder in a given year. Four of the top ten causes of disability, 

major depression, bipolar disorder, schizophrenia, and obsessive-compulsive disorder 

are mental illness. About 3% of the population has more than one mental illness at a 

time. About 5% of adults are severely affected by mental illness, which interferes 

with their ability to function in society. These severe and persistent mental illnesses 

include schizophrenia, bipolar disorder, depression, anxiety disorder, and obsessive-

compulsive disorder. About 20% of doctor's appointments are related to anxiety 

disorders such as panic attacks. Eight million people suffer from depression each year. 

Two million Americans suffer from schizophrenia and 300,000 new cases are 

diagnosed each year (Mental Health American, 2019). 

Mental health in children and adolescents 

The National Mental Health Association has compiled a number of statistics on 

mental illness in children and adolescents. Mental health problems affect one in five 

children at any one time. An estimated two-thirds of young people with mental health 

problems do not get the help they need. Less than one-third of children under 18 years 

old with a serious mental health problem receive any mental health service. Up to 1 in 

33 children may experience depression. Depression in adolescents can reach up to 1/8. 

Suicide is the third leading cause of death for children aged 15-24 and the sixth 

leading cause of death for children aged 5-15. Schizophrenia is rare in children under 

12 years old, but it occurs in about 3 in 1,000 adolescents, between 118,700 and 

186,600 adolescents with at least one mental illness. Of the 100,000 teenagers 

detained as adolescents, an estimated 60% have behavioral, cognitive or emotional 

problems (Biological & National, 2007). 
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2.2 Air pollution 

Air pollution is the presence of toxic chemicals or compounds in the air, 

including substances of biological origin, that exist at levels posing a health risk. Air 

pollution is understood in a broader sense as the presence of chemicals or compounds 

that are not normally present in the air, causing deterioration of air quality or causing 

adverse changes to the quality of life (Environmental Pollution Centers, 2020). 

Air pollution cannot be seen with the naked eye because the pollutants are 

smaller than human visibility. However, in some cases, such as smoke from fires, 

burning wood, coal, gasoline, oil, diesel can be detected with the naked eye. Not 

seeing air pollution does not mean it does not exist (Luong, Phung, Sly, Morawska, & 

Thai, 2017). 

2.2.1  Causes of air pollution 

❖ Natural causes: 

- Volcanic activity disperses several toxic gases (sulfur, chlorine) and particulates 

(ash), occurring locally; 

- Wind and air currents carry air pollutants spread over a large area; 

- Wildfires generate large amounts of CO2 and other pollutants; 

- The natural decay of microorganisms releases gases, especially methane; 

- Process of radioactive decay; 

- The increase in temperature contributes to the increase in the number of pollutants 

evaporating from soil and water into the air. 

❖ Causes from humans: 

- Industrial activities such as mining, mining waste treatment, electricity generation; 

- Agricultural activities using plant protection chemicals that contain volatile toxic 

organic compounds; 

- Construction and demolition, especially for old buildings that may contain 

hazardous substances such as PCBs, PBDEs, asbestos; 

- Landfilling activities generate methane gas due to the natural decomposition of 

microorganisms; 

Waste incineration; 

- Store and use household products containing volatile organic solvents (WHO, 

2018b). 
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2.2.2  Air pollutants 

Air pollutants can be divided into two main forms according to their physical 

status includes gaseous and solid (particulate matter suspended in the air). There is 

abundant evidence that particulate matter (PM), Ozone (O3), Nitrogen dioxide (NO2), 

Sulfur dioxide (SO2) are the main causes of air pollution. 

Particulate matter (PM) is the common name for the particles in the air around 

us. They are distributed mainly from fuel burning. These particles come in many 

different sizes and shapes. According to the US Environmental Protection Agency 

(EPA), there are 2 main types of granules: PM10 and PM2.5 (Luong et al., 2017). 

PM10 consists of particles less than 10 μm in diameter. These particles can be 

inhaled deep into the lungs, some of which can be stored in the nose, mouth, or throat. 

Common emission sources include sea salt, pollen, fuel burning, and industrial 

buildings. The presence of PM10 in high concentrations in the air can irritate the eyes 

and throat. In people with heart or lung disease, symptoms include difficulty 

breathing, wheezing, and chest tightness (Nhung et al., 2018). 

PM2.5 consists of fine particles under 2.5 μm in diameter and tiny enough to be 

inhaled deeply into the lungs. PM2.5 is the result of burning fossil fuels, organic 

matter. They are found in the exhaust gases of motor vehicles, power plants, and 

smoke from wildfires. Children, people over 65 years of age, pregnant women and 

people with lung or cardiovascular disease are sensitive to the effects of these 

particles matter. Symptoms include difficulty breathing, wheezing, and chest tightness 

(Luong et al., 2017).  

Ozone (O3) is a remarkably reactive gas consisting of 3 oxygen atoms. In terms 

of the position in the atmosphere, they have certain effects on human health. In the 

stratosphere, ozone is formed by the interaction of ultraviolet radiation with O2, 

reducing the harmful effects of ultraviolet rays on the earth's surface. In the 

troposphere, ozone is generated from the photochemical reaction between volatile 

organic compounds (VOCs) and Nitrogen oxide (NOx). Exposure to ozone in the air 

can lead to respiratory symptoms, airway inflammation, and impaired lung function 

(Nhung et al., 2018). 

Nitrogen dioxide (NO2) is mostly colorless or brownish at room temperature 

and has a distinctive odor. They pollute the air through car exhaust, power plants, 
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burning fuels, electroplating, and welding. High concentrations of NO2 in the air 

trigger inflammation of the lung mucosa, reducing immunity to lung infections, 

causing problems such as difficulty breathing, wheezing, coughing, bronchitis (Nhung 

et al., 2018). 

Sulfur dioxide (SO2) is manufactured mostly from fossil fuels burning, 

volcanoes, and vehicles and equipment that use high sulfur fuels. High SO2 

concentrations in the air also result in the generation of other forms of sulfur oxides 

that combine other substances in the atmosphere to create fine particles. These 

particles deeply invade the lungs, causing serious problems for the respiratory system, 

especially in the long term at high concentrations (Erik van Nunen et al., 2017).  

2.2.3  The effects of air pollution  

Air pollution is a risk factor for non-communicable diseases with an estimated 7 

million deaths each year (WHO, 2018c). One in three deaths from stroke, lung cancer 

and heart disease are related to air contamination (WHO, 2018c). Recent research 

have figured out the city's long-term effects on air contamination on mortality (Rob. 

Beelen et al., 2014) (Anoop S V Shah et al., 2013), cardiovascular disease incidence 

(Cesaroni et al., 2014), decreased lung function in children (Eeftens et al., 2014) 

(Gehring et al., 2013), childhood respiratory infections (MacIntyre et al., 2014) and 

low birth weight (M. Pedersen et al., 2013) confirm earlier studies based on both in 

and mid-city exposure to the air pollution (Brook et al., 2010) (Hoek et al., 2013). 

What is more, the evidence is appearing for the role of air pollution in other diseases 

such as diabetes (Coogan et al., 2012) (Eze et al., 2014). Ambient air pollution ranks 

ninth in the 2010 Global Disease Estimates Ranking (S. S. Lim et al., 2012), 

contributing to an estimated 3-4 million premature deaths and is estimated to reduce 

life expectancy by nearly 9 months in Europe (WHO, 2013b). 

In Vietnam, out of the 10 diseases with the highest mortality rates in Vietnam, 

there exist 6 respiratory illnesses due to air contamination and air quality. In the 

disease structure, respiratory diseases are also one of the top 5 most affected groups. 

Air pollution causes much damage to human health and life. Regarding the 

World Bank (WB) report, the loss of global economic due to air contamination is 

approximately 225 billion USD (World Bank, 2016). For Vietnam, air contamination 
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causes an economic loss of about 10 billion dollars per year (accounting for 5-7% of 

GDP) (The World Bank Institute for Health Metrics and Evaluation, 2016).  

2.3 PM2.5 particulate matter 

Particular matter (PM) is a large-scale air pollutant consisting of a mixture of 

solid and liquid particles suspended in the air. PM is commonly known for its mass 

concentrations of particles less than 10µm including PM10, PM2.5 and ultrafine 

particles less than 0.1µm (PM1) (WHO, 2013a). 

PM is a mixture with different physical properties and of course, the popular 

chemical composition of PM includes sulfates, nitrates, ammoniums, other inorganic 

ions including sodium, potassium, calcium, magnesium and chloride ions, organic and 

elemental carbon, crust material, metals (cadmium, copper, nickel, vanadium, zinc) 

and PAH. Apart from that, biological substances such as allergens and biotic 

compounds are detected in PM (WHO, 2013a). The pathogenicity of PM is 

determined by its size, composition, origin, solubility and ability to generate reactive 

oxygen (X. Zhang et al., 2013). 

PM2.5 is 2.5 µm in size. Although the diameter is small, the surface area is large. 

It can carry many different toxic substances, creep to the end of the respiratory tract, 

deep in the alveoli, accumulate there and diffuse, affecting other parts of the body. (X. 

Zhang et al., 2013)  

PM2.5 is generated from natural elements or human activities, often burning 

fossil fuels, from vehicle exhaust, industrial production and factories electricity, as 

well as from natural sources such as dust, wind and volcanic activity (United States 

Environmental Protection Agency, 2016). 

PM2.5 in urban areas is very complex, can be divided into primary and 

secondary sources (Huang et al., 2014). Primary sources are related to the direct 

emissions of burning fossil fuels (such as petroleum, coal), organic matter (such as 

wood, plants) and materials such as rubber and plastics. Motor vehicles, power plant 

emissions and forest fires are the main sources of these dust emissions (Environment 

Protection Authority Victoria, 2016). Secondary sources are generated from chemical 

processes that oxidize the primary substances in the atmosphere (Huang et al., 2014). 
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PM2.5 predicts exposure to health effects better than PM10, so PM2.5 is often 

used to denote the standard content of floating particles per cubic meter of air and the 

higher the index the more severe (U.S Environmental Protection Agency, 2012). 

Summary of air quality standards for PM2.5: 

Organization Standard guidelines 

Ministry of Natural Resources and Environment (QCVN 

05:2013) (Minister of Natural Resources and Environment 

of The Socialist Republic of Vietnam, 2013) 

25 μg/m3 (annual average) 

50 μg/m3 (24-hour average) 

EPA (U.S Environmental Protection Agency, 2012)  35 µg/m3 (24-hour average) 

WHO (WHO, 2005)  
10 μg/m3 (annual average) 

25 μg/m3 (24-hour average) 

2.3.1  Effects of PM2.5 on human health 

Most air pollutants enter the body through inhalation. Depending on the size and 

dosage, they cause different levels of harm. PM2.5 is an agent that easily penetrates the 

lungs, stimulates, erodes the alveolar wall leading to impaired lung function, increases 

the risk of COPD, emphysema and other respiratory diseases (C. Song et al., 2017). 

A greater risk factor than PM10 coarse (particles in the 2.5-10μm range) is 

PM2.5. Long-term exposure to PM2.5 was correlated with a 6%-13% elevated risk of 

long-term cardiopulmonary mortality, with a 10 μg/m3 PM2.5 percent rise (Arden Pope 

III, Burnett, & al., 2002) (Rob Beelen et al., 2008) (Krewski et al., 2009). An increase 

in PM2.5 interregional coverage above 0 day delay is associated with an increase of 

25.5% (95% CI, 2.6% 54.5%) risk of hospitalization for myocardial infarction (Pan et 

al., 2019). To determine the relationship of PM2.5 and PM2.5-10 with mortality, a time-

series study used the Quasi-Poisson distribution was carried out. During the study 

period, an increase of 10.5 μg/m3 in PM2.5 (lag01) was correlated with an increase in 

all-cause mortality of 1.18% (95% CI: 0.64-1.72), 0.34% (95% CI: 0.03-0.64) and 

0.43% (90% CI: 0.02-0.95) respectively in Busan, Seoul and Incheon (T.-Y. Kim, 

Kim, Yi, Cheong, & Heo, 2018).  

According to a study by Jairo A Morantes-Caballero in 2019, more patients 

were hospitalized due to acute episodes of COPD after exposure to PM2.5 more than 

48 hours before the onset of symptoms, taking antibiotics more corticosteroids 
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(Morantes-Caballero & Rodriguez, 2019). PM2.5 exposure to pulmonary carcinoma is 

nearly twice as high each year as squamous cell carcinoma, small cell carcinoma, and 

other histological subtypes (p = 0.024). The increased risk for the high-risk cluster is 

associated with an occupational risk of air pollution more than four hours per day, 

five times higher for a diagnosis of lung carcinoma (OR = 5.69, 95% CI = 3.14-7.21, 

p <0.001) (Wahab et al., 2019). 

According to research by Li. Q et al when culturing human skin keratinocytes in 

media containing PM2.5. As a result, the viability of cells decreased with increased 

levels of surrounding PM2.5, which might elevate eczema and other skin disease risks 

(Li et al., 2017). In addition, PM2.5 also affects nerve cell death and seasonal nerve 

cell damage (M. Chen, Li, & Sang, 2017). 

According to a study by Pallavi Pant et al. 2014 on the impact of PM2.5 on short-

term exposure in tourists to Vietnam, HCMC had PM2.5 concentrations of 18.9 ± 9.24 

µg /m³, was the highest of the 3 study cities and increased the risk of post-exposure 

hospitalization for tourists by 2.2% (Pant, Huynh, & Peltier, 2018). 

A study conducted in Hubei (2020) has found a correlation between emissions 

of PM2.5 and COVID-19 in cities both within and outside the province. COVID-19 

rose by 0.24% (95% CI: 0.01 - 0.48) and 0.26% (95% CI: 0.00 - 0.51) with every 10 

μg/m3 rise in PM2.5 and PM10 concentrations, respectively (Yao et al., 2020). 

2.3.2  The situation of PM2.5 

 

       Global ambient air pollution map ©WHO, 2018 (WHO, 2018a) 
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From 2010 to 2016, global PM2.5 concentrations raised by 18%, from 43.2 

µg/m3 to 51.1 µg/m3.  

In heavily populated countries and regions such as India, Bangladesh, Pakistan 

and China, global PM2.5 concentrations are highly affected by levels of air pollution. 

Since 1990, however, the incidence of PM2.5 in other heavily populated countries 

(such as Russia, Indonesia, Japan, Brazil, the United States and the European Union) 

has declined, except the United States. This is still above the WHO Air Quality 

Guidelines (Health Metrics Institute, 2018). Worldwide, about 90% of the population 

living in cities in 2016 were exposed to particulates at concentrations exceeding WHO 

air quality guidelines (WHO, 2016a). Ambient air pollution of particulate matter 2.5 

μm or less in diameter (PM2.5) in national urban areas ranges on average from less 

than 10 to more than 100 µg/m3 and particulate matter with a diameter of 10 µm or 

less (PM10) with an average of less than 10 to more than 200 µg/m3 (WHO, 2016c). 

National level exposure to particulate matter increases the risk of acute lower 

respiratory infections, chronic obstructive pulmonary disease, ischemic heart disease, 

and stroke and lung cancer. Average annual PM2.5 concentrations for both rural and 

urban populations were estimated using a statistical model using data from a variety 

of sources, including terrestrial measurements and satellite data. . The average annual 

concentration of PM2.5 ranges from less than 10 to more than 100 µg/m3. In cities, 

exposure to PM2.5 increases the risk of many acute and chronic respiratory and 

cardiovascular diseases for both children and adults. According to reports in the years 

2010-2016, more than 4,000 residential areas (mainly in cities) have reported 

concentrations of PM10 and PM2.5 exceeding WHO air quality standards (WHO, 

2016b). 

PM2.5 situation in Vietnam 

In 2019, according to the ranking of Air Visual, Vietnam ranked 15th in the 

group of the most polluted countries with an average PM2.5 concentration of 34.06 

µg/m³, exceeding the air exposure standard of WHO is 10 µg/m³ and the Vietnamese 

standard is 25 µg/m³ (Air Visual, 2018). According to a report by the Green 

Innovation and Development Center (GreenID), the average PM2.5 concentration in 

Ho Chi Minh City is 29.6 μg/m3. Also in 2017, the number of days the city had PM2.5 

concentrations exceeding the WHO 24-hour average standard (25 μg/m3) was 222 
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days and exceeded the 24-hour average QCVN standard of 14 days (50 μg/m3) (Green 

Innovation and Development Centre, 2017). 

In Vietnam, 2018 monitoring data from the US Consulate monitoring station 

located in Hanoi shows that the annual average PM2.5 dust concentration is 40.6 

μg/m3, which is 1.5 times higher than National standards (25 μg/m3) and 4 times the 

WHO standards for air quality (10 μg/m3). When analyzing data by day, the number 

of days with high average PM2.5 dust concentration still accounts for a large number, 

with 88 days out of the total number of days in the year exceeding the permitted limit 

in National Standards (50 μg/m3) and compared with the stricter WHO 

recommendation (25 μg/m3) this is 232 days, accounting for 64% of the total days of 

the year. Particulate matter concentration at the US Consulate in Ho Chi Minh City is 

26.4 μg/m3 more stable than in Ha Noi but still exceeds the national standards and 

WHO Recommendations (Green Innovation and Development Centre, 2018). In 2016, 

in HCMC. In Ho Chi Minh City, the annual average PM2.5 dust concentration reached 

29.6 µg/m3, which exceeded the prescribed limit for PM2.5 concentrations in the 

National Standards (25 µg/m3) and 3 times higher than the limit according to WHO 

guidelines (10 µg/m3). In 2017, there were only about 14 days, equivalent to 4% of 

the total number of days, the average PM2.5 concentration exceeded Vietnam standard, 

85 days less than Hanoi. However, there are still 222 days, equivalent to 61% of the 

total concentration of days of the year. 

Overview of Ho Chi Minh City  

Ho Chi Minh City (HCMC) is the largest city in Vietnam in terms of population 

and urbanization. It is also one of the most important economic, political, cultural, 

scientific, technical, educational and tourist centers. Ho Chi Minh City (HCMC) has 

an area of 2,095 km2. In recent years, the air quality in the HCM city is getting worse 

day by day. As of 2019, the whole city has a population of nearly 9 million people 

living and working. In addition, Ho Chi Minh City is also located in the key economic 

region in the South, the economic center of the country, with high economic growth. 

Economic development with high growth rates has created a large contribution to 

GDP for the country. The city's GDP ratio accounts for 1/3 of the country's GDP. 

Thanks to favorable natural conditions, HCMC has become an important traffic hub 

of Vietnam and Southeast Asia, including roads, railway, waterways and airways. 
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Along with the process of economic and social development in recent years, the city. 

Ho Chi Minh City is also facing problems of pollution in general and in particular, air 

pollution caused by industrial activities and human activities. 

The sources of air pollution in the city come mainly from three main categories 

as follows: 

- Air pollution due to traffic activities 

Through statistics show, means of transport in the city. HCM is about 9 million 

motorbikes and nearly 800,000 cars. Having millions of motorbikes, especially 

expired vehicles, homemade cars with cars and trucks in circulation, will generate a 

large number of toxic emissions, dust, seriously affecting the quality of the urban air 

environment threatens the health and life of the people. 

- Air pollution due to industrial activities 

Currently, HCMC has about 1,000 large-scale factories and tens of thousands of 

handicraft production facilities. Except for several factories located in concentrated 

industrial zones or located in remote areas, most production establishments, especially 

cottage and handicraft production establishments, are still alternating. For residential 

areas, the exhaust gas from production activities also contributes to air pollution and 

its effects on the urban population. 

- Air pollution from urban activities 

HCMC is entering the stage of urban construction, renovation and 

embellishment, so construction activities are everywhere. This has a great impact on 

the city's air quality from the construction works. In addition, the daily activities and 

services of the people also take place in residential areas such as food and drink 

business, garbage burning,... and create significant air pollution and noise affects the 

air quality in general. 

2.4 Related studies 

The impact of particulate air pollution on mental health is of great interest to 

many countries and ecological design studies are carried out to determine the 

implications. There are studies done to assess the effects of acute air pollution, while 

others are interested in daily air pollution assessment. However, the common points in 

these study groups assessed the level of air pollution through PM2.5 related indicators. 

PM2.5 results were significantly associated with hospitalization for mental disorders. 
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In Korea, a 10.1% (95% CI = 2.0 - 19.0) increase in suicidal risk was observed 

relative to an interregional range with a corresponding increase in PM2.5 (1 day before 

the date of suicide). Researchers have utilized a time-stratified case-crossover study 

design to measure the relationship. Confounding variables such as national holidays, 

mean hours of sunlight, the temperature, the mean temperature, the dew point 

temperature, the mean dew point temperature, the air pressure, and the mean air 

pressure was controlled in the model. However, bias misclassification can occur due 

to the use of the death database to identify suicides. Suicide data were used across 

seven cities, while PM2.5 concentrations were taken from only one city. (C. Kim et al., 

2010) 

Q Gao et al. (2017) performed a study with a sample size of 13,291 psychiatric 

hospital admissions in Beijing from January 1, 2013 to December 31, 2015. In this 

study, generalized additive Poisson models were used. Long-term trends and 

seasonality, temperature, humidity, barometric pressure, day of the week, sunny hours 

and holidays were controlled in the model. The results showed PM2.5 (lag 03) there 

was a positive correlation with schizophrenic hospital admission (0.49% [95% CI: 

0.04–0.95%]). On various lag days, PM10, PMC, PM2.5 were significantly correlated 

with schizophrenia admissions. Contaminations had only been assessed by outdoor 

pollution, and that may not be the entire personal exposure. However, there is a strong 

point in this analysis. The researchers used air tracking data from 35 general stations 

spread in Beijing, which were more reflective of general population exposure than 

from a single tracking station (Gao, Xu, Guo, Fan, & Zhu, 2017). 

Other studies in China evaluated hospitalization due to general mental disorders. 

Specifically, sequence analysis at Shijiazhuang Psychiatric Hospital, China collected 

9156 daily hospitalized people for psychiatric disorders from 2014 to 2016. A time-

series regression was adopted to assess the relationship between the acute effect of 

particulate matter (PM2.5 and PM10) on hospitalizations due to psychiatric and 

behavioral problems. Seasonal and long-term trends, temperature, humidity, day of 

the week, holidays were controlled in the model. The result reported a 10μg/m3 rise in 

PM2.5 over an average of 3 days (lag02) associated with 0.48% (95%CI: 0.18-0.79%) 

increase rates in daily hospitalization psychiatric and behavioral disorders. The 

vulnerable groups are male and older people (≥45 years). In addition, outcomes 
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showed a generally stronger correlation of PM2.5 in the cool season with psychiatric 

and behavioral problems than in the warm season. Many personal characteristics, such 

as socioeconomic state, schooling, and comorbidities, are closely linked to mental 

illness but were not taken into consideration in this study. The research did not 

analyze the effects of particles matter on specific psychological groups (J. Song et al., 

2018)  

Another research by Chen Chen et al. Used a time-series analysis to investigate 

the relationships between six air pollutant parameters and regular hospital admissions 

for MDs from 2013 to 2015 in Shanghai, China. An optimization model was used 

after controlling for time trends, weather conditions, weekdays and holidays. There 

was a rise with 1.27% hospitalizations having a significant association with inhalable 

particulate matter, sulfur dioxide (SO2), and carbon monoxide (10-μg/m3 increase 2-

day). The study indicated stronger correlations in warm seasons of air contaminants 

with MDs than in cool seasons and there is no difference in sex and age groups. The 

study also did not analyze the short-term associations between particle matter and 

specific psychological groups (Chen et al., 2018).  

Author Feng Wang et al (2018) in China also paid attention to mental health, 

particularly depression. The researchers utilized a time stratified case-crossover 

design to assess the short-term effect of PM on hospitalization for depression. This 

approach helped control the impact of day of the week, seasonal and long-term 

patterns, and possible individual-level risk factors (such as sex and genetics). 

Outcomes indicated that PM2.5 presented the association with the figure for depression 

positively. Especially, the risks of hospitalization peaked when PM2.5 on lag day 0 

(2.92; 1.37–4.50) and lag day 5 (3.65; 2.09–5.24). Older people were more vulnerable 

when exposing to PM2.5 (9.23; 5.09–13.53) (F. Wang et al., 2018). 

Hang Qiu et al also assess the short-term impacts of PM2.5 on hospital 

admissions for MDs in Chengdu, China from 2015 to 2016 by time-series analysis. 

They used an overdispersed generalized additive model (GAM) in the model. 

Confounding factors such as trend and seasonality, mean temperature and relative 

humidity are also controlled. The outcome showed that PM2.5 was substantially 

correlated with elevated hospitalization risks for MDs. In hospitalizations for MDs, 

every 10 μg/m3 increase in PM2.5 at lag06 corresponded to an increase of 2.89% (95% 
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CI: 0.75-5.08%). Dementia, schizophrenia, and depression were found a significant 

association with PM pollution. In this research, personal features such as smoking, 

marital and social status were not regulated. They only considered temperature and 

relative humidity as confounding factors between the association of weather 

conditions and air pollutants (Qiu et al., 2019).  

Another study in Chengdu, China also evaluated the exposure-response effects 

of PM emissions on hospitalizations for MDs, a generalized additive model (GAM) 

was employed. PM contamination has been shown to be strongly linked to hospital 

admissions for general and particular MDs. At the cumulative lag03 day, every 10 

μg/m3 rise in PM2.5 concentrations ( ≤ 2.5 μm) will be responsible for 6.38% (95%CI: 

4.79–7.97%) rises in regular hospital admissions for MDs, respectively. It is noted 

that males and individuals over 45 years had stronger associations in cool seasons (P. 

Zhang & Zhou, 2020). 
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Chapter III: Methodology 

3.1 Research design  

          The research was conducted using a time-series regression analysis. The data on 

hospital admission related to mental and behavioral disorders will be obtained from 

the Ho Chi Minh City Mental health hospital. In this study, the study period is June 

2019 to December 2020 which corresponds to the air pollution data from monitoring 

stations that started to collect in June 2019. 

3.2 Study area  

This study was carried out in HCMC, the South of Vietnam, which possesses a 

tropical climate. The total region of the city is 2095 km2, comprising 19 urban and 5 

suburbans which have a population of 8.993.082 people in 2019 (General Statistic 

Office, 2019b). The city has a hot and humid climate year-round, with a high mean 

temperature of 28°C. The climate has two major seasons, the rainy season (May to 

October) and the dry season (November to April the next year). 

 

                             Ho Chi Minh City Map  
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3.3 Study population 

Hospitalized patients who were diagnosed with mental and behavioral disorders 

in HCMC. 

3.4 Sampling technique  

The hospital admission data obtained from HCMC Mental Health Hospital, 

including the total number of inpatient hospitalizations due to MBDs. HCMC Mental 

Health Hospital is one of the biggest hospitals in the Southern of Vietnam that 

specialized in mental illness. This hospital has two separate inpatient departments for 

men and women with a total of 100 beds. 

Inclusion criteria 

Data of patients hospitalized for mental and behavioral disorders at HCMC 

Mental Hospital from June 2019 to December 2020, including F00-F99. 

Exclusion criteria  

Patient with incomplete address information or the address not located in 

HCMC. 

3.5 Sample and sample size 

All hospitalizations for mental and behavioral issues at the HCMC Mental 

Health Hospital from June 1st, 2019 to December 31st, 2020. 

3.6 Data collection 

3.6.1 Hospital admission data   

This study using secondary data from the hospital record. 

The variables related to the patient admission including: final diagnosis with 

ICD-10, admission date, discharge date, age, sex, permanent address of the patient 

from June 2019 to December 2020 extracted from the electronic medical records of 

the Mental Hospital in HCMC. 

We obtained permission from Ho Chi Minh City Mental health hospital to use 

medical records in this study. 

3.6.2 Air pollution data 

The PM2.5 data we collected from 31 monitoring stations (PAS-OA318) located 

in Ho Chi Minh City. These monitoring stations were organized and maintained by 

PAM Air as a D&L Technology Integration and Consultancy Joint Stock Company 

project, providing real-time air quality developments and air pollution warnings in 
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Vietnam. The average concentrations daily were then calculated from hourly values 

with a 50% completeness criterion. It means that if less than 12 hours of concentration 

data were available per day, then the average each day was assigned as ‘missing’. 

Missing values were substituted with the average of one datum before the missing 

value and one datum after the missing value using the mean-before-after method 

(Norazian, Shukri, Azam, & Bakri, 2008). 

 

 

31 monitoring stations in HCMC (PAM Air Company) 

 

Daily average temperature and relative humidity data in the same period were 

extracted from the 31 monitoring stations (PAS-OA318). The stations are located on 

major roads and densely populated areas. 

The physical sensor with code is PAS - OA 318 manufactured by PAM Air. 
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- Device uses Light Scattering technology to measure the concentration of 

PM2.5. 

- Device measures every 5 minutes for indicators: PM2.5, temperature and 

humidity. 

- Equipment is directly installed, operated and maintained by engineers. 

- Equipment is calibrated before shipped and once every 3 months during 

operation. 

- PM2.5 measured concentrations will be converted to Air Quality Index (AQI) 

according to the US Consulate's "NowCast" hourly AQI calculation method. 

 

 

Measuring range 

Temperature  0 - 65oC 

Relative humidity 0 - 100% 

PM2.5 0 - 999 μg/m3 

3.7 Data analysis   

3.7.1 Descriptive Statistics 

Quantitative variables (PM2.5, temperature and humidity) report mean, standard 

deviation, minimum, maximum, and percentile of 25%, 50%, 75%. 

Describe the distribution of variables that have changed over the study period. 

Describe seasonal variation of the variables study period. 

3.7.2 Statistical analysis 

A quasi-Poisson time series regression model was used to determine the 

association between daily hospital admission for MBDS and ambient particulate 

matter pollution. In which the dependent variable is the number of daily admissions 

due to MBDs. The independent variable is the average daily PM2.5 concentration. We 

sub-analyzed the risk following the groups, including ICD10 code, sex, age and 

season groups.  
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A flexible spline function of time with 7 degrees of freedom per year was used 

to control seasonal and long-term trends (Bhaskaran, Gasparrini, Hajat, Smeeth, & 

Armstrong, 2013). At the same time, to estimate the delayed effect, we examined the 

association when lag terms were modelled one at a time (from lag 0 to lag 7) as 

shown in the equation.  

We used the natural smooth functions of the mean temperature (6, df) and 

relative humidity (3, df) in order to control for the nonlinear confounding effects (J. 

Song et al., 2018). We also have integrated day of week into the model as dummy 

variable.  

Hospital admission data for MBDs were extracted for 2 disease groups of 

Schizophrenia (F20) and Mood disorder (F30-F39). In addition, a sensitivity analysis 

was conducted to check for the model. We used a time-stratified model with a stratum 

for each month nested in year as an alternative seasonality and long-term trend 

control. 

We select the most optimal model based on the Q-AIC criterion (Akaike 

Information Criterion). The best model is the one with the smallest Q-AIC value 

(ScienceDirect, 2020). The model parameters are described in detail below:  

Yt~Quasi-Poisson (μt) 

Log (E(Yt)) = α + β*Zt +  ns (timet, df) + ns (tempt, 6) + ns (rht, 3) + DOW   

Where 

α is the intercept 

E(Yt) is the number of daily cases due to MBDs, obeying quasi-Poisson 

distribution for each day t 

β represents the log-related rate of MBDs admission rate associated with a unit 

(per 10 μg/m3) increase of PM2.5 

Zt: indicates the daily mean concentration of PM2.5 at day t 

ns (timet, df) is the natural spline function for calendar time 

ns (tempt, 6); ns (rht, 3) are the natural spline function for temperature and 

humidity at day t 

DOW is the categorical day of the week with a reference day of Sunday 

All statistical analysis will be performed using R 4.0.5 
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3.8 Ethical consideration 

The study was only carried out by collecting secondary data (the number of 

daily hospitalizations due to mental illness) and not collecting patient names, so it 

should ensure confidentiality for study participants.  

Exemption for Ethics Review consideration for this study was approved by the 

Ethics Review Committee of Chulalongkorn University, as attached in Appendix. 

3.9 Expect benefit of study 

   This study will be the first study to determine the relationship between PM2.5 and 

hospitalization rates due to mental illness in Ho Chi Minh City. Study results will 

offer more evidence about the impacts of PM2.5 on people's health. 
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Chapter IV: Results 

From 4,544 cases collected from the hospital's electronic medical records, 

based on the inclusion and exclusion criteria, the final sample size we used to analyze 

for hospital admission was 3,513 cases. 

4.1 Descriptive statistics 

4.1.1  Characteristics of hospital admissions due to MBDs, PM2.5 and weather 

condition in Ho Chi Minh City 

During the study period from June 2019 to the end of 2020, the total hospital 

admissions for MBDs was 3,513 at HCMC mental health hospital. In which, nearly 

half of the hospitalized cases were diagnosed with the code F20 (Schizophrenia), 

accounting for 49.1%, which was more than four times that of F30-F39 (Mood 

disorders), (1,724 and 447, respectively). The number of MBDs admissions of males 

was nearly twice of females (2,253 and 1,260 admissions, respectively). There were 

more admissions for the younger age group ≤ 44 year old than the middle age group 

of 45-59 years old and the elderly age group ≥ 60 year old (2,174; 1,052 and 287, 

respectively). 

At the same time, the higher number of hospitalizations during the wet season 

(May to October) accounted for 61.3%, which was 1.5 times compared to the dry 

season (November to April). 

Table 1. Characteristics of hospitalizations for mental disorders in HCMC Mental 

Health Hospital, Vietnam, from June 2019 to December 2020 (n = 3,513) 

Variable Frequency (n) Percent (%) 

Total number of admissions 3,513 100 

   Schizophrenia (F20) 1,724 49.1 

Mood disorders (F30-F39)   447 12.7 

   Others  1,342 38.2 

Sex   

    Male  2,253 64.1 
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Variable Frequency (n) Percent (%) 

    Female  1,260 35.9 

Age groups (15-76)   

    ≤ 44 year old 2,174 61.9 

    45 - 59 years old 1,052 29.9 

    ≥ 60 year old    287   8.2 

Season*   

   Dry season 1,360 38.7 

   Wet season 2,153 61.3 

*Wet season: from May to October; Dry season: from November to April. 

 

 

The daily mean all-cause hospitalization was 6.1, ranging from 0 to 14. The 

daily mean of Schizophrenia (F20) was the highest, and the group of Mood disorder 

(F30-F39) accounted for the lowest, (mean, 3.0 and 0.8 admissions/day, respectively). 

The number of male patients hospitalized was higher than that of female patients (2.2 

vs 1.6). In addition, hospitalized patients who less than 45 year old have the highest 

number of cases. 

In terms of climatic conditions, the average daily temperature during the study 

period ranged from 24.1°C to 33.2 °C (mean = 29.6 °C). The average daily humidity 

ranged from 50.0% to 88.4% (mean, 68.8%). 

The daily levels of PM2.5 ranged from 8.7 to 66.0 μg/m3 with a mean (annual 

average concentration) of 25.6  μg/m3, which slightly exceeded the national standard 

of Vietnam (25 μg/m3) and was nearly 2.5 times the WHO air quality guideline value 

for annual average PM2.5 (10 μg/m3) (Minister of Natural Resources and Environment 

of The Socialist Republic of Vietnam, 2013; WHO, 2005) . During the study period, 

the daily averages of PM2.5 exceeded the Vietnamese national standard (50 μg/m3 for 

24-h average) on only 6 days (1.0% of) but exceeded the WHO guideline (25 μg/m3 

for 24-h average) on 145 days (25% of the study period). 
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Table 2. Summary statistics of PM2.5 and meteorological variables in HCMC Mental 

Health Hospital, Vietnam, from June 2019 to December 2020  

 
Mean (SD) Min 

Frequency distribution 
Max 

 25th 50th 75th 

Hospital admissions for MBDs (total and by groups)      

All cases 6.1 (3.0) 0 4 6 8 14 

    Schizophrenia (F20) 3.0 (2.0) 0 2 3 4 10 

    Mood disorder (F30 – F39) 0.8 (0.9) 0 0 1 1 4 

Sex       

   Male  3.9 (2.2) 0 2 4 5 11 

   Female  2.2 (1.6) 0 1 2 3 8 

Age groups       

    ≤ 44 year old 3.7 (2.1) 0 2 4 5 11 

    45 - 59 years old 1.8 (1.5) 0 1 2 3 9 

    ≥ 60 year old 0.5 (0.7) 0 0 0 1 3 

Meteorology       

Temperature (oC)   29.6 (1.4) 24.1 28.7 29.6 30.5 33.2 

Relative humidity (%) 68.8 (7.3) 50.0 63.8 68.4 73.5 88.4 

PM2.5 (μg/m3) 25.6 (8.5) 8.7 20.8 24.8 29.9 66.0 

 Number of day of PM2.5 

exceed of standard level 
(n) (%) 

QCVN 05:2013* 50 μg/m3 24-hour (day) 6 1.0 

WHO (World Health Organization, 2005) 25 μg/m3 24- hour (day) 145 25.0 

*National Technical Regulation on Ambient Air Quality (Vietnam) 

 

 

4.1.2  Distribution of hospital admissions due to MBDs and PM2.5 

concentrations over time in 2019 – 2020 

Overall, the number of hospital admissions seems to be cyclical to change 

every three months. The number of hospital admissions increased in the first three 

months of the year and then decreased in the next three months, then continues to 

increased in the next three months and decreased in the last three months of the year. 

In addition, the daily hospital admissions were lowest in April 2020 (115 cases and 
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mean, 3.8 admissions/day). Meanwhile, the concentration of PM2.5 increased from the 

middle to the end of the year and decreased in the first 6 months. There was a spike in 

the concentration of PM2.5 around a few days of the end of December 2020 (from 16.8 

to 66 μg/m3) . 

 

  

Figure 1. Distributions of daily hospital admissions for MBDs and daily mean 

concentration of PM2.5 (μg/m3) in Ho Chi Minh city during the study period  (Jun 

2019 – Dec 2020) 

 

 

The number of hospital admissions fluctuated around an average of about 6 

admissions/day throughout the months. The daily hospital admissions was decreased 

to the lowest in April at 3.8 admissions/day. Meanwhile, the concentration of PM2.5 

increased from the end of the year (November) to the beginning of the upcoming year 

(February), with the highest average concentration was 33.7 (μg/m3) in November and 

the lowest average was 18.9 (μg/m3) in August. 
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Figure 2. Daily hospital admissions and mean concentration of PM2.5 in each month in 

HCMC (Jun 2019 – Dec 2020) 

 

 

The average number of hospital admissions per day in the wet season was 

higher than in the dry season (6.4 vs 5.6 admissions/day, respectively). In addition, 

the seasonal distribution of PM2.5 is different from the mean hospital admission data. 

In the wet season, the average daily PM2.5 concentration was 22.3 μg/m3 that low than 

the average daily concentration in the dry season with 30.0 μg/m3. In addition, the 

average of hospital admissions and that of PM2.5 between 2 seasons, were statistically 

significant differences (t-test, p <0.01). 

 

Figure 3. Daily hospital admissions and mean concentration of PM2.5 in each season 

in HCMC (Jun 2019 – Dec 2020) 
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4.2  The correlation between MBDs hospitalization and potential predictor 

variables 

Considering the correlation between variables with hospital admission. There 

was variable PM2.5 concentration was a weak negative correlation with hospital 

admission. Temperature and relative humidity has a weak positive correlation, but all 

these results were not statistically significant with the hospitalization due to MBDs. 

 

Figure 4. Spearman correlation coefficient between multiple variables 

 

 

4.3 Association between PM2.5 and hospital admissions for total MBDs, 

Schizophrenia and Mood disorder 

 Overall, the association between PM2.5 and admission for MBDs (Total, 

Schizophrenia and Mood disorder) after seven days of exposure were not observed. 

For single lag effects, every 10 μg/m3 of PM2.5 increased, the risk of hospital 

admission for Mood disorder increased with RR = 1.05 (95%CI: 0.89-1.23) at lag 7, 

but this association is not statistically significant.  
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Table 3. Association between PM2.5 and hospital admissions for MBDs 

 

Lag (days) Total MBDs Schizophrenia Mood disorder 

Lag 0 1.00 (0.94-1.06) 1.01 (0.93-1.10) 0.99 (0.84-1.17) 

Lag 1 1.00 (0.95-1.07) 1.00 (0.91-1.08) 0.97 (0.82-1.14) 

Lag 2 0.98 (0.93-1.05) 1.00 (0.92-1.09) 0.93 (0.79-1.10) 

Lag 3 1.00 (0.94-1.06) 0.99 (0.91-1.08) 0.93 (0.79-1.10) 

Lag 4 1.01 (0.95-1.07) 0.97 (0.89-1.06) 1.02 (0.87-1.20) 

Lag 5 0.98 (0.93-1.04) 0.99 (0.91-1.07) 0.94 (0.79-1.10) 

Lag 6 0.98 (0.92-1.04) 0.99 (0.91-1.07) 0.94 (0.80-1.10) 

Lag 7 1.01 (0.96-1.08) 1.00 (0.91-1.08) 1.05 (0.89-1.23) 

 

4.4 Association between PM2.5  and hospital admissions for MBDs by sex 

  In both models, when considering the day-to-day and the all lagged effect 

modeled together, the association for the male and female groups at any lag and any 

groups (total MBDs, Schizophrenia and Mood disorder) were not observed. However, 

it can be seen that the delayed effects of the female were all positive associations 

(from lag 0 to lag 7) in total MBDs. 

Table 4. Association between PM2.5  and hospital admissions for MBDs by sex  
 

Single lag effects Sex 

 Male Female 

Total   

Lag 0 0.97 (0.90-1.04) 1.06 (0.96-1.16) 

Lag 1 0.98 (0.91-1.05) 1.05 (0.96-1.16) 

Lag 2 0.97 (0.90-1.05) 1.01 (0.91-1.11) 

Lag 3 0.99 (0.92-1.07) 1.00 (0.91-1.10) 

Lag 4 1.01 (0.94-1.09) 1.00 (0.91-1.10) 

Lag 5 0.97 (0.90-1.05) 1.00 (0.91-1.11) 

Lag 6 0.96 (0.89-1.03) 1.03 (0.93-1.13) 

Lag 7 1.02 (0.95-1.10) 1.01 (0.91-1.11) 

Schizophrenia   

Lag 0 0.98 (0.88-1.10) 1.06 (0.94-1.20) 
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Single lag effects Sex 

 Male Female 

Lag 1 0.95 (0.85-1.06) 1.06 (0.94-1.20) 

Lag 2 1.00 (0.90-1.12) 1.01 (0.89-1.15) 

Lag 3 1.04 (0.93-1.15) 0.94 (0.83-1.07) 

Lag 4 1.00 (0.90-1.10) 0.94 (0.83-1.07) 

Lag 5 1.02 (0.91-1.13) 0.95 (0.83-1.08) 

Lag 6 0.96 (0.86-1.07) 1.03 (0.91-1.17) 

Lag 7 1.03 (0.92-1.14) 0.95 (0.84-1.08) 

Mood disorder   

Lag 0 0.88 (0.68-1.14) 1.06 (0.85-1.32) 

Lag 1 1.05 (0.82-1.34) 0.90 (0.72-1.13) 

Lag 2 1.11 (0.87-1.41) 0.79 (0.62-1.01) 

Lag 3 0.92 (0.71-1.19) 0.94 (0.75-1.18) 

Lag 4 1.03 (0.81-1.31) 1.02 (0.82-1.26) 

Lag 5 0.77 (0.60-1.00) 1.06 (0.85-1.32) 

Lag 6 0.91 (0.71-1.17) 0.96 (0.77-1.20) 

Lag 7 1.04 (0.82-1.32) 1.04 (0.84-1.29) 

 

 

4.5 Association between PM2.5  and hospital admissions for MBDs by age group 

  No statistically significant associations were found between the PM2.5 and ≤ 

44 year old groups for total MBDs, Schizophrenia and Mood disorder from lag 0 to 

lag 7.  

Among 45 – 59 years old group, except for lag 1, there were all negative 

associations between PM2.5 and total MBDs and Schizophrenia. In which especially, 

the highest RR for each 10 μg/m3 increase in PM2.5 was 1.15 (95%CI: (0.88-1.51) at 

lag 3 for Mood disorder. However, these associations were not statistically significant.  

In contrast, positive associations between PM2.5 and hospital admissions for 

total MBDs and Schizophrenia were found for ≥ 60 year old at lag 7, RR for each 10 

μg/m3 increase in PM2.5 were 1.25 (95%CI: 1.03-1.52) and 1.45 (95%CI: 1.12-1.89), 

respectively.  
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Table 5. Association between PM2.5  and hospital admissions for MBDs by age group  
 

Single lag effects Age group 

 ≤ 44 year old 45 – 59 years old ≥ 60 year old 

Total    

Lag 0 1.00 (0.93-1.08) 0.98 (0.88-1.10) 1.03 (0.84-1.27) 

Lag 1 0.99 (0.92-1.06) 1.03 (0.93-1.14) 1.06 (0.86-1.29) 

Lag 2 1.00 (0.93-1.08) 0.96 (0.86-1.07) 0.93 (0.75-1.15) 

Lag 3 1.01 (0.94-1.08) 0.96 (0.86-1.07) 1.04 (0.86-1.27) 

Lag 4 1.01 (0.94-1.09) 0.98 (0.89-1.09) 1.04 (0.86-1.26) 

Lag 5 0.97 (0.90-1.04) 0.99 (0.89-1.10) 1.06 (0.87-1.29) 

Lag 6 0.97 (0.90-1.04) 0.98 (0.88-1.10) 1.11 (0.91-1.36) 

Lag 7 1.02 (0.94-1.09) 0.96 (0.86-1.07) 1.25 (1.03-1.52)* 

Schizophrenia    

Lag 0 1.02 (0.92-1.14) 0.95 (0.83-1.10) 1.11 (0.85-1.45) 

Lag 1 0.98 (0.88-1.10) 1.02 (0.89-1.16) 0.96 (0.72-1.28) 

Lag 2 1.04 (0.93-1.16) 0.99 (0.86-1.14) 0.83 (0.62-1.12) 

Lag 3 1.05 (0.94-1.17) 0.92 (0.80-1.06) 0.94 (0.73-1.23) 

Lag 4 0.98 (0.87-1.09) 0.94 (0.82-1.07) 1.03 (0.80-1.33) 

Lag 5 0.98 (0.87-1.09) 0.95 (0.83-1.09) 1.15 (0.88-1.50) 

Lag 6 0.98 (0.87-1.10) 0.95 (0.82-1.09) 1.20 (0.92-1.57) 

Lag 7 0.95 (0.85-1.07) 0.96 (0.83-1.10) 1.45 (1.12-1.89)* 

Mood disorder    

Lag 0 1.02 (0.82-1.26) 1.03 (0.76-1.39) 0.67 (0.36-1.23) 

Lag 1 0.95 (0.77-1.18) 0.94 (0.71-1.25) 1.10 (0.68-1.77) 

Lag 2 0.93 (0.75-1.16) 0.92 (0.68-1.23) 0.90 (0.52-1.57) 

Lag 3 0.81 (0.64-1.02) 1.15 (0.88-1.51) 0.95 (0.55-1.65) 

Lag 4 1.05 (0.86-1.28) 0.98 (0.74-1.31) 0.84 (0.45-1.56) 

Lag 5 0.80 (0.63-1.00) 1.14 (0.88-1.47) 0.91 (0.52-1.58) 

Lag 6 0.86 (0.69-1.08) 1.00 (0.76-1.33) 1.05 (0.61-1.79) 

Lag 7 1.09 (0.88-1.35) 1.06 (0.82-1.38) 0.70 (0.37-1.34) 

      *p < 0.05 
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4.7 Association between PM2.5  and hospital admissions for MBDs by season  

Among Mood disorder, negative association was observed between PM2.5 and 

hospitalization at lag 1 with RR = 0.78 (95%CI = 0.65-0.94) in the dry season. While 

in the wet season, significant positive association was observed in the same lag with 

RR = 1.23 (95%CI = 1.04-1.47). 

For total MBDs admission, significant association was found at lag 7 with RR 

= 1.10 (95%CI: 1.02-1.18) in wet season. Similarly, the concentration of PM2.5 

positively associated with the hospitalizations for Schizophrenia at lag 7 (RR = 1.14, 

95%CI: 1.00-1.29, p = 0.04), but no significant association was observed between 

PM2.5 and hospitalization in dry season. 

Table 6. Association between PM2.5  and hospital admissions for MBDs by season  
 

Single lag effects Season 

 Dry Wet 

Total   

Lag 0 0.98 (0.92-1.05) 1.02 (0.95-1.10) 

Lag 1 0.97 (0.92-1.03) 1.01 (0.94-1.10) 

Lag 2 0.97 (0.91-1.04) 0.98 (0.91-1.06) 

Lag 3 1.02 (0.96-1.09) 0.96 (0.89-1.04) 

Lag 4 1.04 (0.98-1.10) 1.00 (0.93-1.08) 

Lag 5 1.00 (0.94-1.06) 0.97 (0.90-1.05) 

Lag 6 0.97 (0.91-1.03) 0.98 (0.91-1.06) 

Lag 7 0.95 (0.90-1.01) 1.10 (1.02-1.18)* 

Schizophrenia   

Lag 0 1.08 (0.96-1.22) 0.97 (0.85-1.11) 

Lag 1 0.96 (0.85-1.09) 0.98 (0.86-1.13) 

Lag 2 1.00 (0.88-1.14) 1.01 (0.88-1.15) 

Lag 3 1.06 (0.93-1.21) 0.94 (0.82-1.07) 

Lag 4 1.04 (0.92-1.17) 0.92 (0.80-1.06) 

Lag 5 0.99 (0.87-1.12) 0.97 (0.85-1.11) 

Lag 6 0.98 (0.86-1.12) 0.99 (0.87-1.13) 

Lag 7 0.92 (0.81-1.05) 1.14 (1.00-1.29)* 
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Single lag effects Season 

 Dry Wet 

Mood disorder   

Lag 0 0.93 (0.77-1.11) 1.12 (0.94-1.35) 

Lag 1 0.78 (0.65-0.94)* 1.23 (1.04-1.47)* 

Lag 2 0.85 (0.71-1.02) 1.07 (0.89-1.28) 

Lag 3 1.01 (0.85-1.20) 0.92 (0.76-1.12) 

Lag 4 1.10 (0.93-1.31) 1.05 (0.87-1.26) 

Lag 5 1.08 (0.92-1.26) 0.83 (0.69-1.01) 

Lag 6 0.96 (0.82-1.13) 0.86 (0.72-1.04) 

Lag 7 0.92 (0.78-1.09) 1.19 (1.00-1.42) 

    *p < 0.05 

 

 

4.8 Overall lag effect of PM2.5 on hospital admissions for MBDs  

Overall, the associations varied by ICD groups, sex age groups and season for 

the PM2.5 effects were insignificant. Among sex groups, insignificant positive 

associations were found in female patients. In the age-specific analysis, the 

associations were more prominent among patients who were older than 60 years than 

among those who were in the younger age groups, but this association is not 

statistically significant.  

In the wet season, although not statistically significant, our study revealed that 

the cumulative lag effect during this period was higher than in the dry season 

(RR=1.04 vs RR=0.92, respectively). 
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Table 7. Overall lag effect of 7 days of PM2.5 and hospital admissions for total MBDs 

(Spline function model) 
 

 Overall cumulative lag effect 

 RR 95% CI 

Total 0.99 0.89 - 1.11 

 Schizophrenia (F20) 0.99 0.84 - 1.16 

 Mood disorder (F30 – F39) 0.89 0.66 - 1.21 

Sex 

 Male 0.95 0.83 - 1.09 

 Female 1.07 0.89 - 1.29 

Age groups  

 ≤ 44 

 

 

 year old 

0.99 0.86 - 1.13 

 45 - 59 years old 0.96 0.79 - 1.17 

 ≥ 60 year old 1.12 0.77 - 1.62 

Season 

 Dry 0.92 0.81 - 1.04 

 Wet 1.04 0.88 - 1.23 

 

 

 

4.9 Sensitivity analysis 

  We performed sensitivity analyzes to check the reliability of the model. To 

control for seasonality and long-term trends, we have changed the functions of time is 

fitted as part of the regression model (Time stratified model and Flexible spline 

functions). Regarding temperature and relative humidity were changed the procedure 

to generate a basis matrix in the model by cross-basis matrices with strata defined by 

internal cut-offs or natural cubic spline (B-spline).  

 Other sensitivity analyzes conducted in this study did not show any notable 

changes in the results. The Q-AIC value results show that our main model is the most 

optimal (Q-AIC value = 2726.113). 
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Table 8. Q-AIC values of different models 
 

Alternative models Q-AIC value 

Main model (Lag terms were modelled one at a time) 2726.113 

Time – stratified model (Model 1) 2729.28 

Spline function model and cross-basis matrices with strata defined by 

internal cut – offs for temperature and relative humidity  (Model 2) 
2845.918 
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Chapter V: Discussion 

In recent years, epidemiological and animal toxicology studies reported 

several constituents of air pollution might have the adverse impacts on central nervous 

system. Many studies have shown that air pollution has detrimental health impacts, 

however, most of them have concentrated on physical disease, with only a handful 

studying the impact of air pollution on mental health. This research adds to our 

understanding of how air pollution affects our health, especially about mental health. 

Our study showed that the city wide daily mean concentrations of PM2.5 were 25.6 

µg/m3. These values were exceed 24-hour mean concentrations for PM2.5 

recommended by WHO Air quality guidelines (AQGs), which is 25 µg/m3 (WHO, 

2005). 

5.1 Association between PM2.5  and hospital admissions for MBDs by sex 

Contrary to expectations, this study did not find a significant association 

between sex and hospitalizations for mental disorders. This finding contradicts the 

observations of Gao et al. (2017) who found that PM2.5 is substantially linked to 

female for schizophrenia admissions on lag06 (Gao et al., 2017). 

Although not statistically significant, our study showed that the cumulative lag 

effect in females was higher than in males (RR=1.07 vs RR=0.95, respectively). 

Analyzing of individual characteristics to air pollutantion exposure are also useful to 

investigate the mechanism of effects from air pollutants. A demonstrated that 

nonsmokers were more sensitive to air pollution than smokers (Cakmak, Dales, & 

Judek, 2006). Oxidative and inflammatory effects of smoking might play rather vital 

roles in the health effects of air pollutants to the extent that they dominate the clinical 

endpoints. Besides, airway reactivity is slightly greater in females than in males 

(Yunginger et al., 1992). Therefore, concentration-response relations might be 

detected more easily in females than in males. However, according to evidence from 

animal and human research, males may be more susceptible to air pollution 

neurotoxicity than females (Costa et al., 2014; Sunyer et al., 2015). We cannot 

exclude the possibility that some other subtypes of MBDs, which were not examined 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

39 

in the current study, may be significantly associated with air pollution exposure. 

However, the low frequency of visits might have influenced the ability to detect the 

association. There were many other factors that could bring about MBDs, such as 

living and working pressure, individual characters, and genetic factors. Therefore, the 

reasons for the sex-specific observations are not yet completely clear and deserve 

further investigation. 

5.2 Association between PM2.5  and hospital admissions for MBDs by age group 

Age is an important element that can influence mental and neurological 

functioning in humans. In this study, we observed that PM2.5 had a detrimental effect 

on the elderly at lag 7 in single lag effects, RR for each 10 μg/m3 increase in PM2.5 

were 1.25 (95%CI: 1.03-1.52). Our finding was generally consistent with previous 

studies, although not all results reported the associations of the same pollutants on the 

same specific subtypes of MBDs. This result is similar to many studies reported 

previously. A study conducted in the United States revealed that older persons living 

in locations with higher PM2.5 concentrations had poorer cognitive performance 

(Ailshire & Crimmins, 2014). This also accords with earlier observations of Jie Song 

et al. (2018), which showed that the association between PM2.5 and the group of 45 

years and older is more prominent than the other groups (J. Song et al., 2018). 

Although considering other pollutants, a study in Seoul, Korea reported that an 

increase in PM10, NO2, and O3 can increase depressive symptoms in the elderly (Y.-H. 

Lim et al., 2012). However, the association between ambient air pollution (PM10 and 

PM2.5), age and cognitive function as well as depressive symptoms was differently 

reported in other studies (Ranft, Schikowski, Sugiri, Krutmann, & Krämer, 2009; Y. 

Wang et al., 2014) .  

Another important finding is that the elderly with schizophrenia are 

susceptible to PM2.5. RR for each 10 μg/m3 increase in PM2.5 was 1.45 (95%CI: (1.12-

1.89) at lag 7 in single lag effects. This finding is comparable with a study in China 

(2017) which also found that the every 10 µg/m3 of PM2.5 increase was associated 

with a 1.00% increase in schizophrenia admissions at 0–6 cumulative lag days (Gao et 

al., 2017). Similarly, a study in Japan also indicated that OR associated with 
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significantly increased PM2.5 levels for schizophrenic patients over 65 years old 

(Eguchi et al., 2018). These associations were potential explained by the 

characteristics of ambient particulate matters. A study indicated that biological 

components of PM such as endotoxins, mold, and pollen were associated with 

neurodevelopmental disorders (e.g., schizophrenia, autism, mental retardation) and 

neurodegenerative diseases. These biological components may play roles in infection 

and affect the host neuro system (Meyer, Feldon, & Fatemi, 2009). Another possible 

reason was the characteristic of the elderly. Aging results in the chronic inflammatory 

status known as ‘inflamm-aging’, which is clearly associated with deterioration of 

immune function, called ‘immunosenescence’ (Bulati, Caruso, & Colonna-Romano, 

2017). On the basis of Block’s hypothesis that increased cytokine expression, 

oxidative stress, and activation of microglia affect brain function, the symptoms of 

schizophrenia may be exacerbated as a result of the deterioration of the function of the 

immune system associated with aging (Block et al., 2012). However, a report by 

Sarnat et al. (2001) had shown that ambient concentrations of gaseous air pollutants 

cannot be considered as surrogates for their respective personal exposures without 

site-specific evidence to support that assumption (Sarnat, Schwartz, Catalano, & Suh, 

2001). Therefore, future studies should considered more potential associate factors 

such as residential address, household characteristics (e.g., indoor ventilation, indoor 

air quality), and time spent outdoor. 

5.3 Association between PM2.5  and hospital admissions for MBDs by season 

In this study, we found a significant association between the number of 

hospital admissions for all mental illnesses at lag 7 with RR = 1.10 (95% CI: 1.02–

1.18) in the wet season. Especially for disease subgroups, significant associations 

were found between PM2.5 and hospitalization for schizophrenia at lag 7 (1.14, 

95%CI: 1.00 - 1.29, p = 0.04). According to the admission trend, it is clear that the 

hospital admissions tended to be higher in the wet season (from May to October) 

compared to that of dry season (from November to April). Similar finding was 

reported by Gao et al. (2017) who also indicated that during the warm period (from 

May to October), PM10 increased 1.94%  risk of schizophrenia admissions at lag 6. 

However, the association of MBDs and PM2.5 in different season were still 
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inconsistent among studies (Gao et al., 2017; J. Song et al., 2018; Tong, Li, & Zhou, 

2016). This complex association might be related to PM concentrations which are 

influenced by meteorological conditions and consequently affect humans’ health 

differently. 

Our results revealed a notably finding that the dry season (November to April) 

had a negative association between PM2.5 and total hospitalizations considered single 

lag effects at lag 1 RR = 0.78 (95%CI = 0.65-0.94). This association may result from 

the small sample size might have limited the power of the statistics. Furthermore, 

sociodemographic factors such as economic status, socioeconomic, lifestyle, 

household and neighborhood characteristics may altered the actual association 

(Jacobson, James, & C.Schwertman, 2009). Moreover, people may have more outdoor 

activities in the dry season than in the wet season. Being more active is probably less 

of a risk for mental health-related illnesses. In addition, these differences may be due 

to the complex constituents of the particulate matter, climatic conditions, and 

exposure patterns in different regions. Therefore, the precise seasonal patterns are yet 

unknown and need to be investigated further.  

5.4 Limitation and Strength 

5.4.1  Limitation 

Our study had some limitations. Firstly, the inconsistent results regarding the 

association between PM2.5 and hospitalizations for MBDs may be due to potential 

confounding factors that we could not control for in this study. For example, 

socioeconomic conditions, personal behaviors such as smoking, housing conditions 

with high exposure to PM2.5. Secondly, in the present study only measured outdoor 

pollution, and that may not be representative of total individual exposures, since 

exposure to pollution may occur in other surroundings such as in workplace or at 

home. Furthermore, due to data on hospital admissions in some other mental and 

behavioral disorders the small size of the groups, we could not do a comprehensive 

analysis of all groups. For credible precision and power, it needs thousands of 

observation days with an average of tens of events per day. Another limitation was the 

prior scheduled hospital admission for mental and behavioral illnesses. It may 
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influenced the number of daily admissions. However, this information could not be 

obtained due to the privacy and security reason. Therefore, we cannot exclude those 

patients who admitted due to the prior scheduled out from the daily case number.   

Finally, it should be noted that using this time series association analysis was 

only able to demonstrated the association between exposure and the number of MBDs 

admission. We cannot demonstrate the causal relationship of the exposure and 

outcome, but these association may suggest a trigger for emergency admissions for 

MBDs. 

5.4.2  Strength 

We used PM2.5 data as well as weather data (temperature, humidity) from 

PAM Air as a D&L Technology Integration and Consultancy Joint Stock Company. 

Data was collected from 31 monitoring stations dispersed over 17 districts in In Ho 

Chi Minh City, this allows for a better assessment of air pollution exposure than from 

a single observation station - especially for spatially heterogeneous pollutants such as 

PM2.5. Moreover, To our knowledge, this is the first study in Vietnam to examine into 

the association between PM2.5 and mental health hospitalizations. 

5.5 Conclusion 

The present study provided evidence that the daily hospital admission for 

MBDs and schizophrenia among the elderly in the most populous city of Vietnam 

were significantly associated with the concentration of PM2.5 measured in the city. 

During the study period, each 10 μg/m3 increase in PM2.5 heightened the risk of 

hospital admission for MBDs and schizophrenia significantly in the elderly at lag 7 

[1.25 (95%CI: 1.03-1.52), 1.45 (95%CI: 1.12-1.89], respectively. Moreover, seasons 

had a significant effect on how PM2.5 impacts mental disorders. There is a need for 

intervention to control the high level of ambient air pollution in the city to protect the 

population's health in Vietnam. 
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5.6 Recommendation 

Our findings have provided evidence for should have guidelines to prevent 

and minimize the adverse health effects of air pollution on the elderly, such as placing 

devices to measure indoor air pollution concentrations. 

Also, thorough epidemiological, mechanistic and translational studies to 

identify how air pollution impacts mental health with the goal of eventual intervention 

and prevention of mental disease are greatly needed. 

Analyzing of individuals characteristics which  related  to air pollution 

exposure are also useful to investigate the mechanism of effects from air pollutants. 
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