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“If it’s invisible, I can’t remember if it’s there or not. And not only that, but I 

can’t even remember what it is.” ~ Jarod Kintz 
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Abstract 

Background Most countries of sub-Saharan Africa (SSA) are experiencing 

a high rate of urbanization accompanied with unplanned development 

resulting into sprawl of slums. The weather patterns and air pollution 

sources in most urban areas are changing with significant effects on health. 

Studies have established a link between environmental exposures, such as 

weather variation and air pollution, and adverse health outcomes. However, 

little is known about this relationship in urban populations of SSA where 

more than half the population reside in slums, or slum like conditions. A 

major reason for this is the lack of systematic collection of data on exposure 

and health outcomes. High quality prospective data collection and census 

registers still remain a great challenge. However, within small and spatially 

defined areas, dynamic cohorts have been established with continuous 

monitoring of health outcomes. Collection of environmental exposure data 

can complement cohort studies to investigate health effects in relation to 

environmental exposures. The objective of this research was to study the 

health effects of selected environmental exposure among the urban poor 

population in Nairobi, Kenya.  

Methods We used the platform of the Nairobi Urban Health and 

Demographic Surveillance System (NUHDSS), including two nested research 

studies, to provide data on mortality and morbidity. The NUHDSS was 

established in two areas of Nairobi, Korogocho and Viwandani, in 2003 and 

provides a unique opportunity for access to longitudinal population data. In 

addition, we conducted real-time measurements of particulate matter 

(PM2.5) in the areas from February to October in 2013. We obtained 

meteorological meausrements from the Moi Air Base and Nairobi airport 

weather stations for the study period.  We also conducted a cross-sectional 

survey to establish the communities’ perceptions about air pollution and its 

related health risks. Time series regression models with a distributed lag 

approach were used to model the relationship between weather and 

mortality. A semi-ecological study with group level exposure assignment to 

individuals was used to assess the relationship between child health 

(morbidity and mortality) and the extent of PM2.5 exposure. 

Results There was a significant association between daily mean 

temperature and all-cause mortality with minimum mortality temperature 

(MMT) in the range of 18 to 20 °C. Both mortality risk and years of life lost 

analysis showed risk increases in relation to cold temperatures, with 

pronounced effect among children under-five. Overall, mortality risks were 

found to be high during cold periods of the year, rising with lower 

temperature from MMT to about 40% in the 0–4 age group, and by about 
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20% among all ages. The results from air pollution assessment showed high 

levels of PM2.5 concentration exceeding World Health Organization (WHO) 

guideline limits in the two study areas. The air pollution concentration 

showed similar seasonal and diurnal variation in the two slums. The majority 

of community residents reported to be exposed to air pollution at work, with 

66% reporting to be exposed to different sources of air pollution. Despite the 

observed high level of exposure, residents had poor perception of air 

pollution levels and associated health risks. Children in the high-pollution 

areas (PM2.5≥ 25 µg⁄m3) were at significantly higher risk for morbidity (OR = 

1.30, 95% CI: 1.13-1.48) and cough as the only form of morbidity (OR = 1.33, 

95% CI: 1.15-1.53) compared to those in low-pollution areas. In addition, 

exposure to high levels of pollution was associated with high child mortality 

from all-causes (IRR=1.15, 95% CI: 1.03-1.28), and indicated a positive 

association to respiratory related mortality (IRR=1.10, 95% CI: 0.91-1.33).  

Conclusion The study findings extend our knowledge on health impacts 

related to environmental exposure by providing novel evidence on the risks 

in disadvantaged urban populations in Africa. More specifically, the study 

illustrates the invisible health burden that the urban poor population are 

facing in relation to weather and air pollution exposures. The effect of cold 

on population is preventable. This is manifested by the effective adaptation 

to cold conditions in high-latitude Nordic countries by housing standards 

and clothing, as well as a well functioning health system. Further, awareness 

and knowledge of consequenes, and reductions in exposure to air pollution, 

are necessary to improve public health in the slum areas. In conclusion, 

adverse health impacts caused by environmental stressors are critical to 

assess further in disadvantaged populations, and should be followed by 

development of mitigation measures leading to improved health and well 

being in SSA. 



vi 

Abbreviations 
 

APHEA Air Pollution and Health: A European Approach 

ARI Acute Respiratory Infection 

CI Confidence Interval 

COPD Chronic Obstructive Pulmonary Disease 

DALYs Disability-Adjusted Life Years 

DLNM Distribued Lag Non-linear Models 

DPSEEA Driving Forces-Pressures-States-Exposures-Effects-Actions 

DPSIR Driving Forces-Pressures-States-Impacts -Responses 

GAM Generalized Additive Models 

GBD Global Burden of Diseases 

 GLM Generalized Linear Models 

ICD International Classification of Diseases 

INDEPTH International Network for Demographic Evaluation of 

Populations and their Health 

IRR Incidence Risk Ratio 

IVP INDEPTH Vaccination Project 

JKIA Jomo Kenyatta International Airport 

LMIC Low-and-Middle Income Countries 

MAB Moi Airforce Base 

MCH Maternal and Child Health 

MEME Multiple-Exposures-Multiple-Effects 

MMT Minimum Mortality Temperature 

NOAA National Oceanic and Atmospheric Administration 

NUHDSS Nairobi Urban Health Demographic Surveillance System 

OR Odds Ratio 

PM Particulate Matter 

SD Standard Deviation 

SSA Sub-Saharan Africa 

UCL Upper Confidence Limit 

UNEP United Nations Environmental Program 

UN-HABITAT United Nations Human Settlements Programme 

VA Verbal Autopsy 

WHO World Health Organization 

YLL Years of Life Lost 

 



vii 

 

Contributing Papers 

This thesis is based on the papers I-V. The published papers I, II and V were 

published in open access journals so no permission was required to reprint.  

 

I. Egondi, T., Kyobutungi, C., Kovats, S., Muindi, K., Ettarh, R., & 

Rocklöv, J. (2012). Time-series analysis of weather and mortality 

patterns in Nairobi's informal settlements. Global Health Action, 5. 

II. Egondi, T., Kyobutungi, C., & Rocklöv, J. (2015). Temperature Variation 

and Heat Wave and Cold Spell Impacts on Years of Life Lost Among the 

Urban Poor Population of Nairobi, Kenya. International Journal of 

Environmental Research and Public Health, 12(3), 2735-2748. 

III. Egondi, T., Muindi, K., Kyobutungi, C., Gatari, M., Rocklöv, J. 

(Submitted). Measuring exposure levels of inhalable airborne particles 

(PM2.5) in two socially deprived areas of Nairobi, Kenya. 

IV. Egondi, T., Ettarh, R., Kyobutungi, C., Rocklöv, J. (Submitted).  Child 

morbidity and mortality associated with exposure to inhalable particles 

(PM2.5) among the urban poor in Nairobi, Kenya. 

V. Egondi, T., Kyobutungi, C., Ng, N., Muindi, K., Oti, S., van de Vijver, S., 

Ettarh, R., Rocklöv, J. (2013). Community Perceptions of Air Pollution 

and Related Health Risks in Nairobi Slums. International Journal of 

Environmental Research and Public Health, 10, 4851-4868. 

 





 

1 

Introduction 

This research investigates the effects of exposure to temperature variation 

and air pollution on health among urban poor populations. Initially, the 

introduction section provides the background on the situation that give rise 

to the vulnerability of the urban population to environmental exposure. 

Next, the section reviews the existing evidence on the effects of exposure to 

temperature and air pollution on human health. A description of the 

mechanisms by which temperature and air pollution exposures affect health 

follows. The section extends by providing a description of the framework 

used to guide the interpretation and reporting of environmental exposure 

and health effects. In addition, populations’ perception of environmental 

exposure and associated risks is introduced. Finally, the section describes the 

study objectives of the research conducted.  

Background 

High rates of urbanization are being experienced around the world with 

more than half of the global population living in urban areas in 2014 [1]. By 

2050, the world’s urban population may exceed 10 billion representing about 

66% of the population. Approximately 30-40% of urban dwellers in low- and 

middle-income countries live in socially deprived slum areas; in Africa this 

figure is higher, and it is estimated 62% live in slums [2]. Most of the world’s 

population growth is occurring in cities and towns of poor countries [3].  

These rapid, unplanned and unsustainable patterns of urban development 

make developing cities focal points for many emerging environmental and 

health risks [4]. Most low-and-middle income countries (LMIC) are not 

presently laying the required foundations to deal with the environmental 

emerging risks and epidemiological transitions that are being experienced in 

urban areas. Such neglect is likely to adversely affect the general well-being 

of billions of people as the urban slum populations remain invisible and/or 

uncounted [5]. Thus, urban poor populations in LMIC face multiple health 

burdens, which continue to be a public health challenge [6]. 

The changing environmental conditions are likely to influence change in 

disease patterns particularly in urban areas [7]. It is well recognized that a 

great burden of respiratory diseases is attributable to air pollution [8]. 

According to World Health Organization (WHO), 7 million people died in 

2012 as a result of air pollution exposure, which doubles previous estimates 

and confirms air pollution as the world’s largest single environmental health 

risk [9]. The largest health burden is borne by people living in cities in poor 

regions facing double exposure burden, from traditional and modern sources 
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[10]. In addition, effective environmental policies are lacking in most of the 

LMIC to protect the public. The levels of air pollutants are thought to 

significantly exceed WHO guideline values [11]. However, the reported levels 

and health burden attributable to air pollution exposure in LMICs is 

uncertain due to lack of data on both exposure and health outcomes [12].  

Environmental conditions related to weather, such as those characterized by 

heat and cold waves, has been shown to contribute to considerable excess 

mortality in high-income countries. Particularly, heat waves are a problem in 

urban areas where there is additional heat, urban heat islands, caused in 

interactions with the urban environment [13, 14]. Evidence also exists on 

cold-related mortality with sometimes greater effect observed in warmer 

regions [15-18]. The excess cold-related mortality can be substancially 

reduced through personal protective measures against cold and 

improvement in housing conditions[15, 19]. In recent times, most studies on 

temperature-related mortality have been conducted in temperate regions, 

and little is known about this relationship in sub-tropical and tropical LMIC, 

especially in sub-Saharan Africa (SSA). Furthermore, it is expected that in 

urban areas, the local weather situation is likely to influence the outdoor air 

pollution levels, and, potentially, also modifying the health effects of air 

pollution [20]. Poor housing conditions, a common feature of slum 

settlements, are likely to be associated with thermal discomfort due to 

temperature variation. In addition, there are several links between poverty 

and poor health in general [21, 22].  

Kenya, a low-income country, faces rapid urbanization resulting in the 

development and growth of slums [23]. Kenya’s annual slum growth rate is 

the highest in the world at 5%, and it is expected to double in the next 30 

years if no proper interventions are put in place [24]. A third of Kenya’s total 

population lives in urban areas, and of this, more than 71% is confined in 

slum like areas [25]. Nairobi, Kenyas Capital city, is one of the fast growing 

cities in SSA [26]. The population of Nairobi has grown over the years from 

1.3 in 1990 to about 3.8 million in 2010 [27]. More than half of Nairobi´s 

population live in informal settlements, commonly refered to as slums, 

occupying less than 5% of Nairobi’s residential area [28]. UN-HABITAT 

defines slum as an urban area occupied by people with lack of one or more 

of: durable housing, sufficient living space, easy access to safe water, access 

to adequate sanitation and security of tenure [29]. At present, very little is 

known on the role of environmental exposure on the disease burden among 

the urban population residing in slum like areas.  The lack of studies and 

evidence to raise awareness and propose policies on these matters persists, 

despite several studies showing evidence of high burden of diseases 

attributable to ambient environmental exposure [30-34]. 
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According to the Global Burden of Disease Study 2010 (GBD 2010), lower 

respiratory infections were ranked amongst the highest causes of premature 

deaths [35]. In addition, Kenya is ranked the highest in terms of burden of 

disability-adjusted life years (DALYs) in chronic obstructive pulmonary 

disease (COPD) among similar comparator countries [31]. Similarly, 

previous studies in Nairobi indicate high prevalence of respiratory illnesses 

and asthma among children in slums [30], and acute respiratory illness 

(ARI) as the leading contributor of the mortality burden among under-five 

children [32]. In addition, a seasonal pattern of pneumonia related to under-

five mortality was observed in the same population, and is thought to be 

associated with exposure to air pollution [36]. A study by the United Nations 

Environmental Program (UNEP) among children living near the Dandora 

dumpsite in Nairobi revealed a high incidence of diseases linked to 

environmental pollution [34]. As with other developing countries in Africa, 

Kenya has no air quality management and lacks data on air pollution, despite 

having the fastest growing urban population [37]. A few short-term studies 

on air pollution in Nairobi have shown that the levels of pollutants in most 

parts of Nairobi City, especially particulate matter, are above the 24-hour 

WHO limit of 25 mg/m3 [26, 37, 38]. However, none of these were 

conducted in slum like residential areas, and only one study established the 

health association to the observed level of pollution [34].   

In an effort to reduce air pollution, most air quality management bodies have 

focused on the emissions-based control programs [39]. Although regulations 

targeting emissions have led to a decrease in levels of pollution, inclusion of 

interventions targeting individuals, reducing exposure regardless of 

environmental stressors, will greatly mitigate health impacts from 

environmental exposure [39-42]. A new framework that incorporates 

strategies at regulatory, community, and individual levels to reduce 

emission, exposure and health impacts of air pollution has been suggested 

[39]. However, strategies targeting either the community or individual level 

require knowledge of the perceptions of exposure, and knowledge of 

associated risk in the target group. Therefore, understanding the people’s 

perception and knowledge is crucial in activities aimed at promoting ill 

health from air pollution. Research on environmental risk assessment has 

established a relationship between exposure and health risk. However, little 

attention has been given to understanding community perceptions of 

environmental risk particularly in SSA. Consequently, governments are 

grappling with how to empower citizens to promote action and local 

participation to interventions [43].  Whereas it is commonly accepted that 

dangers and hazards do exist, the public does not necessarily view them 

equally. However, the public's concerns about risks cannot necessarily be 

attributed to ignorance or irrationality. It has been maintained that risk has 
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generally been discussed through a “paradigm of rational choice” and to 

consider risk assessment independent of culture is incomplete [44]. 

Research has also shown that much of the public's reactions to risk can be 

attributed to how they respond to hazards in terms of technical, social, and 

perception elements that are not normally well addressed in risk 

assessments [45]. There is relatively little research on the general public’s 

perceptions of specific environmental factors related to health [46, 47].  

Epidemiology of temperature and air pollution  

Associations between temperature and mortality has been established [17], 

and particularly the influence of thermal stress on health has been proven 

[48]. Although many climate and weather variables such as humidity and 

rainfall influence human performance and health [49, 50], the combined 

effect of different weather variables on mortality is less widely examined 

[51]. Hence, no clear evidence exists that these variables have an 

independent effect apart from temperature [52-56]. Generally, most 

epidemiological studies have shown temperature-mortality relationship to be 

either J or U-shaped indicating increased risks in cold and hot weather [57, 

58]. Studies have also demonstrated that the effects of extreme temperatures 

may last for days or weeks, especially for cold weather where the effects can 

be delayed by several weeks [59, 60]. Extended periods of extreme 

temperatures have also been investigated and found to be associated with 

peaks in mortality [61, 62]. It has also been documented that respiratory 

health is largely affected not only by air pollution but also by weather 

conditions [16, 63-66]. Evidence of temperature-mortality relationship exist 

for sub-tropical countries that experience moderate temperature variations 

[67, 68]. In addition, there is evidence of adaptation to usual temperatures 

[53, 69, 70], and as a result, cold and heat effects have different thresholds 

for the onset of risk for different regions. Despite the existence of the 

evidence in various parts of the world, little is known in SSA countries. 

Significant association between air pollution and adverse health outcomes 

including increased mortality has been clearly established [71, 72]. 

Respiratory diseases that are known to be highly attributable to air pollution 

are on the rise worldwide and the trend has been observed in both high and 

low income countries [73, 74]. High frequency of respiratory disease has 

been reported more in urbanized areas [75], and outdoor air pollution is one 

possible explanation for the observed trends [76]. Very few studies in 

developing countries, particularly in Africa, have assessed the association 

between urban air pollution and health outcomes. Lack of consistent air 

monitoring data and health outcome data is the common hindrance to 

studies in developing countries [77].  
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An interaction between air pollution and temperature has been suggested by 

a number of time-series and case-crossover studies [78-80]. The multicentre 

APHEA study demonstrated evidence of effect-modification, not only by 

season, but also according to typical temperature of the area [81]. Potential 

interaction between air pollution and temperature has been studied by 

several studies and found consistent evidence of synergy between the two 

exposures [82-88]. A positive interaction was also found between cold 

temperatures, and air pollution concentration, on respiratory mortality [89, 

90]. The type of pollutant was found to influence the observed temperature-

air pollution interaction, indicating that the underlying mechanisms are 

dependent on local conditions [7]. Similarly, two multicentre studies 

suggested that the synergistic effect might vary across regions according to 

climate, human activities and physical adaptation of an area [82, 91]. The 

next section discusses the different mechanisms of temperature and air 

pollution on human health, and the possible actions needed to reduce the 

impacts. 

Mechanisms of temperature and air pollution effects on health 

Exposure to temperature variation and air pollution may affect human 

health in different ways. However, the respiratory system is a main target of 

particulate matter present in the air. Still the underlying mechanisms are 

different for the different pollutants [7]. Air pollution has both acute and 

chronic effects on human health ranging from minor irritation of eyes and 

the upper respiratory system to chronic respiratory disease, heart disease, 

lung cancer, and death [92]. Air pollution has been shown to cause both 

acute respiratory infections and chronic bronchitis. It also worsens the 

condition of people with pre-existing chronic illness [93]. Both short-term 

and long-term exposures have been linked with premature mortality and 

reduced life expectancy [94]. In addition, the type of pollutant, its 

concentration, duration of exposure, presence of other pollutants and 

individual susceptibility influence the health impact of air pollution [95]. 

Causal biological mechanisms about effects of air pollution on mortality are 

not fully understood. Air pollution has been linked with compromised 

pulmonary immune defense mechanisms in both animals and humans. The 

effects of acute air pollution exposure on mortality occur primarily among 

people more susceptible to adverse effects, due to pre-existing poor health 

[95]. The environmental pathways, from source to health effects, from air 

pollution provides understanding where action can be taken to reduce the 

impact on health [96, 97]. 

On the other hand, cold weather is associated with a variety of involuntary 

responses in humans, including: contraction of skin blood vessels, shivering, 
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and increases in blood pressure and heart rate. Therefore, exposure to cold 

may cause a decrease in blood flow among patients with heart problems 

leading to coronary spasm, chest pain, and even myocardial infarction [98-

100]. The cold weather also interferes with lung mechanisms, and sufficient 

evidence exist that exposure to cold is a risk factor for pneumonia in all ages 

[101]. Cold air causes serious damage on ciliary motility, and, consequently, 

reduce the immune system’s resistance to respiratory infections [102, 103]. 

Exposure to cold air may also increase the number of granulocytes and 

macrophages in the lower airways in healthy subjects [104], and induce 

bronchoconstriction [105, 106], which suggests that cold exposure could be 

involved in the pathogenesis of asthma-like conditions. The indirect effect of 

cold weather is with corresponding increased exposure to air pollution 

causing both higher indoor and outdoor air pollution levels.  

 

On the contrary, exposure to heat has been found to induce physiologic 

changes such as an increase in blood viscosity and cardiac output leading to 

electrolyte imbalance, dehydration, hypotension and fatigue [107, 108]. In 

fact, exposure to extreme temperatures in general (both cold and heat) can 

act as a trigger for cardiovascular events due to changes in blood pressure, 

viscosity, cholesterol, and heart rate [109-111]. The health effects from 

exposure to heat are mainly in patients affected by chronic illnesses. In these 

patients, it is thought that responses to heat stress, particularly, those 

involving the respiratory system, may fail to release excess heat, and, thus, 

increase the risk of developing health conditions related to heat stress. 

However, this postulate is still not fully supported by the existing evidence 

[112]. A different pathway linking heat exposure to respiratory health 

outcomes involves the clinical course of heat-related illnesses. Acute lung 

inflammation and damage might occur [113], and heat may trigger a series of 

physiological changes in the lung leading to a severe respiratory distress 

syndrome [66, 114].  

Environment and health framework 

In general, a conceptual framework helps organize the concepts, ideas and 

notions of actions [115] in order to recognize and interpret complex links 

between elements of the response [116]. Various frameworks have been 

developed in the area of environment and health. The different frameworks 

are: Driving forces-Pressure-State-Impact-Responses (DPSIR), Driving 

forces-Pressure-State-Exposure-Effect-Action (DPSEEA), and Multiple 

Exposure Multiple Effects (MEME). Liu et al. [117] provides a detailed 

review of the four frameworks. The DPSIR focuses mainly on the 

environment and was designed to develop environmental indicators [118, 
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119]. The major limitation of this framework is the inability to identify within 

its route multiple entry points for action due to lack of description of 

exposure routes. In addition, it portrays the interaction between human 

activity and environment as unidirectional and linear. The DPSEEA 

framework was developed on behalf of WHO by Carvalan et al. [120] to 

support the development of environment and health indicators. Compared to 

DPSIR, there are advantages associated with DPSEEA. First, it recognizes 

the links between exposures and health effects [120]. Second, it allows for 

several entry points in the cause-effect chain. Third, it extends the concept of 

driving forces to more remote, contextual factors such as social and 

economic development [115, 121, 122]. Further, it is flexible and can be 

adapted and modified according to changing requirements and 

circumstances[118]. This frameworks has been adopted to monitoring health 

impacts of climate change in Europe [123], as well as developing 

environment and health indicators to assess, and monitor, human health 

vulnerability, and measuring the effectiveness of climate change adaptation 

and mitigation [118]. The framework was developed to link environmental 

policy and health. However, a limiations is that it assumes a linear flow from 

exposures and contexts to health [115, 121, 122].  WHO developed a 

simplified MEME (multiple-exposures multiple-effects) framework to 

provide a conceptual basis for development, collection and use in the context 

of children environment and health indicators [115, 124]. The framework is 

an extension of DPSEEA describing the link bewtween many different 

environmental settings and many different individual health outcomes. In 

this framework, both exposures and health effects are influenced by 

contextual conditions. Actions can be taken at different levels as has been 

demonstrated in North America [125]. The similarities between MEME and 

DPSEEA mean that it is relatively simple to switch between them according 

to the need [118]. We adopted the MEME framework to identify and 

interpret the link between temperature, air pollution and health. The 

framework is illustrated in Figure 1. 
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Figure 1: The Multiple Exposure Multiple Effects (MEME) framework for 

temperature, air pollution and health 

Urban slum is the overarching context to different environmental risks 

because of poverty and proximity to sources of pollution, such as industries 

and garbage dumpsites. Poor housing condition is an important additional 

feature of the urban slums determining population health consequences of 

temperature and air pollution. The small sizes of houses with no ventilation 

increases the concentration of air pollution, and the housing materials also 

make the temperature inside more extreme than outside temperature. The 

model is also useful in highlighting potential exposures, but in this case we 

only consider temperature and air pollution as environmental exposure in 

both community and houses. The model highlights the potential health 

outcomes generated by the associated exposures. It also emphasizes, in 

addition to preventive and remedial actions, that surveillance is essential in 

monitoring the progress. 

Perception of risk from environmental exposure 

We adopted the definition of perception as subjective assessment of 

exposure level to environmental hazard, and the concern with the 

consequences of the exposure [126]. Perception is an important component 
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of behaviour change, which plays a major role in public response to 

environmental exposures [127-129]. Therefore, increasing people’s 

perception and knowledge is a cornerstone in promoting protective 

behaviour. The role of perception on exposure risk reduction can be explored 

following a community-based social marketing strategy [130]. The strategy 

involves addressing two behaviours simultaneously: 1) the behaviour to be 

encouraged; and 2) the behaviour to be discouraged. Figure 2 illustrates how 

the strategy could be adopted towards prevention and control of exposure to 

air pollution and temperature in residential areas. 

The essential initial steps to a community-based social marketing strategy 

goes by identifying the environmental activities to be promoted, and the 

barriers that impede individuals from taking action. Although, the benefits 

for pollution prevention are evident, certain barriers, such as a general lack 

of concern or awareness, can inhibit implementation. Engaging individuals 

in discussions about pollution prevention, or protection from extreme 

weather is an important step to positive change. Common barriers can be 

overcome by availing information, developing partnership, and building 

support. Understanding public perception and attitude towards exposure 

rsisk, and regulations or actions, will be critical for successful involvement of 

citizens [131]. Promoting behaviour change by lowering barrier attitude and 

increasing motivation among residents leads to the desired social change 

and taking appropriate response.  

 

 
Figure 2: Behaviour change and pollution prevention strategy 
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Study objectives 

There is relatively little research on health effects associated with exposure 

to temperature and air pollution in Sub-Saharan Africa (SSA), particularly, 

among socially deprived urban populations. In addition, little evidence exists 

on the general public perceptions on environmental pollution and related 

health risks. Understanding peoples’ perception is important for actions 

targeting individuals, or for community participation in solving existing 

environmental risks. The aim of this research was to investigate health 

effects from environmental exposure among slum residents in Nairobi, 

Kenya. The specific study objectives were to:  

1) investigate the relationship between daily temperature and all-cause 

and cause-specific mortality, and years of life lost;  

2) establish the daily concentration level and variability of fine particulate 

matter in two slum areas, and its association to on child health 

indicators and mortality; and  

3) explore community perceptions and knowledge to air pollution 

exposure and related health risks.  

 

The following chapter provides the description of the methodology and data 

sources used in this study to address the specified objectives. 
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Methods and analysis 

This section starts with the description of the study location and the 

population. It follows by detailing the data and their sources for the different 

study objectives. Subsequently, the different approaches for analysis of the 

data are described.  

Study location and population  

The study was conducted in two informal settlements of Korogocho and 

Viwandani in Nairobi, the capital city of Kenya. Kenya is located in east 

Africa, bordering the Indian Ocean to the east, Somalia to the northeast, 

Ethiopia to the north, Sudan to the northwest, Uganda to the west, and 

Tanzania to the south. Nairobi city is situated slightly south of the center 

point of the country. The country lies on the equator between latitudes 5°N 

and 5°S, and longitudes 34°W and 42°E as shown. Kenya has a warm and 

humid tropical climate on its Indian Ocean coastline, but the climate 

becomes cooler as you move inland through the wildlife-rich savannah 

grasslands towards the capital due to the change in altitude. Nairobi city is 

situated about 1700 meters above sea level and is characterized by a sub-

tropical climate. The city has a predominantly a relatively cool climate and 

experience two rainy seasons in a year. A longer rainy season (March-May), 

and a shorter rainy season (October-December) [132, 133]. The climate of 

Nairobi is illustrated in Figure 3.    

 
Figure 3: Climatological information for Nairobi city over a 

30-year period. (Source: World Meteorological Organization 

http://worldweather.wmo.int/en/city.html?cityId=251) 
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The Nairobi Urban Health and Demographic Surveillance System 

(NUHDSS) covers two study areas, and has been run by the African 

Population and Health Research Center (APHRC) since 2003. 

Approximately 60,000 people from about 28,000 households are under 

surveillance in the open cohort, and are visited three times every year with a 

four month interval between each visit. The slum areas of Korogocho and 

Viwandani are located 12 and 7 kilometres from Nairobi City center 

respectively. Each slum area occupies a land area of about 0.5 km2. Both are 

located close to dumpsites. There are industries situated on the North of 

Viwandani area where a majority of the residents work. A larger proportion 

of the population in the two study areas work as casual laborers in the 

informal sector [134]. Overcrowding, poor sanitation, and poor access to 

basic health care services characterize the two areas and residents are facing 

a high burden of disease, similar to other slums [32]. Housing structures in 

Korogocho are mainly made of mud or timber with roofing composed of tin 

waste, while in Viwandani structures are mainly made of iron sheets. Lack of 

proper garbage disposal remains a huge challenge in both areas.  

Ethical consideration 

 
The ethical approval for the NUHDSS was obtained from Kenya Medical 

Research Institute (KEMRI). Our study analysed data from NUHDSS 

without the need for identifying information, and therefore, additional 

approval was not required for use of NUHDSS data. We obtained ethical 

approval for collecting air pollution measurements, and for performing the 

community perceptions study from African Medical Research Foundation 

(Amref) ethical and scientific research committee.  
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Data  

The NUHDSS provided the platform for health outcome (morbidity and 

mortality) and individual level demographic information of the study 

population. Morbidity data were available for under-five children through 

nested studies on maternal and child health from 2007 to 2013. 

Demographic events - birth, in-migration, out-migration and deaths - are 

routinely collected. Cause of death is ascertained through a verbal autopsy 

procedure. Oti et al. [135] provides a detailed description of the process of 

verbal autopsy used. Causes of death are classified according to the 

International Classification of Diseases, 10th Revision (ICD-10) using a 

modified and shortened code list [136]. The first and second papers of the 

thesis used mortality data for all ages, while the fifth paper used mortality 

and morbidity data for under-five children. Years of life lost (YLL) 

calculations for the second paper were generated using mortality data and 

life tables for NUHDSS population [137]. 

Exposure data obtained and collected consist of meteorological (Papers 1 and 

2) and air pollution (Papers 3 and 4) data. Weather data were obtained from 

the Meteorological Department of Kenya for the period of 2003-2008 and 

additional data up to 2012 were obtained from the National Oceanic and 

Atmospheric Administration (NOAA) website [138]. The Moi Airbase 

Eastleigh weather station was the main source of daily meteorological data, 

and for days with missing data, Jomo Kenyatta International Airport (JKIA) 

measurements were used. The Moi Airbase Eastleigh weather station is 

located in between the two study sites (about 4 kilometres from each study 

area and 9 kilometers from JKIA station) [137, 139]. The location of the two 

stations in relation to study sites is shown in Figure 4. 

Air pollution measurements of fine particulate matter (PM2.5) were 

conducted in the period February-October 2013. Two handheld DustTrak, II 

Model 8532 samplers were used to record real-time measurements of PM2.5 

in two study areas. Two research assistants (one in each site) were trained on 

using of the equipment and conducted all the field measurements.  We 

identified a fixed sampling route, including 15-20 minutes point stopovers. 

The activities and the number of people in an area informed our choice of the 

stopover points. The sampling points (stop-overs) of the two study areas are 

shown in Figure 5. 

A cross-sectional study was conducted to collect data on community 

perceptions and knowledge regarding the air pollution and related health 

risks through questionnaire interviews. The questionnaire contained 
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sections on: perception of air quality, air pollution-related health effects, 

annoyance with air pollution, sources of information on air pollution and 

individual demographic characteristics. Egondi et al. [140], provides a 

comprehensive description of the measures and the process of generating 

composite measures. The set of questions on the perceived air pollution and 

related health risks are summarized in Table 1. 

 
Figure 5: Map of two study areas with air pollution sampling locations 

Statistical analysis methodology 

Different epidemiological analysis techniques were used for different papers 

in this thesis to address the study objectives. The main statistical analyses 

used were; time series analysis approach, regression analysis (linear, logistic 

and Poisson), and descriptive summary measures specifically for the third 

paper of air pollution measurements. The below section describes how the 

methods were used in the different papers. 
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Analysis of temperature-mortality relationship 

The time series approach was applied under the general framework of 

generalized linear model (GLM) and generalized additive models (GAM). 

The general model formulation is given by; 

 

 

 

The formulation assume daily observed values yt to be of some exponential 

family and g(µt) is a link function relating mean µt to a set of predictors 

incorporating smooth functions f(xi) for non-linear predictors. The last two 

terms in the equation represent short-term seasonal and long-term trend 

variation in the outcome. The two terms can be combined into a single term 

with high number of degrees for freedom able to capture both seasonal and 

long-term trend. Daily mortality count was modelled assuming Quasi-

Poisson distribution for allowing overdispersion with a log link function and 

expected years of life lost was modelled using a Gaussian distribution with 

identity link. We used time-series data analysis adapting Poisson regression 

model to estimate the relationship between temperature, rainfall and daily 

mortality. This approach compares the daily observed and expected outcome 

based on time trends, so as to analyze the deviations from the expected 

outcome values related to variation in the exposure variable, in this case 

temperature.  

Delayed effect  

The delayed effect of exposure was modelled through distributed lag models 

framework [141-143]. The main effect of temperature on day i is described by 

the function k of the series of lagged temperatures t1-l, with l=0, 1 … lk = 21, 

where 21 as maximum lag considered for this study. The lag formulation can 

be interpreted in two perspectives: a forward perspective, an exposure event 

on day i determines the risk in the future at days +l; a backward perspective, 

the risk on day i is determined by a series of exposures experienced in the 

past days i-l. To allow flexibility, k is specified as a two-dimensional spline 

function, defining a DLNM that allows the main effect to vary smoothly 

along both dimensions of temperature and lags [141]. 
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Creation of temperature extreme indicators 

We used percentiles to define relative thresholds for extreme cold and heat 

over a period of a consecutive number of days [144]. These definitions 

describe heat wave and cold spells that are area specific depending on 

temperature variation and climate regimen [145, 146]. We considered 

different intensities and duration for cold and heat waves measured by 

different percentiles and the number of days of sustained temperature 

extreme respectively [147, 148]. The indicator variables for cold or heat were 

expressed as: 

 

 
and 

 

Where IC and IH represent indicators for cold spell and heat wave days, 

respectively. The percentiles of 90th, 95th and 98th were used for different 

intensities of heat waves. The cold spell was defined based on 10th, 5th and 

2nd percentiles. Cold spell and heat wave were defined as indicators for at 

least two days of consecutive days with temperatures below, or above, the 

identified temperature thresholds for cold or heat. A detailed description 

with an example is provided by Egondi et al. [137]. 

Analysis of air pollution and child health  

The association between air pollution and morbidity was examined using a 

cohort of under-five children observed during the period of 2012-2013. The 

analysis was conducted considering three different analyses: prevalence; 

episode at individual level; and episode at household level. The prevalence 

analysis, which was conducted using logistic regression at individual level, 

corrected for standard errors to account for multiple observations per child. 

Poisson regression was used for episode analysis to morbidity counts at 

individual and household levels. The morbidity was analysed separately for 

cough only, and for cough, fever and convulsion combined.  

We examined the association of exposure to air pollution and mortality 

among under-five children for the period 2003-2013. However, we used 

exposure data collected in 2013 with assumption that sources and activities 

for air pollution in two study areas were stable. Poisson regression was used 

compare the incidence (mortality) risk ratio (IRR) for all-cause and 

respiratory related mortality adjusting for household wealth index, sex and 

age of the child. Mortality analysis related to the exposure level was 

conducted for all-cause and respiratory related mortality. The mortality was 
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collapsed by aggregating deaths and person-years of observation by sex, age 

group and wealth index.  

Analysis of community perception of air pollution 

The composite perceived measures were generated using a Cronbach alpha 

algorithm implemented in STATA. The approach allows combining 

questions with different response scales. In our case we had binary as well as 

five-point ordinal scale responses. The final composite measure is obtained 

by averaging standardized individual items, and then transformed to a scale 

of 0 to 100 for ease of interpretation. The high scores represent high-

perceived air pollution level or high-perceived health risk. To measure level 

of annoyance, the respondents were asked to assume that people's level of 

annoyance due to indoor and outdoor air pollution from any source could be 

stacked on a ladder or staircases of five steps, with low level  (1) representing 

'No Annoyance' and high level (5) representing 'Extreme Annoyance'. Then, 

respondents were asked to place themselves on the ladder that corresponds 

to their level of annoyance due to outdoor or indoor air pollution. Questions 

were adopted from studies that used similar scales [149, 150], though we 

reduced scales from 11-point scales to 5-point scales.  

 

Table 1: List of questions for the composite indices of perceived level of 

pollution and perceived related health risk 
Perceived air pollution  

How would you rate the quality of air in the community where you live 
(Viwandani/Korogocho)? Would you say it is (Very Low, Low, High, Very 
High) 
How would you rate the quality of air in your house? Options (Very Low, 
Low, High, Very High) 
Which of the following would you say are the sources of outdoor or 
indoor air pollution within Korogocho/Viwandani (Dust, Vehicle 
emissions, Industrial emissions, Cooking fuels, Burning trash, Smelly 
sewage, Cigarette smoking, Other sources)? Options (Yes or No) 
How severe would you say is air pollution in Korogocho/Viwandani from 
(Dust, Vehicle emissions, Industrial emissions, Cooking fuels, Burning 
trash, Smelly sewage, Cigarette smoking, Other sources)? Options (None, 
Low, Moderate, High and Very High)  

Perceived health risks  
How much health risk do you think each of the following is to you and 
your family (dust, vehicle emissions, industrial emissions, cooking fuels, 
burning trash, smelly sewage, cigarette smoking, and other sources)? 
Options (None, Low, Moderate, High and Very High) 
What health problems do you think are brought about by air pollution 
('cough/cold, difficulty breathing, eye problems, asthma, cancer, heart 
problems, headache, other)? Options (Yes/No) 
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The distribution of study participants’ characteristics of the two study sites 

was compared using descriptive statistics. The perceived measures were 

summarized in terms of averages by demographic characteristics to assess 

the distribution of the perception levels across key characteristics. The 

association of perceived air pollution and related health risks, with different 

characteristics, were assessed using linear regression analysis. Bivariate 

analysis was conducted first to determine independent relationship between 

each characteristic and outcome measure. Then multiple regression analysis 

was conducted to assess the association of different factors controlling for 

other potentially confounding factors.  
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Results 

The chapter presents study findings according to the study objectives. The 

first part of the chapter summarizes the results focusing on the relationship 

between temperature variation and mortality. The second part of the chapter 

gives the findings on air pollution exposure levels and the associated health 

impacts on child health.  The last part of the chapter describes the results on 

community perception of air pollution and associated health risks. 

Deaths and Years of Life Lost in NUHDSS 

The distribution of deaths and years of life lost (YLL) during the study period 

2003-2012 is presented in Table 1. During this period, there were a total of 

4,671 deaths recorded with a total YLL of 206,712.3. There were more male 

deaths compared to females (57% vs 43%), and 32% of deaths occurred 

below the age of five years. Daily average of YLL was higher for male deaths 

(32 years) compared to female deaths (25 year).  

Table 2: Distribution of deaths and years of life lost in NUHDSS 

  
Daily average 
deaths (SD) 

Total 
deaths (%) 

Daily average 
YLL (SD) Total YLL 

Sex/Gender 
    Male 0.7 (1.3) 2651 (56.8) 31.9 (56.7) 116 349,4 

Female 0.6 (0.9) 2020 (43.2) 24.7 (42.6) 90 362,9 

Age group 
    0-4 years 0.4 (0.7) 1487 (31.8) 25.6 (44.1) 93 460,2 

5-14 years 0.0 (0.2) 146 (3.1) 2.4 (12.0) 8 601,5 

15-24 years 0.1 (0.4) 415 (8.9) 5.5 (19.4) 20 049,3 

25-49 years 0.5 (1.2) 1966 (42.1) 19.8 (19.8) 72 263,4 

50+ years 0.2 (0.5) 657 (14.1) 3.4 (9.5) 12 337,9 

Overall  1.3 (1.9) 4,671 56.6 (82.0) 206 712,3 

The average daily temperature over the study period was 19.4 ºC and ranged 

from 13.3 ºC to 25.5 ºC. The daily maximum temperature averaged to 25.8 

ºC with a range of 15.0 ºC to 38.2 ºC. Daily minimum temperature ranged 

from 5.0 ºC to 19.0 ºC and averaged 13.9 ºC. The seasonal variation of all-

cause mortality and temperature is displayed in Figure 6. Mortality 

fluctuations were observed with high peaks occurring during the periods 

with low temperatures. The peak in mortality seemed to be followed by an 

immediate drop in the number of deaths. 
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Figure 6: Weekly time series of all-cause mortality and temperature 

Temperature and Mortality Risk 

The association of temperature and mortality was assessed using average 

daily temperature as the temperature variable. The results from time series 

analysis of temperature-mortality relationship showed presence of 

seasonality (Figure 7). High mortality was observed in the month of July, 

which corresponds to a cold period of the year. The seasonal mortality was 

significant among under-five children, but is masked when considering all-

ages together. This implies that the seasonal mortality is driven by under-

five mortality in our study population.  

 
Figure 7: Seasonal variation in mortality among populations of all-ages 

(left), and under-five years of age (right). The dotted lines show a 95% 

confidence interval. 
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Exponentiation of the log relative risk estimates from the two plots, shows 

that mortality relative risk change from the lowest to the highest by about 

40% for deaths among populations under-five years of age and 20% for all-

ages.  Temperature-mortality plots from the time series model revealed a 

non-linear relationship for temperatures away from the average temperature 

(Figure 8). The pattern of temperature and mortality showed a J-shape for 

all-ages and a U-shape for under-five mortality. The observed relationship 

shows that a change in temperature from the optimal temperature was 

associated with increased mortality risk. A strong cold effect is observed 

from the two plots for the same day, and with a one-day lag. The mortality 

risk was quantified by age, gender and cause of death using 25th and 75th 

percentiles as lower and upper temperature thresholds. This quantification 

produced no statistically significant results. Possibly due to the limited size 

of the population studied. However, there was 13% increase in mortality due 

to acute infections associated with low temperatures.  

 
Figure 8: Smooth functions of temperature for all-ages, and for under-five 

mortality. Dotted lines are corresponding to 95% confidence intervals.  

Temperature and Years of Life Lost 

Daily maximum temperature was used to evaluate the relationship between 

temperature and YLL. The general association of temperature and YLL 

showed a J-shaped curve similar to the temperature-mortality relationship. 

The temperature-YLL relationship was lowest for daily maximum 

temperatures between 24-30 ºC. The relationship illustrate an apparent cold 

association on YLL, but no significant effect from heat. The results also 

indicate that exposure to temperature of 21 ºC (representing 5th percentile) 

for two weeks, relative to temperatures of 26 ºC (minimum mortality 

temperature) was associated with an increase of 27.4 in YLL (95% CI, 2.7 – 

52.0). The minimum mortality temperature was obtained from the fitted 

exposure-response curve. To explore the lag effect of cold, we used 
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temperature corresponding to 25th percentile (24 ºC). The results of the lag-

response for the temperature of 24 ºC showed a significant effect within 3 

days after exposure, and diminished completely after 6 days. 

 

Table 3: Heat wave and cold spell temperature thresholds and number of 

consecutive days with corresponding association to YLL 

  Threshold 
(oC) 

No. of 
days 

Main Effect 

 
YLL 95 % CI 

Cold Spell intensities 
     

≤ 2nd percentile 20.0 24 56.7 4.4 109.1 

≤ 5th percentile 21.1 67 35.8 2.3 69.2 

≤ 10th percentile 22.4 169 26.1 0.6 51.6 

Heat wave intensities 
     

≥ 98th percentile 29.0 23 3.4 -20.7 27.5 

≥ 95th percentile 29.6 88 1.3 -25.5 28.2 

≥ 90th percentile 30.4 221 8.1 -28.0 44.2 

We explored graphically the delayed effects of cold spells and heat wave on 

YLL, and observed significant cold spell signals varying by lag and 

intensities. Separate models for different lags were used to explore lag 

associations. A cold spell as defined as the 5th or 2nd percentiles showed 

significance at lag 5 and 14 days. A less intense definition of cold spell 

defined as 10th percentile showed significance at lag 3 and 6 days. Therefore, 

this exploration of lags shows that the cold spell association indicates to be of 

significance within two weeks of exposure. The cumulative effect of cold 

spell, or heat wave, is presented in Table 3. The effect of either cold spell, or 

heat wave, was evaluated relative to normal conditions during the defined 

days of cold or heat. We observed a significant association between cold 

spells and YLL, with stronger effect following more intense cold spells (10th, 

5th and 2nd percentiles). Cold spells, defined by these percentiles, were 

associated with 26.1, 35.8 and 56.7 YLLs respectively. There were no 

significant heat wave association on YLL observed in this study. 

Air Pollution Exposure Assessment 

The PM2.5 readings showed seasonal patterns over the measurement period 

(February-October 2013) in both areas. The highest levels of PM2.5 were 

measured during the month of July. However, measurements in July for 

Viwandani were largely missing. During the study period, Korogocho site 

displayed the highest concentration of PM2.5 with a daily average level of 166 
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µg/m3 (Table 4). The lowest average PM2.5 concentrations of 53 µg/m3 and 66 

µg/m3, in Viwandani and Korogocho respectively, were recorded in the 

month of April. Moreover, the Viwandani area had daily average PM2.5 

concentration of 67 µg/m3 with marked smaller variation over the months. 

Excluding the measurements taken in the month of July, the average level of 

PM2.5 in Korogocho dropped to 96 µg/m3, but still higher than in Viwandani. 

 
Table 4: Observed PM2.5 concentration for entire daily measurement periods, for defined time 

periods of the day, and 8-h average concentrations with 95% upper confidence limit (UCL) 

  Korogocho Viwandani 

 
Entire period Excluding July Entire period 

 
Average UCL Average UCL Average UCL 

All measurements (Entire 
period) 166.4 171.9 95.6 97.8 67.2 67.7 

Parts of the days       

Morning period (0700-1000) 213.6 230.1 104.8 110.3 76.4 77.5 

Mid-day period (1000-1700) 146.0 153.3 86.6 89.7 58.5 59.2 

Evening period (1700-2100) 164.9 172.1 104.7 108.8 81.9 83.3 

8-h Measurements (0600-1800) 183.6 258.1 97.0 121.8 62.9 68.1 

Daily and Diurnal Variation of PM2.5 

Figure 9a shows the variation in PM2.5 concentration for different parts of the 

day in the two study areas. We observed that PM2.5 concentration was higher 

in the morning and evening compared to the afternoon period. A similar 

pattern was observed in both slums though the concentration was higher in 

Korogocho during all three periods of the day. An average PM2.5 

concentration of 214 and 165 µg/m3 was observed in the morning (0700-

1000) and in the evening (1800-2100) respectively in Korogocho, while in 

Viwandani the observed concentration was 76 and 82 µg/m3 the morning 

and evening respectively (Table 4). The mid-day (1000-1700 hours) 

concentration level was 146 µg/m3 in Korogocho and 59 µg/m3 in Viwandani. 

A variation in PM2.5 concentration by day of the week was observed in the 

Korogocho area (Figure 9b), with Mondays, Wednesdays and Saturdays 

having higher concentration levels. The concentration levels in Viwandani on 

average showed little variation across days of the week.  The two plots show 

higher spikes of PM2.5 in Korogocho compared to Viwandani for most hours 

of the day, and for all days of the week.  
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Eight-hour concentrations 

The eight-hour (8-h) concentration presented in Table 4 was obtained for 

days with measurements for at least 8 hours from 6.00am to 6.00 pm. The 

8-h average concentration was 183 µg/m3 (median 91 µg/m3) ranging from 

24 µg/m3 to 716 µg/m3 in Korogocho and 63 µg/m3 (median 60 µg/m3) with 

a range of 30 µg/m3 to 133 µg/m3 in Viwandani. The 95% upper confidence 

limit (UCL) was 258 µg/m3 and 68 µg/m3 for Korogocho and Viwandani 

respectively. Excluding the month of July, the 8-h average PM2.5 

concentration was 97 µg/m3 with UCL of 122 µg/m3. The 95% UCL of the 

measurements in Viwandani was closer to the average concentration 

showing little variation. 

 

 
Figure 9: The distribution of PM2.5 concentration by time of the day (a) and 

the day of the week (b) 
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Level of Exposure to PM2.5 and Child Morbidity 

A cohort of 4,529 children aged below five years were followed up during the 

period 2012-2013 and was included in the morbidity analysis. We used a 

longer retrospective period of follow up for mortality analysis given the lower 

mortality incidence compared to morbidity incidence.  

Table 5: Distribution of individual characteristics of the two study cohorts 
by the exposure level 

  Morbidity Cohort† Mortality Cohortⱡ 

 

PM2.5< 25 
µg⁄m3 

PM2.5 ≥ 25 
µg⁄m3 

PM2.5< 25 
µg⁄m3 

PM2.5 ≥ 25 
µg⁄m3 

 
n (%) n (%) n (%) n (%) 

Sample (n) 1,583 2,946 8,353 13,288  

Gender 
Male 798 (50.4) 1485 (50.4) 3937 (46.9) 6416 (48.4) 
Female 785 (49.6) 1461 (49.6) 4456 (53.1) 6832 (51.6) 

Age (months) 
 0-11  323 (20.4) 598 (20.3) 2330 (27.8) 3470 (26.2) 
12-23' 411 (26.0) 704 (23.9) 1664 (19.8) 2434 (18.4) 
24-35  279 (17.6) 546 (18.5) 1102 (13.1) 1702 (12.9) 
36-47  301 (19.0) 595 (20.2) 786 (9.4) 1225 (9.3) 
48-60  269 (17.0) 503 (17.1) 2511 (29.9) 4417 (33.3) 

Wealth Index 
Poorest 399 (25.2) 1324 (44.9) 1427 (17.0) 4554 (34.4) 
Poor 553 (34.9) 830 (28.2) 2586 (30.8) 3841 (29.0) 
Least poor 557 (35.2) 640 (21.7) 3450 (41.1) 3418 (25.8) 
Missing 74 (4.7) 152 (5.2) 930 (11.1) 1435 (10.8) 

All-Cause Morbidity 
Yes 550 (34.7) 1252 (42.5) 

  
No 1033 (65.3) 1694 (57.5) 

  
Cough* 

    
Yes 424 (77.1) 1030 (82.3) 

  
No 126 (22.9) 222 (17.7) 

  
All-Cause Mortality 

Yes - - 473 (5.6) 857 (6.5) 
No - - 7915 (94.4) 12396 (93.5) 

Respiratory-related mortality** 
Yes - - 133 (28.1) 224 (26.1) 
No - - 340 (71.9) 633 (73.9) 

†The morbidity cohort is from MCH/IVP projects for the period 2012-2013 
ⱡThe mortality cohort is from NUHDSS for the period 2003-2013 
* Sample total based on All-Cause Morbidity cases 
**Sample total is based on All-Cause Mortality cases 

The main characteristics of the two cohorts for both morbidity and mortality 

analysis are described in Table 5 according to the level of exposure (low= 
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PM2.5< 25 µg⁄m3 vs high= PM2.5 ≥ 25 µg⁄m3). The distribution of gender and 

age classes was similar over the exposure categories. However, people living 

in areas with high concentrations PM2.5 were more often poorer households 

for both cohorts. Among children of the morbidity cohort, about 45.0% of 

children in the poorest households were from highly polluted areas 

compared to 25.2% from less polluted areas. The proportion of participants 

with missing information on wealth index for the two cohorts was similarly 

distributed between the two levels of pollution categories. Among the 

morbidity cohort, a total of 1,802 children (39.8%) experienced morbidity 

with 1,454 (80.7%) of them reported to have had cough during 2012-2013. 

Both morbidity and cough cases were equally distributed by gender: female 

cases were 890 and 731 (50.3%) for morbidity and cough respectively. 

Table 6: Association between PM2.5 and child morbidity adjusting for gender, age and socio-

economic status 

 Prevalence analysis 
Episode analysis-

individual 
Episode analysis-

Household 

 
OR (95% CI) 

p-
value IRR (95% CI) 

p-
value IRR (95% CI) 

p-
value 

Gender (ref: Male)      
Female 0.99 (0.87;1.12) 0.87 1.03 (1.00; 1.05) 0.02 1.00 (0.98;1.02) 0.88 
Age in months (ref: 0-11) 

  12-23  1.17 (0.97;1.40) 0.09 1.45 (1.38;1.52) 0.00 1.21 (1.18;1.24) 0.00 
24-35  0.87 (0.71;1.05) 0.14 1.14 (1.09;1.19) 0.00 1.10 (1.07;1.13) 0.00 
36-47  0.58 (0.48;0.71) 0.00 1.25 (1.18;1.32) 0.00 1.14 (1.11;1.18) 0.00 
48-60  0.41 (0.33;0.51) 0.00 1.09 (1.01;1.17) 0.03 1.05 (1.01;1.09) 0.02 

Wealth Index(ref: Poorest) 
 Poor 0.67 (0.58;0.78) 0.00 0.97 (0.95;1.00) 0.03 1.02 (1.00;1.03) 0.02 

Least Poor 0.63 (0.54;0.74) 0.00 0.98 (0.95;1.01) 0.16 1.01 (0.99;1.03) 0.32 
Air Quality*       

Poor  1.30 (1.13;1.48) 0.00 1.36 (1.22;1.51) 0.00 1.45 (1.30;1.62) 0.00 
*Poor air quality refers fine particulate matter (PM2.5) > 25 µg⁄m3 

We found significant association between high level of exposure (PM2.5 ≥25 

µg/m3) and child morbidity (cough, fever and convulsion). A similar 

relationship with slightly higher estimates was observed when considering 

cough as the only form of morbidity. Therefore, we present the results for 

morbidity related to the three symptoms (cough, fever and convulsion) 

combined in Table 6. Children in areas with higher exposures were 30% 

more likely to report morbidity (OR =1.30, 95% CI = 1.13 – 1.48). Morbidity 

cases were more often reported among children from poorer households 

compared to children from less poor households whom were 37% less likely 

to report morbidity (OR =0.63, 95% CI = 0.54 – 0.74). The results show that 

morbidity prevalence was higher among the younger children compared to 
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older children with a somewhat linear trend. However, there was no 

difference in the morbidity prevalence between male and female children.  

The results of morbidity episodes at individual level show that children from 

areas with high level of pollution had an incidence rate, IRR, of 1.36 (95% CI 

= 1.22 – 1.51) times greater than those from areas of low level of pollution. 

The results showed higher incidence rate for older children compared to 

children aged 0-11 months. Females compared to male children, were 

expected to have a rate of 1.03 times greater for morbidity episodes. High 

level of PM2.5 concentration was also found to be significantly associated 

with morbidity episodes at household level. The results indicate that 

households in highly polluted areas were 45% more likely to experience high 

morbidity cases compared to households from less polluted areas (IRR=1.45, 

95% CI=1.30 – 1.62). 

Level of Exposure to PM2.5 and Child Mortality 

A total of 21,641 children under five years of age were observed for a period 

of 2003-2013 forming a cohort for mortality analysis. We used a longer 

period of follow up for mortality analysis to have enough number of deaths 

for the analysis.  

Table 7: Association between PM2.5 and child mortality adjusting for gender, age and 

socio-economic status 

 
All-Cause Mortality Respiratory Related 

Mortality 

 
IRR (95% CI) 

p-
value IRR (95% CI) 

p-
value 

Female (ref: Male) 0.98 (0.89;1.09) 0.76 0.96 (0.80;1.15) 0.66 

Age in months (ref: 0-11)     

12-23 0.26 (0.23;0.30) 0.00 0.25 (0.20;0.33) 0.00 

24-35  0.10 (0.07;0.12) 0.00 0.10 (0.06;0.15) 0.00 

36-47  0.07 (0.05;0.10) 0.00 0.05 (0.02;0.10) 0.00 

48-60  0.03 (0.02;0.05) 0.00 0.04 (0.02;0.09) 0.00 

Wealth Index (ref: Poorest)     

Poor 0.87 (0.76;0.99) 0.03 0.98 (0.79;1.23) 0.89 

Least Poor 0.88 (0.77;1.00) 0.04 1.01 (0.80;1.26) 0.96 

Poor Air Quality*   1.15 (1.03;1.28) 0.02 1.10 (0.91;1.33) 0.34 
*Poor air quality refers fine particulate matter (PM2.5) > 25 µg⁄m3 

The characteristics of the cohort for mortality analyses are described in Table 

5 according to the level of exposure (low vs high). There was a similar 
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distribution for the mortality cohort where 34.4% of children in the poorest 

households were from highly polluted areas compared 17.0% from less 

polluted areas. The proportion of participants with missing information on 

wealth index for the two cohorts was similarly distributed between the two 

levels of pollution categories. During the study period (2003–2013) we 

observed 1,330 under five all-cause deaths (6.2%), among those 357 deaths 

were related to respiratory infections (26.7%). There were 710 male all-cause 

deaths (53.0%), and 194 male respiratory related deaths (54.2%). The 

majority of deaths occurred within 12 months of life; 1,103 (82.4%), and 310 

(86.6%) for all-cause and respiratory-related respectively. 

A significant relationship between high levels of PM2.5 with under-five 

mortality was observed (Table 7). The incidence mortality ratio for children 

in highly polluted areas was 1.15 compared to children in less polluted areas 

(95% CI = 1.03 – 1.28). The mortality rate was higher among the poorest 

households, and among the 0-11 months age group. However, there was no 

difference in mortality by the gender of the child. The analysis of association 

of exposure to PM2.5 on respiratory related mortality showed that children 

from high exposure were 10% more likely to die from respiratory related 

infections compared to those from low exposure areas. Though, the result 

was not statistically significant (95% CI = 0.91 – 1.33). However, the 

insignificant results for the respiratory related mortality might be due to the 

few number of deaths for the population studied in this cause of death 

category. 

Community Perceptions of Air Pollution 

The survey on community perception was conducted in 2012 among 5,317 

residents (3887 in Korogocho and 1430 in Viwandani). All socio-

demographic characteristics significantly differed between the two study 

sites at 5% significance level (Table 8). Participants in Viwandani were 

mainly male and younger compared to Korogocho. About a half of the 

residents in Korogocho had lived there for at least 20 years and majority of 

residents in Viwandani (84%) had lived for less than 20 years. Most 

respondents were married in both study areas. A higher proportion of 

respondents were not married in Korogocho (30%) compared to Viwandani 

(15%). Majority of residents in Korogocho had low level of education 

compared to Viwandani. Informal business and casual labour were the two 

main occupations of the residents in the two sites of Korogocho and 

Viwandani respectively. 
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Table 8. Description (%) of the sample by the two 

study sites 
  Viwandani Korogocho 

 
(n=1430) (n=3887) 

Sex  
  Female 36.1 49.1 

Male 63.9 50.9 
Respondent’s Age 

  35-40 years 41.9 26.3 
41-50 years 41.5 37.7 
51-60 years 13.3 21.4 
60+ years 3.3 14.6 

Duration of stay  
  0-10 years 41.0 17.5 

11-20 years 43.3 33.9 
21-30 years 14.4 30.9 
30+ years 1.2 17.8 

Marital status  
  Married 85.3 70.5 

Not married 14.7 29.5 
Education level  

  Less than primary 15.2 38.0 
Primary 50.8 46.2 
Secondary+ 34.0 15.8 

Current Occupation  
  Business 29.4 43.0 

Informal 35.1 34.5 
Formal 27.0 3.9 
Other 8.6 18.6 

Location of Work and Sources of Pollution 

A majority of respondents in both study areas reported their daily work was 

located next to either a busy road or in a dusty place (Table 9). Working near 

a place where cooking takes place was reported by about half of the 

respondents in both sites. More than a half of the participants in Viwandani 

reported not to be working in a fixed place. In addition, 13% of respondents 

reported working in four areas known to be highly polluted compared to only 

3% in Korogocho. These areas were: next to a busy road, in a dusty place, 

near a place where cooking is taking place, and in a factory where air is bad.  
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Smelly trenches perceived as the main source of air pollution by most of 

respondents (81%) in both areas, although this is not scientifically 

considered a source of air pollution (Table 9). Dust and burning of trash 

were most common mentioned sources of outdoor air pollution.  

Respondents in Korogocho compared to Viwandani mentioned them more 

frequently. Industrial emissions were reported to be a major source of 

pollution in Viwandani and vehicles were also mentioned as contributors to 

outdoor air pollution in Korogocho. Cooking fuels and cigarette smoking 

were perceived as sources of indoor air pollution by only a small proportion 

of the respondents. 

Table 9. The percentage distribution of respondent’s location of work and perceived 

sources of air pollution by study site 
  Viwandani Korogocho Total 

 
% % p-value 

Location of respondent's daily work 
   Next to a busy road 72.0 68.1 0.02 

Near a place where cooking takes place 46.9 52.8 0.00 
In a dusty place 70.2 68.4 0.26 
In a factory where air is bad 40.6 10.4 0.00 
Not in a fixed place 56.4 38.1 0.00 
At least one of the above 71.3 68.6 0.06 

Perceived sources of air pollution  
   Outdoor air pollution sources 
   Dust 47.5 63.0 0.00 

Vehicles 7.7 20.3 0.00 
Industries 55.5 5.0 0.00 
Burning of Trash 50.5 66.6 0.00 

Indoor air pollution sources 
   Cooking fuels 13.8 22.1 0.00 

Cigarette Smoking 11.6 18.5 0.00 
Other 

   Smelling of Trenches 81.1 81.8 0.57 
Other sources 9.5 13.1 0.00 

Health Risks and Information on Air Pollution 

Table 10 shows the results on perceived health risks from air pollution and 

sources of information on air pollution. Cough/cold, difficulties in breathing, 

headache and eye problems were the common health risks mentioned 

related to air pollution. High proportion of Korogocho residents had 

knowledge on health risks related to air pollution compared to Viwandani 

residents. It was surprising that some respondents did not know anything 

about health problems related to air pollution. This proportion was 

estimated at 10% in Viwandani and 6% in Korogocho. More than half of the 
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respondents in Viwandani, and more than a third in Korogocho, had never 

received any information related to harm or mitigation of air pollution 

exposures. For those that had, common sources of information on air 

pollution in Korogocho were radio, barazas (community meetings) and 

health workers, while the radio was the dominant information channel in 

Viwandani. 

Table 10. The percentage distribution of self reported health risks and sources of 

information on air pollution by study site 
  Viwandani Korogocho Total 
 % % p-value 
Perceived health risks from air pollution 

  Cough/Cold 61.5 74.4 0.00 
Difficulty breathing 39.9 46.4 0.00 
Eye problem 15.2 27.7 0.00 
Asthma 10.2 14.7 0.00 
Cancer   6.4   6.5 0.90 
Heart problem 15.1 13.3 0.09 
Headache 16.5 30.1 0.00 
Don’t know  10.2   6.3 0.00 
Other health risks 24.5 17.6 0.00 

Sources of information on air pollution 
  Radio 32.3 39.1 0.00 

Television 12.5 14.6 0.06 
Newspapers   5.7   6.1 0.63 
Barazas (Community meetings)   5.4 18.4 0.00 
Health workers/facilities   9.7 25.1 0.00 
Never heard 55.0 35.1 0.00 

Perceptions of Air Pollution  

Outdoor air quality was considered poor compared to indoor air quality and 

a majority of residents felt that the quality of air inside their houses was 

moderate or better. Thus, they were mostly not annoyed by the quality of air 

in their households. Annoyance level about outdoor air quality may directly 

relate to the perceived air quality. The variation in perceived air quality and 

annoyance level in Korogocho and Viwandani is illustrated in Figure 10. 
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Figure 10. The percentage rating of air quality and the level of annoyance 

from air pollution for outdoor and indoor environments 

Bivariate analysis was performed to assess independent association of 

respondent characteristics and perceived pollution level (results not shown). 

The results from bivariate analysis showed that the perceived air pollution 

level was associated with duration of stay in the slum, age of the respondent, 

education level, occupation, received information on air pollution, number of 

work locations of poor air quality, and the slum residence. Respondents who 

had stayed longer in the study area, or who were older, had lower perception 

of air pollution when considered independently. However, this was not 

significant when controlled for other factors.  Residents in Korogocho 

perceived a lower air pollution exposure level compared to residents in 

Viwandani in the bivariate analysis.  Therefore, the final regression analysis 

for perceived air pollution was performed separately for each slum area of 

residence (Table 11).  

Individual’s level of education was associated with perception about air 

pollution levels. Those with at least primary level of education perceived 

higher exposure to air pollution compared to those with no or less than 

primary level education. However, the relationship between education and 

perceived air pollution was statistically significant among residents of 

Viwandani. Occupation was significantly associated with perceived air 

pollution, and the relationship varied by the study site. In Viwandani, people 

engaged in formal form of occupation had low perceived air pollution, and 

the perception of those in the informal, or other forms of occupation, were 

not significant compared to those in business. Those in informal, formal and 

other form of occupations had high-perceived air pollution compared to 

those in business among Korogocho residents. Respondents who never 

heard information on air pollution had significantly low levels of perceived 

air pollution in Korogocho. Surprisingly, those who never heard information 

about air pollution in Viwandani had higher levels of perceived air pollution. 
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Exposure to air pollution in working environments was positively associated 

with perceived poor air quality. Perceived poor air quality was positively 

associated with annoyance level among residents in both areas. 

 
Table 11. Characteristics associated with perceived level of pollution and health risks 

of air pollution (estimates represent linear regression coefficients) 

  Air pollution Health Risk 

 
Viwandani Korogocho Viwandani Korogocho 

Perceived pollution level 
  

0.44* 0.48* 

Duration stay (ref: <10 years) 

    11-20 years -1.16 0.63 1.32 -0.47 

21-30 years -2.17 0.77 2.13 -0.96 

30+ years -3.70 0.09 3.14 1.47 

Age  (ref: 35-40 years) 

    41-50 years 0.46 -0.54 -0.27 0.20 

51-60 years 1.11 -1.37 0.28 -0.11 

60+ years 4.43 -1.46 2.21 0.20 

Male -0.23 -0.85 -1.86 0.30 

Married (ref: Not married) 0.49 -0.20 0.21 1.09* 

Education (ref: No education) 

    Primary 3.80* 0.80 -0.78 1.60* 

Secondary + 3.44* 0.38 -0.71 1.29 

Occupation (ref: Business) 

    Informal -0.50 1.25* -0.87 -0.89 

Formal -3.20* 4.88* -1.26 -1.87 

Other/None 2.42 5.12* 3.85* -1.50* 

Never heard any information 2.31* -2.19* -5.06* -1.4* 
Number of polluted work 
locations 9.61* 5.40* 10.05* 0.97 

Annoyance level 0.38* 0.07* 0.07* 0.21* 

* Statistically significant at 5% level  

Perception of Health Risks related to Air Pollution 

A positive association between perceived self-reported health risk and 

perceived air pollution in both areas was observed. Duration of stay, age and 

gender were not significantly associated with perceived health risk related to 

air pollution after controlling for other individual characteristics. Perceived 

health risk was associated with marital status, education level, and 

occupation in multivariate analysis. Married people, and those with at least 

primary level of education, had high-perceived health risk among 

respondents in Korogocho. Other occupation, or no occupation, was 
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associated with high-perceived health risk among residents in Viwandani, 

and low perceived health risk among Korogocho residents. Those who had 

not heard information about air pollution, in general reported low perceived 

risk in both areas. A similar positive association of high-perceived exposure 

to air pollution at working environments with more frequent annoyance was 

observed. 
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Discussion 

The main goal of this research was to tease out, describe, analytically assess, 

and, thus, make visible health risks from exposure to temperature variation 

and air pollution among slum residents in Nairobi, Kenya. In addition, the 

study explored the community’s perceptions of the sources, knowledge and 

health risks of air pollution. We examined the association between 

temperature and all-cause mortality, cause-specific mortality risk, and years 

of life lost. We found evidence of seasonal and temperature-associated risk of 

mortality particularly for children below five years. In particular, we found 

that cold temperatures increased mortality rates in the population of 

Nairobi. We also determined the level of fine particulate matter 

concentration and the associated risk to child health. Our study showed 

strikingly high level of pollution in the two slums, and that children from 

highly polluted areas associated to have higher risk of morbidity and 

mortality. Despite the exposure levels and the associated health effects, it 

was found that many individuals in the study areas knew little about air 

pollution. This novel and pioneering study provides a great opportunity to 

understand the health burden and situation of environmental exposures 

among the socially deprived urban population in SSA, and is a first step to 

increase knowledge in the community, and globally, and to development of 

protective measures. 

The discussion of the study finding is organized in four sub-topics of; 

temperature and mortality, air pollution and health, community perceptions 

and the policy implications guided by the MEME framework. The discussion 

of each sub-topic includes the possible response actions to mitigate the 

exposure effects.  

Temperature and mortality 

We observed temperature effect on both mortality risk and YLL to have a J-

shaped relationship with a U-shaped for the under-five child mortality risk. 

The observed similar pattern of mortality risk and years of life lost indicate 

that temperature related mortality was more among children. The observed 

relationship was consistent with previous studies on temperature and all-

cause mortality in sub-tropical climate regions [68, 151, 152] and also many 

studies conducted in developed countries [153]. A study in Brisbane, 

Australia examined the impact of temperature on years of life lost and found 

a U-shaped relationship, with increased YLL for cold and hot temperatures. 

Our findings showed that the minimum mortality risk was observed between 

25th and 75th percentiles of the mean daily temperature corresponding to 18 
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°C and 20 °C respectively. Similar finding of the change point for both heat 

and cold related deaths of 20 °C was made in Brazil [67]. Another study in 

China found a minimum mortality temperature associated with cold of 23 °C 

[154]. However, a range of favourable temperatures that were associated 

with lowest mortality varied across cities in a multi-city study in China [68]. 

Areas characterized by hot summers experienced higher thresholds and 

colder areas had a lower threshold [68]. The climate pattern was suggested 

to influence the temperature–mortality relationship, which reflected 

behavioural and physiological adaptation to climate for the local population.  

A significant seasonal mortality with greater effect among children below 

five years was observed during the cold period of the year. The result of 

increased mortality during the cold season of the year of June, July and 

August was consistent with findings of studies in Tanzania [155], and 

Australia [156]. Mrema et al. [155] showed that mortality increased during 

mid of the year when the temperatures were relatively low and the effect was 

greater among under-five children. Similarly, Bi et al. [156] found high 

mortality rate in colder period of the year in the general population. A 

relatively limited number of studies looked at cold-related mortality in 

children, and those that did often reported effects of heat. The relative risk of 

high temperature was found to be high in children aged under one year 

[157], below five years [155, 158, 159], and among children aged 0-15 yeas 

[67, 158, 160]. The effect of cold on child mortality has been shown among 

children aged 0–9 years in Madrid [161], among children aged 0-15 years in 

Brazill and 0-4 years in Tanzania [155]. Studies in sub-tropical regions have 

generally reported more pronounced cold effects.  Gouveia et al. [67], 

observed greater cold effect on mortality in Brazil, while Kan et al. [154] 

found a cold related mortality for non-accidental, cardiovascular and 

respiratory related mortality in China. In Shanghai, China, significant 

interaction between particulate matter pollution and extreme low 

temperature for both all-cause and cause-specific mortality was observed 

[162]. Guo et al. [163] found greater cold effect than heat effects after 

controlling for season, pollution and humidity in Thailand. Lindeboom et al. 

[164] also found hot and cold related mortality with greater effect during 

colder season in Banglad. The cold effect observed in Nairobi lasted for 3 

days and the cumulative effect diminished completely after 6 days. The 

gradually increased cold effect with lag day was consistent with previous 

studies [151, 165, 166]. However, we found varying lag days of significant 

effect, which could be due to the different mechanisms and interactions with 

environments underlying the results in various studies. Interestingly, our 

findings show that cold remain an important public health problem, even in 

sub-tropical regions, which should not be overlooked.  
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Temperature stress conditions are predictable thus mortality related to cold 

exposures is preventable [62]. Personal protection measures such as layering 

and selecting appropriate clothing are simple, but effective in conserving 

body heat [15]. The use of Kangaroo Mother Care might be the only effective, 

affordable and available method to prevent neonatal hypothermia in most 

resource poor settings [167]. Heat exposure effects can also be reduced 

through personal measures, such as drinking a lot of water, avoiding 

strenuous work and wearing light clothing. In addition, community actions 

such planting trees can be taken which increase solar energy reflection from 

the earth back to space and also act as wind breakers to air pollution [168]. 

Long-term investment in proper housing conditions would be better 

protection action against temperature health effects.  

The observed cold effect does not necessarily lead to the postulation that 

mortality would be reduced due to climate change. There is likely to be 

continued cold exposure effects even with climate change as some studies 

have demonstrated greater cold effect in wamer regions [15, 68]. Overall, the 

cold impacts are avoidable by investment in housing, heating and protective 

behaviour and health systems. The discussion, comparing heat to cold, 

should be handled rather separately as mechanism and protective strategies 

are often quite different. Also, more studies are needed to shedlight on 

climate change impacts in the slum population in respect to heat and cold 

exposure. The results on mortality risk and YLL provides relevant knowledge 

on temperature association to both scientific community and decision 

makers. The results on YLL is useful in comparing the relative of 

importaance of different risk factors within our study population.  

Air pollution and child health 

A significantly high concentration of particulate matter was observed in two 

slums with seasonal variation. The period of high level of pollution coincided 

with the period of peak mortality also corresponding a period of low 

temperatures. This indicates a potential synergistic effect of cold weather 

and air pollution. However, our study was not designed to assess the 

interaction effect of the two exposures. There was also significant difference 

in the level of pollution for the two study areas that are not far apart. The 

observed difference in pollution levels clearly underscores the consideration 

of local sources in reducing health effects from exposure to air pollution. In 

addition, there was variation in the level of pollution for different parts of the 

day with high concentrations during morning and evening hours. However, 

we can assume that colder conditions give rise to increased exposure to 

indoor and ourdoor air pollution from fires made for heating. 
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Compared to other studies conducted in Nairobi, a number of studies were 

conducted for shorter periods either along the major roads, or within central 

business district of Nairobi [26, 169-171]. These prior studies offer a starting 

point in understanding air quality in general, but may offer little information 

on the exposures individuals. Our study offers an explanation of the air 

pollution situation in a socially deprived residential area, where majority of 

residents work and live. The street level PM2.5 concentration observed by 

Kinney et al. [26] in Nairobi was lower than that observed in Korogocho 

area. Compared to background measurements from the University of Nairobi 

[169], the concentrations observed in the two study areas were higher by at 

least a factor of 3. The PM2.5 concentration in Korogocho was higher 

compared to studies in Ghana [172-174], and in the city of Ouagadougou 

[175]. However, the PM2.5 concentrations in Viwandani were similar to 

studies in Accra [172, 173].  

We examined the effect of exposure to PM2.5 on child health, and we found 

high child morbidity rate was reported among children in highly polluted 

areas. This risk was higher among the poorest households. Recent studies in 

China [176] and India [177] have found similar results. Two studies have 

demonstrated significant association between child morbidity and the level 

of exposure to particulate matter. Higher prevalence rates of child morbidity 

were consistently found among children living in areas of high pollution. 

Incidence of cough, which is a sign of pulmonary irritation that could be 

caused by exposure to air pollution, was a common health outcome across 

these studies. The study by Ghosh et al. [177] showed that the burden of air 

pollution is disproportionately larger on children in slums than other non-

slum urban areas. However, our study was not designed to provide 

comparison between slum and non-slum, but reinforce the evidence of the 

burden faced by slum population from from air pollution. Previous studies in 

Nairobi have showed a high disease burden of respiratory illnesses among 

children in slums [30, 32].  A study by UNEP among children living near the 

Dandora dumpsite next to one of our study site revealed a high incidence of 

diseases linked to environmental pollution [34]. The study found that half of 

the children examined had respiratory ailments. Therefore, our study 

provides significant contribution in quantifying the health impacts of poor 

ambient air quality as potential determinant of poor health outcomes among 

the slum population.  We also found the risk of under-five child mortality 

from all-causes was high in those areas that were highly polluted areas. 

Although not statistically significant, more respiratory related mortality was 

also observed in the more polluted areas. Overall, the direct effects of air 

pollution on human health are well known, studies investigating the effects 

of air pollution on under-five child mortality are limited [178]. Therefore, 
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there was no similar study to make direct comparisons with our mortality 

results.  

Community perception on air pollution 

In addition to observed air pollution levels, the study on perception and 

knowledge showed that residents were exposed to air pollution from 

multiple sources. Despite the situation on air pollution level, most of the 

residents had not heard information on air pollution and a number of them 

did not know any health risks associated with air pollution. However, 

localized sources of pollution, as in the case of our study sites, education and 

awareness programmes can help people take measures to avoid exposure 

[179]. Education and occupation were associated with the perception on 

either air pollution level or health related risks. The relationship between 

level of education and air quality perception remains unclear. Previous 

studies have reported positive [180, 181] and negative [182, 183] association 

of education with perceived air quality. Some studies [184, 185] found that 

health education only, as an intervention, showed little effectiveness. 

Therefore, it is important to understand the barriers and motivational 

behaviour that should be targeted for behaviour change [130].  Awareness or 

receiving information on air pollution was associated with perception on air 

pollution level. It was surprising that the relationship was opposite in the 

two study areas. Knowledge obtained through social interactions, play an 

important role in the shaping of perceptions [186], and we observed this in 

one of the study areas where community barazas (gatherings) were source of 

information on air pollution.  

Study limitations 

This study has a number of limitations that we acknowledge. First, the use of 

the opportunity to combine data from studies that were not initially designed 

for our study objectives limited our ability to assess synergestic effect of 

temperature and air pollution. It has been shown that air pollution level can 

modify health effects of temperature[90]. Hence, we treated the two 

exposures to have independent effect on health. Secondly, verbal autopsy 

(VA) could also face challanges of recall bias and uncertainty introduced by 

physician coding cause of deaths. However, the VA process provides an 

opportunity to conduct cause-specific analysis. Third, the temperature 

measurements were obtained from a monitoring station located outside the 

study area about 4 km, which may not represent well the actual individual 

exposures, creating a potential misclassification of exposure. Fourth, lack of 

24-hour continuous measurements of PM2.5 renders our comparison to 

WHO guideline limits difficult. However, our study measured during the 
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daytime hours when the exposure to air particles concentration is greatest. 

Additionally, individuals can have different exposure than those assigned 

according exposure measured at their housing. The use of group level PM2.5 

measurements to assess the effect of air pollution and child health could 

introduce exposure misclassification error. Assuming same exposure back in 

time could also introduce some level of misclassification error. Despite these 

study limitations, the study provides novel evidence to demonstrate the need 

for measures to mitigate the effects from environmental exposures. More 

importantly, the study contributes to novel understanding the health burden 

from environment exposure among urban poor populations. 

 

Policy implications of study findings 

The results of this research naturally raise a practical question; perhaps the 

most obvious is, given the observed association between cold weather, air 

pollution and ill health, what are preventive measures that can be taken to 

avert health effects. Thus, we suggest possible actions through MEME 

framework of addressing environmental health issues. The study shows 

exposure risks from cold and air pollution on mortality and morbidity. The 

preventive strategies to these exposures, as well as other weather related 

health hazards, can be implemented at various scales of the framework.  

The findings have multiple potential policy implications for the low-income 

countries, and highlight the need for multisectoral collaboration of different 

stakeholders to tackle the challenges of environmental exposures in urban 

areas. First, the need to create preventive health care awareness amongst the 

child caregivers regarding the risks of exposure to temperature and air 

pollution to child health. Secondly, infrastructural development, such as 

better housing is necessary for preventing exposure to temperature 

variations. At the same time, national efforts should be undertaken to create 

awareness of the health effects of environmental exposure to the larger 

population through initiatives like campaigns involving institutions such as 

schools, community groups, social and sports groups. Involvement of local 

decision makers is critical in recognizing the risk to their communities and 

effectively deploying preventive measures at community level. The short-

term measures at community level could include education and public health 

response systems such as education campaigns regarding temperature 

variation related symptoms, reducing exposure and behaviour change 

campaigns on environmental pollution. In addition, long-term local actions 

could include infrastructure improvements that reduce concentration, or 

exposure, in communities. These actions include tree planting and proper 

waste managemet, which help in reducing the level of air pollution. 
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Establishment of waste recycle management programs is critical for reducing 

the level of air pollution in urban poor settlements.  

At national level, the findings also suggest the need for the public policy-

makers to formulate appropriate national environmental health regulations 

and policies. It will be beneficial to incorporate environmental pollution 

prevention into basic education curriculum. The interlinkages between 

weather and air pollution, mutual benefits can be achieved with policies that 

integrate both exposures. Therefore, policy makers need to review relevant 

policies that are likely to deliver the greatest public health benefits. In order 

to support this policy, the framework also emphasizes the need for 

surveillance to provide information from epidemiological analysis and 

qualitative studies to guide decision-making.  

 

In addition, policies addressing the high rate of urbanization will also reduce 

the problems of environmental pollutions. For instanse, making agricultural 

livelihood more attractive and creating economic opportunities in rural 

areas. Through such policies there will lower pull towards urban 

oppotunities thus reducing the rate of urban population growth. However, 

countries should be prepared in improving urban inrastructure as the urban 

population will continue to grow.  

Conclusion 

This study provides important contribution in understanding the health risks 

posed by the ambient environment among socially deprived urban 

populations.  The study utilizes the unique opportunity offered by Nairobi 

Urban Health and Demographic Surveillance System to study unseen health 

problems mainly because of a lack of data. The findings on weather variation 

suggest that cold exposure can be an important public health problem in 

poor populations in subtropical regions, with the most severe effect on 

children. Policies, and preventive actions are needed to protect populations, 

particulary from cold exposure. 

The exposure to air pollution is high in the slum areas studied, and 

frequently exceed the WHO guideline limits. The slums are not 

homogeneous in exposure levels, and the levels of exposure associate to poor 

child health. It is critical to develop a monitoring system to support the 

overall air pollution management strategy and develop policies to protect the 

public health. Further studies with refined exposure estimates and outcomes 

measures are needed to guide policy and prevention initiatives to address air 

pollution.  
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Perception of air pollution is influenced by the individual’s knowledge and 

occupation, which could be used as proxy of socio-economic indicator. This 

relationship differs by the location implying that interventions may need to 

be modified to specific communities within the urban population.  
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