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4. Thesis Abstract 

 

Introduction: Air pollution monitoring of hazardous pollutants such as CO (Carbon 

Monoxide) and PM (Particulate Matter) are important for assessing whether air pollution 

thresholds are not exceeded in the environment. There is sparce data that has been collected 

in the African region for air pollution monitoring. In this study PM and CO are measured. Air 

pollution in pregnancy is associated with poor lung function in infants, in later life. The 

overall aim of this dissertation is to investigate air pollution exposure during pregnancy 

among rural Ugandan women. 

 

Methods: This mini-dissertation covers two components; the research protocol (Part A) and a 

manuscript section (Part B). We measured the CO and PM 2.5 levels in the study location of 

the Kyamulibwa Health Demographic Surveillance Site (HDSS), with a total population size 

of 22,000. Our study population were pregnant women. Household energy use was measured 

using personal monitoring tools. The Dylos tool was used to measure PM 2.5 in the 

households, while the Lascar tool was used to measure CO once a week at two different 

points at the HDSS. Boxplots were used to compare the relationship between air pollution 

exposures (CO and PM 2.5) and respiratory symptoms. Boxplots were further used to 

compare the relationship between air pollution exposure and infant birth weight. 

Furthermore, logistic regression models were used to show associations between air pollution 

exposure levels and infant birth weight as well as respiratory symptoms respectively. 

 

Results: The boxplots and regression models showing the relationship between air pollution 

exposure and respiratory symptoms suggest that mothers who presented no respiratory 

symptoms had lower levels of air pollution exposure compared to mothers who presented one 

or more symptoms. The boxplots and regression models also showed that air pollution 

exposure may not be a factor in low birthweight. Infants with low birth weight had lower air 

pollution exposure compared to infants with normal and high birth weight. 

 

Conclusion: Although it is evident through the results that there is a relationship between air 

pollution exposure and respiratory symptoms, further research is necessary to understand 

context specific ways in which exposure to air pollution can be reduced in both households 

and the general outside environment. 
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5. List of Abbreviations 

 

ANC                             Antenatal Care 
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1. Introduction 

 

Air pollution exposure is a known determinant of various adverse health issues that affect 

quality of life as well as life years in humans (Jiang, Mei, and Feng, 2016). Among other 

adverse effects, air pollution exposure affects respiratory health in humans, and exposure to 

air pollution in-utero has long term implications for respiratory health due to the sensitive 

period of lung development (Korten, Ramsey and Latzin, 2017). A significant number of 

morbidities and mortalities across the globe are attributable to air pollution exposure 

(Amegah and Agyei-Mensah, 2017), with a greater burden on low- and middle-income 

countries in comparison to high-income countries. Therefore, air pollution exposure during 

pregnancy is a public health concern.  

 

Air quality in some sub-Saharan regions has significantly deteriorated due to population 

growth and the rapid expansion of the industrial sector (Amegah and Agyei-Mensah, 2017); 

combined with high levels of household air pollution due to biomass fuel usage, high levels 

of air pollution exposure is a lived reality for most people living in low- and middle-income 

countries (Duflo, Greenstone and Hanna, 2016). A cohort study of pregnant women in rural 

Uganda, with air pollution exposure measurements, pre- and post-natal, provides the 

opportunity to investigate air pollution exposure in a rural low-income context.      

 

2. Background 

 

Air pollution exposure is a major environmental health issue that affects both rural and urban 

areas. In 2016, the global annual rate of premature deaths that were attributable to outdoor air 

pollution exposure was estimated to be 4.2 million, and the vast majority of those deaths 

(91%) occur in low- and middle- income countries (World Health Organisation, 2018). Air 

pollution exposure is a risk factor for morbidity attributable to various non-communicable 

diseases, such as asthma and chronic obstructive lung disease (COPD) as well as 

cardiovascular disease (World Health Organisation, 2018). The “vast majority of outdoor air 

pollution deaths are due to strokes and cardiovascular diseases” (World Health Organisation, 

2018). WHO has further estimated that 58% of premature outdoor air pollution-related deaths 

in 2016 were due to ischaemic heart disease and strokes, while 18% were due to respiratory 

diseases, and 6% was attributed to lung cancer (World Health Organisation, 2018). Although 

there are numerous sources of outdoor air pollution, the greatest contributors include 
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automobile emissions, stationary power generating plants and emissions from industrial and 

agricultural activity (Guarnieri and Balmes, 2014). 

 

Indoor air pollution exposure contributes to an estimated 3.8 million mortalities every year 

(World Health Organisation, 2018). This estimate of annual deaths is mainly linked to the 

“inefficient use of solid fuels and kerosene for cooking within households” (World Health 

Organisation, 2018). Globally, an estimated 3 billion people still use solid fuels and kerosene 

as a means for cooking. These cooking practices are common among people living in 

poverty; consequently, high levels of these health-damaging pollutants are emitted into their 

homes and inhaled daily. The health of mothers and children is the most compromised as they 

spend more time being exposed to these pollutants indoors.  

 

In 2016, 18% of premature indoor air pollution-related deaths were due to strokes, while 27% 

were attributable to ischaemic heart disease and pneumonia; furthermore, 20% were due to 

respiratory diseases, and 8% was attributable to lung cancer (World Health Organisation, 

2018). 

 

3. Aim and Objectives 

 

Study aim 

 

The overall aim of this dissertation is to investigate air pollution exposure during 

pregnancy among rural Ugandan women. 

 

Objectives 

 

● To describe the air pollution exposure as measured by questionnaire in all the 

women. 

● To describe the air pollution exposures of the women as measured by personal 

air pollution monitoring. 

● To describe the relationship between respiratory symptoms experienced by the 

women and air pollution exposure. 

● To describe the relationship between infant birth weight and air pollution ex-

posure. 
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4. Methods 

 

This project is a secondary data analysis, no participants will be recruited or followed with 

any study procedures. For completeness, an outline of the parent study follows. The parent 

study has completed recruitment and study measures for the data used in this analysis.  

 

4.1. Study location and characteristics  

The parent study is a birth cohort study that aims to investigate maternal and household 

factors associated with lung function in infants. The study is located at the Kyamulibwa 

Health Demographic Surveillance Site (HDSS), which has a population of 22,000 in total. 

The HDSS is situated in the Kyamulibwa sub-county, Kalungu district, South Western 

Uganda. Within the HDSS are 25 rural villages as well as a small township falling within the 

Kyamulibwa Town Council.  

 

The main source of economic productivity in the area is agriculture. Most of the agricultural 

activity includes small farms that grow a variety of food products such as coffee beans, 

bananas, legumes, as well as various vegetables that include potato and cassava root crops. 

The agricultural activity also includes small-scale farming of animals such as pigs, goats, and 

cattle.   

 

The most common type of farming is subsistence farming, though cash crops are often raised 

for sale. These savings are used to meet other household needs such as healthcare, salt, 

educational material and toiletries such as soap. The level of education among the rural 

population is generally low, with only a third of the adolescent/adult population able to 

pursue secondary education.  

 

The study region includes five health care facilities that provide basic medical care. Three of 

these health care facilities provide maternity services, in the form of antenatal care (ANC), 

deliveries and postnatal care (PNC). The Medical Research Council (MRC) has an 

established clinic within the HDSS area, providing free HIV and general outpatient health 

care services. Patients residing within the HDSS who are in need of being hospitalised are 

referred to the Masaka regional referral hospital, which is 32km away from Kyamulibwa 

town. 
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4.2. Study population and sampling 

 

The study population will include pregnant women, their households and new-born infants 

that enrolled and consented to take part in the parent study. Pregnant women were recruited 

consecutively by trained study staff at routine ANC visits, no population sampling or 

randomisation was undertaken. The study progressed over a four-year period. 

 

      

4.3. Recruitment and enrolment 

 

Pregnant women, their new-born infants as well as their households were recruited into the 

study. Children in the recruited households that are younger than five will also be recruited, 

with the purpose of understanding their nutritional health-status as well as their access to food 

within the household, and how these factors relate to the lung function of infants that reside 

in those households. The parent study has robust infrastructure that is utilized for data 

management and to process and store sample information. Furthermore, the parent study has 

employed diverse expertise in epidemiology, social and basic sciences. 

 

 

4.4. Study design 

 

The parent study is a cohort study design and will employ quantitative research methods for 

the collection of data.  

 

Research procedures and data collection methods 

 

The parent study conducted the data collection. Data was collected by questionnaire and 

clinical investigations at four time points: 1) during one antenatal care visit at the clinic; 2) 

one home visit pre-delivery at the home of the expectant woman; 3) during one postnatal visit      

at the health clinic (at week 6 since birth), and 4) one home-visit during postnatal period 

(week 5-6 post-delivery). Community and individual air-quality monitoring also took place, 

usually scheduled to coincide with the study team home visits.  

 

 



16 
 

4.5. Study Measures 

Air pollution exposure will be measured by questionnaire and by personal air exposure 

monitoring. Personal monitoring tools were used to measure and monitor CO and PM 2.5 

exposure levels. Details of device measurement and data preprocessing can be found in the 

Supplement. Exposures will be measured through a number of questionnaire instruments that 

were given to participants. Household air pollution data that have been measured by the 

parent study will also be used. Air pollution exposure is monitored and the PM2.5 

concentrations are measured, as they are an indicator of ambient air pollution. Dylos 

instruments will be used to monitor PM2.5 concentrations. Once a week, every quarter, fixed 

monitors are installed at two different points at the HDSS to capture data during the different 

seasons of the year. Infant outcomes will be measured by questionnaire and medical record 

extraction. The main outcome of this study is infant and maternal characteristics in response 

to maternal air pollution exposure. Birthweight measures will be extracted from hospital 

record files. 

 

PM monitoring devices were set to provide one measurement every 60 seconds, and PM2.5 

values were calculated taking the difference between the censor reported values (“large” 

particles, and “small” particles). The censor provides PM measurements in particles per cubic 

foot, and these were converted to particles per cubic metres by dividing by 35.315. Total 

available measurement time per file was split into 24-hour periods and summary measures 

(mean, median, quantiles, standard deviation, geometric mean) calculated per 24-hour period. 

 

CO monitors were set to take measurements every 60 seconds. Total available measurement 

time per file was split into 24-hour periods and summary measures (mean, median, quantiles, 

standard deviation, geometric mean) calculated per 24-hour period. In addition, the number 

of minutes per period, the duration above and below the limit of detection were summarised. 
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Figure 1. Sample of personal air pollution monitoring, in this case carbon monoxide (CO) 

emissions over a time period of 8 days. 

 

 

 

 

Table 1. Study variables, including potential confounders and demographic measures to be 

used in analysis 

Variables Measured by 

Carbon dioxide (CO2) Personal air pollution monitoring 

Particulate Matter (PM 2.5) Personal air pollution monitoring 

Maternal Age (years) Questionnaire 

Infant birthweight Questionnaire 

Infant General Health Questionnaire 

Maternal Health Questionnaire 

Household Energy Use Questionnaire 

respiratory symptoms Questionnaire 

 

4.6. Methodological approach 

 

Descriptive statistics: All descriptive analysis of air pollution exposures and outcomes 

(maternal and infant) will be described by median (interquartile range), mean (standard 

deviation) or frequency (percent) as appropriate. Data analysis for each study objective will 

be done as follows: 
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a. Descriptive analysis of air pollution exposures (frequencies and percentages) 

 

b. Plots of air pollution exposure 

 

c. Boxplots were used to explore relationships between a set of risk factors, symptoms 

experienced by women, and infant characteristics. This applies for the following rela-

tionships: 

 

● Relationship between respiratory symptoms experienced by the women and air 

pollution exposure. 

 

● Relationship between infant birth weight and air pollution exposure. 

 

5. Ethical considerations 

 

The parent study has been approved by local (Uganda) and host (Liverpool School of 

Tropical Medicine) ethical review boards, as well as data analysis and database hosting this 

study by the Faculty of Health Sciences Human Research Ethics Committee (HREC) 

(HREC:2018/806; 2018/R042).   

 

Risks and benefits 

 

This is a secondary study comprised of data analysis of already de-identified data, therefore, 

there are no direct risks to individuals. There is a potential indirect risk in the form of loss of 

confidentiality, which will be reduced by the use of de-identified data, restricted access to 

data sets, and keeping data sets on a password-controlled computer. Similarly, there are no 

direct benefits, however there might be indirect benefits in learning about the impact of air 

pollution in pregnancy.  
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7. Appendices 

CRF1. Shows the Respiratory Questionnaire 
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CRF 2. Shows the Infant’s General Health Assessment questionnaire. 
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Abstract 

 

Introduction: Air pollution monitoring of pollutants such as CO and PM aids in the control 

of emissions in the environment. This study described air pollution exposure during 

pregnancy among rural Ugandan women. We described the relationships between air 

pollution exposure (CO and PM 2.5), respiratory symptoms and birth weight. All available 

data from the parent study were used in this analysis. 

 

Methods: A cohort study design was used, and 562 mothers with their infants (562) were 

recruited into the study. The study was over a four-year period. Monitors were used to 

measure PM 2.5 in households, while CO was measured at two different points at the Health 

Demographic Surveillance Site (HDSS) once a week. Boxplots were used to compare the 

relationship between air pollution exposures (CO and PM 2.5) and respiratory symptoms. 

Boxplots were used to compare the relationship between air pollution exposure and infant 

birth weight. A multiple logistic regression model was used to test the association between air 

pollution exposures and infant birth weight. 

 

Results: Our findings suggest that mothers who presented no respiratory symptoms had 

lower levels of air pollution exposure compared to mothers who presented one or more 

symptoms. Our findings also showed that exposure to CO and PM 2.5 may not be a risk 

factor for low birth weight.  

 

Conclusion: There is a positive relationship between air pollution exposure and respiratory 

symptoms. Solutions that are relevant to Africa are needed to reduce indoor and outdoor air 

pollution, which will in turn reduce the risk of respiratory diseases within the population. 
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Air pollution exposure is a growing environmental health issue globally and is a major 

contributing factor to various adverse health outcomes. Respiratory health is one of the aspects 

of human health that is adversely affected by air pollution exposure.1 Cumulative exposure to 

high levels of air pollution is known to decrease life years and the quality of life experienced 

by people globally.2 CO and PM are some of the problematic air pollution toxins that affect 

human lung function negatively as they are associated with respiratory symptoms.3 Records 

show that PM 2.5 concentrations in Sub-Saharan Africa (SSA)  regions are estimated to be 

around 100 μg/m3 compared to an estimated <20 μg/m3 in most European and North American 

regions.4 Low-middle-income countries such as those in SSA experience a greater burden of 

morbidities and mortalities compared to high-income countries as the air pollution exposure in 

low-middle-income countries is greater than that of high-income countries.5 

 

In 2012 the global annual rate of preventable mortality due to outdoor air pollution exposure 

was estimated to be 4.2 million, and a large proportion of those deaths (91%) occurred in low- 

and middle- income countries.6 Continuous exposure to air pollution as part of daily living is a 

known risk-factor for morbidities that are attributable to various non-communicable diseases 

(NCDs) such as chronic obstructive lung diseases (COPD), stroke and cardiovascular diseases.6 

In 2016, the WHO reported that 18% of premature outdoor air pollution-related mortalities 

were due to respiratory diseases, and 6% were attributed to lung cancer.6 

 

The deterioration of air quality which has been noted in sub-Saharan Africa is attributed to the 

rapid urbanization that is also occurring.5 Rapid industrial expansion and the exponential 

growth of the population contribute to the worsening of air pollution as vehicle ownership and 

the use of fossil fuels increases.5 Outdoor activities that contribute to the deterioration of air 

quality include automobile emissions, stationary power generating plants and emissions from 

industrial and agricultural activity.7  

 

In addition to outdoor air pollution, indoor air pollution exposure can be a major contribution 

to total air pollution exposure. WHO has estimated that 3.8 million mortalities occur across the 

globe every year due to indoor air pollution.8 It has been reported that these estimated global 

mortalities are linked to the “inefficient use of solid fuels and kerosene for cooking within 

households”. 8 The WHO has estimated that 3 billion people still make use of solid fuels and 

kerosene for cooking purposes. These cooking practices are commonly found among people in 

low-income households.8 Consequently, inhalation of health-damaging pollutants occurs daily 
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in these homes, which often compromises the health of mothers and children the most as they 

spend more time indoors compared to men.8 Air pollution exposure affects human health 

negatively, in utero and in all other stages of life.1 Studies show that air pollution exposure in 

utero is associated with long term lung function implications, as this is a sensitive period of 

growth and development for the lungs. 1   

The rate at which CO and PM are absorbed into the lungs is determined by the duration of the 

exposure, the level of exposure concentration as well as minute ventilation.9 The measurement 

of these toxins in the environment is helpful to researchers in that they are able to detect 

whether exposure to these toxins is above the threshold for human inhalation, and to detect 

which symptoms arise from air pollution exposure. In this study CO and PM are measured. A 

cohort study of pregnant women in rural Uganda with air pollution exposure measurements 

pre- and post-natal period provides the opportunity to investigate air pollution exposure in a 

rural low-income context.      

 

METHODS 

 

Study location and characteristics 

  

The study location is the Kyamulibwa Health Demographic Surveillance Site (HDSS), with a 

total population size of 22,000. The HDSS is situated in the Kyamulibwa sub-county, Kalungu 

district, Southwestern Uganda. The HDSS has a total of 25 rural villages, including a small 

township that also falls within the Kyamulibwa Town Council. Agriculture in Kyamulibwa is 

the main contributor to economic productivity. Agricultural activities in this area include small-

scale farms for crop production and farming of animals. The study region has five health care 

facilities that provide basic medical care; however, antenatal care (ANC), deliveries and 

postnatal care (PNC) services are only provided at three of the five health care facilities. 

         

Study population and sampling 

 

The study population consisted of 562 pregnant women who consented and were enrolled into 

the study, including their household members, as well as their new-born infants. No population 

sampling or randomization was undertaken, as this is a secondary data analysis study. 
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Recruitment and enrolment 

 

Eligible pregnant women and their infants were recruited at clinics during regular antenatal 

care by trained study staff and then consented. This analysis is a subset of the full cohort, only 

including women with valid measurements of either CO or PM during the antenatal period.  

 

Study design 

 

A cohort study design was used to conduct the study.  

 

Research procedures and data collection methods 

 

Research assistants were employed to collect data periodically through questionnaires. Data 

collection was conducted during four time points: 1) during one clinic visit when a woman 

visited the clinic for routine antenatal care; 2) one pre-delivery visit at the home of the pregnant 

woman; 3) during one health-clinic visit for a post-natal appointment (at week 6 since birth), 

and 4) one visit at the home of the pregnant woman, during the postnatal period (week 5-6 post-

delivery). The study team monitored the community and individual air-quality at times that 

would coincide with home visits.  

 

Study Measures 

Self-reported exposure was measured through a series of questionnaire instruments that were 

given to participants. Maternal respiratory symptoms and infant outcomes were measured by 

questionnaire and medical record extraction. Birthweight measures were extracted from 

hospital record files. Personal monitoring tools were used to measure and monitor CO and 

PM 2.5 exposure levels. Details of device measurement and data preprocessing can be found 

in the Supplement.  

 

Lascar instruments were used to monitor CO levels for a one-week period. CO monitors were 

set to take measurements every 60 seconds. Total available measurement time per file was split 

into 24-hour periods and summary measures (mean, median, quantiles, standard deviation, 

geometric mean) calculated per 24-hour period. In addition, the number of minutes per period, 

the duration above and below the limit of detection were summarized.  
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Household air pollution was monitored by using Dylos instruments, which were used to 

measure PM2.5 concentrations for three days during the antenatal and postnatal period. 

Instruments were installed at households based on timing relative to delivery and by logistics 

due to limitations caused by the number of instruments available for use in the study.  Similar 

to CO levels, 24-hour period summaries were calculated.  

 

Household energy use 

 

The household energy source and use were measured from questionnaire. The energy sources 

included in the questionnaire were electricity, generator, diesel or gasoline. The type of stove 

used in a household is a determining factor for indoor air pollution; therefore, the 

questionnaire included types of stoves used, which included electric, Liquefied petroleum gas 

(LPG), kerosene, wood/sawdust burning, charcoal, efficient wood burning, other biomass 

burning and open fire. Furthermore, the questionnaire explores what sources each household 

uses for cooking, lighting, heating and space cooling. The sources included firewood, dung, 

crop residue, kerosene, LPG, charcoal, solar and electricity. We also used the questionnaire to 

find out the quantity of the sources used in the households. 

   

Analytical methods 

 

Data 

  

All descriptive analysis pertaining to air pollution exposure variables as well as maternal and 

infant outcomes were summarized by median (interquartile range), mean (standard deviation) 

or frequency (percent) as appropriate. Data analysis for each study objective was conducted 

through the aid of tables and figures. Descriptive analysis of air pollution exposures (mean and 

standard deviation) was articulated through a table showing clinical characteristics of 

individuals. Boxplots that show relationships between air pollution exposures, symptoms and 

birthweight were included. Boxplots were used to explore relationships between a set of risk 

factors, symptoms experienced by women, and infant characteristics. This applied to 

relationships between respiratory symptoms experienced by the pregnant women and air 

pollution exposure. This also applied to relationships between infant birth weight and air 

pollution exposure. A multiple regression model was used to explore the associations between 

air pollution exposures and infant birth weight. There were missing data; however, this did not 



38 
 

have a significant effect on the results of the study. Furthermore, for the variable household 

energy use, the participants could select more than one type of household energy use, which 

resulted in more than 562 responses. 

 

RESULTS 

 

Characteristics of participants 

The study enrolled n= 562 mothers who also had completed air pollution measurements and 

are included in this analysis. The demographic characteristics of the individuals are shown in 

Table 1. The median (IQR) age in years of the mothers was 25 (15-46). A slightly larger 

proportion of the infants were male (52.2%). The vaginal mode of birth delivery was higher 

(89.2%) compared to caesarean (10.5%) and vacuum delivery (0.2%). The birthweight of 

infants was predominantly within the normal range (84.1%). Infants with a low birthweight 

were 45 in total (11.9%).  
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Table 1. Demographic and exposure characteristics of mothers and infants, Kyamulibwa, 

Uganda, 2020. 

Variable                                                                              Value                               Total 

Observations (N)                                                                562                                   

 

Maternal age (years) [Median (IQR)]                             25 (10) 

 

Birth weight [N (%)]                                                                                                     337 

Low birthweight (< 2.5 kg)                                                45 (11.9) 

Normal birthweight (2.5-4.0)                                             317 (84.1) 

High birthweight (> 4.0 kg)                                               15 (4.0) 

 

Gender [N (%)]                                                                                                              446 

Male                                                                                   233 (52.2) 

Female                                                                                13 (47.8) 

 

Mode of delivery [N (%)]                                                                                              446 

Vaginal delivery                                                                 398 (89.2) 

Caesarean section                                                               47 (10.5) 

Vacuum extraction                                                              1 (0.2) 

 

Household energy use [N (%)]                                                                                     799 

Use of charcoal                                                                    157(19.6)                                                                                      

Use of crop residue                                                              160(20) 

Use of firewood                                                                   481(60) 

Use of LPG                                                                          1(0.1) 

      

Particulate Matter PM 2.5 24hr exposure (N/m3) 

 

Mean of PM 2.5 [Mean (sd)]                                              12,745 (20,433) 

 

Carbon monoxide 24hr exposure (N/m3) 

 

Mean of CO [Mean (sd)]                                                     2.6 (4.9)        
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A typical example of CO and PM 2.5 exposure measurements for one individual is shown 

below in Figure 1, which shows that the CO exposure measured was < 50 ppm daily on 

average. The measurements displayed also show that all log10 PM 2.5 measurements were < 

5 N/m3. 

 

 
Figure 1. Scatterplot of CO vs log10 PM 2.5 (N/m3) daily average exposure measurements of 

an individual, Kyamulibwa, Uganda, 2020. 

 

Symptoms identified  

 

The respiratory symptoms of interest are included in Table 2. The symptom that was most 

prevalent among mothers was wheezing limits speech (24.0%); in contrast, history of TB had 

the lowest prevalence (0.4%). Other symptoms that were experienced by more than 1% of 

mothers were cough (9.8%), recurrent cough (2.1%), shortness of breath (1.6%) and wheezing 

(4.3%). The rest of the symptoms were experienced by less than 1% of mothers. 

 

Calculations are performed for respiratory symptoms (cough, recurrent cough, wheezing, 

wheezing limits speech, phlegm, shortness of breath, suffered asthma, persistent fever and 

tuberculosis) by frequency and percentage. Wheezing limits speech was only answered by 

those who answered yes to wheezing. Phlegm was only answered by those who answered yes 

to recurrent cough. 
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The boxplot method of analysis in Figure 2 shows the relationships between respiratory 

symptoms and the mean of CO exposure measurements. This method displays the exposure 

levels of mothers who presented symptoms in contrast to those who did not present symptoms. 

Mothers who indicated yes for symptoms such as wheezing that limits speech, history of 

tuberculosis and suffered asthma had been exposed to higher CO concentration levels 

compared to mothers who indicated no for symptoms (Figure 2). The boxplots also show that 

the CO concentration data of mothers who indicated no for wheezing limits speech and suffered 

asthma had less variability compared to mothers who indicated yes for these symptoms (Figure 

2). Table 3 also shows that mothers who had one or more respiratory symptoms had been 

exposed to higher levels of CO and PM compared to mothers who had no respiratory 

symptoms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 
 

Table 2. Respiratory symptom profile of mothers in antenatal period, Kyamulibwa, Uganda, 

2020. 

Characteristics N(%) Total (N) Missing data (NA) 

Observations (N) 562   

Cough   561 1 

Yes                                                                                                                    55 (9.8)                         

No                                                                                                                     506 (90.2)   

Recurrent cough   561 1 

Yes                                                                                                                    12 (2.1)   

No                                                                                                                      549 (97.9)   

Wheezing   558 3 

Yes                                                                                                                     24 (4.3)   

No                                                                                                                      534 (95.7)   

Wheezing limits speech   25 537 

Yes                                                                                                                     6 (24.0)   

No                                                                                                                      19 (76.0)   

Phlegm   518 44 

Yes                                                                                                                      4 (0.8)   

No                                                                                                                       514 (99.2)   

Shortness of breath   554 8 

Yes                                                                                                                      9 (1.6)   

No                                                                                                                       545 (98.4)   

History of Asthma   561 0 

Yes                                                                                                                      4 (0.7)   

No                                                                                                                       557 (99.3)   

History of TB   558 1 

Yes                                                                                                                      2 (0.4)   

No                                                                                                                       556 (99.3)   

Don’t know                                                                                                                   2 (0.4)   

Persistent Fever   560 1 

Yes                                                                                                                      3 (0.5)   

No                                                                                                                      557 (99.5)   
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Table 3. CO and PM 2.5 exposure levels of mothers with no symptoms compared to mothers 

with one or more symptoms, Kyamulibwa, Uganda, 2020. 

Variable                                                          No Symptoms                    1 or more Symptoms 

PM 24hr exposure [Mean (sd)] 

PM 2.5 (N/m3)                                                 14,940 (8,546)                        16,462 (8,926) 

CO 24hr exposure [Mean (sd)] 

CO (N/m3)                                                           2.4 (4.4)                                9.95 (8.0) 

 

The relationship between the mean of PM 2.5 and respiratory symptoms is displayed in Figure 

3. In the case of all the symptoms displayed, women who presented symptoms had been 

exposed to higher levels of PM 2.5. Figure 3 also shows that mothers who have suffered asthma 

and those who have a history of tuberculosis had less variance of PM 2.5 exposure levels 

compared to mothers who have not suffered asthma as well as those who do not have a history 

of tuberculosis. It is also noticeable that mothers who answered no for phlegm had less variance 

of PM 2.5 exposure levels compared to mothers who answered yes for phlegm (Figure 3). 
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Figure 2 Boxplots for the correlations between the mean of Carbon Monoxide (mg/m3) and 

respiratory symptoms, Kyamulibwa, Uganda, 2020. 

 

The bolded line within the box represents the median value. The upper and lower border lines 

of the box represent the 75th and 25th percentiles, respectively. The whiskers represent the 

range for the 95% confidence interval (CI). The small black circles indicate the outliers. 
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Figure 3 Boxplots for the correlations between log10 PM 2.5 (µg/m3) and respiratory 

symptoms, Kyamulibwa, Uganda, 2020. 

   

The bolded line within the box represents the median value. The upper and lower border lines 

of the box represent the 75th and 25th percentiles, respectively. The Whiskers represent the 

range for the 95% confidence interval (CI). The small black circles indicate the outliers. 
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Figure 4 and Table 4 displays the difference in distribution of air pollution exposure for 

different infant birthweight categories. There is no evidence of differences in CO exposure 

between low birth weight and normal birthweight. 

Boxplots in figure 4 display the relationship between PM and birth weight as well as the 

relationship between CO and birth weight. Infants born with low birth weight had household 

measures of PM that were on average lower than infants born with normal and high birthweight 

respectively. In addition, table 4 shows that infants born with low birthweight had been exposed 

to less PM compared to infants born with normal and high birth weight. Figure 4 and Table 4 

also demonstrate that on average, there was no large difference for CO exposure measurements 

between infants with low birthweight compared to infants with normal birth weight.  

 

Table 4. shows the CO and PM 2.5 24-hour exposure levels of infants with low birth weight, 

normal birth weight and high birth weight, Kyamulibwa, Uganda, 2020. 

Variable                          Low bw (<2.5 kg)     Normal bw (2.5-4.0 kg)      High bw (>4.0 kg) 

PM 2.5 [Mean (sd)] 

PM (N/m3)                          12,788 (7,481)               15,164 (8,611)                  16,165 (10,591) 

CO [Mean (sd)] 

CO (N/m3)                             1.64 (2.42)                    2.57 (5.1)                            4.57 (8.49) 

 

 

Table 5. shows associations between air pollution exposures (PM 2.5 and CO) and birth weight 

(low and not low birth weight) 

         Predictors                         Odds ratio                                   CI                                 p 
 
         Intercept                                 1.3                                   0.1 - 15.0                          0.8 

         Age                                        1.1                                   1.0 - 1.2                             0.2   

         PM 2.5                                   1.0                                   1.0 - 1.0                             0.1 

         CO                                         1.6                                    0.7 - 7.9                            0.5 

 

The results from table 5 show that the odds ratio for PM 2.5 is 1, therefore there is no 

association between PM 2.5 exposure and low birth weight. However, the p value is greater 

than 0.05, which shows that the result is not statistically significant. 
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Table 6. shows associations between air pollution exposures (PM 2.5 and CO) and respiratory 

symptoms (one, or more than one) respiratory symptoms 

         Predictors                         Odds ratio                                   CI                                 p 
 
         Intercept                                 0.1                                   0.01 – 2.2                         0.2 

         Age                                        1.1                                   1.0 - 1.2                             0.3   

         PM 2.5                                   1.0                                   1.0 - 1.0                             0.3 

         CO                                         1.9                                    1.1 – 4.4                           0.05 

 

The results from table 6 show that the odds ratio for PM 2.5 is 1.  However, the p value is 

greater than 0.05, which shows that the result is not statistically significant. 
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Figure 4 Boxplots for the correlations between air pollution exposures (geometric mean) and 

infant birthweight (kilograms) below, Kyamulibwa, Uganda, 2020.  
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The bolded line within the box represents the median value. The upper and lower border lines 

of the box represent the 75th and 25th percentiles, respectively. The whiskers represent the 

range for the 95% confidence interval (CI). The small black circles indicate the outliers. 

 

DISCUSSION 

The analysis carried out here demonstrates that even in rural settings in Uganda, measured 

24-hour exposure to air pollution is high. WHO guidelines recommend that 24-hourly mean 

concentrations for CO should not exceed 4 mg/m3.6 WHO guidelines also recommend that 

the annual mean for PM 2.5 concentrations should not exceed 5 μg/m3, and the 24-hourly 

mean should not exceed 15 μg/ m3.6 Furthermore, the WHO recommended limits for CO 

exposure levels are 9-10 ppm for a maximum of 8 hours, 25-35 ppm for a maximum of 1 

hour, and 90-100 ppm for a maximum of 15 minutes.6 Figure 1 shows the daily CO and PM 

2.5 exposure levels as measured by monitors; the CO measurements were at an average of 0.9 

ppm per day, while log10 PM 2.5 were at an average of 3.9 N/m3 per day. These daily levels 

of air pollution exposure pose a risk to the lung health of mothers and their unborn babies.  

 

This study described relationships between 24-hour air pollution exposures measured in 

households of pregnant women, along with nine respiratory symptoms and infant birthweight 

for individuals. Our study demonstrates a relationship between air pollution exposures (CO and 

PM) and respiratory symptoms that were experienced by mothers during the antenatal period. 

The measurements of the CO and PM 2.5 exposure were only recorded during the antenatal 

period. The findings demonstrate that mothers that experienced respiratory symptoms had been 

exposed to higher levels of PM 2.5 compared to mothers that did not experience those 

symptoms. Furthermore, mothers that had experienced the respiratory symptoms had been 

exposed to higher CO compared to mothers that did not experience those symptoms. Our 

findings are consistent with previous studies. A study conducted on a cohort of Taiwanese 

adults aged 20 years and above demonstrated decreased lung function and an increased 

incidence of respiratory disease among adults who have been exposed to PM 2.5 over a 

prolonged period of time.10 Furthermore, a study conducted among Australian women that 

assessed exposure to air pollutants including CO and PM 2.5, PM10, NOx, and SO2 showed 

an increased risk of compromised lung function due to respiratory illness among women who 

were exposed to these pollutants over a long time period.11 However, it has also been noted 

that it is not clear whether significant respiratory impairment is due to exposure to a single 



52 
 

exposure pollutant or the combination of the pollutants, and whether this occurs in an additive 

or synergistic way. 11 

The findings of our study do not show any large difference between the relationship between 

CO and low birth weight, relative to the relationships between CO and the other birth weight 

categories (normal and high birth weight). The analysis demonstrates that CO exposure is not 

a risk factor for low birthweight. There is sparce data on the association between CO 

exposure during pregnancy and low birthweight. However, there are previous studies that 

suggest that exposure to CO during pregnancy may be a risk factor for low birth weight. A 

study conducted by Salam et al(12) observed that a 1.4 ppm difference in first trimester CO 

exposure was associated with 21.7g lower birth weight.(12,p.1638) Our findings show that there 

is a noticeable difference between PM 2.5 and low birth weight, relative to the relationships 

between PM 2.5 and the other birth weight categories. When comparing the boxplot 

dispersions and skewness of PM 2.5 and infant birth weight, the relationship between PM 2.5 

and low birth weight showed a positive relationship, which was not seen between PM 2.5 and 

the other birth weight categories. This difference however displays higher PM 2.5 exposure 

measurements for mothers who gave birth to infants with high birth weight compared to 

mothers who gave birth to infants with low and normal infant birth weight.  

 

The median values for the PM readings were not very different between low and normal infant 

birth weight, which suggests that there is no strong relationship between PM exposure and low 

infant birth weight. These results are supported by other previous research that also suggest 

that CO and PM are not risk factors for low birthweight. Laurent et al(13) investigated 

associations between low birth weight and air pollution exposures, including primary PM. 

Their findings showed that although there were significant associations between low birth 

weight and other air pollution exposures such as elemental carbon, nitrates and ammonium, 

there was no significant association observed between low birth weight and primary PM.13  

 

Data from the air pollution monitoring tools and questionnaires has potential for further 

research concerning the effects of air pollution on various aspects of human health. The 

boxplots have been a useful way of comparing how air pollution affects human health among 

people with different exposure measurement levels. Analysis from the boxplots has been useful 

in demonstrating that CO and PM may not be among the pollutants that are risk factors for low 

birthweight. Further research would be useful to further understand distribution and burden of 

disease associated with air pollution exposure in the African context. This will help in finding 
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solutions that are relevant for low-middle-income countries such as those in sub-Saharan 

Africa. 
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Online supplement to: [INSERT TITLE ETC] 

Methods detail of handling of exposure measure 

 

Household PM monitoring 

 

PM monitoring devices were set to provide one measurement every 60 seconds, and PM2.5 

values were calculated taking the difference between the censor reported values (“large” 

particles, and “small” particles). The censor provides PM measurements in particles per cubic 

foot and these were converted to particles per cubic metres by dividing by 35.315. Total 

available measurement time per file was split into 24-hour periods and summary measures 

(mean, median, quantiles, standard deviation, geometric mean) calculated per 24-hour period. 

In addition the number of minutes per period, the duration above and below the limit of 

detection were summerised. Measurements exceeding the upper limit of measurement were 

set to the upper limit. Measurements where the count of “large” particles exceeded the count 

of “small” particles were excluded. PM monitor files with less than 20 hours of measurement 

were excluded. Each period of monitoring over 20 hours was split into multiple 24-hour 

periods, as with the CO monitoring files. If the final period was less than 20 hours in 

duration, it was excluded, and only periods of 20 hours or greater were retained. The total 

minutes above the upper limit of measurement per 24-hour period was calculated, and any 

files with >20% of observation time above the upper limit were excluded. Files with incorrect 

data based on graphs and outlying values (malfunctioning monitors) were removed. PM 

measurements for each individual 24-h period were summarised using arithmetic mean, 

standard deviation, maximum, geometric mean, and geometric standard deviation (SD) 

resulting in a single value for each 24-h monitoring period. These values were then 

summarised as mean (SD), and median (IQR). 24-hour PM2.5 estimates were transformed to 

log10 for modelling and some visualisation purposes, although described in text and tables as 

parts per cubic meter (ppm3). 

 

Personal carbon monoxide monitoring 

CO monitors were set to take measurements every 60 seconds. Total available measurement 

time per file was split into 24-hour periods and summary measures (mean, median, quantiles, 

standard deviation, geometric mean) calculated per 24-hour period. In addition the number of 

minutes per period, the duration above and below the limit of detection were summarised.    
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CO monitor files with less than 20 hours of measurement were excluded. Measurements 

exceeding the upper limit of measurement (LOM) of the instrument were set to the upper 

limit (1000 parts per million (ppm)), and the total minutes above LOM per 24-hour period 

calculated. Any files with >14 minutes of observation above the upper limit of measurement 

were excluded. Values below the lower limit of detection (LOD, CO = 0.5 for this data) were 

set to 0.5*LOD. Each period of monitoring over 20 hours was split into multiple 24-hour 

periods, the first from 0 – 24-hours, the second from 24 – 48 hours, the third from 48 - 72 

hours, etc and labelled period “A”, “B”, “C”. If the final period was less than 20 hours in 

duration, it was excluded, and only periods of 20 hours or greater were retained. Files with 

incorrect data based on graphs and outlying values (malfunctioning monitors) were removed. 

CO measurements for each individual 24-hour period were summarised using arithmetic 

mean, standard deviation, maximum, geometric mean, and geometric standard deviation (SD) 

resulting in a single value for each 24-hour monitoring period. We also calculated the 

minutes above the limit of measurement and below the instrument LOD. These estimates per 

24-hour period were then summarized as mean (SD) and median (interquartile range, IQR). 

24-hour CO estimates were transformed to log10 for modelling and some graphical display 

purposes, although described in text and tables in parts per million (ppm) units.   
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