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ABSTRACT 25 

Background 26 

Childhood asthma is increasing in developing countries, partly due to household air pollution (HAP). Asthma 27 

care aims for optimal symptoms control and minimal future risk of exacerbations, known as asthma control (AC). 28 

There is a high prevalence of suboptimal AC among Nigerian children and adolescents with asthma, with 29 

consequent increased risk of psychosocial, academic and financial burden and, sometimes, fatality. The adverse 30 

role of HAP on AC may be significant because of high levels of air pollutants like particulate matter less than 2.5 31 

microns in aerodynamic diameter (PM2.5) and carbon monoxide (CO) in Nigerian homes, and prevalent exposures 32 

to second-hand smokes (SHS). Previous studies mostly evaluated the association between HAP and asthma with 33 

questionnaires, with no detectable association, possibly because of recall and social desirability biases. Thus, this 34 

study plans to determine the association between AC and objectively-quantified household PM2.5 and CO and 35 

SHS (urinary cotinine) among children with asthma accessing routine outpatient care at the Asthma Clinics of the 36 

Paediatric Allergology, Dermatology & Respiratory Medicine Unit, and the Adult Respiratory Clinic of 37 

LASUTH.  38 

Methods 39 

Eligible children and adolescents (up to age 18 years) are being consecutively recruited into this observational 40 

cross-sectional study in which the following data are obtained: socio-demographics, medical history, AC, 41 

medication adherence, inhalation technique, parental asthma-related knowledge, lung function (peak flow, FEV1, 42 

home personal PEF variability), quality of life, urine cotinine level, household PM2.5 and CO. Hierarchical 43 

multivariable logistic regression will be used to quantify the association of AC with PM2.5, CO and urinary 44 

cotinine while controlling for potential confounders.  45 
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Discussion 46 

The findings from this study may be useful for education of families of children with asthma, advocacy with 47 

policymakers on air pollution control, as well as the design or strengthening of educational interventions to 48 

mitigate air pollution in households of children with asthma, for example counselling on cessation of smoking or 49 

use of cleaner cooking fuels. 50 

Trial Registration:  51 

 Research project was registered at OSF with the project DOI: https://doi.org/10.17605/OSF.IO/2JS7P.  52 

Keywords:  53 

PM2.5, indoor air pollution, sub-Saharan Africa, urinary cotinine, CO, air quality monitoring, PM2.5 sensor, CO 54 

logger, FEV1, PEF  55 
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BACKGROUND 56 

Asthma, “a heterogeneous disease, usually characterized by chronic airway inflammation… [and] history of 57 

respiratory symptoms such as wheeze, shortness of breath, chest tightness and cough that vary over time and in 58 

intensity, together with variable expiratory airflow limitation…,”[1] is the commonest chronic respiratory disease 59 

of childhood and adulthood.[2] Its incidence and prevalence is increasing in developing countries like Nigeria, 60 

partly due to increasing air pollution from urbanisation-related activities, traffic-related pollution, unregulated 61 

cigarette-smoking, industrial emissions, and poor housing.[3–10] Across Africa, asthma prevalence ranges from 62 

4·2% in Malawi to 15% in Nigeria and 24% in South Africa.[7] Childhood asthma exerts enormous psychosocial, 63 

academic, physical and financial burden on children, their parents/caregivers, the healthcare system and the 64 

society.[1, 2, 6, 7] Thus, in the absence of known cure, the goal of asthma management is the optimal control of 65 

asthma symptoms and exacerbation risks, to ensure normal or near-normal quality of life.[1, 11]  66 

Asthma control (AC) is the degree to which treatment or care has minimised the symptomatic manifestations of 67 

asthma, including the frequency of acute exacerbations.[1, 12] AC is related to health-related quality of life; 68 

children with poor or suboptimal AC, and their caregivers (parents/caregivers), have poorer quality of life, 69 

increased exacerbations, morbidity and mortality, compared with those with better control.[1, 7, 13–16] Poorly 70 

controlled asthma may result in airway remodelling and impaired lung growth.[17, 18] Thus, the objective 71 

evaluation of AC is an integral aspect of routine asthma management,[1] underscored by the fact that patient’s or 72 

parent’s perception of AC is often discordant with physician’s objective assessment.[1, 7] There is a very high 73 

burden of sub-optimal AC among children with asthma (CwA) in developing countries largely due to potentially 74 

modifiable risk factors like air pollution, poor access to controller medications, poor inhaler techniques, poor 75 

adherence to medications, poor knowledge on asthma and psychosocial distresses.[1, 7, 11, 19] In Nigeria, about  76 

18-84% of CwA have sub-optimal AC.[13, 15, 16, 20, 21]  77 
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Household air pollution and asthma control 78 

Air pollution refers to the presence of harmful particulate and gaseous substances in the air, ambient (outdoor) or 79 

house-hold (indoor).[22] House-hold air pollution (HAP) is defined “as indoor air pollution from domestic solid-80 

fuel combustion for cooking and/or heating (wood, charcoal, kerosene, animal dung, crop residues, pellets, coke, 81 

and coal).”[23] HAP is worse in developing countries[24, 25] like Nigeria,[8, 26, 27] contributing significantly 82 

to mortality and disability-adjusted life year.[2] Children, compared to adults, are particularly vulnerable to the 83 

cellular and molecular harmful effects of these pollutants because children are still growing and developing 84 

physiologically; they have higher physiological respiratory rate and smaller body mass resulting in the inhalation 85 

of larger amounts per given body size and time; and they are more likely to be around their mothers who spend 86 

considerable time cooking.[23, 28–31] HAP is associated with impaired lung growth and function in children.[28] 87 

HAP is even more devastating on CwA, worsening existing chronic lung inflammation, thus hindering optimal 88 

control resulting in more frequent symptoms, exacerbation, hospitalisation, resort to ineffective alternative 89 

remedies, school absenteeism and risk of fatalities.[23, 32–34] Since children spend a large part of their lives at 90 

home, HAP may exert more negative impact on respiratory health than outdoor AP.[31, 35–37] Incompletely 91 

combusted ‘unclean’ fuels like kerosene, charcoal and others emit hazardous particulate matter (PM), including 92 

fine respirable particulate matters that are less than 2.5 microns in aerodynamic diameter (PM2.5) and noxious 93 

gases like carbon monoxide (CO), nitrous dioxide and sulphur dioxide.[23, 32, 38, 39] Another important source 94 

of both PM, CO and other harmful substances is cigarette smoking, notably second-hand smoking (SHS) in 95 

children.[10, 23] Environmental control, including of HAP and SHS, thus remains a cornerstone of asthma 96 

management for optimal AC, quality of life and lung development.[1, 8, 9, 15]  97 

Household PM2.5 level is associated with asthma incidence, poor AC, exacerbation, emergency visits and use of 98 

reliever medications in a dose-dependent fashion.[35, 40–44] In Nigeria, Kuti et al[15] reported that the use of 99 

unclean fuels was not associated with poorer asthma control, perhaps because HAP was assessed with just 100 

questionnaire rather than objective measurements of particulate or gaseous pollutants. Subsequently, few studies 101 

have studied the association of objectively-measured PM2.5 with asthma incidence in the general population, but 102 
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not with AC among CwA.[44–46] We hypothesise that there would be an adverse association between asthma 103 

control and objectively-measured HAP and SHS among Nigerian children with asthma because of higher burden 104 

of HAP in Nigeria compared to high-income settings.[47] Although the effect of ambient air pollution (AAP) on 105 

asthma is known, less is known about the effect of HAP on asthma outcomes in sub-Saharan Africa and 106 

Nigeria.[34] Moreover, HAP may be more amenable to low-cost interventions compared to AAP which requires 107 

large scale interventions. For example, households may change the source of domestic cooking or energy fuels to 108 

address HAP but it might be more difficult to get rid of old cars in a city in order to control AAP.[25, 34, 48]  109 

Carbon monoxide (CO) level is correlated with both PM2.5 and SHS, and it also exerts adverse effect on AC.[49, 110 

50] Carbon monoxide, like PM2.5, is produced from incomplete combustion from vehicles, generators and cooking 111 

fuels, including kerosene- the commonest cooking fuel in Lagos.[47, 51] The ubiquitous use of gasoline 112 

generators in many homes in Nigeria due to long-standing electricity shortage is an important source of 113 

environmental CO. Apart from a possibly synergistic adverse direct effect on the airway along with other air 114 

pollutants like PM2.5, CO binds strongly with haemoglobin to form carboxy-haemoglobin which impairs oxygen 115 

exchange which may impair AC, even at sub-fatal level. Eghomwanre and Oguntoke[46] recently reported that 116 

household CO was not associated with asthma incidence among children in Benin City, Nigeria, although its 117 

association with AC was not assessed.  118 

SHS is the “involuntary or passive breathing of air contaminated with tobacco smoke by someone who is not 119 

smoking”.[23] The smoke emanating from the smouldering cigarette contains over 4000 constituents including 120 

CO, PM and nicotine. Ultrafine particles (<0.1mm) from the smoke travel deep into the lungs inducing 121 

inflammatory and chemical injuries.[23] In the US, most SHS exposure occurs in the home, day-care setting and 122 

grandparents’ home, and parents have poor perception of the degree of exposure and effect of SHS on CwA.[52] 123 

About 40% of Nigerian children and adolescents were exposed regularly to SHS, with 16% of them living with 124 

parents or family members who smoke indoors, associated with two-fold increased odds of chronic cough.[53] 125 

SHS is associated with onset of asthma, poorer asthma control, increased frequency of exacerbation and increased 126 
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healthcare utilisation and cost.[23, 54–56] In Nigeria, the association between SHS and asthma outcomes have 127 

mostly been assessed with questionnaires, risking misclassification due to recall bias or social desirability bias. 128 

The addition of biomarkers like urinary cotinine may limit the effects of these biases.[23] Thus there is need to 129 

quantitatively assay SHS to better investigate its association with asthma outcomes.[57]  130 

RATIONALE 131 

Summarily, there is scarcity of data on the association between objectively-measured HAP/SHS and asthma 132 

control among Nigerian children living with asthma;[33] those published elsewhere may not extrapolate here 133 

because of differences in geographical, socioeconomic and air quality profiles. Studies on the association between 134 

HAP and asthma has largely been questionnaire-based with asthma outcomes being correlated with subjectively 135 

assessed exposures to different types of household cooking fuels or exposure to parental smoking.[9, 13, 15] Such 136 

questionnaire-based assessments are less sensitive compared to more objective measurements using air-quality 137 

monitors  or biomarkers such as urine cotinine- a by-product of nicotine.[23, 32, 58–60] For example, smokers 138 

may skip questions about their smoking habit or altogether give false information to avoid perceived 139 

stigmatisation. Hence, the use of objective measures of HAP and SHS, additional to questionnaires, may provide 140 

a better assessment of the level of true exposures and the contributory magnitude of these factors.[35, 42] Also, 141 

previous studies on the association between AC and HAP/SHS did not account for known determinants of AC 142 

such as adherence, inhaler techniques, or asthma knowledge which are potential confounders of the association 143 

between AC and HAP/SHS. We are exploring the association between AC and HAP/SHS while controlling for 144 

potential confounding by medication adherence, inhaler technique, socioeconomic factors and comorbid allergies. 145 

The data on the impact of exposure to HAP and second-hand smoking may be useful in counselling parents of 146 

CwA on smoking cessation or change of household fuel types;[15, 48, 61] advocating with government on stricter 147 

control of public smoking and access to affordable clean cooking fuels.[62]  148 
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METHODS 149 

Study aims and objectives 150 

Overall, the study aims to determine the association of AC (using GINA assessment of asthma control, asthma 151 

control test (ACT), forced expiratory volume in 1 second (FEV1) and peak expiratory flow (PEF)]) with household 152 

levels of PM2.5 and CO averaged over 3 days and urinary cotinine among CwA at the paediatric asthma clinic of 153 

the Lagos State University Teaching Hospital (LASUTH).  154 

The primary specific objectives are to determine the: 155 

1. prevalence of suboptimal asthma control [using GINA and Asthma Control Test (ACT)];  156 

2. factors associated with suboptimal AC;  157 

3. mean 24-hour PM2.5 and CO (averaged from 3 days measurement) in households of children with asthma; 158 

4. proportion of households with mean 24-hour PM2.5 and CO above WHO’s target limit of 15µg/m3;[39] 159 

5. independent association between asthma control and household PM2.5, CO and urinary cotinine in CwA;  160 

6. independent association between PM2.5, CO and cotinine and lung function (PEF, FEV1, PEF variability). 161 

Secondary objectives are to determine the: 162 

1. correlation between questionnaire-based assessment of exposure to household pollution (types of 163 

household cooking fuel) and objectively-measured PM2.5 and CO;  164 

2. correlation between questionnaire-assessed exposure to SHS and urinary cotinine levels; 165 

3. agreement between physician-assessed clinic-based PEF and personal PEF. 166 

Study design and setting  167 

The study is an ongoing observational cross-sectional study being conducted primarily at the Paediatric Asthma 168 

Clinic of LASUTH (previously described[63]) which provides outpatient care for CwA aged up to 12 years. 169 

Children older than 12 years are being recruited from the adult Respiratory Outpatient Clinic and the General 170 
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Outpatient Clinic of the Family Medicine Department of LASUTH. While the Paediatric Asthma clinic holds 171 

once weekly, the adult Respiratory Clinic holds twice weekly and the General Outpatient Clinic of the Family 172 

Medicine Department holds daily. Generally, in all the three clinics, asthma diagnosis is made mainly based on 173 

its characteristic symptoms and signs, supplemented with lung function testing. Asthma management utilises the 174 

step-wise guidelines of the Global Initiative for Asthma (GINA), adapted to local context.[1, 63, 64] 175 

Study participants and eligibility  176 

All children with physician-diagnosed asthma aged up to 18 years who have been attending the clinics and have 177 

been on daily controller medications for at least two months are eligible. We exclude: 1) neonates; 2) those with 178 

suspected but unconfirmed asthma diagnosis (including those on trial of controller medications); 3) those with 179 

acute asthma exacerbation; 4) acute/chronic cough or suspected acute respiratory tract infections or tuberculosis 180 

(excluded only from lung function testing); 5) those living far away outside urban Lagos (because of the logistics 181 

of retrieving air pollution devices from homes). 182 

Sample size and sampling technique 183 

Using EpiTools® online sample size calculator (https://epitools.ausvet.com.au/oneproportion), we needed a 184 

minimum of about 120 participants to estimate the proportion of CwA with poor asthma control within 5% at a 185 

95% confidence level, using an assumed prevalence of poor asthma control among Nigerian children of 13%,[16] 186 

a finite population of 200 asthmatic children attending clinic over a year and an additional 10% to account for 187 

missing data, data error or drop-out. To minimise skewed age distribution, the sample size is stratified thus: 40 188 

children aged 5 year and below; 40 children aged 6-10 years; and 40 above 10 years. Parents/guardians of eligible 189 

participants are consecutively approached and recruited into the study at each of the participating outpatient 190 

clinics after detailed information and written consent.   191 
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Data collection procedures 192 

A data collection form (Additional File 1) is used to obtain socio-demographic (name, age, sex, asthma diagnosis 193 

date), anthropometric (weight, height) and clinical data (medications types, adherence) from the 194 

parents/caregivers, the child and their medical records. We also obtain and record data on study’s outcome 195 

measures (asthma control, lung function), exposure measures (household air pollution, second-hand smoke) and 196 

confounder measures (medication adherence, inhaler technique, parental knowledge) (see individual participant’s 197 

flowchart, Figure 1). 198 

Outcome Measures: Asthma Control 199 

The assessment of asthma control comprises the assessment of symptom control and future risk.[1]  200 

A. Asthma symptom control is assessed using GINA asthma control question,[1] and Asthma Control Test- child 201 

and adult versions (ACT) for 4-11 and ≥12 year-olds, respectively.[65, 66] The GINA questions consists of 4 202 

questions on the frequency of day- and night-time asthma symptoms, use of reliever medication and activity 203 

limitation in the preceding four weeks. The result is categorized as well-controlled, partly controlled or 204 

uncontrolled. The ACT questionnaire is a 5-item validated tool for the evaluation of asthma control: activity 205 

limitation, breathlessness, night-time symptoms and the use of reliever medications and the child’s overall rating 206 

of control in the last four weeks. Scores are generated from each item and summed to yield a total of 25. The 207 

scores are graded as well-controlled (≥ 20), partly controlled (13-19) and poorly controlled (≤ 12). Overall, we 208 

define suboptimal asthma control asthma control level that is other than well-controlled based on either or both 209 

of the GINA or ACT.  210 

B. Risk of future exacerbations is assessed with a question on the frequency of exacerbation in last one year and 211 

with objective lung function testing (Additional File 1). The lung function test is done at the clinic by the research 212 

team (using an electronic peak flow meter that measures PEF and FEV1) and at home by the child (PEF, PEF 213 

variability).  214 
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Lung function at the clinic:  215 

We use an electronic peak flow meter (Asma-1TM Asthma Monitor, Child®, Vitalograph, UK; 216 

https://vitalograph.com/de/produkt/asma-1-asthma-monitor-child ) to measure PEF and FEV1 in children aged 5 217 

years and above according to the American Thoracic Society (ATS)/European Respiratory Society (ERS)’s 218 

guidelines.[67, 68] The test is done in standing position without nose clips. The child is taught to breathe in very 219 

deeply, put the mouthpiece in the mouth in-between the teeth with lips tightly closed over it, blow out the air into 220 

the device hard and fast and continue to blow it out without pausing. This is repeated at least two more times, for 221 

a minimum of three and maximum of eight times in total. The peak flow meter has an in-built quality check 222 

mechanism that rejects ‘blows’ characterise by poor efforts, cough or inadequate expiratory phase.[69] The best 223 

of at least three readings is recorded as the PEF and FEV1.[67, 70] 224 

Self-monitoring of peak expiratory flow at home 225 

Each child will be given a mini-Wright peak flow meter. The child is taught to use the device thus: ensure the red 226 

marker is at the 0 level before use; attach the mouthpiece to the device; ensure there is no object obstructing the 227 

movable marker of the meter; breath in deeply, put the mouthpiece inside the mouth in-between the teeth with 228 

the lips closed around it and ‘blow’ out hard and fast into the device; read off the value and record it on the record 229 

paper diary provided (Additional File 2). The steps are repeated at least 2 more times. The child is requested to 230 

do this for 5 days and record the readings on the diary. Peak flow variability (PFV) will be calculated as (difference 231 

between highest & lowest PEF)/100% (mean of highest & lowest PEF) for each day and the average over 3 days 232 

derived as the PFV.  233 

Exposure Measures: HAP and SHS 234 

Measurement of household air PM2.5 and CO 235 

Household air pollution (HAP) is quantitatively measured with air pollution/quality monitors for PM2.5  and CO 236 

(Figure 2), and qualitatively by questions on cooking fuel types used at home, frequency of use of generators and 237 

distance of generator from bedroom (Additional File 1).[71]  238 
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Household PM2.5 levels: is measured with a PM2.5  sensor (PurpleAir PA-11-SD® monitor, PurpleAir, Inc. Utah, 239 

USA; https://www2.purpleair.com/collections/air-quality-sensors/products/purpleair-pa-ii-sd; Figure 2). The 240 

purple air sensor is a laboratory- and field-validated device that measures outdoor and indoor particulate matter 241 

including PM2.5. The device has a removable memory card where the PM2.5 data is continuously logged and from 242 

here the data can be retrieved when inserted into to a computer.[59, 60, 72]  243 

CO Measurement: CO  is measured real-time by a CO logger (Easy Log EL-USB-CO® carbon monoxide logger, 244 

Lascer Electronics, Salisbury, UK; https://www.lascarelectronics.com/easylog-el-usb-co), a small hand-held pen-245 

like pocket device. It measures CO between 3 – 1,000 parts per million CO with an accuracy of ±7 parts per 246 

million CO. It can take up to 32,510 readings logged every 5 seconds to 5 minutes as determined by the user. Its 247 

data is retrieved by inserting the USB end into a computer on which the devices’ software has already been stored.  248 

Installation and retrieval of air pollution monitors 249 

Both devices – purple air PM2.5  monitor and EL-USB-CO logger- are set-up at the clinic, placed in a leather 250 

carriage bag with vents (to allow air flow freely through the bag; Figure 2) and handed over to the child’s parents. 251 

The PM2.5 device is connected with a USB cord to a power-bank of 40,000-60,000mAh which can power it for at 252 

least 5 days. The CO logger has a battery which can last three months. Parents are only required to take the bag 253 

home and place it in the room where the child sleeps, assumed to be where the child spends most time at home.[42] 254 

The devices commence logging data from the day of enrolment to the fifth day after enrolment when they will be 255 

retrieved from the participant’s home by a research assistant. After retrieving the air pollution monitors, the logged 256 

data are retrieved. For the PM2.5 monitors, the SD memory card at the base is removed and inserted into a laptop. 257 

The PM2.5 data, in micrograms/m3, are logged by the device in form of CSV files. The PM2.5 device logs data 258 

every 2 minute continuously. For the CO logger, the USB end of the device is connected directly to the laptop 259 

and the data extracted with the computer. The CO  logger measures CO  as parts per million (to be converted to 260 

microgram/m3 by multiplication factor of 1.25).[39] Data obtained from the logged data will include: average 24-261 

hour PM2.5  and CO  obtained from 3-day readings (the readings of the first and last days are discarded during 262 
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data retrieval and the readings of the full 3 days in-between are used); peak PM2.5  and COover the 3-day period; 263 

and the proportion of time the concentration exceeded the current WHO daily threshold of 15 ug/m3 for PM2.5  264 

and 4 mg/m3 for CO .[39]  265 

Household activities diary: To possibly correlate peaks in PM2.5  and CO  levels with indoor activities, parents 266 

are asked to fill a daily activity diary during the 5 days of date-logging (Additional File 3). They record the time 267 

of common home activities like cooking, use of generator, sweeping, etc (see supplementary file). The diary helps 268 

provide feedbacks to the families.  269 

Second-hand smoking (SHS) 270 

SHS is quantitatively assessed by measurement of urine cotinine in ng/ml and qualitatively by questions on 271 

exposure of the child to smokers in and outside the home.  Urine cotinine test strips (AllTestTM Cotinine test strips, 272 

Hangzhou AllTest Biotech Co., Ltd., China; https://en.alltests.com.cn/Home/ProductInfo/98) which measures 273 

urine cotinine semi-quantitatively will be used to measure cotinine in the children’s urine. The child’s caregiver 274 

is given a clean universal plain bottle into which urine of the child is collected. The test strip is dipped into the 275 

urine per manufacturer’s instruction. Any urine sample positive with the 10 ng/ml strip will be tested with higher 276 

concentration strip(s) (20, 50, 100, 200 and 500 ng/ml strips) until a negative result is obtained. The cotinine level 277 

will be assumed to be less than the level at which a negative result is obtained, namely negative or < 10 ng/ml 278 

(negative with 10 ng/ml strip), 10-20 ng/ml (positive with 10 ng/ml strip but not with 20 ng/ml strip), 20-50 ng/ml 279 

(positive with 20 ng/ml strip but not with 50 ng/ml strip), 50-100 ng/ml (positive with 50 ng/ml strip but not with 280 

100 ng/ml strip) 100-200 ng/ml (positive with 100 ng/ml strip but not with 200 ng/ml strip), 200-500 ng/ml 281 

(positive with 200 ng/ml strip but not with 500 ng/ml strip)  and > 500 ng/ml (positive with all strips including 282 

500 ng/ml strip). 283 

Confounders Measurements 284 

Potential confounding factors of AC are assessed including medication adherence, inhaler technique, 285 

socioeconomic status, anthropometric/nutritional status,  personal/family history of allergic comorbidities[15, 286 
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21], parental knowledge of asthma[73][15], age at asthma diagnosis, sex, overcrowding, place of sleep (floor, 287 

mat, raised bed); exposure to pets; exacerbation triggers[15]] and obesity (BMI).  288 

Inhaler Technique Assessment 289 

The Inhaler Device Assessment Tool (IDAT)[74] is used to assess the inhalation technique of participants. The 290 

IDAT was designed for assessing inhalation technique among healthcare workers, CwA and their caregivers. The 291 

tool consists of separate checklists for assessing the use of various forms of inhalers – metered-dose inhaler (MDI) 292 

alone, MDI with spacer, MDI with spacer and mask and dry-powder inhalers. Each form consists of 5 steps which 293 

are scored as 0 or 1 where 0 is incorrect and 1 is correct. The minimum and maximum scores are 0 and 5, 294 

respectively. The baseline scores for each device type in use by the child is recorded. For those using more than 295 

one device, the average score is obtained.  296 

Assessment of controller medication adherence 297 

This is done by the question “in the last 4 weeks, how many days in a week did you forget to take your inhaler?” 298 

(Additional File 1). This is scored as poor adherence (>5), moderate adherence (3-5), good adherence (<3).  299 

Socioeconomic status index 300 

A validated socioeconomic scale developed for Nigerian children and household by Ibadin & Akpede[75] 301 

(modified from a pre-existing classification by Oyedeji[76]) will be used to assess the socioeconomic status of 302 

the parents/caregivers (both or one parents/guardian). The scale uses the occupation and education of the parents 303 

to classify them into classes 1-6, with classes 1 and 6 being highest and lowest, respectively. 304 

Nutritional status: BMI 305 

BMI will be derived from height and weight (weight/height2) obtained from the medical records or measured 306 

directly per standard procedures.[77]  307 
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Allergic comorbidities 308 

Parents and/or children are asked about symptoms suggestive of and treatment for allergic rhinitis, conjunctivitis, 309 

dermatitis or food allergy. 310 

Asthma knowledge 311 

Parental asthma–related knowledge is assessed with a validated 10-item Asthma Knowledge Questionnaire, 312 

adapted by Franken et al[78] from previously published questions. The question is reliable with a Cronbach’s 313 

alpha of 0.72. 314 

Quality of life 315 

The Asthma Module of the Paediatric Quality of Life (PedsQLTM) questionnaire[79] will be used to determine 316 

the psychosocial burden of asthma on the child. The Asthma module tool consists of four scales: “problems with 317 

asthma” (11 items), “problems with treatment” (11 items), “problems with worry” (3 items), and “problems with 318 

communication.”  319 

Feedbacks to study participants 320 

Since most of the assessments in this study are part of standard asthma care, caregivers and children with asthma 321 

are provided feedbacks for improved care during contact, for example on corrective steps on inhaler technique; 322 

education on importance and strategies for medication adherence; and corrective feedbacks on parental 323 

knowledge. After data retrieval and extraction, attempt is made to identify any potential sources of observable 324 

spikes in PM2.5 and CO, and SHS in those with positive urine cotinine. Results of PM2.5 and CO and measures to 325 

mitigate further/future exposures are suggested through a written report sent to parents. Additionally, at the 326 

conclusion of the project, the team hopes to design context-specific general educational interventions for all 327 

patients/parents and asthma providers (doctors and nurses) to address all factors identified as associated with 328 

suboptimal AC. 329 
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Quality control and safety 330 

The PI is trained and experienced in the set-up and use of the air pollution monitors having been part of a 331 

multinational study group that longitudinally measured ambient PM2.5 in sub-Saharan African countries including 332 

Nigeria.[59, 80][59] Each PM2.5 has two in-built sensors allowing for inter-rater comparison of the readings of 333 

these sensors. Standard pulmonary function infection control procedures is followed during lung function testing: 334 

routine cleaning of the electronic peak flow meter and the mini-Wright peak flow meters in-between participants’ 335 

use as per manufacturer’s instructions; use of single-user sterilised disposable mouthpiece with one-way filter 336 

(Safe T-wayTM mouthpiece, Vitalograph, Ireland); use of a well-ventilated non-crowded room at the clinic; 337 

exclusion of children with current coughs from lung function measurement.  338 

Analysis plan 339 

Data will be deidentified and anonymised and then analysed with R-based graphical user’s interphase softwares: 340 

Bluesky statistics (https://www.blueskystatistics.com) and JASP statistics (https://jasp-stats.org). After data 341 

cleaning and assessment for normality of distribution (with Shapiro-Wilk test), continuous variables (e.g. age, 342 

age at diagnosis, PM2.5, CO level) will be summarized with mean ± SD [or median (IQR) if skewed], while 343 

categorical variables (prevalence of the levels of asthma control) will be summarized with frequencies, 344 

percentages with confidence intervals. One-way ANOVA (or Kruskal-Wallis test if skewed) and Chi-square test 345 

will be used to compare continuous variables (e.g. PM2.5, CO ) and categorical variables (e.g. sex, age-group, 346 

socioeconomic status) among the levels of asthma control, respectively. Pearson’s correlation (or Spearman’s if 347 

skewed) will be used to compare two continuous variables (e.g. between PM2.5  and each of PEF, PFV and FEV1; 348 

between in-clinic PEF and home personal PEF). Bland-Altman analysis will also be used to explore the level of 349 

agreement between in-clinic PEF and home-measured PEF. We will use hierarchical multivariable multinomial 350 

logistic regression to determine the independent association between AC and each of PM2.5 , CO  and urinary 351 

cotinine while controlling for potential confounders such as age, sex, ethnicity, residence area, season, family 352 

history of asthma/atopy, comorbid atopy, adherence, inhaler technique, asthma knowledge, psychosocial burden 353 

and socioeconomic level. Effect sizes of statistical associations will be quantified with adjusted and unadjusted 354 
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odds ratio at significant levels of <0.05 and 95% confidence intervals. Missing data will be handled on case-by-355 

case basis with respect to each affected variable. 356 

 357 

 358 
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DISCUSSION 359 

There is need for more studies on air pollution from Africa because, generally, air pollution appears to be of little 360 

priority to governments across Africa compared to other parts of the world.[8, 25, 39, 59, 60, 81–83]  Studies on 361 

the association of air pollution with health outcomes such as asthma incidence, morbidity or control are important, 362 

not only for characterising the burden and determinants of such outcomes to enhance clinical care, but also for 363 

reinforcing education and advocacy for improved environmental control at all levels- personal, household, 364 

community, national, regional and global.[48] For example, profiling of the pattern of household PM2.5  and CO 365 

along with household activities may inform personalised education and counselling of cooking fuel choices, 366 

practices and placement within the home.[48] These may be followed by advocacy for proven interventions like 367 

home air purifiers for cleaner air and better asthma control in children.[48, 84] Additionally, identifying the 368 

burden or presence of SHS may enhance counselling for smoking cessation among parents/caregivers.[85] 369 

Whereas few studies in Nigeria have found household PM2.5  and CO levels to be associated with asthma 370 

incidence,[44–46] and questionnaire-assessed SHS to be associated with increased respiratory symptoms in the 371 

general adolescent population,[53] no study has specifically explored their influences on asthma control among 372 

children with asthma. Hence, the ongoing study would provide important data along this line.  Although a recent 373 

multinational study conducted among children with asthma across sub-Saharan Africa including Nigeria provided 374 

valuable implementable insights into their personal PM2.5 exposures in different micro-environments (school, 375 

home and commuting), the association of PM2.5  with their symptom control or lung function was not reported.[8]  376 

AC is an interplay between several factors within and without the affected person, including the individual’s 377 

genetic background, medications, socio-environmental and psychosocial factors.[1, 86] Achieving optimal 378 

asthma control (AC) requires identifying, quantifying and ameliorating these modifiable risk factors like access 379 

to medications, medication use technique, adherence and air pollution.[1, 9, 30, 38, 87] Standardised assessment 380 

of asthma control consists of two domains: the assessment of control of asthma symptoms like cough, wheezing, 381 

breathlessness and chest tightness, and the assessment of the future risk of adverse outcomes like exacerbations, 382 

persistent loss of lung function and medication side-effects.[1] The former is assessed by determining the 383 
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frequency of day- and night-time symptoms, activity limitation and exacerbation over the preceding four weeks 384 

while the latter is assessed by determining, amongst others, frequency of exacerbation in last one year, medication 385 

adherence, inhaler technique, psychosocial burden and lung function. Examples of standardised validated and 386 

reliable tools for assessing asthma symptom control includes the GINA questionnaire,[1] Asthma Control Test 387 

(ACT) and Asthma Control Questionnaire (ACQ).[1, 66] Some studies suggest that AC may be better assessed 388 

with combination of GINA and ACT questionnaires, rather than just either of them alone.[88, 89] Thus, the 389 

assessment of asthma control encompasses questionnaires-based assessment of symptom control and medication 390 

adherence; assessment of inhaler technique; and measurement of lung function in the clinic and at home. 391 

Ishaq et al[16] reported non-correlation between asthma symptoms and objectively-measured lung function 392 

among asthmatic children in Sokoto, Nigeria, presumably because the two parameters measure different domains 393 

of asthma control; they are complementary to each other in assessing the overall respiratory health of children 394 

with asthma, or because one precedes the other in detecting airway abnormalities. It is known that poor lung 395 

function is more predictive of future adverse event rather than current control. The risk of future adverse outcomes 396 

like exacerbation is assessed with lung function parameters such as forced expiratory volume in 1 second (FEV1), 397 

peak expiratory flow (PEF) or its variability. Low predicted FEV1, especially when lower than 60% predicted, 398 

and exaggerated day-to-day diurnal PEF variability are associated with poor AC and increased risk of 399 

exacerbation even when symptom control is optimal.[90] Hence, the optimal assessment of AC should consist of 400 

the assessment of these two domains- symptom assessment with AC questionnaires and objective measurement 401 

of lung function with spirometry or peak flow meters-as both domains are essentially complementary in assessing 402 

control of asthma.[1] 403 

Although the main harmful product of tobacco smoking is nicotine, it is not usually measured as an indicator of 404 

exposure to SHS because of its very short half-life (about 2 hours). On the other hand, cotinine- a by-product of 405 

nicotine- has a long half-life and can detect nicotine exposure in the last 3-4 days. Cotinine can be measured in 406 

the blood, urine or saliva; however, urine cotinine is a more sensitive and specific marker of SHS compared to 407 
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serum or saliva cotinine. [58, 91, 92] Exposure to SHS, assessed with cotinine, is strongly correlated with systemic 408 

inflammation.[93] Although self-reported SHS using questionnaire is less reliable than urine cotinine,[58] the use 409 

of the two provides a better assessment of SHS rather than either. While biomarkers such as cotinine measure 410 

short-term exposures to SHS, questionnaires measure long-term exposures, albeit imprecisely.[23] Thus, in this 411 

study, the assessment of SHS is being done by both questionnaire and a semi-quantitative assay with a urine test 412 

strip. A urinary cotinine cut-off point of 18ng/ml has been proposed as cut-off level for the detection of SHS;[94] 413 

however there is no universally agreed cut-off. 414 

A potential limitation of our approach to air quality measurement is our use of household rather than personal 415 

measurement; personal measurement is a better reflection of true exposure compared to household measurement, 416 

allowing for delineating sources, context and cumulative exposures.[8, 82] However, personal exposure may be 417 

cumbersome for participants as they are required to carry the devices about. Also, merely measuring a 3-day 418 

averaged exposure may be inadequate to reflect true exposure over time.[72] Likewise, one-time cross-sectional 419 

measurement of outcomes (AC, lung function), rather than serially/longitudinally, may be inadequate to capture 420 

a potentially complex biological inter-relationship as that between pollutants and health outcomes.[82] 421 

Nonetheless, compared to previous studies, this study may provide valuable data for reinforcing personalised 422 

asthma care with respect to asthma care. 423 

 424 

 425 

 426 
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LIST OF ABBREVIATION 427 

AC  Asthma Control 428 

ACT  Asthma Control Test 429 

AP  Air Pollution 430 

CO  Carbon Monoxide 431 

CwA  Children with Asthma 432 

FEV1  Forced Expiratory Volume in 1 Second 433 

GINA  Global Initiative for Asthma  434 

HAP  Household Air Pollution 435 

PEF  Peak Expiratory Flow 436 

PFV  Peak Flow Variability 437 

PM2.5   Particulate Matter less than 2.5 microns in Aerodynamic Diameter 438 

SHS  Second Hand Smoking 439 

 440 
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FIGURES 720 
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Figure 1. Individual participant's flow chart 722 
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A         B 725 

Figure 2. Carriage bag for devices: A shows an opened carriage bag containing a power bank (a), Easy Log EL-726 

USB-CO® carbon monoxide logger (b) and a PurpleAir PA-11-SD® PM2.5 sensor. B is a side-view of the 727 

carriage bag hanged on a wall, depicting the bag’s air vents (d) 728 
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ADDITIONAL FILE 1 736 

DATA COLLECTION FORM 737 

 Date (dd/mmm/yyyy) [__ __/__ __ __/__ __ __ __]   

 Hospital No (6 digits)  [__/__/__/__/__/__] Research ID (3 digits) [__/__/__] 

A. CHILD’S SOCIODEMOGRAPHICS     

 Child’s surname _________________ First name ________________ Middle name _______________ 

 Date of Birth (dd/mmm/yyyy) [__ __/__ __ __/__ __ __ __] Age in years at last birthday __________ 

 Sex: M [__]       F [__] State of Origin ___________ Nationality ______________ 

 Home address (house no, street, community, area) _____________________________________________________ 

 Tribe: Yoruba[__] Igbo[__] Hausa[__] Others (specify)_______________ 

B. PARENTS/GUARDIAN’S SOCIO-DEMOGRAPHICS     

 Relationship to child: Father _____________ Mother 
_____________ 

Others (sepcify) ____________ 

 Phone number (11 digits): [__/__/__/__/__/__/__/__/__/__/__]  [__/__/__/__/__/__/__/__/__/__/__] 

 Father’s level of education: Primary[__] Secondary[__]  Tertiary[__]  Postgraduate[__]  

 Mother’s education:   Primary[__] Secondary[__] Tertiary[__] Postgraduate[__] 

 Father’s occupation: ______________________ Mother’s occupation: __________________________ 

C. CHILD’S ANTHROPOMETRY      

              Height (cm) ________        Weight (kg)_____________      BMI ____________ 

D. CHILD’S MEDICAL HISTORY      

 When was child first diagnosed with asthma? (mmm/yyyy) [__ __ __/__ __ __ ___]  

 Where was child first diagnosed with asthma?   

  LASUTH[__]  General Hospital[__]  Private Hospital[__]  PHC _________ Other (specify)_____________ 

 Since when has your child been attending LASUTH clinic? (mmm/yyyy) [__ __ __/__ __ __ ___] 

 Last clinic visit: (dd/mmm/yyyy) [__ __/ __ __ /__ __ __ __]   

 Last/current Asthma Therapy prescribed at the clinic: Formulation/device type  
eg. MDI, DPI, tablet,  

Dosage/frequency  
e.g. 200mcg bd 

  Salbutamol only     

  Salmeterol-Fluticasone      

  Fluticasone     

  Formoterol budesonide     

  Others (specify)     

 Other self-prescribed medications ________________ 

  Oral salbutamol     

  Oral prednisolone     

  Others, specify _________________     

 Allergic Co-Morbidities in child     

  Atopic dermatitis: Yes[__]   No[__] If yes, is child on treatment for AD? Yes[__]   No[__] 

  Allergic rhinitis: Yes[__]   No[__] If yes, is child on treatment for AR? Yes[__]   No[__] 

  Allergic conjunctivitis: Yes[__]   No[__] If yes, is child on treatment for AC? Yes[__]   No[__] 

  Food allergy: Yes[__]   No[__] If yes, is child on treatment for FA? Yes[__]   No[__] 

E. FAMILY & ENVIRONMENT  

 Allergies in other family members:  

  Asthma: Yes[__]   No[__] If yes, who? father[__]   mother[__]  sibling[__] 

  Atopic dermatitis: Yes[__]   No[__] If yes, who? father[__]   mother[__]  sibling[__] 
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  Allergic rhinitis: Yes[__]   No[__] If yes, who? father[__]   mother[__]  sibling[__] 

  Allergic conjunctivitis: Yes[__]   No[__] If yes, who? father[__]   mother[__]  sibling[__] 

  Food allergy: Yes[__]   No[__] If yes, who? father[__]   mother[__]  sibling[__] 

 Child’s position in family: 1st[__]  2nd[__]  3rd[__]   4th[__]    5th[__]  6th[__]   7th[__]   >7th[__] 

 Type of apartment:  

  1-2 room tenement[__]    1 bedroom flat[__]   2 BR flat[__]    3BR Flat[__]    4BR Flat/Duplex[__]        Others _____ 

 Family size (total number of occupants, apart from visitors on short stay) ___________________ 

 Where does child usually sleep? Mat[__]    Bare floor with clothe[__]    Bare floor   Sofa[__]      Mattress[__] 

 Which of the following pets or domestic animals do you keep?  

           None[__]    Dog[__]     Poultry[__]    Cat[__]     Goats/Rams[__]      Others (specify) ___________ 

F. ASSESSMENT OF ASTHMA CONTROL     

 GINA ASTHMA CONTROL:  Well-controlled [__] Partly controlled 
[__] 

 Uncontrolled [__]  

 ASTHMA CONTROL TEST: ACT Score: _________  

  ACT Category: Well-controlled [__]Poorly controlled [__]Very poorly controlled [__] 

 ASTHMA CONTROL GRADING (COMBINATION OF GINA & ACT):    

  Optimal control (well-controlled with BOTH GINA & ACT Scales) [__] 

  Sub-Optimal control (not well-controlled with EITHER GINA or ACT scale) [__]  

 ASSESSMENT OF FUTURE RISKS OF EXACERBATION     

 Exacerbation: In the last one year how many times had your child been hospitalised for asthma exacerbation (attacks)? 

  Adherence: In the last 4 weeks, on how many days of a week did you forget to use your controller medication (eg 
seretide)? _____________ 

 Do you have any concerns or fears about any of your inhalers or medications? Yes[__]  No[__] 
                                     If yes, specify ________________________________________________________ 

 

 Inhaler technique Number of devices: 0[__]   1[__]  2[__]   

  Device types: None[__]      MDI only[__]    MDI + improvised Spacer[__]   MDI + 
manufactured Spacer[__]   MDI+Spacer+Facemask[__]   DPI (discus) [__]    

  IDAT Score: IDAT Score: ______ 

 Asthma knowledge scores  ________   

 Psychosocial burden (Quality of Life score) ____________  

G HOUSEHOLD AIR POLLUTION PROFILE 

 Where is cooking done? Inside room[__]    Separate kitchen[__]    Others___________________________ 

 Main cooking fuel Firewood[__]    Charcoal/Coal[__]    Kerosene[__]    Gas/LNG[__]    Electric[__]   Others 
(specify) ____________ 

 Secondary cooking fuel Firewood[__]    Charcoal/Coal[__]    Kerosene[__]    Gas/LNG[__]    Electric[__]   Others 
(specify) ____________ 

 How frequently do you use this  

 • Mosquito coils 

• Incense 

• Insecticides 

• Air freshner 

• Perfumes/deodorants 

Everyday[__]      Most days[__]    Sometimes [__]  Rarely [__]   Never [__] 
Everyday[__]      Most days[__]    Sometimes [__]  Rarely [__]   Never [__] 
Everyday[__]      Most days[__]    Sometimes [__]  Rarely [__]   Never [__] 
Everyday[__]      Most days[__]    Sometimes [__]  Rarely [__]   Never [__] 
Everyday[__]      Most days[__]    Sometimes [__]  Rarely [__]   Never [__] 

 • Generator   Everyday[__]      Most days[__]    Sometimes [__]  Rarely [__]   Never [__] 
 

 How far is your generator from the room where child sleeps 

  < 2meter[__]     2-4meter[__]    4-6meter[__]  6-8meter[__]   8-10meter[__]   10meter[__]    

H. SECOND-HAND SMOKE EXPOSURE  

 Does anyone smoke in your apartment? yes[__]    no[__]     
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if yes, who? Father[__]      Mother[__]    others (specify)__________ 

 Does anyone smoke outside your apartment but inside your house building?     yes[__]    no[__]     

  if yes, who? Father[__]      Mother[__]    others (specify)__________ 

 Is your child (are your) exposed to tobacco smoke outside the home (in school, daycare, etc)    yes[__]    no[__]  

  if yes, specify where _________________, _________________,  

 Prenatal exposure to tobacco smoke:  

 NB: exposure means being around people who smoke to the extent of perceiving the tobacco odour 

 • Was mother smoking during pregnancy?                                    yes[__]    no[__]   

• Was mother exposed to tobacco smoke during pregnancy?       yes[__]    no[__]     

I. LUNG FUNCTION TEST      

  FEV1 (L) 
PEF (ml/min) 

Predicted _____  
Predicted _____ 

%Predicted _______ 
%Predicted _______ 

J. URINE COTININE TEST (AllTestTM cotinine test strips)  

 Negative[__] 10ng/mL[__]  20ng/mL[__]  50ng/mL[__]  100ng/mL[__]  200ng/mL[__]    500ng/mL[__]      

K. HOUSEHOLD AIR QUALITY MEASUREMENTS     

  Daily average value 
(mean of 3 days readings) 

Proportion of readings 
above WHO level 

Household activity/time 
associated with peak level 

 PM2.5 (ug/m3)    

 CO (mg/m3)       

L. PERSONAL PEF VARIABILITY Day 1 Day 2 Day 3 Average  

 Highest PEF: __________ ___________ _________ _________  

 Lowest PEF: __________ _________ _______ _______  

 Difference (highest-lowest) __________ __________ _______ _______  

 Mean [(highest+lowest)/2] __________ ___________ __________ __________  

 PEF Variability  
[100%(PEF difference/mean PEF)] 

 
____________ 

 
___________ 

 
_________ 

 
___________ 

 

 738 

 739 
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ADDITIONAL FILE 2 740 

PERSONAL PEAK FLOW METER RECOR  741 

 742 

NAME ______________________________________________ 
RESEARCH ID NO: ___________________________________ 

DAILY HOME PEAK FLOW MEASUREMENT RECORD 

    DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 

Morning Reading 1           

  Reading 2           

  Reading 3           

              

              

Evening Reading 1           

  Reading 2           

  Reading 3           

              

              

INSTRUCTION ON HOW TO USE YOUR PEAK FLOW METER: Before using your personal 

peak flow meter, make sure there is no object inside the device. Attach the mouthpiece. Make sure the slider is at the 
zero mark. Get ready to breathe very deeply. With your head straight without bending your neck, breathe in deeply to fill 
your lungs with air until you can no longer do so. Put the mouthpiece in your mouth in-between your teeth and with your 
lips sealed around it. Make sure the meter is straight, without bending. Blow out the air in your lungs forcefully and 
suddenly, as fast as you can. Read of the point where the slider is and write on the form as reading 1. Move the slider 
back to the zero mark and repeat the steps to get reading 2. Repeat to get reading 3. You need at least 3 readings at 
each time. Repeat any of The reading if you make mistake at any of the steps. 

 

  

 743 

 744 
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ADDITIONAL FILE 3 745 

HOUSEHOLD ACTIVITIES DIARY  746 

 747 

  
CHILD'S NAME 
________________________________________________ 

PARENT/GUARDIAN'S NAME 
_______________________________ 

  HOME ACTIVITIES DIARY 

    DAY 

_____ 

 
DATE 

_________________

________ 

    

INSTRUCTION: Tick (√) activities that occur in the home at the time periods listed 

TIME 

PERIOD

S 

coo
king 

swee
ping 

insectic
ide use 

generat
or use 

kerosene 
lamps/candles/lantern 

use 

mosquito 
coils use 

incense 
use 

others 
(specify) 

4-5 am                 

5-6 am                 

6-7 am                 

7-8 am                 

8 -9 am                 

9-10 am                 

10-11 am                 

11-12 noon                 

12-1 pm                 

1-2 pm                 

2-3 pm                 

3-4 pm                 

4-5 pm                 

5-6 pm                 

6-7 pm                 

7-8 pm                 

8-9 pm                 

9-10 pm                 

10-11 pm                 

11-12 
midnight 

                

12-2 am                 

2-4am                 

Note: Grey-shaded areas refers to times that most children are likely to be home 
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