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OVERVIEW OF THE DOUBLE BURDEN OF DISEASE IN SUB-SAHARAN 
AFRICA 

Trends in major communicable diseases 

HIV/AIDS 

Communicable diseases remain the leading cause of mortality in sub-Saharan Africa 
(SSA) according to the 2013 Global Burden of Disease (GBD) study 1. Specifically, 
HIV/AIDS, tuberculosis (TB), and malaria are the three leading global public health 
threats that undermine development in many low and middle-income countries 
(LMICs) such as Kenya. About five million people die of these communicable 
diseases annually around the world resulting in significant social and economic 
impact 2. Thus, communicable diseases remain a key component of the ‘double 
burden of disease’ phenomenon  –the coexistence of a high burden of 
communicable and non-communicable disease in the same population– that is 
increasingly affecting many LMICs in the world 3. This section of the thesis is 
dedicated to providing a concise overview of each of these major communicable 
diseases from a global, regional and national perspective. 

Globally in 2013, there were about 29 million people living with HIV (PLHIV), about 2 
million new HIV infections and just over 1 million HIV/AIDS deaths 1. SSA accounts 
for about two-thirds of all incident and prevalent HIV infections and three-quarters of 
all AIDS deaths. About 90% of HIV positive children in the world are in SSA while 
women in the region account for about 60% of adult HIV infections. Thus SSA 
remains the most severely HIV affected region of the world.  In Kenya, trend analysis 
starting in the early 90s showed that prevalence of HIV in the general population 
peaked at 11% in the mid-90s, after which it declined by about 40% to reach just 
under 7% in 2003 and then further down to 5.6% in 2012 4-6. The number of PLHIV in 
Kenya was estimated to be about 1.6 million in 2013 7. Women constitute about 57% 
of the PLHIV in Kenya and between 80-90% of the PLHIV are adults. Urban areas in 
Kenya generally have a higher burden of HIV than rural areas. Specifically, slum 
populations have a higher burden than non-slum urban populations. For instance a 
sero-prevalence survey in 2007 showed that slum populations in Nairobi had a 
prevalence of about 12% which was almost twice the national prevalence and 1.5 
times that of Nairobi as a whole 4, 8, 9. Although the HIV epidemic in Kenya is 
generalized –affecting all sections of society– there are concentrated epidemics 
among vulnerable groups including commercial sex workers (CSW), men who have 
sex with men (MSM) and people who inject drugs (PWID).  For example MSM and 
PWID each had thrice (18%) the HIV prevalence in the general population and 
contributed to 15% and 4% respectively of new infections across Kenya in 2009. 
CSW had a HIV prevalence of almost 30% and contributed to 14% of new infections 
also in 2009 10.  

9 

Overall, there was a decline in the burden of the HIV epidemic in Kenya over the last 
decade which has been attributed largely to the rapid scale up of anti‐retroviral 
therapy (ART) and other interventions.  

Tuberculosis 

One of the consequences of the HIV global epidemic was the re-emergence of TB as 
a leading public health priority, especially in HIV-affected populations. In 2013, the 
global prevalence of all-form TB was about 12 million (including HIV-positive 
individuals), the incidence was over 7 million and number of deaths was under 2 
million 1. Among HIV negative individuals, all-form TB prevalence was 11 million, 
incidence was 7 million and number of deaths was just over 1 million also in 2013. 
TB in HIV-negative individuals disproportionately occurs in males (versus females); 
64% of cases and 65% of deaths 1. Kenya is ranked 15th among the 22 high burden 
countries that collectively contribute about 80% of the world’s TB cases 11, 12. The 
case notification rate for TB increased from 51 to 338 per 100,000 people between 
1987 and 2007 but is currently declining, albeit slowly 11, 12. As is the case in most of 
SSA, the re-emergence of TB in Kenya is attributed primarily to HIV co-infection. In 
2012, about 40% of all reported TB cases in Kenya occurred in PLHIV.  But since 
ART scale up there has been a 28–44% decline in TB incidence among adult PLHIV 
in Kenya 13. Other contributing factors to the TB burden in Kenya may be high 
poverty levels and social inequities as is evident in urban areas where there has 
been a phenomenal growth of densely populated and congested slums. TB 
increases the risk of catastrophic expenditures, pushing poor people further into 
poverty 14, 15. The urban poor resident in slum populations across Kenya are thus 
highly vulnerable both to the risk and consequences of TB. Slum populations 
account for about 60% of the urban population in Kenya 16. It is believed that the 
increasingly large urban slum population has contributed to an increase in the 
proportion of TB cases notified to local authorities from urban areas. For example in 
2005, over 35% of all notified TB cases in Kenya were from the five largest urban 
areas comprising Nairobi, Mombasa, Nakuru, Eldoret and Kisumu 16. Expectedly, 
three of these urban areas are among the top 10 counties 7 in terms of HIV 
prevalence –Kisumu (2nd), Mombasa (5th) and Nairobi (8th). On a positive note, 
Kenya was the first country in SSA to achieve World Health Organization (WHO) 
targets for case detection and treatment success of new smear-positive pulmonary 
TB cases 12.  

Malaria 

In 109 countries, malaria is endemic and continues to cause between 190 and 320 
million clinical episodes of illness each year and over 800,000 associated deaths 2. 
SSA accounts for about 60% of malaria cases and more than 90% of deaths globally 
2. This disease remains the leading cause of morbidity and mortality in children
younger than five years and pregnant women. However, child deaths from malaria in
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SSA have decreased by about 32% since 2004 and outside of SSA, malaria 
mortality has been steadily decreasing since 1990 1. Twenty-five million out of a 
population of about 40 million Kenyans are at risk of malaria 17. This disease is 
estimated to account for 30-50% of all outpatient attendance and 20% of all 
admissions to health facilities across Kenya 17, with 170 million working days lost to 
the disease each year 17. Malaria is also estimated to cause 20% of all deaths in 
children younger than five years in Kenya 17. The 2010 Kenya malaria indicator 
survey showed that there are variations in malaria parasite prevalence across the 
eco-epidemiological zones of Kenya 18. For example, 38 per cent of children living in 
‘lake endemic’ cities such as Kisumu tested positive for malaria. This compared with 
one per cent or less in the ‘low risk or semi-arid/seasonal’ areas. Nairobi is a low risk 
zone and a study conducted in the slums of Nairobi in 2008 did not find any evidence 
of malaria 19. 

Other communicable diseases 

Besides the above three, other communicable diseases have contributed 
significantly to the global burden of disease specifically among children over the past 
decade. According to the 2013 GBD study, diarrhoeal diseases, lower respiratory 
tract infections and neonatal conditions (such as neonatal sepsis and 
encephalopathy) were still in the top five causes of death in children younger than 
five years and accounted for three-quarters of all deaths in this age group globally 20. 
However, under-five mortality fell by more than 50% between 1990 and 2013 for the 
leading communicable diseases including diarrhoeal diseases, lower respiratory tract 
infections, meningitis, whooping cough, tetanus, measles, preterm birth 
complications other neonatal disorders. At the same time, maternal mortality has 
declined significantly (by about 20%) over the past decade or so resulting in an 
estimated increase in female life expectancy by about 0�2 years globally. At a 
regional level, the 2013 GBD study showed that large gains in life expectancy in SSA 
between 1990 and 2013 were mainly driven by reductions of diarrhoea, lower 
respiratory tract infections and neonatal disorders. In Kenya, the top five causes of 
death as at 2013 were all communicable diseases including HIV, lower respiratory 
tract infections, diarrheal disease, neonatal causes, and malaria. However Kenya, 
like most other countries in SSA, has experienced relatively recent gains in life 
expectancy as well as reductions in childhood mortality –life expectancy increased 
from 56.6 to 61.1 years between 1998 and 2012 4, 21 while under-5 mortality 
decreased from 111 to 52 per 1000 live births between 1998 and 2014 22. 

In summary, a lot of progress has been made across the world in terms of achieving 
reductions in the burden of disease due to communicable causes. These gains have 
been largely attributed to the global attention given to communicable diseases as 
well as significant financial investments made by governments and their 
development partners to tackle these diseases over the past few decades. For 
example, the Global Fund to Fight AIDS, TB and Malaria and the U.S. President's 
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Emergency Plan for AIDS Relief (PEPFAR), each mobilizes and invests billions of 
dollars annually 2. Despite these investments, it appears that there remain important 
obstacles and unmet priorities in the control of communicable diseases especially in 
SSA. Indeed, disease-specific interventions such as ART scale up have had 
considerable impact especially in LMICs though critics argue that health systems 
remain weak in such settings. For example the recent Ebola crises in parts of West 
Africa exposed just how weak and vulnerable health systems are in low resource 
settings23. This weakness of health systems is particularly troubling because there is 
evidence that the burden of non-communicable diseases in LMICs is very much on 
the rise thus placing their populations at risk of the phenomenon known as a ‘double 
burden of disease’ 3. In chapters 2 through 10 of this thesis, evidence is provided to 
support the emergence of a double burden of disease in a highly low-resourced 
setting in the slums of Nairobi, Kenya.  

The rise of non-communicable diseases 

In 2010, of about 53 million deaths globally, 35 million (65%) could be attributed to 
non-communicable disease 24. Projections by the WHO show that the total number of 
global deaths from non-communicable diseases will increase to 55 million annually 
by 2030 if “business as usual” continues 25. About 80% of all deaths due to non-
communicable diseases occur in LMICs 26. As it stands, non-communicable diseases 
are the leading causes of death in all regions of the world apart from SSA 1. In 2010, 
more than two million deaths due to non-communicable diseases occurred in SSA, a 
45% increase from 1990 27. The total burden of non-communicable diseases in SSA 
in terms of disability-adjusted life-years (DALYs) showed a similar pattern, with an 
increase of 45% in DALYS between 1990 and 2010. Four main conditions accounted 
for the majority burden of non-communicable diseases – cardiovascular diseases 
(mostly stroke and ischemic heart disease), diabetes; chronic respiratory diseases; 
and cancers 26. These major non-communicable diseases share four behavioural risk 
factors: tobacco use, unhealthy diet, physical inactivity and harmful use of alcohol 26. 
Physiological risk factors such as obesity and high blood pressure (hypertension) 
have also been empirically associated with increased risk of non-communicable 
diseases 28. Comprehensive data on the burden of non-communicable diseases in 
most countries in SSA are lacking. In Kenya specifically there is no national 
surveillance system for non-communicable diseases. Although hospital data exist 
from the health management information system, there are gaps in non-
communicable disease reporting due to lack of comprehensive indicators. Available 
data from health and demographic surveillance systems covering limited geographic 
areas of Kenya show increasing trends in the burden of non-communicable 
diseases. For example, a study in rural western Kenya found that the proportionate 
mortality from non-communicable diseases increased from 35% in 2003 to 45% in 
2010 29.  
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Overall, there is evidence that the global burden of non-communicable diseases is 
on the rise. Yet despite the availability of cost-effective preventive and curative 
interventions 30, non-communicable disease have until quite recently remained “the 
least recognised group of conditions that threaten the future of human health and 
wellbeing” according to The Lancet series on non-communicable diseases published 
in 2013 24. Fortunately, the global community is now taking steps to address the non-
communicable disease problem. The UN high-level summit on non-communicable 
diseases held on 19-20 September 2011 in New York (USA) was a major milestone 
in the history of global health and development 31. This summit was only the second 
time the UN General Assembly devoted exclusive attention to a health-related issue 
(since HIV/AIDS) and world leaders made unprecedented commitments to 
accelerate global progress on non-communicable diseases. The most significant 
outcome of the summit was the unanimous adoption by 193 Member States of the 
Political Declaration on Non-communicable disease Prevention and Control. The 
Political Declaration includes a set of commitments that firmly position non-
communicable diseases at the top of the global health and development agenda.  

Following the summit, the WHO developed a global monitoring framework to enable 
global tracking of progress in preventing and controlling major non-communicable 
diseases –cardiovascular disease, cancer, chronic lung diseases and diabetes - and 
their key risk factors. To strengthen national efforts to address the burden of non-
communicable diseases, the 66th World Health Assembly endorsed the WHO Global 
Action Plan for the Prevention and Control of Non-communicable Diseases 2013-
2020 25. The global action plan provides a road map and a menu of policy options for 
governments, non-governmental and intergovernmental organizations, and the 
private sector which, when implemented collectively between 2013 and 2020, will 
attain nine voluntary global targets, including that of a 25% relative reduction in 
premature mortality from non-communicable diseases by 2025 25. The nine voluntary 
global targets (see Figure 1) are aimed at addressing global mortality from the four 
major non-communicable diseases, accelerating action against the leading risk 
factors for non-communicable diseases and strengthening national health system 
responses.  
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Figure 1. Global non-communicable disease targets 

The epidemiological transition and the double burden of disease 

The phenomenon of a double burden of disease is more holistically understood in 
the context of what is known as the epidemiologic transition. The epidemiologic 
transition is defined conceptually as the ‘complex changes in the patterns of health 
and disease and on the interactions between these patterns and their demographic, 
economic and sociologic determinants and consequences’ 32. The first formulation of 
the epidemiological transition theory was coined by Abdel R. Oman in the mid-1960s 
and published in 1971 with subsequent revisions in the 1990s 32. The original 
epidemiological transition was formulated in five-propositions (see Figure 2) 
embodied in a three-stage three-model theory that aimed to describe and predict 
change in health and disease patterns in human populations.   

Target 1 - A 25% relative reduction in risk of premature mortality from cardiovascular 
diseases, cancer, diabetes, chronic respiratory diseases. 

Target 2 - At least 10% relative reduction in the harmful use of alcohol, as 
appropriate, within the national context. 

Target 3 - A 10% relative reduction in prevalence of insufficient physical activity. 

Target 4 - A 30% relative reduction in mean population intake of salt/sodium. 

Target 5 - A 30% relative reduction in prevalence of current tobacco use in persons 
aged 15+ years. 

Target 6 - A 25% relative reduction in the prevalence of raised blood pressure or 
contain the prevalence of raised blood pressure, according to national 
circumstances. 

Target 7 - Halt the rise in diabetes and obesity. 

Target 8 - At least 50% of eligible people receive drug therapy and counselling 
(including glycaemic control) to prevent heart attacks and strokes. 

Target 9 - An 80% availability of the affordable basic technologies and essential 
medicines, including generics, required to treat major non-communicable 
diseases in both public and private facilities. 
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Figure 2. Omran’s epidemiological transition propositions 

From the foregoing, it is evident that mortality patterns are central to understanding 
the epidemiological transition. Omran theorized that mortality patterns distinguish 
three major successive stages of the epidemiologic transition. The first stage which 
Omran termed as the ‘age of pestilence and famine’ is characterized by high 
mortality, high fertility and low life expectancy at birth (between 20 and 40 years). 
This stage was experienced by certain high-income countries such as Sweden and 
England from the Stone Age up to the late 18th century due to epidemics, famines 
and war as well as poor living conditions. In LMICs this stage was said to have 
lasted longest from the medieval times up to the middle decades of the 20th century. 
The second stage or ‘age of receding pandemics’ is marked by declining mortality 
rates, initially high but later decreasing fertility and increasing life expectancy 
(between 40 to 55 years). In high-income countries, this stage covered the period 
from the mid-18th to the early 1900s driven largely by improvements in sanitation and 
medical breakthroughs (including antibiotics and contraception). In most LMICs this 
stage was delayed till the late 19th century and continued to the 1990s.  

The third stage (‘age of degenerative and man-made diseases’) is of particular 
relevance to this thesis because many LMICs including Kenya are believed to be in 
the process of transitioning into or through this stage. This stage is characterized by 
a long-term shift in mortality and disease patterns whereby ‘pandemics of infection’ 
are gradually displaced by ‘degenerative and man-made diseases’ or non-
communicable conditions as the primary causes of morbidity and mortality. In high-

1. The theory of epidemiologic transition begins with the major premise
that mortality is a fundamental factor in population dynamics.

2. During the transition, a long-term shift occurs in mortality and
disease patterns whereby pandemics of infection are gradually
displaced by degenerative and man-made diseases as the chief form
of morbidity and primary cause of death.

3. During the epidemiologic transition the most profound changes in
health and disease patterns obtain among children and young
women.

4. The shifts in health and disease patterns that characterize the
epidemiologic transition are closely associated with the demographic
and socioeconomic transitions that constitute the modernization
complex.

5. Peculiar variations in the pattern, the pace, the determinants and the
consequences of population change differentiate three basic models
of the epidemiologic transition: the classical or western model, the
accelerated model and the contemporary or delayed model.
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income countries, this stage ran from the late 19th century until the late 1960s. In 
LMICs and depending on the country, this stage began in the 1970s till present.   

LMICs and particularly those in SSA are said to be progressing along the third stage. 
However, one of the strongest criticisms against the epidemiologic transition theory 
is that its third stage assumes that communicable diseases will gradually be 
eliminated as a major public health threat and be replaced by non-communicable 
and man-made conditions. While this has been the case in most high-income 
countries, there is some evidence from LMICs of significant overlaps between the 
burden of communicable and non-communicable diseases. In SSA, studies from 
South Africa provide the strongest evidence of the double burden of disease. From 
the mid-1970s there were significant decreases in mortality and fertility rates in 
South Africa up until the mid-1990s when the HIV/AIDS epidemic took off leading to 
a major reversal in mortality in children younger than five years and young adults 33,

34. By 2005, life expectancy at birth in South Africa had fallen by 14 years for men
and by 12 years for women. At the same time the burden of non-communicable
diseases in South Africa is said to be rising in rural communities, disproportionately
affects poor people living in urban settings, and is resulting in an increase in the
demand for care for chronic diseases 35, 36. Besides South Africa, few case studies of
epidemiological transition in SSA exist. A case study in Ghana also found a
protracted coexistence of communicable and chronic diseases as significant causes
of morbidity and mortality in Accra –the capital city 37.

On a broader level, demographic and mortality data from Africa has been used to 
test the relevance of the epidemiological transition in the region. In a 2013 paper, 
Defo analysed data from 57 African countries and found several deviations from 
Omran’s propositions 38. Contrary to the expected shift between communicable and 
non-communicable conditions, with the former decreasing and the latter increasing 
according to Omran’s proposition, the emerging pattern of disease in the African 
context is one of increasing co-occurring morbidities from communicable and non-
communicable diseases. The prevalence of old, emerging, or re-emerging 
communicable diseases such a TB and malaria have been stable or increasing, 
while the levels of non-communicable diseases such as diabetes have been 
increasing. At the same time, Defo noted that trends in child and adult mortality in 
Africa did not follow the patterns predicted by Omran. For example, according to 
Omran, mortality decline over time is expected to be more advantageous to children 
and young women. This was not the case in Africa primarily due to wars or civil 
unrest as well as the HIV/AIDS epidemic.  In the 1990s wars in countries such as 
Rwanda, Burundi, Somalia, Sierra Leone, Liberia and Congo led to reversal in 
declining trends of child mortality. Similarly, since the mid-90s to the early 2000s, 
every country in southern Africa (with the exception of Namibia) experienced 
increases in child mortality due to the HIV epidemic. Only since the mid-2000s have 
some countries such a Rwanda experienced steady declines in child mortality. Defo 
also noted that there was a relative stability of male to female adult mortality ratios 
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over time across African countries, with notable exceptions of high-HIV countries 
such as Uganda, Botswana and South Africa where there was a consistent pattern of 
excess female mortality in the past decade most likely due to AIDS mortality. Thus 
Defo concludes that child and adult mortality in Africa did not follow the patterns 
predicted by Omran’s theory. 

In summary, while the epidemiological transition theory provides a useful framework 
for describing and predicting changes in health and disease patterns in human 
populations, it is evident that there are still gaps in understanding its relevance 
particularly in Africa where deviations from predicted models have been 
demonstrated. The double burden of disease phenomenon is one such deviation 
which this thesis seeks to further describe in an African context.  

The role of social determinants of health 

Social determinants of health refer to those conditions in which “people are born, 
grow, live, work and age, including the health system.”39 In other words, social 
determinants of health include those social and economic factors –and their 
distribution among the population– that have strong influences on health outcomes. 
These socio-economic factors are found where people live and work, and have an 
influence on their risk or vulnerability to illness and death. According to WHO, “this 
unequal distribution of health-damaging experiences is not in any sense a ‘natural’ 
phenomenon but is the result of a toxic combination of poor social policies, unfair 
economic arrangements –where the already well-off and healthy become even richer 
and the poor who are already more likely to be ill become even poorer–, and bad 
politics” 40. The concept of social determinants of health dates back to the 1970s, 
when Sir Michael Marmot, a British epidemiologist, studied civil servants in the UK 
and found that people working in high-status jobs had a tendency to be healthier 
than those in low-status jobs 41. Marmot subsequently identified the ten most 
important social determinants of health that include low social status, relentless 
stress, adversity in early life, social exclusion, stress at work, unemployment, 
absence of social support, addiction, poor nutrition, and an environment that 
promotes physical inactivity 42.   

Since Marmot’s pioneering research, the world has become increasingly aware of 
the fact that social and economic factors are strong and irrefutable determinants of 
health. In March 2005, the WHO established the Commission on Social 
Determinants of Health, chaired by Marmot, to support countries and global health 
partners in addressing the social factors leading to ill health and health inequities 40. 
The Commission aimed to raise awareness on social determinants of health among 
governments and the global community with the aim of making a case for creating 
better social conditions for health, particularly among the most vulnerable people. 
The report highlighted three overarching recommendations for WHO member states 
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to address social determinants by: 1) improving daily living conditions; 2) tackling the 
inequitable distribution of power, money, and resources; and 3) measuring and 
understanding the problem and assess the impact of action. The report of the 
Commission set the stage for the Rio Political Declaration 43 at the World Conference 
on Social Determinants of Health in October 2011 in Rio de Janeiro, Brazil, which 
was ratified by member states including Kenya. Kenya has taken certain key steps 
towards addressing these social determinants. In 2013, the WHO Kenya Country 
Office on behalf of the Kenya Ministry of Health commissioned a report on a 
situational analysis reviewing social determinants of health and health indicators in 
Kenya 44. The report highlighted various key sectors that influence health including 
employment; education and early life; agriculture, food and nutrition; land, culture 
and lifestyle; and environment and sustainability. For example, the report stated that 
Kenyans living in the poorest wealth quintile experienced a 44% and 77% higher 
infant and under-five mortality rates than households in the richest quintile. Again, 
rural residents with low educational status experienced 31% more infant mortality 
than their urban counterparts. At the same time, the report stated that Kenya is 
among the 22 countries globally characterized by food insecurity leading to an 
estimated 1.8 million (30%) chronically malnourished children. The report noted that 
“environmental degradation especially in the vast slums across urban centers in 
Kenya has led to high incidence of diarrhea and outbreaks of cholera and other 
waterborne diseases among residents in such areas.”  

Since social determinants have strong influences on health outcomes in general then 
it is only logical that they would also influence the double burden of disease. For 
example, TB risk is known to be aggravated by living conditions such as crowded 
and poorly ventilated housing. While poorer people tend to have poor nutrition 
including unhealthy diets that is associated with increased risk of non-communicable 
diseases such as cardiovascular disease and diabetes. Thus, an understanding of 
the double burden of disease in LMICs will be incomplete without consideration of 
the social determinants of health in such settings.  

RATIONALE OF THE THESIS 

The goal of this thesis is to provide evidence of a double burden of disease in the 
slums of Nairobi and to make a case for an integrated health systems approach to 
tackling this situation. The concept of a double burden of disease has been 
previously described. An integrated health system is one that is responsive to the 
health care needs of the population –in other words, a system that can address the 
burden of disease in any setting whether communicable or non-communicable 45. So 
why focus on slums? First, slums populations have experienced rapid growth over 
the last two decades and can therefore no longer be ignored. In SSA, the UN-
HABITAT estimates that up to 60% of urban residents live in slum or slum like 
conditions –estimated at about 200 million people or a fifth of the continent’s 
population 46, 47. This rapid growth of slums has occurred against a backdrop of poor 
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health care needs of the population –in other words, a system that can address the 
burden of disease in any setting whether communicable or non-communicable 45. So 
why focus on slums? First, slums populations have experienced rapid growth over 
the last two decades and can therefore no longer be ignored. In SSA, the UN-
HABITAT estimates that up to 60% of urban residents live in slum or slum like 
conditions –estimated at about 200 million people or a fifth of the continent’s 
population 46, 47. This rapid growth of slums has occurred against a backdrop of poor 
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economic performance and lack of proper urban planning in SSA leading to the 
urbanization of extreme poverty. Second, because of the informal nature of these 
settlements, they are underserved by social amenities including lack of access to 
quality health care, education and water/sanitation services. Consequently, slums 
have become the new hubs of poverty and tend to have worse health indicators than 
their counterparts in non-slum areas including rural populations 9, 48-55. Deplorable 
living conditions and lack of livelihood opportunities could predispose slum residents 
to risky health-related behaviours that could in turn lead to a high burden of 
communicable and non-communicable diseases. For example, condom use in slum 
populations in Nairobi is said to be lower than non-slum areas 48. At the same time, 
adult HIV prevalence (~12%) in the same slums is almost double the national 
average in Kenya 4, 8, 56. Other studies have shown high morbidity from 
communicable diseases in the slums such as acute lower respiratory tract infections 
and diarrheal diseases 57, 58. While another study in two slums of Nairobi found that 
pneumonia, diarrhoeal diseases and stillbirths accounted for close to 60% of the 
mortality burden among children under five 52. Among the rest of the study 
population (5+ years), AIDS and TB accounted for about half of the total mortality 
burden.  

Risk factors for non-communicable diseases are also quite common in slum settings. 
A study in Kibera – Kenya’s largest slum – found the prevalence of hypertension and 
diabetes to be 23% and 5% respectively 59, 60. National prevalence of hypertension 
and diabetes in Kenya is unknown as no national chronic disease risk factor survey 
(otherwise known as STEPS survey) has been conducted. However, isolated studies 
have shown prevalence levels of hypertension ranging from 13 to 32% in non-slum 
urban and rural populations in Kenya 61, 62; while diabetes prevalence has ranged 
from 4 to 7% 63, 64.  Other risk factors for non-communicable diseases have also 
been shown to be highly prevalent among slum dwellers in Kenya –for example 
Joshi et al 60 found that 58% of females in Kibera were overweight or obese and 
about 13% of men were current daily smokers. Physical inactivity was not reported 
as a major concern in the slum setting while data on dietary patterns were 
unavailable. Data on morbidity and mortality from non-communicable diseases in 
slum settings was also generally lacking except for one study in 2008 in two slums in 
Nairobi which showed that non-communicable diseases accounted for 10% of the 
Years of Life Lost in the slums compared with communicable diseases and injuries 
that accounted for 77% and 13% respectively 52. 

In conclusion, due to weak health information and vital registration systems, 
population level estimates of the double burden of disease are lacking across SSA. 
Thus, in its own right, this thesis will make a useful contribution to the evidence base. 
At the same time, this thesis will make a case of need to integrate health systems in 
SSA, not just to deal with the double burden but specifically in slums to deal with the 
unique circumstances of these highly resource constrained settings.  
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SPECIFIC AIMS OF THE THESIS 

The Specific Aims (SA) of this these include: 

SA1: To describe the burden of HIV and other communicable causes of mortality in 
the slums of Nairobi, Kenya. 

SA2: To describe the prevalence of key physiological risk factors –hypertension, 
diabetes and obesity– for non-communicable diseases in the slums of Nairobi, 
Kenya. 

SA3: To describe trends in non-communicable disease mortality among adult 
residents in Nairobi's slums. 

SA4: To describe and evaluate the implementation, outcomes and associated costs 
of a community based intervention for primary prevention of non-communicable 
diseases based on hypertension management in the slums of Nairobi, Kenya. 

RESEARCH SETTING AND STUDY POPULATION 

In 2002, the African 
Population and Health 
Research Center (APHRC) 
set up the Nairobi Urban 
Health and Demographic 
Surveillance System 
(NUHDSS) as the first 
urban-based longitudinal 
health and demographic 
surveillance platform in SSA 
65, 66. The overall aim of the 
NUHDSS was to provide a 
platform to investigate the 
long-term socio-economic and health consequences of urban residence, as well as 
serve as a primary research tool for intervention and impact evaluation studies 
focusing on the needs of the urban poor in SSA. As of 31 December 2012, the study 
population stood at about 64,000 individuals residing in about 26,000 households in 
two slums –Korogocho and Viwandani– both in Nairobi. 

Figure 3. Korogocho slum in Nairobi
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Korogocho is the fourth largest informal settlement in Nairobi and was developed on 
land originally owned by an 
individual called Baba Dogo, 
and on what was left by the 
Nairobi City Council as a 
reserve land on the banks of the 
Nairobi and Gitathuru rivers. It is 
located about 12km north-east 
of Nairobi city centre and covers 
an area of about 0.97km2. 
Housing structures in 
Korogocho mostly have mud 
and timber walls with waste tin 
cans as roofing material. There 
are over 250 dwelling units per 
hectare of land in Korogocho –
making it one of the most 
congested slums in Nairobi. 
Each dwelling unit typically 
comprises a rentable room 
occupied by one household with 
an average size of three 

members. Korogocho has a 
stable population and majority of 
its residents have lived in the area for many years. Viwandani was established in 
1973 on land that had been left by the Nairobi City Council as a reserve area on the 
bank of Ngong River – which is heavily polluted by waste from adjacent industries. It 
is located just 7km from the city centre and most of its residents are youthful and 
highly mobile, working or seeking jobs within the nearby industrial area. Household 
structures in Viwandani are mostly made of iron sheet and tin walls with iron sheet 
roofs.  Both of these slum settlements, like most others in Nairobi, are characterized 
by lack of social amenities, relatively high crime rates, high unemployment rates and 
extreme poverty compared to non-slum urban residents as well as their rural 
counterparts. In terms of access to healthcare, majority of Korogocho and Viwandani 
residents patronize private health facilities since public health facilities are extremely 
few 67. Most of these private providers are unlicensed, unregulated, and many 
facilities are run by unqualified personnel. About 90% of the slum population do not 
have any form of health or medical insurance cover 68. And among those who do 
have cover, nine out of 10 were subscribed to the public health insurance scheme, 
which currently has limited benefits 69. Through the NUHDSS, data are collected 
routinely from both slums on key demographic and health information (births, deaths 
and migration). These routine data are collected by trained field personnel every four 

Figure 4. Maps showing two slums covered by NUHDSS 
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months. In addition to the routine data the NUHDSS has provided a robust platform 
for nesting several health and social science research studies.  

OUTLINE OF THE THESIS 

Overview of data sources 

The papers presented in chapters 2 to 10 of this thesis are based on routine 
NUHDSS data as well as two nested studies (see summary in Table 1). The routine 
data includes mortality (cause-of-death) data determined by verbal autopsy. The first 
of the two nested studies includes a cross-sectional survey conducted between 2008 
and 2009. The aim of this survey was to assess behavioural and physiological risk 
factors for cardiovascular diseases among adults in the NUHDSS. The second 
nested study was a follow-up cross-sectional survey running from 2012 to 2014. The 
aim of this study was to implement and evaluate a comprehensive community based 
intervention for primary prevention of cardiovascular diseases among adults in the 
NUHDSS.  

Table 1. Summary of data sources 

Study 
objective 

Chapter Study design Data source 

SA1 2 Mortality trend analysis Verbal autopsy data 
3 Mortality modeling Verbal autopsy data 
4 Mortality trend analysis Verbal autopsy data 

SA2 5 Cross-sectional population 
based survey 

Nested study 

6 Cross-sectional population 
based survey 

Nested study 

7 Cross-sectional population 
based survey 

Nested study 

SA3 8 Mortality trend analysis Verbal autopsy data 
SA4 9 Quasi-experimental 

community based trial 
Study protocol 

10 Quasi-experimental 
community based trial 

Nested study 

Section II – Communicable diseases in the slums 

This section of the thesis describes the burden of communicable diseases in the 
slums of Nairobi focusing primarily on HIV/AIDS as a case study.  

Chapter 2 describes changes in population level HIV mortality in two high HIV 
prevalence slums in Nairobi with respect to the initiation and subsequent scale up of 
the national ART program in Kenya. 
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Chapter 3 compares trends in adult AIDS-related mortality estimated by two 
computer based programs (Spectrum and InterVA-4) applied to data from the 
NUHDSS. 

Chapter 4 describes trends in all-cause adult mortality in the NUHDSS over a ten 
year period from 2003-2012. 

Section III – Non-communicable diseases in the slums 

This section describes selected risk factors, mortality trends and a public health 
intervention for the prevention of non-communicable diseases in the slums of 
Nairobi. 

Chapter 5 assesses the prevalence, awareness, treatment, and control of 
hypertension. 

Chapter 6 describes the prevalence, awareness, treatment and control of diabetes 
and examines the relationship of obesity with raised blood glucose. 

Chapter 7 determines the prevalence of overweight and obesity and examines 
perceptions of body size differentiated by sex and other determinants. 

Chapter 8 examines trends in non-communicable disease mortality among adults 
aged 35 years and older. 

Chapter 9 presents the study protocol of a prospective quasi-experimental 
community based intervention study for primary prevention of cardiovascular 
disease—the “Sustainable model for cardiovascular health by adjusting lifestyle and 
treatment with economic perspective in settings of urban poverty or SCALE UP” 
study.  

Chapter 10 describes the implementation processes, costs and outcomes of each 
intervention component of the SCALE UP study. 
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HIV mortality in urban slums of Nairobi, Kenya
2003–2010: a period effect analysis
Samuel Oji Oti1,2*, Michael Mutua1, George S Mgomella3, Thaddaeus Egondi1,4, Alex Ezeh1

and Catherine Kyobutungi1

Abstract

Background: It has been almost a decade since HIV was declared a national disaster in Kenya. Antiretroviral
therapy (ART) provision has been a mainstay of HIV treatment efforts globally. In Kenya, the government started
ART provision in 2003 with significantly scale-up after 2006. This study aims to demonstrate changes in population-
level HIV mortality in two high HIV prevalence slums in Nairobi with respect to the initiation and subsequent scale-
up of the national ART program.

Methods: We used data from 2070 deaths of people aged 15–54 years that occurred between 2003 and 2010 in a
population of about 72,000 individuals living in two slums covered by the Nairobi Urban Health and Demographic
Surveillance System. Only deaths for which verbal autopsy was conducted were included in the study. We divided
the analysis into two time periods: the “early” period (2003–2006) which coincides with the initiation of ART
program in Kenya, and the “late” period (2007–2010) which coincides with the scale up of the program nationally.
We calculated the mortality rate per 1000 person years by gender and age for both periods. Poisson regression was
used to predict the risk of HIV mortality in the two periods while controlling for age and gender.

Results: Overall, HIV mortality declined significantly from 2.5 per 1,000 person years in the early period to 1.7 per
1,000 person years in the late period. The risk of dying from HIV was 53 percent less in the late period compared to
the period before, controlling for age and gender. Women experienced a decline in HIV mortality between the two
periods that was more than double that of men. At the same time, the risk of non-HIV mortality did not change
significantly between the two time periods.

Conclusions: Population-level HIV mortality in Nairobi’s slums was significantly lower in the approximate period
coinciding with the scale-up of ART provision in Kenya. However, further studies that incorporate ART coverage
data in mortality estimates are needed. Such information will enhance our understanding of the full impact of ART
scale-up in reducing adult mortality among marginalized slum populations in Kenya.

Keywords: Verbal autopsy, Antiretroviral therapy, HIV and AIDS-related death, Demographic surveillance system,
Nairobi, Sub Saharan Africa

Background
The global HIV epidemic is one of the worst to affect

humanity over the last century [1]. Sub-Saharan Africa

(SSA) has borne the brunt of this epidemic where HIV/

AIDS has been the leading cause of death in the last

decade −1.8 million deaths occurred in the subcontinent

from HIV/AIDS in 2010 alone [2]. Kenya is one of the

countries in SSA that has suffered significantly from the

burden of HIV. There are about 1.4 million adults living

with HIV in Kenya and the national prevalence was 6.4

percent among adults aged 15 – 49 years in 2008 [3,4].

This is down from the estimated prevalence of between

8 and 10 percent in the late 1990s [5,6] and a prevalence

of about 7 percent in 2002 [7]. Despite this decline,

about 80,000 new HIV infections and 110,000 HIV re-

lated deaths are believed to occur in Kenya yearly [4,6].
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Women aged 15 – 49 years and urban residents in Kenya

appear to be disproportionately burdened with HIV com-

pared to men and rural residents [3].

Among urban residents, there is limited knowledge on

the impact of HIV in slum settlements in Kenya and

indeed other countries in SSA, although it is known that

urban averages hide gross intra-urban health inequalities

[8]. Slums are of increasing interest because they are

typically home to majority of urban dwellers in low- and

middle income countries. In Kenya, it is estimated that

between 60 to 70 percent of the urban population re-

sides in slums [9]. These slums are typically underserved

by social amenities such as water and sanitation services

and have limited access to quality preventive and curative

health services. Additionally, slums are characterised by

high levels of poverty, unemployment, and insecurity.

Unfortunately, not much is known about the impact of

HIV mortality among the urban poor who reside in vast

slums across most urban centres in Kenya [10]. It would

be anticipated that slum residents are more adversely

affected by the HIV epidemic than non-slum residents

since they generally fare worse off on other health indi-

cators [8,11]. For example, a sero-prevalence study

conducted in 2008 in two slums in Nairobi among a

sample of 2,000 adults aged 18 years and above, found a

prevalence of 11.5 percent [12]. This figure is almost

double the national average and 1.5 times the prevalence

for the entire Nairobi city [3]. In spite of their disad-

vantaged situation, slum residents in Kenya may have

benefited from local and national HIV prevention and

control initiatives. Kenya is one of 22 countries, out of

the 33 globally, where HIV incidence has declined [2].

This success can be largely attributed to several factors:

the global response (HIV prevention, care, treatment

and impact mitigation) to the epidemic including the

launch of UNAIDS in 1996, the targeting of HIV/AIDS as

one of the Millennium Development Goals in 2000; the

launch of the Global Fund to fight AIDS, TB and Malaria

in 2002; and the announcement of U.S President’s

Emergency Plan for AIDS Relief (PEPFAR) by President

Bush in 2003, among others [13-15]. Locally, the launch

of the National AIDS and STI Control Programme

(NASCOP) and the National AIDS Control Council

(NACC) in 1987 and 1999 respectively were crucial steps

for guiding policy direction and mobilizing resources for

the fight against HIV/AIDS in Kenya [16,17].

Overall however, many resource poor countries like

Kenya rely heavily on foreign aid in their fight against

HIV/AIDS [18]. According to a UNAIDS report, this

high dependence on foreign aid suggests a challenge in

national ownership and sustainability of the HIV re-

sponse in these countries [19]. There is therefore grow-

ing demand by the international community for greater

country ownership of the burden of care and support of

those infected and affected by HIV/AIDS in such settings.

This is more so in view of the ongoing global economic

downturn as well as emergence of competing health prior-

ities such as the rising burden of non-communicable

diseases [20]. Empirical evidence on the impact of the

HIV response may contribute, among other factors, to in-

creased country ownership among national governments.

One way to demonstrate the impact of the HIV

response is through population-level data on mortality

attributable to HIV/AIDS. Unfortunately, most resource-

poor countries that bear the highest burden of HIV also

lack complete vital registration-type data needed to

generate actual population-level figures such as national

HIV mortality estimates [21-23]. As a result, much of

what is known about population-level mortality in such

settings, are based on statistical modelling and estima-

tion [24-26]. In the absence of vital registration systems

and data on causes of death, Health and Demographic

Surveillance Systems (HDSS) provide a useful platform

for contributing to the understanding of the population-

level mortality. Typically, HDSS monitor and track

demographic and health indicators in a population

within a defined geographic area [27]. Usually, HDSS

collect data on vital events including births, death and

migration within the population under surveillance and at

regular intervals [27]. This paper is based on data from

the Nairobi Urban Health and Demographic Surveillance

System (NUHDSS) in Kenya. This HDSS covers two slums

located in the heart of Nairobi. We analysed data on

mortality and causes of death in the NUHDSS that was

collected between 2003 and 2010.

The period under study, 2003 – 2010, is of particular

significance because it traverses two important mile-

stones. First, the initiation of the national antiretroviral

therapy (ART) program in Kenya occurred just before

2003 and by then, only 5 percent of those needing ART

were receiving treatment [7,28]. Second, in 2006, the

Government of Kenya announced that antiretroviral

drugs would be provided for free in all public hospitals

and health centres nationwide [29]. Since then, the

national coverage of ART has increased significantly.

Public-sector sites providing ART proliferated from 30

in 2004 to over 1000 in 2011 [30,31]. By 2009, the

national coverage of ART was estimated to have reached

70 percent of those needing ART [4]. However, the

World Health Organization (WHO) changed its treatment

guidelines and recommended earlier start to treatment.

Thus, it is estimated that by 2010, only half of all Kenyans

in need of ART were receiving it, going by the government

figures and the new WHO treatment guidelines [32].

Overall therefore, the first four years of our study period

(2003–2006) could be said to coincide with the early

period of the national ART program while the last four

years (2007–2010) coincides with the scaling up of the
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program. These timelines are important for our analysis

because ART scale-up has been demonstrated in a few

studies in SSA to have an impact on population-level mor-

tality [33-35]. We thus expect that the scaling up of the

national ART program in Kenya could potentially have an

influence on population-level mortality in our study areas.

Ideally, we would have preferred to match the analysis

periods with specific ART coverage milestones and data

from our study area. However, such data is unavailable

mostly because the informal nature of the slums implies

that there are no centrally located public health facilities

serving these communities from which such data could

be obtained. The private-for-profit and non-profit health

facilities serving these settlements have weak health

management information systems and no coordinating

mechanisms to aggregate the data generated. In addition,

some patients are known to seek care far away from

their areas of residence to avoid stigma and hence

facility-based ART coverage data may not accurately

reflect population coverage. Nonetheless, we anticipate

that since our study areas are located in the heart of the

capital city of Kenya, then the study communities could

very well have benefitted from the national ART program.

This study aims to demonstrate changes in population-

level HIV mortality in two high HIV prevalence slums in

Nairobi with respect to the approximate timings of the

initiation and subsequent scale-up of the national ART

program.

Methods
Study area and population

We use cause of death data from 2070 deaths that oc-

curred in the NUHDSS between 2003 and 2010 among

males aged between 15 and 54 years, and females aged

between 15 and 49 years, the age groups most affected by

HIV/AIDS. Since 2002, the African Population and Health

Research Center (APHRC), a regional research institution

head-quartered in Nairobi-Kenya, has been operating

the NUHDSS. The NUHDSS covers the two slums of

Viwandani and Korogocho both located less than 10

kilometres from the Nairobi City centre [36]. Viwandani

and Korogocho occupy an area of 0.45 and 0.52 km2

respectively. In total, the population under surveillance in

both slums is about 72,000 people, living in 28,500 house-

holds, and originating from over 15 ethnic groups [36].

The population in Korogocho is mainly comprised of

long-term settlers engaged in informal employment

such as domestic work, petty trading and casual work.

Viwandani is mainly comprised of semi-skilled labour

migrants working in the neighbouring industrial area.

Cause of death data in the NUHDSS

As part of the activities of the NUHDSS, data on individ-

ual and household core demographic events including

birth, death, in-migration, and out-migration are collected

at four-monthly intervals known as data collection rounds.

These data are collected by trained field interviewers

drawn from the study area and who have a minimum of a

high school certificate or 12 years of formal schooling.

These field interviewers identify and interview key infor-

mants, usually the head of the household or other adult

member of the household, who provide information about

the status of all known household members listed in the

last visit and any visitors to the household since the last

visit. As many as three repeat visits are made by the field

interviewers to locate a ‘credible respondent’ after which

the status of the household members is updated as

“unknown” for that round, if an interview cannot be done.

Additionally, the NUHDSS integrates the Verbal Aut-

opsy (VA) process for ascertaining cause of death. VA is

the process of retrospectively interviewing the primary

caregivers of recently deceased persons in order to gain

an understanding about the circumstances surrounding

and leading up to death [37]. VA can be used to provide

information on causes of death in resource-constrained

settings where vital registration systems are often incom-

plete or non-existent. Details of this process in the

NUHDSS have been published elsewhere [37,38]. In brief,

trained interviewers visit a household, on average within

three months after a death has occurred, to conduct a ver-

bal autopsy interview with a credible respondent –usually

a spouse or other close family member who would be

aware of the circumstances surrounding death. The inter-

view is conducted using a semi-structured data collection

tool that mostly inquires about probable symptoms and

signs that the deceased may have portrayed before death.

The completed tools are then passed to a pair of physi-

cians who independently review each case and assign a

probable cause of death based on WHO International

Statistical Classification of Diseases and Related Health

Problems (ICD-10) [39]. The causes of death assigned by

each physician are then compared and those cases that are

in agreement are recorded as the final causes of death. If

there are any ‘disagreements’ the physicians meet and hold

a consensus meeting arbitrated by a third physician.

Where there is no agreement even after this meeting, such

cases are coded at “indeterminate”. The cause of death

data used for this paper was retrospectively reviewed by

two pairs of physicians over a period of about one month

from August to September 2011. Prior to this, each phys-

ician received three-days of training in ICD-10 coding.

Period effect analysis

All analyses were performed using STATA Statistical

Software Release 11 (StataCorp LP, College Station, Texas,

US). HIV- and all-cause mortality was calculated by

aggregating deaths and person-years of observation for the

two periods: 2003–2006 (early) and 2007–2010 (late).
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Residents contributed person time as long as they were

living in the NUHDSS area. Residents stopped contribut-

ing time if they out-migrated and resumed contributing if

they re-entered the NUHDSS area. Mortality rates by gen-

der and age group were computed and compared for the

early and late periods. Additionally, a Poisson regression

model was used to estimate and compare the incidence

(mortality) risk ratio or IRR (for all-cause and HIV

mortality) between the two periods, while controlling for

age and gender. In the regression model, we modelled the

counts of deaths as a function of select individual-level

characteristics –age, gender and period using the offset of

person years.

In order to determine if any potential changes in mor-

tality between the two observation periods could have

been attributable to an underlying change in the popula-

tion structure, we standardized mortality rates between

the two observation periods using the un-weighted aver-

age of the two population compositions as the standard.

To do this, first the percent distribution for each period,

and then the average percent by gender and age categories

were computed. Decomposition of the difference between

the two period rates into a part due to compositional

differences and a part due to differences in rates was done,

using the dstdize command in STATA which uses a

weighted average of the two populations as the standard.

A Poisson regression-based standardization for count data

was also necessary to control for differences in compos-

itional variables such as gender and age. This analysis

yielded the changes in all-cause, HIV and non-HIV mor-

tality between the two periods, the differences of which

would not be explained by changes in underlying popula-

tion structure between the two periods.

Missing or indeterminate causes of death

Overall there were 2070 deaths of which 560 (27%) deaths

were classified as indeterminate or missing. In the previ-

ously described analyses, indeterminate or missing causes

of death were classified as ‘non-HIV’. However, an imput-

ation model was applied to distribute missing or indeter-

minate cause of death data to various causes of death. We

derived an imputation model for cause-of-death that

included the variables of sex, age, slum and year of death.

The variable year was included in the model to capture

any trends in mortality for different causes of death. This

imputation model was implemented using STATA’s ice

program which uses Multiple Imputations by Chained

Equations (MICE) [40]. This approach creates multiple

imputations as opposed to single imputation and this

helps account for statistical uncertainty in imputation.

Ethical considerations

We utilised routine data collected every four months as

part of the NUHDSS. In order to operate the NUHDSS,

APHRC applied for, and received approval from the

Kenya Medical Research Institution’s National Ethics

Review Committee (KEMRI/NERC). All VA data gener-

ated from the NUHDSS is treated as strictly confidential

and access is not granted to anyone outside of the research

team except in accordance with APHRC’s data sharing

policy [41].

Results
Mortality rates

All cause vs. HIV mortality

All-cause mortality declined from 6.7 deaths per 1000

person years (PY) in the early period to 6.1 in the late

period (Table 1). Although women had a higher mortality

rate in the early period compared to men (7.5 versus 6.1

deaths per 1000 PY respectively), they showed an overall

larger decline in all-cause mortality rate (25 percent

reduction or 1.9 deaths per 1000 PY) between the early

and late period. For men, all-cause mortality increased

slightly by 6.5 percent (or 0.4 deaths per 1000 PY) between

the early and late period. All-cause mortality also declined

in the late period across all age-groups with the largest

decline seen in the 35–44 years age-group.

HIV mortality declined significantly from 2.5 deaths

per 1000 PY in the early period to 1.7 deaths per 1000

PY in the late period (or a 32 percent reduction). HIV

mortality was almost double among females (3.5 deaths

per 1000 PY) in the early period compared with men

(1.9 per 1000 PY). However, HIV mortality declined by

43 percent between the early and late period among

women compared to a decline of 16 percent for men

during the same period. This significantly reduced the

gender gap in HIV mortality in the late period.

Consistent with the age profile of HIV prevalence in

most sub-Saharan African countries, HIV mortality

increased with age in both the early and late periods.

However, in the late period, HIV mortality was cut by

half in the youngest age group (15–24) and by 41

percent in the age-group 25–34 compared to declines of

22–26 percent in the older age groups.

Period effect on mortality

Using Poisson regression, the period effect on all-cause,

HIV and non-HIV related mortality was assessed, con-

trolling for age and gender. The results are shown in

Table 2. Males had an 18 percent lower risk of dying

from all-causes compared with females (p < 0.0001). The

IRR from all-cause mortality increased linearly with age

and this was true for both males and females. In all in-

stances, the differences in IRR by age were statistically

significant. There was 14 percent reduction in IRR from

all-cause mortality in the late period compared to the

early one, controlling for age and gender (p < 0.0001).

These declines appeared to have been driven exclusively
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Table 1 All-cause and HIV related mortality rates by period, gender and age group

All-cause mortality HIV related mortality

2003 - 2006 2007 - 2010 2003 - 2006 2007 - 2010

Person
years

Deaths Mortality
Rate

Person
years

Deaths Mortality
rate

Change in
rate

Person
years

Deaths Mortality
rate

Person
years

Deaths Mortality
rate

Change in
rate

Overall 158472.7 1057 6.7 165110.5 1013 6.1 −0.6 158472.7 398 2.5 165110.5 287 1.7 −0.8

Gender

Female 64458.3 483 7.5 69285.8 386 5.6 −1.9 64458.3 224 3.5 69285.8 138 2.0 −1.5

Male 94014.4 574 6.1 95824.6 627 6.5 0.4 94014.4 174 1.9 95824.6 149 1.6 −0.3

Age
group

15-24 56656.6 174 3.1 54497.3 152 2.8 −0.3 56656.6 43 0.8 54497.3 21 0.4 −0.4

25-34 62350.5 411 6.6 64458.7 380 5.9 −0.7 62350.5 168 2.7 64458.7 102 1.6 −1.1

35-44 27950.4 308 11.0 31882.7 310 9.7 −1.3 27950.4 129 4.6 31882.7 108 3.4 −1.2

45-54 11515.1 164 14.2 14271.8 171 12.0 −2.3 11515.1 58 5.0 14271.8 56 3.9 −1.1
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by reductions in female IRR which decreased by 32 per-

cent in the late period compared to that of males which

increased marginally by 2 percent between the early and

late periods.

For HIV mortality, IRR was 56 percent lower in males

compared with females over the entire period. IRR from

HIV mortality among males increased with advancing

age, whereas for females, the IRR from HIV mortality

was highest in the 35–44 years age group. The risk of

dying from HIV was 53 percent lower in the late period

compared with the early period, controlling for age and

gender. This risk reduction was similar for both males

and females at 53 and 52 percent respectively.

Period-standardization effect on mortality

Table 3 shows the period-standardized mortality rates

and IRR for all-cause, HIV- and non-HIV mortality by

observation period. Of particular note is the finding that

on one hand, HIV mortality declined in the late period

for males, females, and across all age groups. However,

on the other hand, non-HIV mortality either increased

or remained the same except among females where it

declined marginally. Further, the IRR for all-cause

mortality was significantly reduced by 12 percent in the

late period. Whereas the HIV mortality risk was 35

percent less in the late period (p < 0.0001). Finally, the

risk of non-HIV mortality did not change significantly in

the late period.

Discussion
We set out to determine if there is any evidence of

reduction in population-level HIV mortality among a

population of slum dwellers living in areas covered by a

health and demographic surveillance system in Nairobi,

over a period that coincides with the initiation and mass

scale-up of the national ART program in Kenya. Overall,

Table 2 Incidence risk ratios for all-cause and HIV related mortality rates by time period

All-cause deaths HIV-related deaths

Overall p-value Female p-value Male p-value Overall p-value Female p-value Male p-value

Male (ref: Female) 0.82 *** - - - - 0.44 *** - - - -

Age (ref: 15–24)

25-34 2.22 *** 3.17 *** 1.59 *** 3.00 *** 3.00 *** 3.24 ***

35-44 3.77 *** 5.11 *** 2.84 *** 5.36 *** 4.78 *** 6.76 ***

45-54 4.83 *** 6.14 *** 3.76 *** 5.65 *** 4.06 *** 8.16 ***

2007-2010 (ref: 2003–2006) 0.86 ** 0.68 *** 1.02 0.784 0.47 *** 0.48 *** 0.47 ***

**p<0.001, ***p<0.0001.

Table 3 Period-standardized mortality rates for all-cause, HIV-related and non-HIV mortality

All cause mortality HIV related mortality Non-HIV mortality

2003- 2006 2007-2010 2003- 2006 2007-2010 2003- 2006 2007-2010

Overall mortality 6.7 6.1 3.3 2.3 3.4 3.8

Gender Male 3.6 3.8 1.4 1.0 2.2 2.8

Female 3.0 2.3 1.9 1.3 1.1 1.0

Age

15-24 1.1 0.9 0.4 0.2 0.7 0.7

25-34 2.6 2.3 1.4 0.8 1.2 1.5

35-44 2.0 1.9 1.1 0.9 0.9 1.0

45-54 1.0 1.0 0.5 0.4 0.5 0.6

Regression based standardization

IRR (p-value) IRR (p-value) IRR (p-value)

Female 1.22 *** 2.34 *** 0.70 ***

25-34 2.19 *** 3.85 *** 1.56 ***

35-44 3.67 *** 7.58 *** 2.28 ***

45-54 4.68 *** 8.78 *** 3.19 ***

2007-2010 0.88 *** 0.65 *** 1.10

***p < 0.0001.
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this study found significant declines in HIV mortality in

the late period (2007–2010) that coincided with the scal-

ing up of the national ART program in Kenya compared

with the early period (2003–2006) just following the

commencement of the program. This decline occurred

despite the very high prevalence of HIV in the study

community, 11.5 percent in 2008 [12] and high mortality

that have been previously attributable to HIV [38].

Recent work in South Africa and Malawi have shown

decline in mortality at the population level following the

scale-up of ART in the study populations [33,34]. Like

both of these studies, our study was conducted using

mortality data from surveillance of a large population

and the timing of the decline in mortality coincides with

the scale up of ART.

However, unlike both of these studies, the lack of ART

coverage and uptake data specific to our study areas is a

major limitation to our study. We also lack data on

treatment initiation which may have an impact on mor-

tality with or without ART scale up. Overall, we have

had to rely on the timelines of ART scale-up nationally.

In spite of this limitation, it is plausible that the decline

in population-level mortality in our study area could be

attributable to the national ART scale-up program. This

is because overall trends in mortality in the surveillance

areas show that, apart from HIV-related causes, all other

causes of death were either stable or increased over the

eight years covered by our analysis. In addition, we are

not aware of any other major health interventions in the

study area during the period covered by our analysis.

More importantly, reduction in HIV mortality in the late

period was more than double the reduction in all-cause

mortality. Given the significant declines in the late

period of the risks of all-cause mortality and HIV mor-

tality, as well the lack of change in the risk of non-HIV

-related deaths, we can infer that the observed declines

in overall mortality in the late period is due largely from

the declines in HIV-related deaths. And we believe that

this decline in HIV deaths is most likely due to the

scaling up of ART in public health facilities in Kenya just

after 2006.

Another interesting finding from our study was that

declines in HIV mortality were much larger for women

than for men. Specifically, it was 2.7 times larger for

females than for males ((1.5/3.5 = 42.86%) / (0.3/1.9 =

15.79%) = 2.7). This was dissimilar to the findings of the

study in rural South Africa where approximate declines

in HIV mortality of 22 percent and 29 percent was ob-

served in adult women and men respectively. The study

in Malawi did not find any gender differences in mortality

reduction. In our study, the excess female disadvantage in

HIV-related deaths reduced from 84 percent in the early

period to only 25 percent in the late period (see Table 1).

This observed reduction in excess female mortality in the

late period could suggest that gender inequities in HIV-

related deaths are being successfully addressed by HIV

control programs such as the national ART scale-up

program in Kenya. On the other hand, we found that

all-cause mortality for men increased slightly in the late

period. This might be attributable to the observation that

injuries and accidents, which account for the largest

proportion of deaths among adult male residents in the

slum area, actually increased over the entire study period

as the competing risk from HIV declined. In terms of age

differentials, we found the largest drop (50 percent) in

HIV-related deaths among younger people aged 15–24

years. This is a very important finding in this setting since

younger adults are more likely to be unemployed and

hence less likely to afford treatment compared to older

persons. The finding could mean that the relatively wide

scale provision of free ART in the late period was particu-

larly beneficial to this age group.

Aside from the lack of data on ART coverage and up-

take, our study has a few other limitations. First, we do

not have mortality data prior to 2003 so we were unable

to determine the effect of secular trends on our results.

However, available estimates for Kenya show that since

1990, AIDS deaths have been on an upward trajectory

until after 2005 [42]. Also, we could not conduct a sensi-

tivity analysis for our verbal autopsy data so it is impos-

sible to say that the observed changes were not due to

misclassification of HIV deaths. To perform a sensitivity

analysis we would need either sero-prevalence data among

those in the study or health facility data. However, the only

sero-prevalence study in the area was done towards the

end our study period in 2008 [12]. We attempted to ‘ver-

ify’ deaths attributed to HIV according to VA by analysing

data for those individuals who had participated in the

sero-prevalence study and who had died within the study

period. There were 61 of such cases −25 people or 41

percent of those who died were previously diagnosed as

HIV positive. The sensitivity of VA in ‘diagnosing’ HIV

deaths among those who were known HIV positive was 64

percent (16 HIV deaths out of 25 HIV positive persons).

The specificity of VA in diagnosing non-HIV deaths

among those who were HIV negative was 81 percent (29

non-HIV deaths out of 36 HIV negative persons). These

findings are consistent with previous studies which have

shown that verbal autopsies are considerably valid in

detecting HIV deaths especially among adults though

underestimation of HIV deaths is not uncommon

[43-45]. Generally, the accuracy of verbal autopsies

interpreted by physicians is said to have an acceptable

level of diagnostic accuracy, at the population level, if

sensitivity and specificity are at least 50 percent and 90

percent respectively [46].

One other potential limitation of our study is that the

absence of sero-prevalence data for the period under
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study makes it impossible to determine if the observed

findings were due to any differential out-migration of

HIV positive persons from the slum areas. The study in

South Africa did not find any evidence of differential

out-migration between HIV positive persons, HIV nega-

tive persons and those whose HIV status was unknown.

We do not have any reason to believe that there was any

differential migration in our study area during the study

period. Further, the overall trends in out-migration rates

remained fairly stable in the study area over both the

early and late periods (see Table 4). This is with the

exception of 2004 when there was forceful demolition by

local authorities of slum structures built near railway

lines and under main power lines in one of the slums.

Again, about 27 percent of all deaths in this study

were not successfully coded or assigned a cause of death,

that is, either the physicians were unable to arrive at a

consensus on the causes of death, or there was no cred-

ible respondent available to conduct a VA interview. To

determine the impact of this on our findings, we applied

an imputation model to causes of death as described in

the methods section of this paper. Overall, the pattern of

Table 4 Open cohort of females aged 15–49 years and males aged 15 – 54 years, 2003–2010, NUHDSS

Females aged 15 - 49 2003 2004 2005 2006 2007 2008 2009 2010

Population at start of year 12686 14566 13983 14777 15219 15360 16318 17569

Entered age group during year 313 330 340 293 390 345 365 386

In-migrated (from outside *DSA) during year 4199 4620 4134 3700 3456 4048 4551 4086

Died during year 153 118 106 108 86 88 91 119

Exited age group during year 83 55 68 69 101 86 168 69

Lost to follow-up during year (out-migrations) 3125 5824 3650 3465 3770 3363 3525 3907

Total person time contributed each year 16191.3 16118.1 16663.6 17086.0 17527.0 17702.3 19789.4 19989.1

**Out-migration rates 0.19 0.36 0.22 0.20 0.22 0.19 0.18 0.20

Males aged 15 - 54 2003 2004 2005 2006 2007 2008 2009 2010

Population at start of year 20245 22389 21019 21721 22021 22152 23116 24434

Entered age group during year 324 335 371 301 372 314 331 386

In-migrated (from outside *DSA) during year 4997 5658 4767 4545 4478 5107 5679 5121

Died during year 158 161 125 130 160 136 153 178

Exited age group during year 106 136 71 227 111 173 124 164

Lost to follow-up during year (out-migrations) 4259 7980 4528 4300 4653 4363 4480 4866

Total person time contributed each year 24371.4 23708.8 24169.6 24393.4 24874.4 25288.1 27321.2 27680.4

**Out-migration rates 0.17 0.34 0.19 0.18 0.19 0.17 0.16 0.18

*DSA Demographic Surveillance Area.

**Out-migration rates were calculated by dividing the number of persons who out-migrated each year by the total person years contributed by those present at

the start of the year and those who in-migrated during the year.
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Figure 1 Plot showing imputed versus original causes of death, NUHDSS 2003 – 2010.
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cause-specific mortality for the imputed model did not

differ significantly from that in which the causes of death

are known (see Figure 1). We went further to estimate

the mortality rates in the early and late periods using the

imputed data (see Additional file 1). The trends in HIV

mortality in the early and late period using the imputed

data were similar to the trends described previously for

the original data.

The major strength of our study is the large number

of cases considered in the analysis. This is borne out of

the advantage provided by a health and demographic

surveillance system in that it captures all deaths, births

and migrations within the study area. Hence the status

(dead or alive) of the total population at any time point

is known and can thus contribute to the numerators and

denominators used in calculating mortality rates. Further,

demographic surveillance often utilise VA to obtain

cause-specific mortality data in the population under

surveillance. This is even more crucial in populations

where majority of deaths occur outside a health facility

and hence analysis based on hospital/health facility data

will not give a complete or accurate picture of the

mortality profile in the general population. About 70

percent of deaths in the study population occur outside

a health facility (APHRC, unpublished data).

Conclusion
In conclusion, while HIV/AIDS remains a major cause

of death among the urban poor as compared to other

causes of mortality, there is evidence that HIV mortality

has decreased significantly at the population level, and,

this decline corresponds with the estimated period of

scaling up of the national ART program in Kenya. The

slums of Nairobi have limited access to quality health

care and exhibit a higher HIV prevalence compared to

the national or city-level estimates. Despite their disad-

vantaged position, slum residents seem to have benefited

from the public sector scale-up of ART. We recommend

further studies that incorporate ART coverage data in

mortality estimates where available. Such information

will enhance our understanding of the full impact of

ART scale-up in reducing adult mortality among mar-

ginalized slum populations.

Additional file

Additional file 1: All-cause and HIV-related mortality rates by

period, gender and age group (after imputation).
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Background: The Spectrum computer package is used to generate national AIDS mortality estimates in settings

where vital registration systems are lacking. Similarly, InterVA-4 (the latest version of the InterVA programme) is

used to estimate cause-of-mortality data in countries where cause-specific mortality data are not available.

Objective: This study aims to compare trends in adult AIDS-related mortality estimated by Spectrum with

trends from the InterVA-4 programme applied to data from a Health and Demographic Surveillance System

(HDSS) in Nairobi, Kenya.

Design: A Spectrummodel was generated for the city of Nairobi based on HIV prevalence data for Nairobi and

national antiretroviral therapy coverage, underlying mortality, and migration assumptions. We then used data,

generated through verbal autopsies, on 1,799 deaths that occurred in the HDSS area from 2003 to

2010 among adults aged 15�59. These data were then entered into InterVA-4 to estimate causes of death

using probabilistic modelling. Estimates of AIDS-related mortality rates and all-cause mortality rates from

Spectrum and InterVA-4 were compared and presented as annualised trends.

Results: Spectrum estimated that HIV prevalence in Nairobi was 7%, while the HDSS site measured 12% in

2010. Despite this difference, Spectrum estimated higher levels of AIDS-related mortality. Between 2003 and

2010, the proportion of AIDS-related mortality in Nairobi decreased from 63 to 40% according to Spectrum

and from 25 to 16% according to InterVA. The net AIDS-related mortality in Spectrum was closer to the

combined mortality rates when AIDS and tuberculosis (TB) deaths were included for InterVA-4.

Conclusion: Overall trends in AIDS-related deaths from both methods were similar, although the values

were closer when TB deathswere included in InterVA. InterVA-4 might not accurately differentiate between TB

and AIDS deaths.
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I
t appears that the global fight against AIDS is bear-

ing positive results in most countries burdened by the

epidemic (1). New infections and AIDS deaths have

declined significantly over the last decade (1). In Kenya,

the annual number of adult new infections dropped from

102,000 in 2000 to 91,000 in 2011, and the number of

adult AIDS deaths has reduced significantly within the

same period (2).

However, in the face of persistent global economic

uncertainty, there are doubts as to whether the continued

global investments in the HIV response can be sustained

(3�5). As of 2011, there were over 1.4 million adults living

with HIV in Kenya. About 592,000 adults were eligible

for antiretroviral therapy (ART), and about 83% of those

received ART (6).

To ensure continued funding, countries need to gen-

erate empirical evidence that demonstrates their progress

in the HIV response. Population-level impact data will be

particularly useful as many HIV programmes have been

in existence for several years. However, many of the most

affected countries lack the complete vital registration-

type data needed to generate direct population-level
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impact data such as national AIDS-related mortality

estimates (7�9). Consequently, statistical modelling and

estimation account for much of what is known about the

reduction in population-level impact of HIV, particularly

with regard to mortality (10�12).

The Spectrum computer package is at the forefront of

HIV statistical modelling and estimation (13). Over 100

countries use Spectrum to estimate the impact of HIV

on their populations. The results from Spectrum are used

by the Joint United Nations Programme on HIV and

AIDS (UNAIDS) to produce global estimates of the HIV

epidemic which are published regularly in the ‘Global

report on the HIV/AIDS epidemic’ (1). In addition,

countries use Spectrum results for short-term planning

purposes, advocacy, and for estimating the impact of HIV

programmes. Spectrum has not been widely validated

against empirical data. Stover et al. compared Spectrum

mortality results against six studies in 2004 (14). Upda-

ted comparisons are needed because major revisions in

Spectrum software have updated the calculations of

AIDS mortality and given changes in mortality patterns

with the roll-out of ART. Specifically, it would be use-

ful to validate the output from Spectrum with other

population-level AIDS mortality data.

In the absence of complete vital registration systems,

empirical data on causes of death can be obtained from a

Health and Demographic Surveillance System (HDSS).

An HDSS typically monitors health and demographic

indicators in a population within a defined geographic

area (15). Additionally, an HDSS commonly uses verbal

autopsy (VA) to generate cause-of-death data. VA entails

interviewing the primary caregivers of recently deceased

persons to collect information about the circumstances

surrounding a death (16). This process depends on the

ability of the primary caregiver � often a family member �

to recognise, recall, and volunteer symptoms experienced

by the deceased that can be interpreted and analysed to

derive the most likely cause(s) of death (17). The InterVA

programme is a computer-based probabilistic programme

that has been developed to interpret VA data and assign

possible causes of death. This computer programme is

based on Bayes’ probability theorem and is freely avail-

able in the public domain (18).

Often, urban estimates of mortality and other health

indicators in general do not make a distinction between

slum and non-slum urban areas. This tends to mask any

disparities between these often distinct groups. On the

one hand, globally applied models such as those pro-

duced by Spectrum tend to represent urban (and rural)

data estimates in the broad sense. On the other hand,

locally applied programmes such as InterVA are typically

used to produce site-specific (e.g. slum) estimates. Con-

sidering the projected increases in the size and spread of

slum populations across urban centres in developing

countries such as Kenya (19�21), it would be useful to

establish how AIDS mortality estimates representing an

urban setting in the broad sense compare with estimates

from a purely urban-slum setting.

The primary objective of this article is to compare

annualised trends in AIDS-related deaths as estimated

by Spectrum with similar data generated by InterVA.

However, to provide context to the findings of this

comparison, we will first present general trends in

mortality and survival as estimated by Spectrum versus

routine demographic surveillance data from the areas

under study.

Methods

Nairobi Urban Health and Demographic

Surveillance System

We use cause-of-death data on 1,799 deaths for which VA

was done (i.e. 85% of all deaths) that occurred in the

Nairobi Urban Health and Demographic Surveillance

System (NUHDSS) between 1 January 2003 and 31

December 2010 among adults aged between 15 and 59.

We were unable to include the remaining 15% of deaths

for which VAs were not done since no symptom-level data

were available for these deaths. Symptom-level data are

needed for input into the InterVA-4 computer pro-

gramme (discussed further in this article). The NUHDSS

has been operational since 2002 under the coordination

of the African Population and Health Research Center

(APHRC), a regional research institution headquartered

in Nairobi, Kenya. The NUHDSS covers the two slums

of Korogocho and Viwandani, which are both located

less than 10 km from Nairobi (22). Korogocho and

Viwandani occupy an area less than about half a square

kilometre each.

According to the NUHDSS database, as of 1 January

2003, there were 55,266 residents living in 22,537 house-

holds in both slums. Like most slums in Nairobi,

Korogocho and Viwandani have high levels of poverty,

crime, and unemployment. Access to basic amenities and

services, including healthcare services, is also limited.

Additionally, slum residents generally have poorer health

outcomes in comparison with rural and non-slum urban

residents (23�25).

Verbal autopsy in the NUHDSS

The routine data on demographic events such as births,

deaths, and migration are collected at the NUHDSS in a

4 monthly cycle. Causes of deaths in the NUHDSS are

determined using VA; the details of VA in these circum-

stances have been published elsewhere (26, 27). In brief,

trained interviewers visit each household where a death is

reported to have occurred and administer a structured,

paper-based questionnaire to a consenting (informed)

respondent. The completed questionnaires are captured

into an SQL database, and a VA data set is prepared for
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analysis in Stata†. For the purposes of this article, the

prepared data file is imported into InterVA in order to

interpret and assign the probable cause of death to each

case.

InterVA-4

InterVA processes a range of ‘indicators’ relating to

a particular death by fitting them in a mathematical

programme based on Bayes’ probabilistic theorem (18).

‘Indicators’ is a general term used by InterVA to describe

the range of items of information about the circum-

stances of a death, including basic background charac-

teristics, signs and symptoms of illness, and past medical

history, to mention a few. These indicators are derived

from the VA symptom-level data set and entered into the

InterVA programme which then produces likely cause(s)

of death as its output. In this article, we use the latest

version of the programme � InterVA-4. The causes of

death produced by InterVA-4 follow the new VA cause-

of-death categories as defined in the World Health

Organization (WHO) 2012 Verbal Autopsy Instrument,

together with WHO cause-of-death codes and corre-

sponding International Classification of Diseases (ICD-

10) categories. In our analysis, we use only the most likely

cause of death produced by InterVA-4. Those cases in

which InterVA is unable to generate any most likely cause

of death are classified as ‘indeterminate’. Complete

details of the InterVA modelling approach are available

in a range of peer-reviewed publications (28�38) and on

the InterVA website, www.interva.net.

Spectrum modelling

The Spectrum computer package, developed by the

Futures Institute (www.futuresinstitute.org), is a suite

of models that allow users to calculate the impact of

different public health interventions. The AIDS Impact

Module (AIM) within Spectrum was used for this

analysis (version 4.50). The software is described in detail

elsewhere (39). Here, we provide a brief description of

how the software works and how it was adjusted to create

a Nairobi-specific model.

The Spectrum package is based on the demographic

inputs provided by the UN Population Division 2010

projections of population size, fertility, and mortality. To

estimate the impact of HIV, the AIM module uses HIV

prevalence data from antenatal clinic (ANC) surveillance

and from household surveys to produce an incidence

curve over time. The incidence curve is applied to a sex

and age distribution. Age and sex determine the pro-

gression of HIV-infected people through different CD4

levels which are modified by ART and determine future

survival. Deaths due to AIDS and non-AIDS deaths are

available by 5-year age groups over time. Spectrum

estimates AIDS-related deaths, or the net increase in

deaths during an HIV epidemic, whether the deaths are a

result of AIDS or other causes that are exacerbated by

HIV.

To create a Nairobi-specific Spectrum model, the

population before the introduction of HIV is required

to start the projection. The first case of HIV was detected

in 1984 (40). The age and sex distributions of Nairobi

were determined from the 1969 and 2009 censuses. The

total fertility rate from the 2003 and 2008 Demographic

and Health Surveys (DHS) for Nairobi was used in the

model for the appropriate years, and linear interpola-

tion was used to determine the values for years without

surveys (41, 42). Mortality rates were assumed to be the

same as the national level and not adjusted. Migration

was estimated based on the change in population between

1970 and 2009 using a stable in-migration among men

and an increasing in-migration among women. The

specific values for the key assumptions are included in

Table 1.

The AIM module requires HIV prevalence data and

ART coverage data to determine HIV incidence over

time. Data from five ANC sites were used to describe

trends in HIV prevalence in Nairobi. These sites included

four University of Nairobi sites and one Jericho ANC

clinic. HIV prevalence data from the DHS for 2003 and

2008 were available for the city of Nairobi. These data

provided a calibration for the magnitude of HIV pre-

valence to correct for the bias introduced through the

ANC data due to the lack of men in the sample and the

variations in prevalence among pregnant women versus

all women (43).

To estimate an incidence curve from prevalence, Spec-

trum uses information on the number of people on ART

to acknowledge its increasing prevalence as people stay

alive longer. The percentage of those eligible for ART

(those with CD4 counts lower than 350) who are receiving

therapy was estimated to be 72% in 2010 for Kenya. The

same level and trend in coverage were assumed for

Nairobi (3% in 2003, 26% in 2005, and 50% in 2007) (44).

Data analysis

General trends in mortality and survival

We calculated age-specific mortality rates for 5-year age

groups for ages 15�59 years by gender, slum of residence,

and 4-year periods (2003�2006 and 2007�2010, corre-

sponding to the estimated periods before and after the

massive roll-out of ART in Nairobi). In addition, we

calculated the probability of a 15-year-old surviving to

60 years (45Q15) by gender and slum. Furthermore, all-

cause adult mortality was calculated by year. Finally,

the parameters discussed here were estimated using the

Nairobi Spectrum file and presented alongside the

NUHDSS longitudinal data output.
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AIDS-related mortality by InterVA and Spectrum

The InterVA cause-of-death outputs are used to calculate

the number of AIDS-related deaths versus all-cause

deaths among those aged 15�59 by gender and slum of

residence. The same parameters were also generated using

the Nairobi Spectrum file. The results are presented as

annualised trends for the period 2003�2010.

Results

HIV prevalence

An HIV seroprevalence study conducted in the NUHDSS

from 2007 to 2008 determined the prevalence of HIV

among adults aged 15�49 to be 11.25% [95% confidence

interval (CI) 10.34�12.14] overall (9.89%, 95% CI

8.54�11.28 in men; and 12.1%, 95% CI 10.93�13.29

in women). Spectrum estimates HIV prevalence among

adults aged 15�49 in Nairobi in 2008 to be 7.4%

(uncertainty bounds 5.8�9.1) overall, 6.2% in men and

8.6% in women (see Fig. 1).

All-cause mortality by age (Spectrum vs. NUHDSS

mortality data)

The trends in age-specific mortality rates (ASMRs) for

all-cause mortality, as determined by Spectrum and

InterVA, are similar to the extent that both show

increasing mortality rates with age (see Fig. 2). However,

the Spectrum rates show a distinct ‘hump’ in the age

bracket between 35 and 49 years which is not evident in

the NUHDSS rates. The bump reflects typical mortality

in countries with high HIV prevalence and low ART

coverage (45). The peak mortality rate is 20 deaths per

1,000 for the age group 35�39 years and declines to close

to 15 among persons over age of 50. In contrast, the

highest mortality rate for the InterVA programme is

19 for persons aged 55�59. When disaggregated by gender

(see Fig. 3), the overall pattern remains the same with

two observable differences. First, the NUHDSS mortality

rates are consistently higher among women than men

across all age groups. Second, Spectrum mortality rates

peak at earlier age groups for women than men.

In Fig. 4, we consider the potential effect of ART roll-

out in Nairobi and analyse the ASMRs for the periods

before its mass roll-out (2003�2006) and after the roll-out

(2007�2010). Spectrum shows a decline in the ASMRs for

all age groups except the 15 to 19-year age group. Among

persons aged 35�39, the ASMR drops from 26.9 in the

period 2003�2006 to 13.5 in the period 2007�2010. The

NUHDSS data show a less dramatic decline in ASMRs,

with a decline from 10.5 to 8.3 for the same age group.

AIDS-attributable mortality over time

(Spectrum vs. InterVA-4)

Spectrum estimates that 63% of mortality, among persons

aged 15�59, was AIDS related in 2003 and that this value

decreased to 40% by 2010. The InterVA programme esti-

mates that the proportion of mortality due to AIDS in

the same age group decreased from 25 to 16%. Although

the overall downward trend between 2003 and 2010 is

similar between Spectrum and InterVA, the proportion

of deaths attributed to AIDS according to Spectrum

appears significantly and consistently higher than InterVA

estimates (Figs. 5 and 6). If deaths attributed to AIDS

according to InterVA are expanded to include deaths

Table 1. Demographic data used in Spectrum file

1970 1980 1990 2000 2005 2006 2007 2008 2009 2010

Total fertility rate based on survey data for Nairobi

8.06 6.44 4.81 3.19 2.74 2.76 2.78 2.8 2.79 2.77

Life expectancy at birth based on national estimates

Male 49.9 55.3 58.4 59.3 58.9 59 59.2 59.3 59.5 59.7

Female 54.1 59.1 62.2 63.1 62.7 62.9 63.1 63.3 63.5 63.8

In-migration (net change in the number of persons migrating to Nairobi per year)

Male 11,800 11,800 11,800 11,800 11,800 11,800 11,800 11,800 11,800 11,800

Female 4,750 6,361 7,972 9,583 10,389 10,550 10,711 10,872 11,033 11,194

Adult ART coverage based on national coverage

0% 0% 0% 0% 26% 40% 50% 63% 68% 70%

Median HIV prevalence from 4 antenatal clinics in Nairobi

10.30 14.90 9.60 10.10 na na 8.30 8.00

HIV prevalence from household survey for Nairobi

9.9 (2003) 7.00

na�not available.
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due to tuberculosis (TB), then the mortality trends for

InterVA match those of Spectrum more closely, and

InterVA shows a decline in the proportion of mortality

related to AIDS and TB from 59 to 46%. When disag-

gregated by sex, the trends in AIDS-attributable deaths

(including TB deaths in the InterVA estimates) over time

are quite similar between InterVA and Spectrum among

men only. Among women, however, InterVA estimates

that the proportion of mortality due to AIDS and TB

remains stable at around 60% throughout the period,

while Spectrum shows a smooth downward trend in the

proportion of AIDS-related mortality from 68% in 2003

to 46% in 2010.

Discussion
We set out to determine how comparable InterVA and

Spectrum were in terms of estimating AIDS-related mor-

tality patterns in Nairobi’s informal settlements. How-

ever, prior to this comparison, we demonstrated that

there was an overall decline in adult mortality both as

estimated by Spectrum and as calculated using demo-

graphic data from the NUHDSS. Against this backdrop,

we found reductions in the proportion of adult mortal-

ity that is due to AIDS as determined by both InterVA

and Spectrum over the same period. The decline in

Fig. 1. HIV prevalence ages 15�49, by sex, Nairobi, 1990�2010,

Spectrum model estimates.

Fig. 2. Adult age-specific mortality rates, all causes, both

sexes, 2003�2010.

Fig. 3. Adult age-specific mortality rates, all causes, by sex,

2003�2010.

Fig. 4. Adult age-specific mortality rates, all causes, both

sexes, before and after roll-out of ART.
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AIDS-related mortality occurs simultaneously with the

increase in the roll-out of ART services from less than

5% coverage in 2003 to 70% coverage in 2010.

As regards the mortality rates, we found that unlike the

Spectrum results, the NUHDSS data do not show the

typical age-specific mortality patterns expected from an

area with high HIV prevalence (seen through increasing

mortality rates in ages 30�49). The reasons for this

could be an aggressive roll-out of ART, under-reporting

of AIDS deaths in the NUHDSS, or out-migrating just

before death.

The proportion of mortality that was AIDS related was

two times higher according to Spectrum than according

to InterVA, even though HIV prevalence was lower in

Nairobi than the prevalence estimated for the slum

population in the same year (7% vs. 12%, respectively).

However, if AIDS-related deaths according to InterVA

are expanded to include deaths due to TB, then the

proportion of AIDS-related deaths among all deaths

and trends from InterVA matches closely with that from

Spectrum.

We observed that HIV prevalence in the slum popula-

tion was higher than in Nairobi. This is not unexpected

as slum settlements are typically characterized by poor

living conditions, which in turn has a major impact on

health and access to healthcare for the population

(46�52). However, despite higher HIV prevalence in the

slum population, the proportion of deaths that were

AIDS related was higher in Nairobi than in the slum

according to Spectrum and InterVA, respectively. The

proportions of AIDS-related mortality from Spectrum

and InterVA are similar when the InterVA-4 results

include both AIDS and TB deaths.

The ICD-10 classification of deaths includes all TB

deaths to persons living with HIVas AIDS-related deaths.

WHO estimates that in Kenya, 39% of TB patients are

living with HIV (53). A model recently developed by

the Futures Institute to estimate TB-related deaths (2)

suggests that of 13,000 TB deaths in Kenya in 2010, 7,700

of those deaths were among persons living with HIV,

and the remaining 5,300 would be HIV negative and thus

TB deaths. Thus, many of the deaths in this age group

among persons with TB are likely to be AIDS deaths

(54�56). Given the levels of TB incidence in Kenya, we

would expect fewer TB deaths than AIDS deaths. The

InterVA results suggest that TB mortality is about two-

thirds higher than HIV mortality (see Fig. 5) in the slum

populations.

The InterVA method has likely misclassified the HIV-

related deaths as TB. Symptoms of terminal TB and

terminal AIDS are similar, which makes it challenging for

InterVA to discern between the two. Additional dif-

ficulties for InterVA in identifying an HIV death occur

when:

1) Persons living with TB did not know their HIV

status.

2) Persons living with HIV and TB know their HIV

status but did not disclose their status to the care-

giver or family.

3) Persons living with HIV and TB who knew their

HIV status disclosed their status to the caregiver

or family, yet the NUHDSS respondent did not

mention HIV status during the survey.

Fig. 5. Percentage of AIDS-related deaths from Spectrum

and AIDS- and TB-attributed deaths from InterVA, aged

15�59, Nairobi.
Fig. 6. Percentage of AIDS-related deaths from Spectrum

and deaths attributed to AIDS and TB from InterVA, by

year and sex, aged 15�59, Nairobi.
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Another explanation for the difference in the propor-

tion of AIDS deaths as attributed by Spectrum and

InterVA could be that we chose to utilise only the most

likely cause of death determined by InterVA-4 in cal-

culating the cause-specific mortality fraction attributable

to AIDS. The developers of InterVA-4 recommend that

all causes identified by InterVA be considered propor-

tionate to their likelihood values in the mortality rate

calculations. They also recommend that if the likelihood

cause-of-death values for a particular death did not add

up to 1, the difference between the sum of the likelihood

values for probable causes of death and 1 was allocated

to the ‘indeterminate’ cause (18). We did go to this extent

because Spectrum does not produce multiple likelihoods

for causes of death, unlike InterVA-4.

Our study is primarily limited by the fact that we are

comparing different geographic areas: Nairobi versus

NUHDSS sites (informal settlements). Assumptions on

underlying mortality, migration, and ART coverage are

critical for creating a Spectrum file. These data were not

available for Nairobi or the two settlements, so assump-

tions were made that might not be accurate. Finally,

there are no perfect data against which to compare either

Spectrum or InterVA-4 to determine which is more

accurate. However, a recent study found that InterVA-4

achieved a specificity of 90% in identifying typical AIDS

deaths. This study analysed InterVA-4 interpretations of

routine VA data from six population surveillance sites in

Africa against known serostatus (57).

In conclusion, it is encouraging that despite the limi-

tations, InterVA and Spectrum show results that are

generally comparable in estimating AIDS-related mor-

tality patterns. The comparability improves when TB

deaths are included in AIDS deaths determined by

InterVA. This is not surprising as TB is an AIDS-defining

disease among people living with HIV, and there are

significant overlaps between the symptoms associated

with non-TB AIDS, TB deaths among people living with

HIV, and TB deaths among HIV-negative persons.
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Trends in Causes of Adult Deaths among the Urban
Poor: Evidence from Nairobi Urban Health
and Demographic Surveillance System, 2003–2012

Blessing Mberu, Marylene Wamukoya, Samuel Oti, and

Catherine Kyobutungi

ABSTRACT What kills people around the world and how it varies from place to place
and over time is critical in mapping the global burden of disease and therefore, a
relevant public health question, especially in developing countries. While more than two
thirds of deaths worldwide are in developing countries, little is known about the causes
of death in these nations. In many instances, vital registration systems are nonexistent
or at best rudimentary, and even when deaths are registered, data on the cause of death
in particular local contexts, which is an important step toward improving context-
specific public health, are lacking. In this paper, we examine the trends in the causes of
death among the urban poor in two informal settlements in Nairobi by applying the
InterVA-4 software to verbal autopsy data. We examine cause of death data from 2646
verbal autopsies of deaths that occurred in the Nairobi Urban Health and Demographic
Surveillance System (NUHDSS) between 1 January 2003 and 31 December 2012
among residents aged 15 years and above. The data is entered into the InterVA-4
computer program, which assigns cause of death using probabilistic modeling. The
results are presented as annualized trends from 2003 to 2012 and disaggregated by
gender and age. Over the 10-year period, the three major causes of death are
tuberculosis (TB), injuries, and HIV/AIDS, accounting for 26.9, 20.9, and 17.3 % of
all deaths, respectively. In 2003, HIV/AIDS was the highest cause of death followed by
TB and then injuries. However, by 2012, TB and injuries had overtaken HIV/AIDS as
the major causes of death. When this is examined by gender, HIV/AIDS was
consistently higher for women than men across all the years generally by a ratio of 2
to 1. In terms of TB, it was more evenly distributed across the years for both males and
females. We find that there is significant gender variation in deaths linked to injuries,
with male deaths being higher than female deaths by a ratio of about 4 to 1. We also
find a fifteen percentage point increase in the incidences of male deaths due to injuries
between 2003 and 2012. For women, the corresponding deaths due to injuries remain
fairly stable throughout the period. We find cardiovascular diseases as a significant
cause of death over the period, with overall mortality increasing steadily from 1.6 % in
2003 to 8.1 % in 2012, and peaking at 13.7 % in 2005 and at 12.0 % in 2009. These
deaths were consistently higher among women. We identified substantial variations in
causes of death by age, with TB, HIV/AIDS, and CVD deaths lowest among younger
residents and increasing with age, while injury-related deaths are highest among the
youngest adults 15–19 and steadily declined with age. Also, deaths related to neoplasms
and respiratory tract infections (RTIs) were prominent among older adults 50 years and
above, especially since 2005. Emerging at this stage is evidence that HIV/AIDS, TB,
injuries, and cardiovascular disease are linked to approximately 73 % of all adult
deaths among the urban poor in Nairobi slums of Korogocho and Viwandani in the last
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10 years. While mortality related to HIV/AIDS is generally declining, we see an
increasing proportion of deaths due to TB, injuries, and cardiovascular diseases. In sum,
substantial epidemiological transition is ongoing in this local context, with deaths
linked to communicable diseases declining from 66 % in 2003 to 53 % in 2012, while
deaths due to noncommunicable causes experienced a four-fold increase from 5 % in
2003 to 21.3 % in 2012, together with another two-fold increase in deaths due to
external causes (injuries) from 11 % in 2003 to 22 % in 2012. It is important to also
underscore the gender dimensions of the epidemiological transition clearly visible in the
mix. Finally, the elevated levels of disadvantage of slum dwellers in our analysis relative
to other population subgroups in Kenya continue to demonstrate appreciable
deterioration of key urban health and social indicators, highlighting the need for a
deliberate strategic focus on the health needs of the urban poor in policy and program
efforts toward achieving international goals and national health and development
targets.

KEYWORDS Adult mortality, Cause-specific mortality, Urban poor, Verbal autopsy,
Informal settlements, Nairobi, Kenya

INTRODUCTION

The importance of cause-specific mortality rates for mapping the geographical
burden of disease, policy, and program interventions has been well documented.
Consistent estimates of cause-specific mortality are essential for understanding the
overall epidemiological profile of disease in a population.1, 2 Consequently, any
planning process for health development ought to be based on a thorough
understanding of the health needs of the population that is sufficiently comprehen-
sive to include the causes of premature death and of disability, as well as the major
risk factors that underlie disease and injury within geographical boundaries.3

Developing countries experience more than two thirds of deaths in the world, but
the causes of these deaths are not well documented, and in many developing
countries, vital registration systems are nonexistent or at best rudimentary, and even
when deaths are registered, data on the cause of death, which is an important step
toward improving public health, are lacking.4 According to WHO, mortality
statistics in 87 % of countries suffer from incomplete registration of births and
deaths, and incorrect reporting of the cause of death and ages.5 In SSA, only
Mauritius is reported to register birth and death events in the last decade according
to UN standards6, and millions of poor people are missing from national statistics,
particularly those living in informal settlements, because they are simply not
counted.7 Consequently, slum areas of fast-growing cities in developing countries are
failing to benefit from the better and cheaper health services that are supposed to be
derived from economies of scale, and this is linked to shortage of local data sets,
which would reveal issues to prioritize in each slum.8 Moreover, governments
cannot design effective public health policies or measure their impact when deaths
go uncounted and the causes of death are not documented.5

In response to the general lack of consistent, timely, and reliable information on
the levels and cause of death patterns and the accompanying dearth of vital
registration systems, many developing countries in the last 10 years have turned to
alternative sources of cause of death (COD) information, particularly through the
verbal autopsy (VA) based on data from Health and Demographic Surveillance
Systems (HDSS).9 The HDSS are platforms for monitoring and tracking demo-
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graphic and health indicators in a population within a defined geographical area at
regular intervals.10 HDSS platforms typically record vital events of births, deaths,
and migration, which in turn become crucial inputs in health planning at both local
and national levels, and estimating regional and global disease burdens.11–14 The VA
process entails interviewing the primary caregivers of recently deceased persons to
gather information on the circumstances surrounding the death.15 It is based on the
premise that the primary caregiver—usually a family member—can recall, volunteer,
and recognize symptoms experienced by the deceased that can be interpreted later to
derive a probable cause of death. 16

Out of the many processes of interpreting VA data, the Interpreting Verbal
Autopsy-4 (InterVA-4) computer program, which assigns cause of death using Bayes
probabilistic theorem, has most recently been successfully explored in a number of
settings by a wide range of experts and shown to achieve maximum consistency in
VA data interpretation.17–19 While challenges remain concerning the efficacy of
InterVA, particularly its lower sensitivity relative to other electronic methods,20 this
approach to interpreting VA data remains a useful, easy to use tool, and alternative
to the expensive and time-consuming practice of physician coding in countries
without vital registration and medical certification of causes of death.21 In this
paper, we utilize the InterVA-4 to examine the VA data collected in the Nairobi
Urban Health and Demographic Surveillance Sites (NUHDSS) between 2003 and
2012.

Apart from identifying the most current key causes of death among the urban
poor, our study examines the changing nature of the causes of death in the last
10 years. Nairobi city typifies the current urban population boom and associated
urban health and poverty problems. Its population increased from about 120,000 in
1980 to about 3 million in 2009,22 with over 60 % of the population living in slums,
which cover only 5 % of city’s residential land area.23 In the context of growing
urban poverty, the urban advantage in health and well-being has been shown to
have been eroded with rates of mortality higher in slums and periurban areas than in
more privileged urban neighborhoods and rural areas.24–26 Our study provides a
unique opportunity to examine causes of death among the urban poor in the last
decade, in the context of the global push for the achievement of MDGs and the
substantial attention and resources invested in the past decade by the Kenyan
Government and its development partners to improve health and economic
outcomes in the country, especially among vulnerable groups.

Global and national estimates are more easily available on major causes of
death,3 but such macrolevel estimates, blur subgroup differentials, and the extent of
health and mortality inequities borne by disadvantaged groups. In Kenya, the recent
2008/2009 Kenya Demographic and Health Survey (KDHS) show that there are
positive results at the national level on key demographic and health indicators.27

However, due to the limited coverage of slum residents in the sample, such report is
unable to answer a number of questions that are critical to the health and livelihood
of the urban poor. Our study contributes to filling such gaps in knowledge by
focusing on residents of informal settlements of a major city over a 10-year period.

Further, our study provides a unique insight into the mortality profile of adults
15 years and above. While unacceptable high maternal and child mortality rates
remain a challenge in many developing countries, adult death is an often ignored
phenomenon. A majority of the studies (80 %) are focused on causes of maternal
and child mortality; yet, early life origins of disparities at older ages in both adult
morbidity and mortality have been well documented, particularly how adult
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mortality outcomes are traced to the long arm of childhood experiences.28, 29 It is
estimated that risky behaviors initiated in adolescence persist to adulthood,
primarily leading to 70 % of all premature deaths among adults.30 In the case of
the Nairobi’s urban poor, while research has highlighted poor health outcomes
among children and women of reproductive age,31, 32 there is limited focus on the
health and mortality outcomes of adults aged 15+ and the consequent impact on
households as a whole. Adults in this age group constitute about 63 % of the
population in the NUHDSS and contribute the largest proportion (48.5 %) of years
of life lost (YLL) due to premature mortality.33 This is significantly higher than the
38.7 % of YLLs contributed by this age group in SSA.34 This age group is linked to
deaths related to HIV/AIDS and injuries due to interpersonal violence and road
traffic accidents, accounting for 55.3 and 18.4 % of YLL, respectively.33 The older
region of this age spectrum is more prone to chronic conditions while the younger
region is plagued by injuries whose other sequela include disability. As the most
economically productive age group, their health status has direct bearing on
household economic status; yet, commensurate research and policy focus on adults
as a population at-risk of mortality are seldom addressed. Therefore, understanding
the main causes of adult mortality over time will be critical not only in addressing
major health concerns among this important segment of the population in informal
settlements, but also a platform to link the local context to the changing nature of
morbidity and mortality burdens in the overarching epidemiological transitions
widely reported for developing countries.

METHODS

Study Area and Population

We use cause of death data derived from 2646 deaths that occurred among adults
aged 15 years and older in the NUHDSS between 1 January 2003 and 31 December
2012. Details of the NUHDSS have been published elsewhere.35 In brief, the
NUHDSS is a longitudinal platform being implemented in the informal settlements
of Korogocho and Viwandani. They are both located less than 10 km from the
Central Business District (CBD) of Nairobi, Kenya’s capital city. The population
under surveillance comprises about 28,500 households with about 72,000 residents
since 2002. The surveillance involves visits to all households once every 4 months to
record all demographic events, including births, deaths, and migrations. Additional
data on household amenities and income are collected once a year for all households
residing within the surveillance areas.

Cause of Death Data in the NUHDSS

Cause of death in the NUHDSS is generated using verbal autopsy—a process
whereby primary caregivers of recently deceased persons are interviewed about the
circumstances surrounding death. The process is typically used in areas where vital
registration systems are incomplete or lacking. In the two slum areas under
surveillance, less than 40 % of deaths occur in a health facility. Most deaths occur
at home, and no records of causes of death are usually available. The VA process in
the NUHDSS9, 33 comprises trained interviewers visiting a household and
conducting a VA interview within 3 months, on average, after a death has occurred.
The VA interviews are conducted with a credible respondent—usually a spouse,
child, or other close family member/neighbor who would have indicated being
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aware of the circumstances surrounding death. The interviews are conducted using a
semistructured questionnaire adapted from the International Network for the
Demographic Evaluation of Populations and Their Health (INDEPTH), which
inquires about probable symptoms and signs that the deceased may have shown in
the duration leading up to death. The questionnaire has an open-ended section for a
verbatim narrative of the circumstances surrounding death according to the credible
respondent. All other sections of the tool are, however, close-ended and structured.
Quality assurance of data is prioritized through the careful training of interviewers
on conducting the VA and reinforced through close supervision, which included 5 %
spot-checks as well as office editing of all completed questionnaires.

Interpretation of VA Data—the InterVA Model

Once the questionnaires have been completed, their contents are analyzed and
interpreted to arrive at possible causes of death. InterVA-4 is a computer program
that applies probabilistic modeling based on Bayes’ theorem to interpret VA data
and arrive at possible causes of deaths. The InterVA model has been widely tested in
several settings, producing cost-effective, quick, and comparable results.17–19, 36–40

While challenges remain concerning the efficacy of InterVA, particularly its lower
sensitivity relative to other electronic methods,20 this approach to interpreting VA
data remains a useful, easy to use tool, and alternative to the expensive and time-
consuming practice of physician coding in countries without vital registration and
medical certification of causes of death.21 In order to utilize InterVA-4 to interpret
our VA data, we first captured the VA questionnaires electronically into an SQL
database and then converted the data into a comma separated value (.csv) file. This
file was imported into STATA 12, and using a STATA script, the data in the .csv file
were then converted into the input indicators required by the InterVA-4 model.
These indicators are generated also in .csv format and then run in InterVA-4’s batch
mode. InterVA-4 then generates no more than three likely causes of death per case
with a likelihood value between 0 and 1 for each of the three causes of death. In
some instances, the input indicator data was insufficient for InterVA-4 to generate
any likelihood cause of death. Such cases are assigned by the model as
Bindeterminate^ cause of death and typically occur when the credible respondent
does not provide sufficient detail during an interview. Again, if the sum of
likelihoods for each probable cause of death per cause does not add up to 1, the
difference between the sum of the likelihood values for probable causes of death and
1 were allocated to the indeterminate cause. Finally, all identified causes of death
were considered proportionate to their likelihood values in the calculation of cause-
specific mortality fractions as recommended in the InterVA-4 user guide.41

Statistical Approach

All analysis was performed using STATA 12. Although InterVA generates causes of
death that can be mapped to ICD-10, we categorized causes of death into 20 main
entities: HIV/AIDS, anemia, asthma, cardiovascular, chronic obstructive pulmonary
diseases, diabetes mellitus, diarrheal disease, direct obstetric cause, infectious
disease, injury, liver disease, malaria, malnutrition, meningitis, neonatal cause,
neoplasm, respiratory tract infection, tuberculosis, and indeterminate cause. All
other communicable and noncommunicable diseases were classified as Bother.^
These were further classified as four main entities: communicable disease,
noncommunicable disease, external causes, and unspecified cause as summarized
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in Table 1. Finally, annualized causes-specific mortality fractions were calculated for
each cause of death by gender and age and presented as percentages.

Ethical Considerations

We utilized routine collected data at the NUHDSS. In order to operate the NUHDSS,
APHRC applied for and received approval from the Kenya Medical Research
Institution’s National Ethics Review Committee (KEMRI/NERC). Informed consent
is also obtained from each participant in the interviews.

RESULTS

A total of 2646 VA interviews were completed successfully from January 2003 to
December 2012. Overall, there were significantly more male deaths (59 %) than
female (41 %). The InterVA model was able to assign cause of death for 91 % of
male and 94 % of female VA interviews. The rest of the cases were allocated an
indeterminate cause of death by the model.

Figure 1 shows the major causes of death over the 10-year period among the
whole population and disaggregated by gender. Overall, the three major causes of
death over the 10-year period are TB, injuries, and HIV/AIDS accounting for 27, 21,
and 17 %, respectively. In this period, one third of male deaths are due to injuries,
while TB accounts for 25 % of deaths and 12 % are due to HIV/AIDS. Female
deaths are attributable to TB, HIV/AIDS, other causes, and cardiovascular diseases,
accounting for 29, 25, 13, and 11 %, respectively. The other main causes of death
among females in this period were neoplasms (5 %) and direct obstetric causes
(4 %).

The main cause of death in 2003 was HIV/AIDS (accounting for over 30 % of
deaths), followed by TB and then injuries (Fig. 2). However, by 2012, the
proportion of deaths in the NUHDSS due to TB was higher than the proportion
of deaths due to HIV/AIDS. Deaths due to injuries are on the rise in the study area,
increasing steadily from 11 % in 2003 to 21 % in 2012. There is a significant peak
in 2011, when 37 % of deaths overall are due to injuries. Cardiovascular disease is
emerging as an important cause of death, increasing overall from 2 % in 2003 to
8 % in 2012, peaking at 14 % in 2005 and again at 12 % in 2009.

In Fig. 3, we see substantial variations in causes of death by age among the urban
poor. TB, HIV/AIDS, and CVD deaths were lowest among younger residents and
increased with age. TB deaths were highest among adults 35 to 49 years old, while
HIV/AIDS deaths peaked among those aged 30–44 years, and deaths linked to CVD
were highest among adults aged 50 years and above. On the contrary, injury-related

TABLE 1 Main causes of death

Communicable diseases HIV/AIDS, Diarrheal Diseases, Direct Obstetric, Infectious

Diseases, Malaria, Malnutrition, Meningitis, Neonatal

Causes, Respiratory Tract Infection, TB

Non-communicable diseases Anemia, Asthma, Cardio-vascular, COPD, Diabetes Mellitus,

Liver Disease, Malignancies

External causes Injuries

Unspecified causes Indeterminate
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deaths are highest among the youngest adults, causing 54 % of deaths among
adolescents 15–19 and steadily declined with age.

Tables 2 and 3 summarize all causes of death in the NUHDSS by year and age,
respectively, and what further came out more clearly was deaths related to
neoplasms and respiratory tract infections (RTIs), which were linked to 4.4 and
3.3 % of all deaths, respectively. It is notable that both neoplasms and RTIs became
more pronounced since 2005 and has remained so to date and both are highest
among adults 50 years and above. Also important for methodological consideration
is evidence that most deaths whose causes are indeterminate were among the same
oldest adult cohorts aged 50 years or older. We also see the highest percentages of
indeterminate cases between 2003 and 2004, with levels reduced significantly over
time, pointing to improvements in the instruments and more efficiency in collecting
VA data.

In Figs. 4 and 5, there are clear differences in cause of death between males and
females over time. There is particular gender variation in deaths due to HIV/AIDS,
injuries, and cardiovascular causes. Throughout the study period, there are generally
twice as many deaths due to HIV/AIDS among females than males. Deaths due to
injuries are about four times more likely among males than females. Additionally,
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FIG. 2 Main causes of death among all NUHDSS residents aged 15+ (N=2464). 1 January 2003 to
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the prevalence of male deaths due to injuries increases from 17 % in 2003 to 32 %
in 2012, with a peak in 2011, when the proportion of male deaths due to injuries
was 48 %. Among women, there is no significant variation in the prevalence of
injury deaths, until 2011 when the proportion doubled to 20 % compared to the
previous year. Cardiovascular deaths were consistently higher among women than
men across all years, except in 2008 and 2010 when both sexes were equally likely
to die from CVDs. Death due to TB had followed the same trajectory for male and
female adults, rising and falling simultaneously over time, except between 2011 and
2012, where TB death shut up for women but remained unchanged for men.

Examined by age (Figs. 6 and 7), we find profound gender differences by age in
the main causes of death. Injury accounted for an overwhelming 69 % of deaths
among young men 15–19 and remained a leading cause of death among men until
ages 30–34. By age 35, TB overtook injuries as a leading cause of death among men
and remained so beyond age 55. While most deaths among young women aged 15–
19 were linked to injury, it only accounted for 25 % of deaths among them and
reduced substantially over time. For women, TB and HIV/AIDS deaths remained
major causes of death across most age cohorts even at younger years. For HIV/
AIDS, while we do not see its huge devastating mortality effect for males until
between 30 and 34, we see evidence of high percentages of deaths among women as
early as ages 20–24, and this effect continues to enlarge until ages 44–49, when we
begin to see higher male than female deaths due to HIV/AIDS.

We regrouped our data into communicable, noncommunicable, and external
causes of death, and the results summarized in Table 4 showed a 13 percentage point
decline in deaths linked to communicable diseases over the 10-year period (declining
from 66 % in 2003 to 53 % in 2012). However, we see a four-fold increase in
deaths due to noncommunicable causes (from 5 % in 2003 to 21.3 % in 2012) and
another two-fold increase in deaths due to external causes (injuries), increasing from
11 % in 2003 to 22 % in 2012. Tables 5 and 6 highlight a decline in deaths due to
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communicable causes among adolescent and adult males over the observation
period and the persistence of higher prevalence among females, with an average
difference of about 20 % across the period. For noncommunicable causes of death,
we also see higher increases among women than men over the same period. For men,
NCD deaths rose from 4 % in 2003 to 19 % in 2012, while for women, it increased
from 6 % in 2003 to 25 % in 2012. However, deaths due to external causes
(injuries) increased two-fold for men from 17 % in 2003 to 34 % in 2012, while it
marginally increased for women from 4 % in 2003 to 5.7 % in 2012 except for the
year 2011, when death due to injuries for women suddenly rose to 20 %, but
declined again to 5.7 % the following year.

Our analysis of major causes of death due to injuries (see Fig. 8) idenified three main
causes: assault (54 %), road traffic accident (20 %), and exposure to smoke/fire/flame
(14 %). While we found no gender difference in deaths due to road traffic accidents, we
found huge gender differences in deaths due to assault and exposure to smoke/fire/flame.
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FIG. 5 Main causes of death among female NUHDSS residents age 15+ by year.
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FIG. 4 Main causes of death among male NUHDSS residents age 15+ by year.
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While most injury deaths over the 10-year period for men are linked to assault (58 %),
most injury death for women are linked to assault (30 %) and smoke/fire/flame (30 %).
An interesting injury-related death more pronounced among women was death due to
intentional self-harm, which accouned for 10% of all injury deaths for women and only
5% for men over the same period. Examined over time in Fig. 9, assault deaths remained
a permanent feature on the top since 2005, except for 2011when it dipped slightly before
jerking back up to previous levels in 2012.While deaths due to road traffic accidents have
remained generally stable at 20% across time, deaths due to other forms of injuries have
also remained stable over time except deaths due to exposure to smoke/fire/flame, which
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FIG. 7 Main causes of death among females by age.
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showed a sudden significant jump in 2011, accounting for up to 50% of deaths that year
before dropping to almost zero in 2012.

Examined by age, (Table 7), we find that assault-related deaths ranged from 75 %
of deaths among adolescents 15–19 to 40 % among those aged 40–44. Road traffic
accidents were mostly spread evenly across all ages, although it peaked among older
persons 45–54 of age. Examined by gender and age simultaneously (table not
shown), assault-related injury deaths were highest among men from ages 15 to
39 years, accounting for 79 % of injury deaths among young men aged 15–19 years.
For women aged 15–19 and 40–44, assault deaths also accounted for 56 and 50 %
of all injury deaths, respectively. Deaths linked to exposure to smoke/fire/flame
peaked for men at 45–49 years of age, accounting for 19 % of deaths among the
group, but linked to 55 % of deaths among women aged 20–24 and 40 % of deaths
among women aged 25–29 years over the study period.

19

21

20

9

2

3

2

2

30

12

14

1

1

1

10

5

5

30

58

54

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Female

s

Males

Total

Road traffic accident Fall Drowning and/or submersion

Exposure to smoke/fire/flame Poisoning/Noxious substance Intentional self-harm

Assault

FIG. 8 Causes of injury death among all NUHDSS residents aged 15+ between January 2003 and
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0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Assault Road traffic accident

Exposure to smoke/fire/flame Intentional self-harm

FIG. 9 Main causes of injury death among all NUHDSS residents aged 15+ (1 January 2003 to 31

December 2012).
65



70

T
A
B
LE

7
C
a
u
se
s
o
f
in
ju
ry

d
e
a
th

a
m
o
n
g
a
ll
a
d
o
le
sc
e
n
ts

a
n
d
a
d
u
lt
s
(9
=
1
5
ye
a
rs
),
2
0
0
3
–
2
0
1
2

Ca
u
se
s
o
f
in
ju
ry

d
ea
th

1
5
–
1
9

2
0
–
2
4

2
5
–
2
9

3
0
–
3
4

3
5
–
3
9

4
0
–
4
4

4
5
–
4
9

5
0
–
5
4

5
5
+

To
ta
l
(1
5
+
)

A
ss
au
lt

7
5
.0

6
3
.9

5
5
.2

5
7
.6

4
7
.3

4
0
.0

3
2
.3

2
6
.7

2
1
.7

5
4
.2

R
o
ad

tr
af
fi
c
ac
ci
d
en
t

1
4
.3

1
5
.1

2
2
.4

2
1
.2

1
6
.4

2
5
.0

2
9
.0

4
6
.7

2
1
.7

2
0
.4

Ex
p
o
su
re

to
sm

o
ke
/fi
re
/fl
am

e
8
.9

1
6
.0

1
6
.4

1
3
.1

1
8
.2

1
0
.0

1
9
.4

1
3
.3

4
.3

1
4
.3

In
te
n
ti
o
n
al

se
lf
-h
ar
m

1
.8

2
.5

5
.2

4
.0

1
0
.9

1
7
.5

6
.5

0
.0

4
.3

5
.4

Fa
ll

0
.0

0
.0

0
.0

0
.0

5
.5

0
.0

9
.7

6
.7

4
7
.8

3
.2

D
ro
w
n
in
g
an
d
/o
r
su
b
m
er
si
o
n

0
.0

1
.7

0
.0

4
.0

1
.8

2
.5

0
.0

6
.7

0
.0

1
.6

P
o
is
o
n
in
g/
N
o
xi
o
u
s
su
b
st
an
ce

0
.0

0
.8

0
.9

0
.0

0
.0

5
.0

3
.2

0
.0

0
.0

0
.9

V
en
o
m
o
u
s
p
la
n
t/
an
im

al
0
.0

0
.0

0
.0

0
.0

0
.0

0
.0

0
.0

0
.0

0
.0

0
.0

To
ta
l
n
u
m
b
er

o
f
in
ju
ry

d
ea
th
s

5
6

1
1
9

1
1
6

9
9

5
5

4
0

3
1

1
5

2
3

5
5
4

66 67



71

DISCUSSION

We set out to present trends in causes of adult deaths in Nairobi’s informal settlements
from 2003 to 2012. Our aim was to understand the main causes of adult mortality over
time, which is critical not only in addressing major health concerns in this vulnerable
population but also serving as a platform to link the local context to the changing nature
of mortality patterns in the overarching epidemiological transitions widely reported for
developing countries. Overall, we found that at the start period of our study,
communicable diseases—specifically HIV/AIDS and TB—were the dominant causes of
death in the study population. Overtime, however, injuries and cardiovascular conditions
have become increasingly important contributors to mortality in this adult population.

Specifically, we found gender variation in deaths due to HIV/AIDS, injuries, and
cardiovascular causes. Generally, there were twice as many deaths due to HIV/AIDS
among females than males over the entire study period. There is conflicting evidence
on gender differentials in HIV-related mortality. For example, population-based
studies in the USA found significant gender differences in HIV-associated mortality
both before and after ART.42–44 These differences were attributed to disparities in
access to health care as well as uptake and utilization of ART. Specifically, studies
from North America and Europe suggest among those on ART, more women than
men die of AIDS whereas the reverse is the case in Sub-Saharan Africa.42, 45–48

However, the exact mechanisms for these gender differentials remain uncertain.
Some evidence suggests that men usually start ART when they have more advanced
disease than women and that they tend to have higher loss to follow-up rates, both
of which may lead to increased mortality.48–52 We do not have ART uptake and
utilization data from our study population, and therefore, it is difficult to say exactly
why more women are dying from HIV in our setting.

Our analysis identified substantial variations in causes of death by age among the
urban poor. TB, HIV/AIDS, and CVD deaths were lowest among younger residents and
increased with age, while injury-related deaths are highest among the youngest adults
15–19 and steadily declined with age. These findings are suggestive of the aging of
people living with HIV/AIDS, following increasing access to HIV testing, care, and
treatment, which have been linked to improved survival rates. Further, our analysis
identified deaths related to neoplasms and respiratory tract infections (RTIs) as major
causes of death, especially since 2005 and among adults 50 years and above.

We identified substantial epidemiological transitions ongoing in this local context
over the observation period, with deaths linked to communicable diseases declining
from 66 % in 2003 to 53 % in 2012. Conversely, we observed a four-fold increase in
deaths due to noncommunicable causes from 5% in 2003 to 21.3% in 2012, as well as
another two-fold increase in death due to external causes (injuries), increasing from
11 % in 2003 to 22 % in 2012. It is important to note that gender dimensions of the
epidemiological transition are clearly visible in our study population over the
obervation period. Decline in deaths due to communicable causes was more among
males but remained persistent and higher among females. For noncommunicable causes
of death, we also see increases amongwomen thanmen over the same period. However,
death due to external causes (injuries) increased two-fold for men from 17% in 2003 to
34% in 2012, but increased only marginally for women from 4% in 2003 to 5.7% in
2012 except in 2011, when death due to injuries for women suddenly rose to 20 %
before it declined again to previous levels the following year.

The major causes of injury-related deaths over the study period were assault
(54 %), road traffic accident (20 %), and exposure to smoke/fire/flame (14 %). The
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particular spike in death due to smoke/fire/flames in 2011 is intuitive, as it reflects
the increasing fire hazards in the slums in recent years, particularly the Sinai pipeline
fire tragedy of September 12, 2011 that killed about 100 people and left a similar
number injured. The fire was linked to an explosion secondary to a fuel spill from
the pipeline system operated by the state owned Kenya Pipeline Company (KPC).
When the pipeline sprung a leak, people in the adjacent densely populated shanty
town of Sinai had started to collect leaking fuel, when a massive explosion occurred
at the scene, spreading fire across the area. Further, the high levels of assault-related
deaths that stayed stable over time, especially the high incidence among young men
and women aged 15–19 years calls for pointed attention.

The overall high levels of deaths from injuries may further be explained by high
levels of insecurity and violence, as well as poor social infrastructure and weak legal
systems (law enforcement) in the slum settings, which may contribute to significant
levels of injuries from homicide and other related causes of violent injury.53 A
previous study in the same slums showed that homicides accounted for 91 % of
intentional injuries and 47 % of all injury-related deaths. Deaths from firearm
discharge (23 %) and road traffic accidents (22 %) were the leading single causes of
deaths due to injuries.54 Globally, young men are particularly vulnerable to deaths
from injuries than women due to a number of reasons including but not limited to
higher risk taking tendencies—overspeeding when driving, alcohol and illicit
substance abuse, and higher proneness to commit violent crime.

Cardiovascular deaths were consistently higher in our results amongwomen thanmen
across all years. This is inconsistent with studies from industrialized societies where men
have largely been shown to have a higher lifetime risk of dying fromCVD thanwomen.55

Results from the internationally acclaimed Framingham study showed that men have
about twice the morbidity and mortality incidence from CVD than women and that the
approximate 10-year difference between the sexes persists in mortality rates throughout
the life span.56, 57 For many years, it was believed that the excess mortality among men
was mainly explained by unhealthy lifestyle behaviors that were more socially acceptable
for men than women.58 These behaviors include tobacco use, heavy alcohol consump-
tion, eating more red meat, among others. However, adjusting for these unhealthy
lifestyle behaviors show that they contribute to but do not fully explain the increased risk
of CVD inmen.59Overall, cardiovascular disease develops up to 10 years later in women
than in men and is still the major cause of death in women in developed societies.57, 60 It
has been suggested that the risk of CVD in women is usually underestimated due to the
misperception by health practitioners that women are Bprotected^ against CVD. Also,
women tend to have less typical clinical presentations of CVD. Thus, the underdiagnoses
of CVD in women may have led to less aggressive intervention and potentially higher
mortality.60

LIMITATIONS OF THE STUDY

Our study is limited methodologically in certain aspects. First, despite its wide use in
settings where vital registration systems are weak or inadequate, the VA process has a few
challenges. While showing reasonable sensitivity in identifying deaths due to common
infectious diseases such as HIVand TB,61 the jury is still out on how well VA can identify
noncommunicable causes, which may have less specific clinical symptoms and signs.
Also, there are questions about the validity of the InterVA method of interpreting causes
of death, including evidence of its low sensitivity relative to other electronic methods.20

Notwithstanding, InterVA provides a consistent and widely applicable means of
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interpreting VA data and has been modeled on (though not restricted to) the 2012WHO
Verbal Autopsy instrument, and hence may allow standardized interpretation and
comparison of cause of death data from different international and local sources.62

Overall, it provides a cost-effective method for cause of death interpretation in
comparison to other established methods such as physician review, particularly because
InterVA is a free open-source software that can be used to interpret large numbers of VA
deaths over a short period of time, compared to the physician coding, which is often slow
and expensive. Further, InterVA is limited by the potential for misclassification of deaths,
as some studies have not found strong levels of agreement between causes of death it
identified and otherwidely usedmethods such as physician reviews.63, 64Additionally, the
model does not provide uncertainty bounds around the cause of death estimates it
generates.65 Furthermore, despite a high level of determination of causes of death, the
inability of InterVA-4 to assign causes of death in about 7% of deaths in our surveillance
area is a limitation. Nevertheless, these limitations did not take away from the important
role of verbal autopsy data in filling the gap created by lack of vital registration of key
demographic and health events and its significant contribution to public health research,
policy, and programs in developing countries. The main strength of our study is the fact
that we were able to follow up a large population over a reasonably long period of time
and that we captured death and cause of death information that are comparable across
wide regions from a setting where vital registration is basically nonexistent. This has to be
one of the greatest advantages of operating an HDSS in low-resource settings.

CONCLUSION

In conclusion, we found that HIV/AIDS, TB, injuries, and cardiovascular disease are
linked to approximately 73 % of all adult deaths among the urban poor in Nairobi
slums of Korogocho and Viwandani over the last 10 years. While the incidence of
deaths related to HIV/AIDS is generally declining, we see an increasing proportion of
deaths due to TB, injuries, and cardiovascular disease, which may be related to the
physical environment in which people live in the slums and increasing significance of
noncommunicable diseases among the urban poor. It is important to highlight the
elevated levels of disadvantage of slum dwellers in our analysis relative to other
population subgroups in Kenya, an outcome which is consistent with previous related
studies that have demonstrated appreciable deterioration of key urban health and social
indicators and reversals in favor of rural areas.66–69 For instance, HIV/AIDS and TB
constitute the highest causes of death in the slums (44.2%), while death related toHIV/
AIDS and TB for all Kenya is 30.7 %.70 Injuries which cause 20.9 % of deaths in the
slums are the cause of only 6.5% of deaths nationwide. All these are legitimate grounds
for a deliberate strategic focus on the health needs of the urban poor, a large and rapidly
growing segment of the population, if developing country governments will achieve
international goals and national health and development targets.71
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Prevalence, awareness, treatment and control of
hypertension among slum dwellers in Nairobi, Kenya

Steven J.M. van de Vijvera,b,�, Samuel O. Otia,b,�, Charles Agyemangc, Gabriela B. Gomezb, and
Catherine Kyobutungia

Aims: This study aims to assess the prevalence, awareness,
treatment, and control of hypertension in two major slums
in Nairobi, Kenya.

Methods: : We use data from a cross-sectional
population-based survey, conducted in 2008–2009,
involving a random sample of 5190 (2794 men and 2396
women) adults aged 18 years and older resident in both
slums.

Results: Overall, the prevalence (weighted by sampling
and response rates) of hypertension (SBP �140mmHg
and/or DBP �90mmHg and/or antihypertensive
medication) was 12.3% (12.7% in women and 12.0% in
men). The overall level of awareness (having been
previously informed of hypertensive status by a health
professional) among hypertensives was 19.5% (30.7% in
women and 10.8% in men). About 47% (44.9% in
women and 50.9% in men) of those who were aware of
being hypertensive reported being on antihypertensive
treatment in the 1 year preceding the survey. Among
those who reported being on treatment, only 21.5%
(14.4% in women and 35.7% in men) had their
hypertension controlled to levels below 140/90mmHg.
Hypertension control among all hypertensives was below
3%.

Conclusion: Our findings suggest that hypertension is
common in the slums, but the rates of awareness,
treatment, and control are low. However, once people are
aware of their hypertension, most seek treatment. This
indicates that the best gains in treatment can be made
when awareness is raised. Overall, there is urgent need to
implement strategies that improve prevention, detection,
and access to effective treatment in these neglected
populations.

Keywords: cardiovascular diseases, determinants,
epidemiology, hypertension prevalence, hypertension
treatment and control, Kenya, slum, sub-Saharan Africa

Abbreviations: ANOVA, analysis of variance; APHRC,
African Population and Health Research Center; BP, blood
pressure; CVD, cardiovascular diseases; NUHDSS, Nairobi
Urban Health and Demographic Surveillance System; SSA,
sub-Saharan Africa; UN HABITAT, United Nations Human
Settlements Programme

INTRODUCTION

C
ardiovascular disease (CVD) is the number one
cause of mortality worldwide including sub-
Saharan Africa (SSA) [1]. The leading risk factor

for CVD worldwide is hypertension [2]. In 2000, more than
a quarter of the world’s adult population (nearly one
billion) had hypertension, and this is projected to increase
by almost 40% in 2025 [3]. This high prevalence, and its role
as major risk factor for CVD makes hypertension the single
most important contributor of total adult deaths, globally
[4,5].

In low-income and middle-income countries, there
appears to be an increase in the prevalence of hypertension
[6]. The average blood pressure (BP) in more than half of
the populations in low-income and middle-income
countries is higher than in a high-income country such
as the United States [7], and increases in mean BP have been
observed. Specifically, in Kenya, the average SBP increased
from 127 to 132mmHg in 1990 and 2008, respectively [8]. By
contrast, in USA a decrease in average BP by about 3mmHg
during the same period has been observed [8]. In SSA,
although there is a relatively high prevalence of hyperten-
sion [9], the levels of awareness and treatment are still low
[10–12]. Additionally, death from a major CVD such as
stroke in urban African settings like Dar es Salaam, Tanza-
nia, is more than five times higher than in England, and the
most likely reason for this is the high prevalence and poor
control of hypertension [13,14].

One of the reasons for the increase in the prevalence of
hypertension is urbanization [15]. The levels of hyperten-
sion are higher in urban than in rural settings [7,10,16]. This
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individuals registered as resident based on the most up-to-
date NUHDSS database were used as the stratum-specific
sampling frame and a random procedure in STATA (Stata
Corp., College Station, Texas, USA) to select the study
participants. The overall response rates were 94% in Kor-
ogocho and 95% in Viwandani.

Twenty-one interviewers collected information, using a
structured questionnaire that was translated into the domi-
nant local language (Kiswahili) on demographics, edu-
cation level, wealth, ethnicity, history of hypertension,
and current antihypertensive medication use. These inter-
viewers were recruited from the local community to
enhance ownership of the study and improve response
rates. Interviewers must have completed and passed the
national high school certificate examination at the mini-
mum. They were trained for 10 days on how to administer
the questionnaires and collect the anthropometric and
other measurements. They also received basic training
on research ethics and interview techniques. Each inter-
viewer was accompanied by one field assistant who pro-
vided logistic support to the interviewer including
transportation of the study equipment (see below).

BP was measured with validated oscillometric auto-
mated digital BP devices (OMRON Digital Automatic BP
Monitor). Using appropriate cuff sizes, three readings were
taken on the left arm in a seated position, at 1min intervals.
The mean of the second and the third measurements was
used for analysis. Hypertension was defined as mean SBP at
least 140mmHg, or DBP at least 90mmHg, or self-reported
previous diagnosis and current use of antihypertensive
medication. Awareness of hypertension was defined as
self-reporting of any prior diagnosis of hypertension by a
healthcare professional. Treatment of hypertension was
defined as receiving prescribed antihypertensive medi-
cation for management of high BP at some time in the
1 year preceding the survey. Control of hypertension was
defined as the proportion of patients reporting antihyper-
tensive therapywith SBP of less than 140mmHg and DBP of
less than 90mmHg.

Data on sociodemographic, behavioral, and physiologi-
cal risk factors for hypertensionwere collected based on the
framework developed by Wong et al. [38]. Sociodemo-
graphic factors included age, sex, ethnicity, education,
and wealth status. Age was categorized as previously
described under our sampling strategy. Education was
categorized into four groups (no formal schooling, did
not complete primary school, completed primary school,
and completed secondary school or higher). For ethnicity,
we used the four biggest ethnic groups in Kenya and
Nairobi (Luo, Luhya, Kamba, and Kikuyu) and the rest
were categorized into a group of ‘others’ due to small
numbers. Data on wealth were obtained from the NUHDSS
database and linked to the study participants. A composite
wealth index in the whole NUHDSS was generated using
principal component analysis with data on multiple
measures of wealth (household expenditure, house type,
amenities, and assets). Our study participants were cate-
gorized into tertiles based on the distribution in the whole
NUHDSS population. Details about the computation of this
index have been described elsewhere [39]. Behavioral and
physiological variables were categorized according to

is mainly because of contextual and behavioral factors
associated with urban environments such as dietary
changes and sedentary lifestyle [15]. Large proportions of
the urban populations in low-income and middle-income
countries live in slums. According to the United Nations, the
proportion of urban dwellers living in slums decreased
from 47 to 37% in low-income and middle-income
countries between 1990 and 2005 [17]. However, due to
rapid population growth, the absolute numbers of slum
dwellers are increasing, especially in SSA. Current estimates
from the UN HABITAT suggest that more than 62% of urban
residents in SSA live in slum or slum-like conditions [18]. In
Kenya, this percentage is approximately 58% [19].

Slum settlements are typically characterized by poor
living conditions, which in turn have a major impact on
health and access to healthcare for the population [20–26].
With the psychosocial burden of violence, insecurity, and
stress, there may also be an increased risk of CVD [27–31].
However, information on CVD, their risk factors, and their
management in slums is limited [32]. Therefore, the aim of
this study was to explore the magnitude of the problem of
an important risk factor for CVD –hypertension. Specifi-
cally, we examined the levels of, and factors associated
with, hypertension awareness, treatment, and control in the
slums of Nairobi, Kenya.

METHODS

Study population
Data were collected in two slums of Viwandani and
Korogocho in Nairobi, Kenya that are under surveillance
as part of the Nairobi Urban Health and Demographic
Surveillance System (NUHDSS). Details of the operation
of the NUHDSS have been published elsewhere [33]. In
brief, the demographic surveillance area is currently home
to about 72 000 people of diverse ethnicities resident in
about 30 000 households. Apart from the public health
facilities usually located on the outskirts of the slums,
private organizations provide the bulk of healthcare serv-
ices for residents. Most providers are unlicensed, unregu-
lated, and many facilities are run by unqualified personnel
[34]. About 90% of the slum population do not have any
form of health insurance cover [35]. And among those who
do have cover, nine out of 10 were subscribed to the public
health insurance scheme, which currently only covers in-
patient care [36].

Study design
The study was a population-based cross-sectional survey.
Interviewers trained and employed by African Population
and Health Research Center (APHRC) collected data
between May 2008 and April 2009. The NUHDSS conducts
four monthly visits to all households under surveillance to
monitor demographic trends including births, deaths,
and migration.

The study utilized the sampling frame of the NUHDSS: a
stratified sampling strategy based on the WHO STEPwise
protocol [37] with a target of 250 respondents in each of the
following strata: sex (men and women), age group (18–29,
30–39, 40–49, 50–59, 60 years and over), slum of residence
(Korogocho and Viwandani). For each stratum, all eligible
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WHO standards (see Text, Supplemental Digital Content 1,
http://links.lww.com/HJH/A232, which details categoriz-
ation of behavioral and physiological variables).

Data quality was verified by field supervisors who con-
ducted frequent and random sit-ins (audits) and spot-
checks of interviews. These supervisors also performed
office editing of completed questionnaire to check for
completeness and consistency of collected data. Question-
naires that did not meet the required standards were
returned to the field for correction. The completed ques-
tionnaires were then transported to a central location for
double-data entry using MySQL data entry screens with
Microsoft Access database backend. All analyses were
performed with STATA 12 (Stata Corp.).

The study protocol was approved by the Kenya Medical
Research Institute/National Ethical Review Committee
(NON-SSC Protocol No.339).

Statistics
All estimates were weighted for sampling probability (using
the size of the stratum in the NUHDSS database as denomi-
nator) and for response probability (using the total number
sampled per stratum as denominator). A composite
weight taking both weights into account was applied to
all estimates.

We conducted a description of the study participants’
sociodemographic, behavioral, and physiological risk
factors by sex using x

2 and ANOVA tests for significance
at P less than 0.05. We then calculated the unweighted and
weighted overall prevalence of hypertension by sex. The
WHO age-standardized prevalence of hypertension by sex
was also calculated. Bivariate analyses stratified by sex were
then conducted for sociodemographic variables with hy-
pertension, awareness, treatment, and control using x2 tests
of significance at P less than 0.05. Finally, in order to
investigate factors associated with the prevalence of hyper-
tension, we performed a univariate random effects logistic
regression of hypertension over each factor, stratified by
sex. All factors whose univariate association with hyper-
tension was significant at P less than 0.20 were then
included in an adjusted analysis. The results are presented
as odds ratios with corresponding 95% confidence intervals.
All analyses were stratified by sex as it is expected that some
associations might differ between women and men. This is
with the exception of analyses for awareness, treatment,
and control that could not be stratified due to small num-
bers. All outcome variables (hypertension, awareness, treat-
ment, and control) presented in the above analyses were
considered in their weighted form.

RESULTS

There were 2396 women (46%) and 2794 men (55%) in the
study (Table 1). Men were significantly more educated than
women, smoked and consumed alcohol more and reported
more ‘adequate physical activity’. More women than men
reported insufficient daily fruit and vegetables intake and
were significantly more overweight, and had more general
and abdominal obesity. Diabetes was also more common
among women than among men. Finally, men had a higher
mean SBP but had a lower mean DBP than women.

The overall weighted prevalence of hypertension was
12.7% [95% confidence interval (CI), 11.4–14.2] in women
and 12.0% (95% CI, 10.8–13.4) in men. The age-stand-
ardized prevalence using the WHO standard population
(not shown in Table 1) was 18.4% (23.8%women and 17.2%
men). Among both men and women, the prevalence of
hypertension increased significantly with age but decreased
with increasing education. Also, prevalence was highest
among current daily alcohol users and the overweight/
obese of either sex. Amongst women only, hypertension
was significantly higher among current daily smokers and
diabetics but there was no significant association with
physical activity levels nor fruit and vegetable intake in
either sex.

Table 2 shows the unadjusted and adjustedmodels of the
association between hypertension and selected character-
istics by sex. In the adjusted model, age, obesity, and
diabetes were associated with increased odds of hyperten-
sion among women, whereas being of Kikuyu ethnic origin
was associated with reduced odds. Among men, it was
found that age, current daily drinking and waist circum-
ference were associated with increased odds of being
hypertensive, whereas being of Luo ethnic origin or having
a normal BMI were associated with reduced odds (full
results are presented in Table, Supplemental Digital Con-
tent 2, http://links.lww.com/HJH/A232, which shows the
odds ratios for the association between the prevalence of
hypertension and selected characteristics among women
and men).

Overall, less than a fifth of all hypertensives were aware
of their condition, and only about half of them reported
being on treatment at any point in the year preceding.
Finally, less than a third of those on treatment had their BP
controlled (see Table, Supplemental Digital Content 3,
http://links.lww.com/HJH/A232, which shows the distri-
bution of the prevalence, awareness, treatment and control
of hypertension by selected characteristics).

DISCUSSION

Key findings
Our study finds that hypertension is common among slum
dwellers in Nairobi both among women and men. The
adjusted analysis shows that among women, increasing
age, obesity, and being diabetic were significantly associ-
ated with increased odds of being hypertensive. Among
men increasing age, being a current daily drinker of alco-
hol, and having abdominal obesity were all significantly
associated with increased odds of being hypertensive.
Overall, the levels of awareness, treatment, and control
were quite low. Only 2.3% of hypertensives had their
BP controlled but this largely reflects the low levels of
awareness.

Prevalence
The weighted prevalence of hypertension in our study is
slightly lower compared with other populations that have
been studied in Africa [7,10,16,40,41]. This might be
explained by the fact that this study was conducted in a
slum setting, where poverty is rampant and the epidemio-
logical transition is only starting [42]. In low-income
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often hypertensives than women (51 versus 42%). A cross-
sectional study in rural Uganda [46], and a review of the
differences in prevalence of hypertension between devel-
oped and developing countries, both found no significant
sex differences in the latter countries [40].

Differences in prevalence of hypertension were
observed among different ethnic groups in the study

TABLE 1. Description of study participants by gender and prevalence of hypertension

Women (N¼2396) Men (N¼2794)

n (%) Prevalence (95%CI) n (%) Prevalence (95%CI)

Overall (unweighted) 2396 (46.2%) 23.0 (21.3–24.6) 2794 (53.8%) 17.8 (16.4–19.2)

Overall (weighted) 2199 (43.4%) 12.7 (11.4–14.2) 2991 (57.6%) 12.0 (10.8–13.4)

Age (in years): P<0.001 P<0.001

18–29 556 (23.2%) 5.5 (3.9–7.8) 608 (21.8%) 7.6 (5.7–10.1)

30–39 562 (23.5%) 11.5 (9.1–14.4) 588 (21%) 9.7 (7.5–12.5)

40–49 584 (24.4%) 24.5 (21.1–28.3) 611 (21.9%) 13.2 (10.8–16.1)

50–59 370 (15.4%) 36.5 (31.6–41.7) 599 (21.4%) 27.9 (24.4–31.7)

60 or older 324 (13.5%) 51.1 (45.6–56.5) 388 (13.9%) 36.8 (32.1–41.8)

Education: P<0.001 P¼0.046

No school 454 (18.9%) 24.6 (20.4–29.2) 229 (8.2%) 17.2 (12.6–23.0)

Not finished primary school 633 (26.4%) 18.2 (15.2–21.6) 599 (21.4%) 14.6 (12.0–17.7)

Primary school 928 (38.7%) 10.8 (8.9–13.1) 1230 (44%) 12 (10.1–14.1)

Secondary school and higher 381 (15.9%) 7 (4.9–10.1) 736 (26.3%) 10.4 (8.3–13.0)

Ethnicity: P¼0.162 P¼0.095

Kamba 450 (18.8%) 14.2 (11.0–18.1) 657 (23.5%) 13.6 (10.9–16.7)

Kikuyu 1010 (42.2%) 13.8 (11.7–16.2) 907 (32.5%) 12.9 (10.8–15.5)

Luhya 257 (10.7%) 12.7 (9.1–17.4) 419 (15%) 12.8 (9.7–16.7)

Luo 265 (11.1%) 12.5 (9.2–16.7) 406 (14.5%) 8.1 (5.7–11.3)

Others 414 (17.3%) 9 (6.5–12.3) 405 (14.5%) 10.6 (7.8–14.3)

Wealth: P¼0.265 P¼0.320

First tertile (lowest in expenditure) 1035 (46%) 12.1 (10.3–14.3) 851 (33%) 10.9 (8.9–13.4)

Second tertile 740 (32.9%) 12 (9.8–14.7) 839 (32.5%) 13.5 (11.1–16.3)

Third tertile (highest in expenditure) 474 (21.1%) 15.1 (11.9–19.0) 889 (34.5%) 12.1 (10.0–14.5)

Current smoking: P¼0.028 P¼0.111

No 2374 (99.1%) 12.6 (11.2–14.0) 2236 (80.1%) 11.5 (10.2–13.0)

Yes 22 (0.9%) 29.4 (13.5–52.7) 557 (19.9%) 14.2 (11.3–17.8)

Current drinking: P¼0.010 P<0.001

No 2328 (97.2%) 12.4 (11.1–13.9) 2367 (84.7%) 10.8 (9.5–12.2)

Yes 68 (2.8%) 24.6 (14.7–38.2) 427 (15.3%) 18.7 (14.9–23.1)

Adequate physical activity: P¼0.1783 P¼0.489

No 636 (26.5%) 14.3 (11.7–17.5) 266 (9.5%) 14.4 (10.7–19.0)

Yes 1760 (73.5%) 12.2 (10.6–13.8) 2525 (90.5%) 11.9 (10.6–13.3)

Insufficient fruit and vegetable intake: P¼0.351 P¼0.390

No 958 (40%) 13.6 (11.4–16.1) 1442 (51.6%) 12.6 (10.8–14.6)

Yes 1438 (60%) 12.2 (10.6–14.0) 1352 (48.4%) 11.4 (9.7–13.4)

BMI (kg/m2): P<0.001 P<0.001

<18.5 135 (5.8%) 10 (5.8–16.7) 290 (10.6%) 15.1 (11.2–20.2)

18.5–24.9 1217 (52.1%) 8.1 (6.7–9.7) 1987 (72.6%) 10.7 (9.3–12.3)

25–29.9 628 (26.9%) 16.1 (13.2–19.5) 400 (14.6%) 16.8 (13.3–21.1)

�30 358 (15.3%) 33.6 (27.7–39.9) 59 (2.2%) 32.4 (20.7–46.8)

Waist–hip ratio: P<0.001 P<0.001

Normal 408 (17.5%) 7.5 (5.3–10.5) 2206 (80.6%) 11.2 (9.9–12.7)

�0.95 (men)/�0.80 (women) 1919 (82.5%) 14.5 (12.9–16.3) 531 (19.4%) 18.3 (14.9–22.2)

Waist circumference: P<0.001 P<0.001

Normal 758 (31.6%) 7 (5.4–8.9) 2470 (88.4%) 11.2 (9.9–12.6)

�94 cm (men)/�80 cm (women) 1638 (68.4%) 16.6 (14.7–18.7) 323 (11.6%) 21.7 (17.0–27.2)

Diabetes (RBS �11.1mmol/l): P<0.001 P¼0.145

No 2234 (93.2%) 11.9 (10.6–13.4) 2658 (95.1%) 11.9 (10.6–13.3)

Yes 162 (6.8%) 28.8 (20.9–38.1) 136 (4.9%) 16.1 (10.8–23.4)

Blood pressure

Mean systolic (SD) 122.9 (21.8) 124.4 (18.2)

Mean diastolic (SD) 76.8 (13.0) 75.4 (11.6)

CI, confidence interval; RBS, random blood sugar. Missing data: Wealth (362), Smoking (1), Adequate physical activity (3), BMI (116), Waist–hip ratio (126), Waist circumference (1).
95%CI, 95% confidence interval. All P-values derived using chi-squared test.

countries poorer people still have lower rates of hyperten-
sion [7,41]. However, compared with earlier studies done
on hypertension among populations in urban areas of
Kenya [43,44] the BP levels have risen substantially. The
higher prevalence of hypertension in women is in line with
other studies in low-income countries [7,10,16,41].
Although in a study in urban Tanzania [45], men were more
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population. There is limited literature published on ethnic
differences in hypertension in this setting but there is
substantial literature on the ethnic differences in the preva-
lence of hypertension elsewhere [47]. The different life-
styles, including occupation, diet, and sedentary behavior
may be the most plausible explanation for these significant
differences, although genetic factors may have a role to play
[48]. Additional research is required to better understand the
source of the observed differences.

Awareness, treatment, and control
Awareness in the study area is very low compared with
other countries including those in Africa [7,40]. Hyperten-
sion awareness is already low in low-income countries, but
in a slum setting the rate is even lower. This may most
probably be due to the lack of accessible and affordable
good quality health facilities in slums and low utilization of
the few available services. The low rate of awareness in
slums is a major public health concern as the population in
slums worldwide is growing. This means that there will be
significantly large populations of hypertensive patients
unaware of their increased risk of hypertensive related
complications in the coming years.

In two published reviews [7,40], almost all studied popu-
lations reported women to be more aware of their hyper-
tension than men. Our finding of a relatively high rate of
awareness among women in our slum population is con-
sistent with these previous reports. This difference among

sexes may be explained by the fact that women are more in
contact with healthcare services thanmen throughmaternal
and child health programs.

Our study also found that less than 10% of all hyper-
tensive people were receiving treatment (results not
shown) which compared with literature from other studies
[7,10,40,41,49,50] is very low. In the above-mentioned
studies between one-third and half of the hypertensives
were on treatment, respectively. An explanation for this
difference is that the awareness in this study population is
very low. Because the group of people that were aware is
small, it is not surprising that a small number of people were
on treatment. Once people were aware of their hyperten-
sion, almost half in our study populationwere on treatment.
As seen in other low-income countries [40], the rate of
treatment among those aware is almost similar to that in
high-income countries. This shows that the best gains in
treatment can be made when awareness is raised. In most
populations women have higher rates of treatment than
men [10,11,40,49] sometimes double [7]. This is mostly
explained by the fact that women are also more aware.
However, in our study the difference in treatment between
women and men was not significant.

Only 2.3% of all hypertensives were controlled (results
not shown), which is much lower than other populations in
Africa and the rest of the world [12,40,49,51]. However,
among people who had received medication at any time in
the previous 12 months the percentage of being controlled

TABLE 2. Odds ratios for the association between the prevalence of hypertension and selected characteristics among women and men

Women Men

Unadjusted Adjusted Unadjusted Adjusted

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Age (in years):
18–29 1 1 1 1

30–39 2.217��� (1.411–3.484) 1.890� (1.147–3.115) 1.304 (0.858–1.984) 1.284 (0.814–2.023)

40–49 5.562��� (3.665–8.440) 4.149��� (2.569–6.701) 1.844�� (1.252–2.715) 1.843�� (1.206–2.816)

50–59 9.835��� (6.409–15.093) 8.439��� (5.030–14.159) 4.684��� (3.272–6.705) 4.891��� (3.254–7.350)

60 or older 17.865��� (11.635–27.430) 17.295��� (9.784–30.570) 7.057��� (4.858–10.253) 7.691��� (4.871–12.142)

Ethnicity
Kamba 1 1 1 1

Kikuyu 0.965 (0.682–1.366) 0.601� (0.397–0.910) 0.949 (0.686–1.312) 0.804 (0.554–1.166)

Luhya 0.877 (0.548–1.404) 0.768 (0.444–1.327) 0.936 (0.628–1.394) 0.765 (0.490–1.195)

Luo 0.861 (0.551– –1.345) 0.881 (0.535–1.452) 0.561� (0.360–0.874) 0.526�� (0.325–0.851)

Others 0.599� (0.381–0.942) 0.572 (0.325–1.009) 0.759þ (0.499–1.155) 0.78 (0.479–1.270)

Current drinking:
No 1 1 1 1

Yes 2.304� (1.198–4.429) 1.885 (0.787–4.515) 1.901��� (1.403–2.577) 2.150��� (1.468–3.149)

BMI (kg/m2):
<18.5 1 1 1 1

18.5– 24.9 0.79 (0.425–1.470) 0.592 (0.281–1.247) 0.673� (0.459–0.986) 0.616� (0.405–0.936)

25– 29.9 1.723þ (0.916–3.241) 1.028 (0.448–2.356) 1.134 (0.725–1.773) 0.687 (0.413–1.141)

�30 4.522��� (2.364–8.650) 2.345� (1.007–5.460) 2.689�� (1.336–5.411) 1.459 (0.690–3.084)

Waist circumference:
Normal 1 1 1 1

�94 cm (men)/�80 cm (women) 2.653��� (1.957–3.598) 1.218 (0.803–1.847) 2.191��� (1.578–3.043) 1.946�� (1.306–2.898)

Diabetes (RBS �11.1mmol/l):
No 1 1 1 1

Yes 2.985��� (1.916–4.649) 3.697��� (1.844–7.411) 1.428þ (0.882–2.311) 1.559 (0.890–2.730)

þP<0.20; �
P<0.05, ��

P<0.001, ���
P< 0.0001. 95%CI, 95% confidence interval; OR, odds ratios.
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Reviewers’ Summary Evaluations

Referee 1
The authors investigated prevalence, awareness, treatment
and control of hypertension in slum districts in Nairobi. The
strengths involve relatively large number of participants
and adequate methods of participant recruitment and stat-
istical analysis. A weakness is that novelty of the findings is
somewhat limited.

Referee 2
This paper highlights the growing global issue of greatly
increasing hypertension rates, and although some aware-
ness exists, there is total lack of control. While a weakness is
that these are just survey data, there are clear opportunities
for improved drug availability and uptake for blood
pressure control to avert excess events in these deprived
communities.
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Abstract objectives To assess the prevalence, awareness, treatment and control of diabetes and to examine

the relationship of obesity with raised blood glucose in the slums of Nairobi, Kenya.

methods We used data from a cross-sectional population-based survey, conducted in 2008–2009,

involving a random sample of 5190 (2794 men and 2396 women) adults aged ≥18 years living in

two slums – Korogocho and Viwandani – in Nairobi.

results The prevalence (weighted by sampling and response rates) of diabetes was 4.8% (95%CI

4.0–5.7) in women and 4.0% (95%CI 3.3–4.7) in men. Less than a quarter of those found to have

diabetes were aware of their condition among which just over half of men and three-quarters of

women reported being on any treatment in the 12 months preceding the survey. Overall, fewer than

5% of all people with diabetes had their blood sugar under control. Obesity and overweight were

significantly associated with increased odds (1.7, 95%CI 1.1–2.6) of raised blood glucose only among

women while adjusting for important covariates.

conclusion The prevalence of diabetes in this impoverished population is moderately high, while

the levels of awareness, treatment and control are quite low. In this population, obesity is an

important risk factor for raised blood glucose particularly among women. Prevention and control

strategies that target modifiable risk factors for diabetes and increase access to treatment and control

in such disadvantaged settings are urgently needed.

keywords diabetes mellitus, raised blood glucose, overweight, obesity, slum, epidemiology, Kenya,

sub-Saharan Africa

Introduction

In many low- and middle- income countries (LMICs),

especially those in sub-Saharan Africa (SSA), there is an

upsurge in the burden of non-communicable diseases

(NCDs) such as diabetes, stroke and cancers(World

Health Organization 2011). This upsurge is believed to

be largely driven by rapid urbanisation and the attendant

adoption of so-called western lifestyles –such as con-

sumption of high-calorie diets and reduced physical activ-

ity – especially in the urban centres of LMICs (World

Health Organization 2011). As a result of their already

high burden of infectious diseases, such as HIV/AIDS and

malaria, and weak healthcare systems, many countries

are facing the prospect of the so-called double burden of

disease (Oti 2012). At least 80% of deaths from NCDs

occur in LMIC (World Health Organization 2011).

NCDs tend to occur among younger and more economi-

cally active populations in LMICs than in high-income

countries (World Health Organization 2011). This

implies that economic development in such countries will

be impeded by an uncontrolled NCD epidemic.

Available evidence suggests that diabetes mellitus

(mostly type 2) will be a key contributor to the rise of

NCDs in LMICs (World Health Organization 2011). For

instance, the number of people affected by diabetes mell-

itus (DM) in SSA alone is projected to double from 12 to

24 million within the next two decades (Mbanya 2010).

This increase will be driven in part by the rise in the

prevalence of risk factors for DM in these settings. Spe-

cifically, several studies from SSA have shown that exces-

sive body weight and obesity are independent risk factors

for DM (Tuei et al. 2010). Obesity is reaching epidemic

proportions globally – hence the coining of the term
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globesity, and the SSA region has not been spared.

Although data on trends in obesity in the SSA region are

limited, a study that reviewed Demographic and Health

Survey (DHS) data from seven African countries over

10 years revealed rising trends in overweight and obesity

among urban women (Ziraba et al. 2009). The preva-

lence of being overweight or obese had increased by

about 35% between 1992 and 2005, when the DHS sur-

veys were conducted. Even more worrying, the increase

in overweight or obesity among the poorest urban

women was about seven times higher than among the

richest urban women (Ziraba et al. 2009).

Thus, upward trends in the levels of excessive body

weight and obesity in SSA could contribute to an increas-

ing prevalence of DM. Consequently, an increasing bur-

den of DM will place further strain on the already

overburdened health systems of LMICs. Patients with

DM in SSA are faced with huge challenges in accessing

basic health care such as steady access to diabetes medi-

cation, particularly insulin, at an affordable cost (Mba-

nya 2010; Hall et al. 2011). In SSA, patients with

diabetes are often undertreated, resulting in poor glycae-

mic control and being at risk of developing avoidable

complications and premature death (Hall et al. 2011). At

the population level, DM remains under-diagnosed as

screening/detection opportunities are few, and awareness

about the disease is poor (Mbanya 2010; Hall et al.

2011). Increasing levels of an important risk factor for

DM such as obesity combined with poor awareness,

treatment and control present an ominous scenario in

low resource settings.

We set out to determine if such a scenario exists in the

urban slums of Kenya. A recent study in Nairobi, the

capital city of Kenya, suggests that DM is a major prob-

lem in one slum (Ayah et al. 2013) and that obesity and

overweight are important correlates for DM. Our study

sought to assess the prevalence, awareness, treatment and

control of diabetes, in addition to examining the relation-

ship of obesity with DM in a large population-based

cohort in two urban slums in Nairobi, Kenya, established

in 2002 as part of a demographic and health surveillance

system (Emina et al. 2011).

Methods

Study design

The study was a population-based cross-sectional survey

of two slums – Viwandani and Korogocho in Nairobi,

Kenya. Large sections of these slums are covered by the

Nairobi Urban Health and Demographic Surveillance

System (NUHDSS). The NUHDSS is operated by the

African Population and Health Research Center (APH-

RC), a regional research institution headquartered in Nai-

robi. Details of the operation of the NUHDSS have been

published elsewhere (Emina et al. 2011). In brief, the

NUHDSS covers approximately 71,000 individuals resid-

ing in about 28,500 households in both slums. Every

4 months, demographic data including birth, death and

migration status of every resident of the NUHDSS are

updated. The NUHDSS therefore provides an up to date

sampling frame for in-depth studies on various health

and other social outcomes such as ours.

Sampling technique

Our study used the sampling frame of adults (≥18 years)

known to be resident in the NUHDSS area at the preced-

ing round of data collection about 3 months prior to the

beginning of the survey. We conducted stratified random

sampling based on the WHO STEPwise protocol for

chronic disease risk factor surveillance (World Health

Organization 2013a). The STEPwise approach focuses on

collecting core data on the established behavioural and

physiological risk factors for NCDs that determine the

major chronic disease burden. These risk factors include

diabetes, elevated blood glucose, measures of excessive

body weight and obesity. Based on the STEPwise proto-

col, a sample of 250 respondents in each of the following

strata: sex (male and female), age group (18–29, 30–39,

40–49, 50–59, 60 years and over), slum of residence

(Korogocho and Viwandani), was required. Therefore, in

each stratum, a sampling frame was generated from the

NUHDSS database and a computer-based program (STA-

TA� statistical software) used to randomly select eligible

individuals.

Data collection

Details of the data collection methods have been

described in detail elsewhere(van de Vijver et al. 2013).

In summary, trained interviewers conducted interviews

with study participants using a structured questionnaire

that was translated into Kiswahili – the main local lan-

guage in the study area. The field interviewers were

trained in interviewing techniques, basic research ethics

and in taking anthropometric and clinical measurements

in accordance with the WHO STEPwise protocol. Mea-

surements were taken using WHO recommended and val-

idated equipment (Table 1). Overall, we considered

several socio-demographic, behavioural and physiological

risk factors for DM based on the framework developed

by Wong et al. (Wong et al. 2005). Diabetes, our main

outcome, is defined as random capillary blood glucose
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≥11.1 mM or previously diagnosed by a health

professional or confirmed by oral glucose tolerance test

(OGTT) in accordance with WHO criteria (World Health

Organization/International Diabetes Federation 2006).

Pre-diabetes is defined as two-h (post-75 g oral glucose

load ingestion) blood glucose of between 7 and 11.0 mM

(World Health Organization/International Diabetes

Federation 2006) (Table 2).

Statistics

Data were analysed using STATA 12 (StataCorp. 2011.

College Station, TX: StataCorp LP). All estimates were

weighted for sampling probability (using the size of the

stratum in the NUHDSS database as denominator) and

for response probability (using the total number sampled

per stratum as denominator). A composite weight, taking

both weights into account, was then applied to all esti-

mates. Study participants’ socio-demographic, behaviour-

al and physiological risk factors by BMI (normal versus

overweight/BMI) were presented descriptively using

chi-square and ANOVA tests for significance at P < 0.05.

The awareness, treatment and control levels for DM by

gender are also presented (Table 2).

To examine the relationship between diabetes and

obesity, we performed univariate random effects logistic

regression analysis of the outcome variable over BMI

stratified by gender and controlling for key covariates. To

improve the power of our analysis, we collapsed certain

Table 1 List of equipment and corresponding measurements taken

Equipment Measurement

SECA 201 circumference

measurement tape

Waist and hip circumference

in cm

SECA 874 flat scale electronic Weight in kg

SECA 214 stadiometer

transportable

Height in cm

OMRON M6 blood

pressure machine

Systolic and diastolic blood

pressure in mmHg

ACCUCHECK glucometer

and test strips

Blood glucose in mM

Table 2 Definition of variables and categories used in the analysis

Variable Categorisation

Socio-demographic

Age 18–29; 30–39; 40–49; 50–59; 60 years and over

Sex Females; males

Education No formal schooling; did not complete primary school; completed primary school; and

completed secondary school or higher

Ethnicity Luo; Luhya; Kamba; Kikuyu; and ‘Others’

Behavioural

Current daily smoker Yes; No

Current daily consumer of alcohol Yes; No

Adequate physical activity Yes – engaging in ≥3 days of vigorous activity of at least 20 minutes per day or ≥5 days of

moderate intensity activity or walking of at least 30 minutes per day (World Health

Organization 2010); No

Insufficient fruits and vegetable intake Yes – consuming <5 servings of fruits and/or vegetables per day (World Health

Organization 2003); No

Physiological

Body mass index Normal(<25 kg/m2); overweight (25–29.9 kg/m2); and obese (≥30 kg/m2)

Waist circumference Normal; high (>80 cm in women and > 94 cm in men)

Waist–Hip ratio Normal; high (>0�80 in women and > 0�95 in men)

Hypertensive Yes – systolic blood pressure >=140 mmHg and/or diastolic blood pressure >=90 mmHg or

previously diagnosed; No

Outcome

*Raised blood glucose Normal (RBG<7 mM), pre-diabetes (RBG 7–11�0 mM), diabetes mellitus (RBG ≥11�1 mM or

previously diagnosed or confirmed by OGTT.

Other definitions

Awareness Self-reporting of any prior diagnosis of DM by a healthcare professional

Treatment Treatment of DM was defined as receiving prescribed diabetes medication for management

of DM at any time in the 12 months preceding the survey

Control Proportion of patients reporting diabetes therapy with random blood glucose of <7 mM.

*For respondents whose RBG was between 4 and 11.1 mM, we conducted oral glucose tolerance tests and classified them according to

WHO criteria (World Health Organization/International Diabetes Federation 2006).

Raised blood glucose includes patients with pre-diabetes and diabetes.
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subcategories within selected variables. Within the BMI

variable, overweight and obesity are combined into one

subcategory, while pre-diabetes and diabetes are com-

bined into one category: raised blood glucose. Factors

significant at P < 0.20 were then included in an adjusted

analysis. All analyses were stratified by gender as it is

expected that some associations might differ between

women and men. Also, all analyses considered the

outcome variable in its weighted form.

Ethical approval

The study protocol was approved by the Kenya Medical

Research Institute (KEMRI)/National Ethical Review

Committee.

Results

A total of 5190 adults aged 18 years and older were suc-

cessfully interviewed. This constitutes overall response

rates of 94% in Korogocho and 95% in Viwandani. Of

those interviewed, 2396 (46%) were women and 2794

(54%) were men.

Table 3 shows the background characteristics of the

study population by gender and diabetes status. Among

both women and men, raised fasting glucose varied sig-

nificantly by age (see also Figure 1), ethnicity, waist–hip

ratio, waist circumference and hypertension status.

Among men only, raised fasting glucose varied signifi-

cantly by study site.

Table 4 shows the distribution of prevalence, aware-

ness, treatment and control of DM by gender. A quarter

of women with DM were aware of their condition as

compared to 16% of men. Two-thirds of women and

about half of men who were aware of having DM were

on treatment. Less than a third of those on treatment, of

either gender, had their blood sugar levels under control.

Table 5 shows the distribution of respondent character-

istics and prevalence of raised blood glucose stratified by

BMI categories. The prevalence of raised blood glucose

did not differ significantly by gender, education, smoking

status, fruit/vegetable intake, physical activity or waist

circumference across either BMI category. However, the

prevalence of raised blood glucose increased significantly

with age in both BMI categories. The prevalence of raised

blood glucose was significantly higher among current

smokers if they had a normal BMI. Hypertensives had a

significantly higher prevalence of raised blood glucose

whether they had normal weight or were overweight/

obese. In the logistic regression analyses for women

(Table 6), the odds of raised blood glucose were signifi-

cantly increased in the overweight/obese, oldest age group

(60 years and older) and among hypertensives while con-

trolling for other factors. Women belonging to ‘other’

ethnicities had lower odds of raised blood glucose than

the reference group (Kamba). Among men, BMI and all

other factors were not significantly associated with raised

blood glucose except hypertension. Male hypertensives

had twice the odds of raised blood glucose as non-hyper-

tensives after controlling for all other factors.

Discussion

We set out to determine the magnitude (prevalence,

awareness, treatment and control) of diabetes and to

examine the relationship of obesity with raised blood

glucose in a random population of adult slum dwellers.

Overall, the weighted prevalence of diabetes was about

4% and this did not differ significantly by gender. Over-

all levels of awareness, treatment and control for diabetes

were quite low among men and women, although women

fared slightly better than men. A total of 40% of women

in our study were either overweight or obese, whereas

fewer than 20% men were. The adjusted analysis shows

that for women, being overweight/obese, 60 years or

older, and being hypertensive were associated with signif-

icantly increased odds of raised blood glucose. For men,

only being hypertensive was significantly associated with

increased odds of raised blood glucose.

Prevalence

The overall prevalence of DM in our study is comparable

to a previous study in Kenya that showed a prevalence of

4.2–5.3% (Christensen 2009). Specifically, a recent study

in another major slum in Nairobi showed a prevalence of

5.3% (95% CI 4.2–6.4) (Ayah et al. 2013). In compari-

son with studies from other settings in SSA, the preva-

lence of diabetes in our study was higher than in a

number of recent studies (Sobngwi 2002; Motala 2008;

Maher 2010; Oladapo 2010) and similar or lower than

in others (Aspray 2000; Erasmus 2001; Amoah et al.

2002; Nyenwe 2003; Alberts 2005; Balde 2007; Nshisso

et al. 2012). The prevalence of diabetes across the sub-

continent ranged from 3% in Benin to 14.5% in urban

Democratic Republic of Congo (Mbanya 2010; Hall

et al. 2011; World Health Organization 2013b). The

prevalence of diabetes in SSA has been increasing over

the past three decades (Mbanya 2010). However, with

the exception of a recent study in one slum in Nairobi

(Ayah et al. 2013), the evidence does not typically reflect

the situation of diabetes in the slums of SSA, as these

studies focused on rural and or urban populations in gen-

eral rather than slum populations.
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It is noteworthy that the prevalence of pre-diabetes in

our study was 5.3% in women and 5.7% among in men.

This is particularly significant because evidence suggests

that up to 5–10% per year of people with pre-diabetes

will develop diabetes (Tabak et al. 2012). This situation

presents an opportunity for preventive interventions in

Table 3 Background characteristics for females and males by diabetes status and gender

Females (N = 2396)

P-value

Males (N = 2794)

P-value

Normal

n (%)

Pre-diabetes

n (%)

Diabetes

n (%)

Normal

n (%)

Prediabetes

n (%)

Diabetes

n (%)

Study site

Korogocho 1121 (91.7) 42 (3.5) 60 (4.9) 0.406 1126 (94.3) 41 (3.4) 27 (2.3) <0.001

Viwandani 1057 (90.7) 54 (4.7) 54 (4.6) 1412 (88.4) 101 (6.3) 85 (5.3)

Age (in years)

18–29 1171 (93.3) 36 (2.9) 47 (3.8) <0.001 1026 (91.7) 52 (4.7) 41 (3.7) 0.009

30–39 573 (90.6) 32 (5) 28 (4.4) 791 (93.2) 34 (4.1) 23 (2.7)

40–49 267 (88.6) 17 (5.6) 18 (5.8) 429 (88.3) 34 (7) 23 (4.7)

50–59 100 (86.6) 7 (6.3) 8 (7.1) 208 (86.7) 16 (6.5) 16 (6.8)

60 or older 71 (76.5) 7 (7.6) 15 (15.9) 86 (85.2) 7 (6.8) 8 (7.9)

Education

No school 196 (90.6) 8 (3.6) 13 (5.8) 0.734 96 (91.4) 6 (5.5) 3 (3.1) 0.642

Not finished primary school 454 (91.2) 17 (3.4) 27 (5.4) 379 (91) 22 (5.3) 15 (3.7)

Primary school 1044 (90.6) 54 (4.6) 55 (4.8) 1228 (91.7) 58 (4.3) 53 (4)

Secondary school + higher 488 (92.2) 21 (4) 20 (3.9) 837 (89.6) 57 (6.1) 40 (4.3)

Ethnicity

Kamba 434 (87.8) 27 (5.5) 33 (6.7) 0.027 665 (91.2) 24 (3.3) 40 (5.5) 0.005

Kikuyu 813 (89.3) 47 (5.1) 51 (5.6) 755 (89) 62 (7.3) 32 (3.7)

Luhya 262 (94.1) 9 (3.1) 8 (2.8) 363 (90) 23 (5.7) 17 (4.3)

Luo 266 (93.5) 8 (2.8) 11 (3.7) 385 (95.8) 10 (2.4) 7 (1.8)

Others 407 (95) 9 (2.1) 12 (2.9) 372 (90.4) 24 (5.9) 15 (3.7)

Current smoking

No 2161 (91) 98 (4.1) 115 (4.8) 0.701 2037 (90.7) 119 (5.3) 89 (4) 0.71

Yes 20 (93.2) 1 (4.2) 1 (2.6) 502 (91.6) 24 (4.3) 22 (4.1)

Current drinking

No 2121 (91.1) 95 (4.1) 113 (4.8) 0.668 2152 (91.6) 119 (5.1) 79 (3.4) 0.003

Yes 61 (90.5) 4 (6.1) 2 (3.4) 387 (87.3) 24 (5.3) 33 (7.4)

Insufficient fruit and vegetable intake

No 842 (90) 37 (3.9) 57 (6) 0.144 1318 (91) 76 (5.2) 55 (3.8) 0.865

Yes 1339 (91.7) 63 (4.3) 59 (4) 1222 (90.8) 67 (5) 57 (4.2)

Adequate physical activity

No 565 (89.6) 27 (4.2) 39 (6.2) 0.2766 174 (89.3) 10 (5.1) 11 (5.6) 0.215

Yes 1616 (91.6) 73 (4.1) 76 (4.3) 2364 (91) 133 (5.1) 100 (3.8)

Waist–hip ratio

Normal 485 (94.1) 23 (4.4) 8 (1.5) <0.001 2198 (92.8) 122 (5.1) 48 (2) <0.001

≥0.95 (men)/≥0.80 (women) 1679 (92.4) 76 (4.2) 63 (3.4) 339 (90.8) 21 (5.6) 14 (3.6)

Waist circumference

Normal 915 (94.4) 35 (3.6) 19 (2) <0.001 2393 (93.1) 126 (4.9) 53 (2) <0.001

≥94 cm (men)/≥80 cm (women) 1267 (88.8) 64 (4.5) 96 (6.7) 146 (65.9) 17 (7.7) 59 (26.4)

Body mass index (kg/m2)

Normal 1440 (94.7) 44 (2.9) 37 (2.4) <0.001 2210 (92.9) 118 (4.9) 51 (2.2) <0.001

Overweight 535 (92.3) 25 (4.3) 20 (3.5) 293 (91.1) 21 (6.6) 7 (2.3)

Obese 205 (82.4) 30 (12.1) 14 (5.4) 34 (84.4) 3 (7.9) 3 (7.7)

Hypertension

No 1940 (92.8) 69 (3.3) 82 (3.9) <0.001 2257 (91.8) 107 (4.4) 94 (3.8) <0.001

Yes 242 (79.3) 30 (9.8) 33 (10.9) 283 (84.1) 36 (10.6) 18 (5.3)

Missing data: smoking (1), adequate physical activity (3), body mass index (116), waist–hip ratio (126), waist circumference (1).

P-values are derived from chi-square test.
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the slum population, barring which a further rise in the

prevalence of diabetes will be unavoidable. Lifestyle mod-

ification is the cornerstone of diabetes prevention and

could provide up to 70% relative risk reduction among

people with pre-diabetes (Tabak et al. 2012). However,

with the low levels of awareness, treatment and control

in the study population, chances are that the majority of

those with pre-diabetes will remain unidentified and

untreated, thus further aggravating the burden of diabetes

in this population.

Awareness, treatment and control

In terms of awareness, our findings are comparable to

other studies in SSA. Generally, the level of awareness of

diabetes is usually less than 50% (Hall et al. 2011) –

ours was only about 20%. One study in rural Guinea

found that 100% of those surveyed and diagnosed with

diabetes were previously unaware of their diagnosis

(Balde 2007). An exception was a study in urban South

Africa where more than 50% were aware of having dia-

betes, comparable to findings in high-income countries

(Levitt et al. 1993). This has been attributed to better

health care and availability of opportunistic screening in

urban South Africa. On the other hand, evidence from

rural South Africa shows awareness levels as low as other

countries in SSA (Motala 2008). As regards treatment

and control, evidence from SSA is scanty. Our study

found that less than a third of those on treatment had

their blood glucose under control. This is comparable to

a study in Cameroon, which found that 27% of those on

treatment were under control (Ministry of Health 2004).

Overall, however, it is noteworthy that fewer than 5%

of all people with diabetes in our study had their blood

glucose under control. Poor control of blood sugar is

associated with high risk of complications that in turn

lead to high morbidity and mortality. Evidence suggests

that chronic vascular complications such as retinopathy,

nephropathy and neuropathy are common in SSA, and

macrovascular complications such as stroke are also on

the increase (Hall et al. 2011). Reasons for low levels of

awareness, treatment and control are lack of screening

opportunities, high cost of treatment, medication stock-

outs, late diagnoses, poor adherence and preference for

alternative medicines for the management of diabetes

(Mbanya 2010; Tuei et al. 2010; Hall et al. 2011). These

reasons usually reflect a general lack of prioritisation and

investment of care for chronic NCDs and unresponsive

healthcare systems across SSA (Mbanya 2010; Tuei et al.

2010; Hall et al. 2011). Slum populations remain partic-

ularly disadvantaged, and therefore, extra attention is

needed to prevent and control the diabetes epidemic in

these populations.

Obesity and raised blood glucose

Our study found that a high BMI indicative of over-

weight/obesity was significantly associated with increased

odds of raised blood glucose among women but not

among men. There is evidence that obesity is increasing

in SSA especially among women (Abubakari et al. 2008).

Studies from Mali, Tanzania and Nigeria also show that

obesity is associated with increasing risk of diabetes (Tuei

et al. 2010). The reasons for the high rates of obesity

among women in the slums may need further examina-

tion. Sociocultural perceptions of ideal body size may be

a contributory factor. In African populations, large body

size is perceived positively as a sign of wealth and good

Table 4 Prevalence, awareness, treatment and control of diabetes by gender

Has diabetes (a) Aware*(b) Treated†(c) Controlled‡

Females (n) n = 162 n = 64 n = 48 n = 14

As a % of N (5190) 4.81 (3.95–5.67) 1.18 (0.75–1.62) NA NA

As a % of (a) NA 24.6 (17.9–31.3) 19.1 (12.9–25.2) 5.01 (1.62–8.40)

As a % of (b) NA NA 77.5 (67.0–88.0) 20.4 (10.2–30.5)

As a % of (c) NA NA NA 26.3 (13.4–39.2)

Males (n) n = 136 n = 37 n = 24 n = 7

As a % of N (5190) 3.99 (3.27–4.72) 0.63 (0.33–0.92) NA NA

As a % of (a) NA 15.7 (9.51–21.9) 8.44 (3.71–13.2) 3.98 (0.65–7.31)

As a % of (b) NA NA 53.8 (36.9–70.6) 25.3 (10.64–40.1)

As a % of (c) NA NA NA 28.2 (8.79–47.6)

Estimates weighed for sampling probability and response rate.

*Awareness of diabetes among those who were found to have diabetes.

†Treatment for diabetes among those who were aware of their condition.

‡Control of diabetes among those who reported receiving treatment.

The bold values in this table are frequency distributions.
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health, and attractive to the opposite sex (Siervo et al.

2006). As women come in contact with health service

more frequently than men due to maternal and child

health demands, there is an opportunity for health profes-

sionals to educate women about the health risks of obes-

ity and overweight. Reproductive (family planning) and

maternal health services should be integrated with

primary preventive strategies (such as screening and life-

style counselling) for diabetes and related conditions.

Other risk factors

Our study found that the prevalence of diabetes increased

with age among both men and women and was highest

Table 5 Description of study participants and prevalence of raised blood glucose by BMI

BMI <25 BMI ≥25

n (%) Prevalence (95%CI) n (%) Prevalence (95%CI)

Gender P = 0.071 P = 0.538

Females 1217 (35.8) 5.3 (4.1–6.9) 855 (66.0) 10.7 (8.6–13.2)

Males 2179 (64.2) 7.1 (6.0–8.4) 441 (34.0) 9.6 (7.3–12.5)

Age (in years) P = 0.006 P < 0.0001

18–29 1645 (48.5) 5.9 (4.5–7.6) 483 (37.3) 4.2 (2.1–8.1)

30–39 964 (28.4) 5.7 (4.2–7.6) 410 (31.6) 9.7 (6.8–13.6)

40–49 476 (14.0) 7.3 (5.6–9.5) 237 (18.3) 15.3 (11.9–19.5)

50–59 209 (6.2) 9.0 (6.9–11.5) 109 (8.4) 18.1 (14.0–23.0)

60 or older 101 (3.0) 13.4 (10.6–16.9) 57 (4.4) 23.1 (18.1–29.1)

Education P = 0.284 P = 0.051

No formal schooling 195 (5.7) 6.1 (4.2–8.9) 87 (6.7) 13.5 (9.2–19.3)

Did not finish primary school 568 (16.7) 4.7 (3.4–6.5) 256 (19.7) 14.2 (10.7–18.7)

Completed Primary school 1662 (49.0) 6.8 (5.5–8.3) 590 (45.5) 8.5 (6.3–11.4)

Secondary school + higher 971 (28.6) 7.0 (5.3–9.2) 364 (28.1) 9.5 (6.6–13.6)

Ethnicity P = 0.018 P = 0.002

Kamba 845 (24.9) 6.1 (4.5–8.3) 243 (18.8) 12.1 (8.3–17.4)

Kikuyu 1062 (31.3) 8.1 (6.5–10.1) 503 (38.8) 13.4 (10.6–16.8)

Luhya 436 (12.9) 7.3 (4.9–10.8) 192 (14.8) 5.5 (3.2–9.1)

Luo 490 (14.4) 2.9 (1.6–5.2) 157 (12.1) 9.4 (5.5–15.7)

Others 562 (16.6) 6.0 (4.1–8.7) 201 (15.5) 4.8 (2.7–8.5)

Current smoker P = 0.491 P = 0.869

No 2933 (86.4) 6.3 (5.4–7.4) 1230 (94.9) 10.4 (8.7–12.3)

Yes 461 (13.6) 7.3 (5.1–10.3) 66 (5.1) 9.7 (4.7–19.0)

Current daily drinking P = 0.018 P = 0.919

No 3039 (89.5) 6.1 (5.2–7.1) 1192 (92.0) 10.3 (8.6–12.2)

Yes 355 (10.5) 9.8 (6.8–13.9) 104 (8.0) 10.7 (5.3–20.1)

Insufficient fruit and vegetable intake P = 0.983 P = 0.429

No 1618 (47.7) 6.5 (5.2–8.0) 533 (41.1) 11.1 (8.7–14.2)

Yes 1777 (52.3) 6.5 (5.3–7.9) 763 (58.9) 9.7 (7.7–12.2)

Adequate physical activity P = 0.626 P = 0.3293

No 463 (13.7) 6.5 (4.5–9.3) 251 (19.4) 12.1 (8.4–17.0)

Yes 2930 (86.3) 6.5 (5.5–7.6) 1045 (80.6) 9.9 (8.2–11.9)

Waist–hip ratio P = 0.351 P = 0.037

Normal 2250 (66.3) 6.8 (5.7–8.2) 446 (34.4) 7.7 (5.4–10.9)

≥0.95 (males)/≥0.80 (females) 1136 (33.5) 5.7 (4.4–7.3) 841 (64.9) 11.7 (9.6–14.1)

Waist circumference P = 0.2749 P = 0.0039

Normal 2851 (84.0) 6.7 (5.7–7.8) 381 (29.4) 6.1 (4.0–9.4)

≥94 cm (males)/≥80 cm (females) 544 (16.0) 5.4 (3.9–7.6) 915 (70.6) 12 (10.0–14.3)

Hypertension P < 0.0001 P < 0.0001

No 3076 (90.6) 5.6 (4.7–6.6) 1071 (82.7) 6.9 (5.3–8.8)

Yes 318 (9.4) 14.3 (11.0–18.3) 225 (17.3) 23.8 (19.2–29.1)

Missing data: smoking (1), adequate physical activity (3), body mass index (116), waist–hip ratio (126), waist circumference (1).

95%CI – 95% confidence interval.

All P-values derived using chi-square test.
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in the 60+ age group. This is consistent with other studies

from SSA (Mbanya 2010; Hall et al. 2011). There were

no significant gender differences in the prevalence of dia-

betes in our study population. This is in keeping with a

few studies in SSA although other studies do show gender

differences (Mbanya 2010; Hall et al. 2011). We also

found that women in our study belonging to the broad

group of ‘other’ ethnicities had a significantly lower risk

Table 6 Odds ratios for the association between raised blood glucose and BMI controlling for other risk characteristics, among females

and males

Females Males

Unadjusted Adjusted Unadjusted Adjusted

OR 95%CI OR 95%CI OR 95%CI OR 95%CI

Body mass index (kg/m2)

Normal 1 1 1 1

Overweight/Obese 2.13*** (1.48–3.07) 1.67* (1.07–2.59) 1.39† (0.98–1.98) 0.96 (0.66–1.39)

Age (in years)

18–29 1 1 1 1

30–39 1.45† (0.93–2.27) 1.35 (0.82–2.23) 0.8 (0.51–1.26) 0.89 (0.54–1.47)

40–49 1.80** (1.18–2.75) 1.46 (0.89–2.40) 1.45† (0.98–2.15) 1.40 (0.90–2.16)

50–59 2.17*** (1.39–3.40) 1.32 (0.77–2.28) 1.68** (1.15–2.46) 1.50 (0.97–2.31)

60 or older 4.30*** (2.82–6.55) 2.10* (1.14–3.87) 1.90** (1.26–2.88) 1.34 (0.81–2.21)

Education

No formal schooling 1 1

Did not finish primary school 0.94 (0.62–1.42) 1.05 (0.56–1.97)

Completed Primary school 1.01 (0.68–1.48) 0.96 (0.53–1.73)

Secondary school† higher 0.82 (0.49–1.36) 1.22 (0.67–2.23)

Ethnicity

Kamba 1 1 1 1

Kikuyu 0.87 (0.57–1.31) 1.04 (0.62–1.73) 1.27 (0.86–1.88) 1.48 (0.95–2.32)

Luhya 0.46* (0.24–0.85) 0.67 (0.34–1.35) 1.15 (0.67–1.89) 1.11 (0.62–2.01)

Luo 0.50* (0.26–0.97) 0.67 (0.32–1.41) 0.45* (0.24–0.84) 0.52 (0.27–1.02)

Others 0.38** (0.20–0.72) 0.43* (0.21–0.89) 1.10 (0.66–1.82) 1.21 (0.69–2.11)

Current smoker

No 1 1

Yes 0.74 (0.26–2.12) 0.9 (0.62–1.30)

Current daily drinking

No 1 1 1

Yes 1.07 (0.40–2.83) 1.58* (1.08–2.29) 1.34 (0.86–2.08)

Insufficient fruit and vegetable intake

No 1 1 1

Yes 0.82 (0.59–1.14) 0.90 (0.61–1.31) 1.01 (0.75–1.37)

Adequate physical activity

No 1 1 1

Yes 0.79 (0.55–1.14) 0.94 (0.61–1.45) 0.82 (0.51–1.32)

Waist–hip ratio

Normal 1 1 1 1

≥95 cm (males)/≥80 cm (females) 1.32 (0.79–2.22) 1.12 (0.62–2.03) 1.31† (0.91–1.88) 0.84 (0.55–1.27)

Waist circumference

Normal 1 1 1 1

≥94 cm (males)/≥80 cm (females) 3.61*** (1.94–6.71) 0.84 (0.49–1.44) 6.95*** (4.90–9.86) 2.00** (1.28–3.14)

Hypertension

No 1 1 1 1

Yes 3.35*** (2.38–4.71) 3.30*** (2.14–5.10) 2.13*** (1.52–3.00) 2.24*** (1.50–3.33)

95%CI, 95%confidence interval; OR, odds ratios.

†P < 0.20, *P < 0.05, **P < 0.001, ***P < 0.0001.

90



96

of diabetes than the reference ethnic group. It is hard to

explain this finding as this group is not homogeneous and

comprises more than 30 other tribes in Kenya. One previ-

ous study in Kenya found that the ethnic group of Luos

had the highest risk of diabetes owing to the higher total

dietary energy intake (mostly from cereal grains) in that

community (Christensen 2009). However, in our study,

being Luo was not associated with increased odds of

diabetes. Finally, we found that being hypertensive was

significantly associated with increased odds of raised

fasting glucose among both men and women. This finding

is well established from previous studies across the world

(Sowers et al. 2001). Hypertension is one of the compo-

nents of metabolic syndrome, and three main factors

have been proposed to contribute to hypertension in

diabetes: hyperinsulinaemia, extracellular fluid volume

expansion and increased arterial stiffness. Early treatment

of hypertension is particularly important in patients with

DM to prevent CVD and to minimise progression of

renal disease and diabetic retinopathy. In patients with

DM, the benefits of tight BP control may be as great or

greater than the benefit of strict glycemic control (UK

Prospective Diabetes Study Group 1998).

Our study is limited by the fact that some of our

explanatory variables (such as smoking and physical inac-

tivity) were based on self-reports which could have been

misreported. However, self-reports remain useful and val-

idated components of large surveys such as ours across

the world. The accuracy of BMI as a measure of obesity

is limited although its use remains recommended (Romer-

o-Corral et al. 2008; Flegal et al. 2013). Our study was

also limited by the fact that we did not measure or assess

other important known risk factors for increased blood

glucose such as underlying infection (HIV, TB) and

medication (steroids, antiretrovirals) (Brown et al. 2005;

Dooley & Chaisson 2009; Simmons et al. 2012). Neither

did we collect objective information on type of or adher-

ence to diabetes medication (e.g. HbA1c measurement)

nor examine the respondents for manifestations of micro-

vascular and macrovascular complications of diabetes.

The main strength of our study is its large sample size

and representativeness of the slum population, for whom

data are often unavailable.

Conclusions

In conclusion, we found that diabetes was moderately

prevalent in the slum population in Nairobi. Levels of

awareness, treatment and control of diabetes are dismally

low in the study setting. Obesity was significantly associ-

ated with increased odds of raised blood glucose espe-

cially among women. The presence of comorbidities such

as hypertension also increased the odds of having raised

blood glucose. Thus, it is imperative that health planners

and policy makers in SSA pay attention to chronic NCDs

such as diabetes especially in the often neglected but

significant population of slum dwellers.
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Abstract
Introduction
The increase in cardiovascular diseases in sub-Saharan Africa has been attributed in part to the changes in lifestyle, 
and the prevalence of risk factors for cardiovascular disease is higher among urban populations than among nonurban 
populations. The objective of this study was to determine the prevalence of overweight and obesity and examine 
perceptions of body size differentiated by sex and other determinants among slum dwellers in Nairobi, Kenya.

Methods
Analysis included 4,934 adults randomly selected from the Korogocho and Viwandani slums of Nairobi. Height and 
weight were measured during interviews; body mass index (BMI) was calculated. Perceptions of current and ideal body 
image were determined by using 18 silhouette drawings of body sizes ranging from very thin to very obese. We used 
multivariate logistic regression analysis to determine predictors of underestimation of body weight among overweight 
and obese respondents.

Results
Overall, 43.4% of women and 17.3% of men in the study population were overweight or obese. More than half (53%) of 
those who were overweight or obese underestimated their weight; 34.6% of women and 16.9% of men did so. In all 
BMI categories, more than one-third of women and men preferred body sizes classified as overweight or obese.

Conclusion
This study highlights the prevalence of overweight and obesity and the strong preference for larger body size among 
adults in the slums of Nairobi. Interventions to educate residents on the health risks associated with excess body 
weight are necessary as a part of strategies to reduce the prevalence of risk factors for cardiovascular disease in these 
settlements.

Introduction
Cardiovascular disease has become the leading cause of death in sub-Saharan Africa (1). Increasing urbanization and 
associated lifestyle changes may induce risk factors, such as obesity, for cardiovascular disease (2,3). In sub-Saharan 
Africa, the rise in the prevalence of obesity in urban areas has coincided with the growth of an increasingly educated 
and wealthier middle class that engages in less physical activity and consumes greater amounts of calorie-dense foods 
than the poorer segments of the population (3,4). However, the change in lifestyle in urban sub-Saharan Africa also 
profoundly affects the urban poor, and the prevalence of risk factors for cardiovascular disease is high in resource-
deprived city slums (4,5). Although studies show that obesity is increasing among the urban poor (4), data are limited 
on the extent of the problem among city slum populations in different countries in sub-Saharan Africa.

Cultural ideals influence how people assess their body image and body weight (6,7). Studies in sub-Saharan Africa 
suggest that the poor tend to perceive body size and its health implications differently from people in the same cities 
with greater wealth and education (8). In some societies in sub-Saharan Africa, a larger body size is commonly 
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assumed to reflect good health and higher social status and may thus be considered desirable (8,9). In addition to 
examining culturally desired body sizes among the poor in sub-Saharan Africa, it is also relevant to learn how people 
perceive their own body size and weight, because underestimation of body mass index (BMI) is prevalent in low-
income settings (10) and may predict overweight or obesity (11). Although some of the factors that influence perception 
of body image have been studied in developed countries, this topic remains largely unexplored in sub-Saharan Africa. 
Body image perceptions and preferences differ by sex in the United States (12,13), but the effects of age and marital 
status are unclear (14,15). The objective of this study was to determine the prevalence of overweight and obesity and 
examine perceptions of body size differentiated by sex and other determinants among slum dwellers in Nairobi, Kenya.

Methods
Study participants and design
The study was part of a cross-sectional survey designed to assess the linkages between socioeconomic and sociocultural 
factors, perceived personal risk for cardiovascular disease, and health behavior in the Korogocho and Viwandani slums 
of Nairobi. The survey was conducted from May 2008 through April 2009 as part of the Nairobi Urban and Health 
Demographic Surveillance System (NUHDSS), which is run by the African Population and Health Research Center. 
The 2 slums are typical of the informal settlements in Nairobi, although they differ in terms of community and 
population stability. Korogocho is populated by more settled residents, many of whom have lived there for many years. 
Viwandani, on the other hand, has a more a youthful and transient population that is drawn to the location by job 
opportunities in the nearby industrial area. However, the levels of poverty are high in both slums, and incomes are 
lower than those in non-slum areas of the city (16). Characteristics of the 2 slums and details of the NUHDSS and its 
operations are available elsewhere (16).

A total of 5,190 residents of the 2 slums were randomly selected and stratified by sex and age using a sampling frame 
that included all adults aged 18 years or older in the NUHDSS. Overall response rates were 94% in Korogocho and 95% 
in Viwandani. All interviews and measurements were conducted by trained field workers using a structured 
questionnaire translated into Kiswahili. The purpose of the study was explained to each respondent and signed consent 
obtained before the interview was conducted and anthropometric measurements taken. The study protocol was 
approved by the Kenya Medical Research Institute/National Ethical Review Committee (NON-SSC Protocol No.339).

Study variables
The participants were administered a questionnaire that included sections on sociodemographic characteristics. Age of 
respondents was obtained as a continuous variable in years and categorized into age groups. Sex, marital status, and 
educational attainment were reported by each respondent, while socioeconomic status was determined as an index 
based on ownership of household assets and categorized into quintiles (16). The weight of each respondent was 
measured to the nearest 0.1 kg and height to the nearest centimeter using a SECA electronic digital weighing scale and 
a SECA portable stadiometer (Seca GmbH, Hamburg, Germany). The reliability of all measurements between field 
workers was assessed during training and piloting of the questionnaire. BMI was calculated as body weight in 
kilograms divided by the square of the height in meters (17). BMI was categorized according to World Health 
Organization classifications (17): underweight (BMI <18.5), normal (BMI = 18.6–24.9), overweight (BMI = 25.0–
29.9), and obese (BMI ≥30.0). 

Body image was assessed by using methods developed for studies of body image and eating disorders (18). The body 
image rating scale included 18 silhouettes of each sex, ranging from very thin to very obese (Figure 1). This validated 
scale is widely used, and body images correlate strongly with objective measures of body size (19,20). Each figure was 
displayed on cards 16 cm in height, and the randomly numbered cards were displayed to participants in a random 
order. To determine the current body image, participants were asked, “Which image most accurately depicts your 
current body size?” To determine ideal body size, the participant was asked, “Which image most accurately depicts the 
body size you would wish to have?” The 18 images were divided into 4 categories by adapting the image scheme 
described by Madrigal et al (11). 
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Figure 1. Body image rating scale for men and women. Images 1 through 5 represent people who are underweight, 
images 6 through 9 represent people of normal weight, images 10 through 13 represent overweight people, and 
images 14 through18 represent obese people (11). [A text description of this figure is also available.] 

Data analysis
Descriptive analysis of BMI, current body image, and ideal body image by sex was conducted by using proportions. The 
proportion of respondents underestimating their weight in each BMI category was calculated for both sexes. The extent 
of overestimation of, agreement with, or underestimation of actual body size was determined by comparing the BMI 
category with the current body image category. To determine predictors of underestimation of BMI among overweight 
or obese participants, a multivariate logistic regression model was fit using sociodemographic variables that were 
significant (at P < .25) in the univariate logistic analysis. The dependent variable was a binary outcome of whether or 
not the participant underestimated his or her BMI category (underestimation = 1; agreement or overestimation = 0). 
The independent variables in the model were age, sex, marital status, and education. The bivariate relationship 
between BMI and ideal body image was determined. All statistical analyses were done by using Stata version 11 (Stata 
Corp, College Station, Texas).

Results
Of the 5,190 people recruited into the main study, 4,934 people (comprising 2,669 [54%] men and 2,265 [46%] 
women) had the data for the required variables and were included in the analysis. The mean age of the respondents 
was 42 years: 45% of respondents were younger than 40 years, and 55% were aged 40 years or older. The proportion of 
the respondents who had primary education or less was 75%, and approximately 2.5% had postsecondary education. 

Overall, 43.4% of women and 17.3% of men in the study population were overweight or obese (Table 1). Obesity was 
more prevalent among women (15.5%) than among men (2.3%). Approximately half (50.5%) of women rated their 
current body image as normal weight; although 14.2% rated their current body image as underweight, only 5.1% were 
underweight according to BMI. Among men, 52.7% rated their current body image as normal weight; according to 
BMI, 72.9% were normal weight. The proportions of men who perceived themselves to be overweight (20.8%) or obese 
(13.4%) were greater than the proportions who were overweight or obese according to BMI (15.0% and 2.3%, 
respectively). Among women, the distribution of categories for ideal body image was not substantially different from 
the distribution of categories for BMI. For example, 14.8% of women chose an obese image as ideal, and 15.5% of 
women were obese. These distributions, however, were different among men: 20.6% of men chose an obese image as 
ideal, whereas only 2.3% of men were obese according to BMI.
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In all BMI categories, more than one-third of women preferred body images classified as overweight or obese, and the 
proportion of men with a preference for overweight or obese body images was greater than that of women (Figure 2). 
More than half of women and men classified as overweight or obese indicated a preference for overweight or obesity.

Figure 2. Ideal body image, by current body mass index (BMI) and sex. Survey participants were asked to indicate the 
body size they wished to have. [A tabular version of this figure is also available.] 

Among women, 18.2% overestimated their BMI; 33.0% of men overestimated their BMI (Table 2).Underestimation 
was more prevalent among women (34.6%) than among men (16.9%). Obese women accounted for 28.8% of total 
underestimation among women, whereas obese men accounted for only 7.8% of total underestimation among men.

Of 1,444 participants classified as overweight or obese, 776 underestimated their BMI. Of the key sociodemographic 
characteristics of the participants, sex was a significant predictor of underestimation of BMI among normal-weight 
participants, whereas age and sex were significant predictors among overweight or obese participants (Table 3). 
Overweight or obese participants aged 50 years or older were less likely than their younger counterparts to 
underestimate their BMI. Similarly, men were less likely than women to underestimate their BMI in both age 
categories. Marital status and education were not significantly associated with the likelihood of BMI underestimation.

Discussion
Our study was designed to investigate the prevalence of overweight and obesity, the extent of disagreement between 
perceived body image and BMI, and the patterns of preferred body size in 2 slums in Nairobi. The prevalence of 
overweight or obesity among women in these urban slums was similar to the prevalence reported in a national survey 
of urban women in Kenya (4), and the sex pattern shown in our study confirms the patterns reported in other studies 
in Africa (21,22). In the context of poverty and resource deprivation in slums, overweight and obesity are a challenge 
and help to drive the increasing rates of morbidity associated with cardiovascular disease in these urban settlements 
(23–25).

A major issue associated with overweight and obesity is the perception of body size in different cultural settings 
(26,27). Our study used body images or silhouettes to estimate self-reported body size. Differences between objective 
measures of body size (ie, BMI) and individual perception of current body image suggest individual or societal 
definitions of desirable or “normal” body size that are not based on medical facts. Our study found that more than half 
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of the population who were overweight or obese underestimated their weight, suggesting that most of these people do 
not acknowledge their extra weight and the related health risks.

We also determined the ideal body image for each survey participant and how it related to their actual BMI category. 
Regardless of BMI category, substantial proportions of women and men indicated a desire to have a body size that was 
larger than their actual size. More than half of the participants who were overweight or obese chose an ideal body 
image that was either overweight or obese. Families, communities, and society strongly influence perceptions of body 
image, and excess body weight has generally been associated with wealth and health and considered a desirable 
attribute in many parts of sub-Saharan Africa (6,8,22). The implications of excess body weight as a risk factor for 
noncommunicable diseases are not readily apparent to most residents of poor settlements because of low levels of 
education and the lack of emphasis on noncommunicable diseases in traditional health education and counseling at 
the community level in sub-Saharan Africa.

In our focus on overweight and obese participants, we sought to identify sociodemographic characteristics associated 
with underestimation of BMI. More than half (54%) of this subgroup underestimated their BMI, and age and sex were 
the only significant predictors of underestimation. These results are consistent with reports of greater dissatisfaction 
with body image among younger adults and women (28). Although studies have found that education and income are 
associated with the likelihood of obesity in urban sub-Saharan Africa (4), we could not find reports on the 
determinants of underestimation of BMI in this high-risk subgroup.

This study has several limitations. One is the use of a discrete number of silhouettes to assess body image. By using this 
method, body size is considered a continuous variable measured from a finite number of images (29). The amount of 
information lost by using this method can be reduced by increasing the precision of the instrument. In our study, we 
attempted to reduce the coarseness of the scale by using an 18-silhouette scale developed and validated in a previous 
study (30). Other limitations of the study include the challenge of establishing the influence of cultural preferences and 
beliefs on body image in slum settlements comprising diverse ethnic groups and the extent to which these 2 slums are 
representative of other slums in Nairobi. A strength of the study is the participation of a large number of residents of 
an informal urban settlement in Kenya. Although a large proportion of the urban population in sub-Saharan Africa 
lives in slums, data are limited on the increasingly relevant topic of obesity and weight-related perceptions among this 
growing group.

Our study has important implications for the effort to reduce the prevalence of risk factors for cardiovascular disease in 
poor urban settings in Kenya and the rest of sub-Saharan Africa. As the epidemiological transition continues among 
low- and middle-income countries, the prevalence of obesity also increases, even among low-income groups. The high 
levels of overweight and obesity reported in our study — despite the high levels of poverty found in the slums we 
studied — suggest that effective dietary and lifestyle interventions are needed to address this issue in slums. Innovative 
strategies to ensure better appreciation and understanding of the health consequences of overweight and obesity by 
slum residents are required if efforts to reverse the greater preference for larger body size are to be successful.
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Tables

Table 1. Distribution by Weight Category According to Body Mass Index, 
Current Body Image, and Ideal Body Image in Women and Men, Nairobi, 
Kenya, 2008–2009

Category

Women (n = 2,265) Men (n = 2,669)

Body Mass 
Index

Current Body 
Image

Ideal Body 
Image

Body Mass 
Index

Current Body 
Image

Ideal Body 
Image

Underweight 115 (5.1) 321 (14.2) 160 (7.1) 262 (9.8) 352 (13.2) 162 (6.1)

Normal 
weight

1,167 (51.5) 1,143 (50.5) 1,209 (53.4) 1,946 (72.9) 1,406 (52.7) 1,104 (41.3)

Overweight 631 (27.9) 503 (22.2) 562 (24.8) 401 (15.0) 554 (20.8) 854 (32.0)

Obese 352 (15.5) 298 (13.2) 334 (14.8) 60 (2.3) 357 (13.4) 549 (20.6)

All values are no. (%). All percentages are based on column totals. Percentages may not add up to 100 because of 
rounding.

Table 2. Proportion of Women and Men and Their Overestimation of, 
Agreement With, or Underestimation of Body Mass Index, by Weight 
Category, Nairobi, Kenya, 2008–2009

Category

Overestimation Agreement Underestimation

Women Men Women Men Women Men

Underweight 60 (14.6) 195 (22.1) 55 (5.1) 67 (5.0) — —

Normal 257 (62.4) 588 (66.7) 705 (65.9) 1,105 (82.6) 205 (26.1) 253 (56.2)

Overweight 95 (23.1) 98 (11.1) 183 (17.1) 141 (10.5) 353 (45.0) 162 (36.0)

Obese — — 126 (11.8) 25 (1.9) 226 (28.8) 35 (7.8)

Total 412 (18.2) 881 (33.0) 1,069 (47.2) 1,338 (50.1) 784 (34.6) 450 (16.9)

All values are no. (%). Percentages in the table may not add up to 100 because of rounding.
Percentages for only this row are based on total counts for each sex.

a

a

a

b

a
b
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Table 3. Sociodemographic Predictors of Body Mass Index Underestimation 
Among Normal-Weight and Overweight or Obese Survey Respondents, 
Nairobi, Kenya, 2008–2009

Characteristic

Normal Weight Overweight or Obese

No. of 
Respondents

% Who Under
-estimated 

BMI
OR (95% 

CI)
No. of 

Respondents

% Who Under
-estimated 

BMI
OR (95% 

CI)

Age, y

18–29 819 15.5 1 
[Reference]

202 64.9 1 
[Reference]

30–39 705 15.9 1.09 (0.80–
1.49)

318 60.4 0.90 (0.61–
1.33)

40–49 676 13.0 0.87 (0.62–
1.23)

398 56.8 0.80 (0.55–
1.18)

50–59 551 13.8 0.84 (0.57–
1.24)

309 47.9 0.53 (0.35–
0.80)

≥60 362 15.2 1.10 (0.68–
1.77)

217 36.4 0.38 (0.23–
0.63)

Sex

Female 1,167 17.6 1 
[Reference]

983 58.9 1 
[Reference]

Male 1,946 13.0 0.71 (0.56–
0.89)

461 42.7 0.50 (0.38–
0.65)

Marital status

Married/cohabiting 2,203 13.5 1 
[Reference]

984 53.5 1 
[Reference]

Never married 488 17.8 1.24 (0.90–
1.71)

142 62.7 1.17 (0.78–
1.78)

Ever married 422 17.2 1.21 (0.85–
1.72)

318 50.6 0.85 (0.61–
1.18)

Education

Less than primary 681 17.3 1 
[Reference]

393 55.7 1 
[Reference]

Primary 1,373 14.3 0.77 (0.59–
1.01)

554 56.7 0.89 (0.67–
1.17)

Secondary 619 12.9 0.74 (0.52–
1.03)

274 54.0 0.78 (0.55–
1.10)

College/university 72 15.3 0.88 (0.44–
1.76)

29 58.6 0.97 (0.43–
2.17)

SES quintiles

Lowest (poorest) 678 14.9 — 248 50.0 —

Second 484 15.9 — 188 51.6 —

Middle 551 14.7 — 174 56.9 —

Fourth 673 16.3 — 333 52.5 —

Highest (least 
poor)

635 12.0 — 464 56.6 —

Abbreviations: BMI, body mass index; OR, odds ratio; CI, confidence interval; SES, socioeconomic status.
P < .001 from multivariate logistic regression.

a

a

a a

b

a
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Background: About 80% of deaths from non-communicable diseases (NCDs) occur in developing countries

such as Kenya. However, not much is known about the burden of NCDs in slums, which account for about

60% of the residences of the urban population in Kenya. This study examines trends in NCD mortality from

two slum settings in Nairobi.

Design: We use verbal autopsy data on 1954 deaths among adults aged 35 years and older who were registered

in the Nairobi Urban Health and Demographic Surveillance System between 2003 and 2011. InterVA-4,

a computer-based program, was used to assign causes of death for each case. Results are presented as

annualized cause-specific mortality rates (CSMRs) and cause-specific mortality fractions (CSMFs) by sex.

Results: The CSMRs for NCDs did not appear to change significantly over time for both males and females.

Among males, cardiovascular diseases (CVDs) and neoplasms were the leading NCDs � contributing CSMFs

of 8 and 5%, respectively, on average over time. Among females, CVDs contributed a CSMF of 14% on

average over time, while neoplasms contributed 8%. Communicable diseases and related conditions remained

the leading causes of death, contributing a CSMF of over 50% on average in males and females over time.

Conclusions: Our findings are consistent with the Global Burden of Disease 2010 study which shows that

communicable diseases remain the dominant cause of death in Africa, although NCDs were still significant

contributors to mortality. We recommend an integrated approach towards disease prevention that focuses on

health systems strengthening in resource-limited settings such as slums.
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N
on-communicable diseases (NCDs) are tradi-

tionally considered to be diseases of affluent

societies. However, global projections show that

the largest increase in deaths from NCDs will occur in

low-resource settings where, already, 80% of global NCD

deaths occur (1, 2). Specifically, the evidence indicates that

four major NCDs � cardiovascular disease (CVD), cancer,

diabetes, and chronic respiratory disease � together make

the largest contribution to the burden of NCDs globally

and in low- and middle-income countries (LMICs) (2).

These trends have been strongly linked with high rates

of urbanization and changes in individual and societal

lifestyle in LMICs, such as an increase in tobacco use,

excessive alcohol consumption, reduced physical activity,

and adoption of ‘Western’ diets that are high in salt,

refined sugar, and unhealthy fats and oils (3). Population

ageing is also believed to be associated with increased risk

of NCDs in LMICs (4).

The rising burden of NCDs is of particular con-

cern among poor communities partly because of lack of
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awareness and limited access to quality health care.

The poor are often affected disproportionately by NCDs

due to having only limited access to preventive and

curative services, and having to spend a higher proportion

of their income on health care costs for these lifelong

conditions. This has the potential to further widen health

inequalities within and between countries (5). The urban

poor, resident in vast slums across many LMIC cities

(6), are most vulnerable to NCDs. This is because of high

exposure to risk factors like poor diets, excessive alcohol

consumption, tobacco use, stress and environmental pol-

lution, and limited access to screening, preventive, and

curative services for NCDs (7�10). Specifically, there is

some evidence that the levels of risk factors for common

NCDs like smoking and reduced physical activity are

relatively higher in the slums in LMICs compared to

the rural areas (10). Considering that the majority of

urban populations in LMICs reside in slums or slum-

like conditions (6, 11, 12), the potential impact of an

NCD epidemic on these populations cannot be ignored.

Unfortunately, the public health systems in most LMICs

are not prepared to deal with the rising burden of NCDs,

even though cost-effective interventions for NCD preven-

tion and control are described (13�15). In order to ensure

that NCDs receive attention in the allocation of limited

resources for health care provision in most LMICs, it is

important to have robust evidence on the burden of NCDs

in such settings.

One way to quantify the burden of the NCDs is through

population-level data on mortality attributable to NCDs.

Unfortunately, most of what is known about NCDs

in LMICs is based on statistical estimates since most of

these countries lack the complete vital registration�type

data needed to generate actual population-level figures

such as national NCD mortality estimates (16�18).

Statistical estimates of mortality such as those based

largely on hospital records may be inaccurate as they

will fail to capture deaths outside a health facility � which

account for up to 60% of deaths in a country like Kenya

(19). In the absence of vital registration systems and

data on causes of death, Health and Demographic

Surveillance Systems (HDSS) provide a useful platform

for contributing to the understanding of the population-

level mortality. Typically, HDSS monitor and track demo-

graphic and health indicators in a population within a

defined geographic area (20). HDSS also typically gen-

erate cause-of-death data using a process known as verbal

autopsy (VA) � in which retrospective interviews are

conducted with primary caregivers of deceased persons

to determine the circumstances surrounding deaths (21).

These interviews can be analysed to determine the most

likely causes of death in the population under surveillance

to inform health planning (22).

This article is based on cause-of-death data generated

from VA in two slums covered by the Nairobi Urban

Health andDemographic Surveillance System (NUHDSS)

in Kenya. Specifically, we examine trends in NCD mortal-

ity in the NUHDSS from 2003 to 2011 � the earliest and

latest years, respectively, for which VA data are complete.

Methods

Study area and population

We used VA data from deaths that occurred among adults

aged 35 years and older in the NUHDSS between 2003

and 2011. Details about the operation of the NUHDSS

have been described elsewhere (23). In brief, the NUHDSS

covers the two slums of Viwandani and Korogocho, both

located less than 10 km from Nairobi, the capital of

Kenya. In total, the population under surveillance in both

slums is about 72,000 people, living in close to 28,500

households. We focus on deaths in adults aged 35 years

and older due to the fact that the largest proportion of

deaths due toNCDs is typically expected in this age group,

and based on our analysis (results not shown) of younger

age groups which showed very few NCD deaths. More-

over, slum populations like ours tend to have fewer older

people compared to the INDEPTH 2013 standard (24).

The data used in this analysis can be accessed via the

INDEPTH Network Data Repository (25).

Cause-of-death data in the NUHDSS

Cause-of-death data using VA are generated in the

NUHDSS for the two slum areas under surveillance,

and full details of this process have also been published

elsewhere (26, 27). In brief, trained interviewers visit

a household, on average within 3 months after a death

has occurred, to conduct a VA interview with a credible

respondent � usually a spouse or other close family

member who would be aware of the circumstances sur-

rounding the death. The interview is conducted using a

semi-structured questionnaire that mostly inquires about

probable symptoms and signs that the deceased may have

portrayed before death.

Interpretation of VA data � the InterVA model

In order to generate causes of death, the data from

completed VA questionnaires are entered into InterVA-4

� a computer program that applies probabilistic model-

ling to arrive at possible causes of death. We use InterVA

because it is a freely accessible (open source) and widely

validated program for cause-of-death interpretation. Full

details of the InterVA model, including its use in in-

terpreting cause-of-death data from HDSS across the

developing world, have also been described in pre-

vious publications (28�38). Briefly, the data in the

completed VA questionnaires were captured electroni-

cally into an SQL database, converted into a comma-

separated value (.csv) file, and imported into STATA 12

(StataCorp. 2011. Stata Statistical Software: Release 12.
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College Station, TX: StataCorp LP). Using a STATA

script, the data in the .csv file were converted into the

input indicators required by the InterVA probabilistic

model. The resultant input indicator file, also in .csv

format, was run in InterVA-4’s batch mode which in turn

generates likely causes of death. A maximum of three

likely causes of death per case with a likelihood value

between 0 and 1 was produced by InterVA-4 for each

cause. If the likelihood cause-of-death values for a

particular death did not sum to 1, the difference between

the sum of the likelihood values for probable causes of

death and 1 were allocated to the ‘indeterminate’ cause.

As recommended in the InterVA-4 user guide (39), all

identified causes were considered proportionate to their

likelihood values in the mortality rate calculations In

other words, to get the total number of deaths due to each

cause, we sum the three likelihood values generated

by InterVA and then divide this by the person years

(PYs) (see below) to arrive at the cause-specific mortality

rate (CSMR). The output from InterVA-4 was then

imported into STATA for analysis.

Statistical approach

All analysis was performed using STATA 13 (StataCorp.

2013. Stata Statistical Software: Release 13. College

Station, TX: StataCorp LP). Deaths and observed PYs

were aggregated annually for all individuals in the study

population for the period from 1 January 2003 to 31

December 2011. Individuals contributed PYs as long

as they were living in the NUHDSS area. Residents

stopped contributing time if they out-migrated and

resumed contributing if they re-entered the NUHDSS

area. We classified cause of death by three main groups:

Group I � communicable, maternal, perinatal, and nutri-

tional conditions; Group II � NCDs; and Group III �

injuries, according to the Global Burden of Disease

classification (40). NCD-related deaths are further sub-

categorized into two major groups � neoplasms and

CVDs. Due to few numbers, all other NCDs are classified

as ‘Other NCD’. Those cases for which no cause of death

could be determined by InterVA-4 were classified as

‘Indeterminate’. Annual mortality rates, expressed as

deaths per 10,000 PYs, were then calculated for each of

the above cause-of-death categories by gender and age

group. Results are presented as annualized group- and/or

CSMRs and cause-specific mortality fractions (CSMFs)

by sex and age group. We then apply the Mann�Kendall

statistical test (41, 42) to the annualized group-specific

mortality data. This test is a non-parametric test for

identifying trends in time series data. One benefit of this

test is that the data need not conform to any particular

distribution. That is, no assumption of normality is

required. Typically, the test is used to determine whether

the central or median value of the random response

variable of interest changes over time. We report the

results of the Mann�Kendall statistic, S, for each annual-

ized group-specific mortality trend line. Let x1, x2, . . . xn
represent n data points where xj represents the data point

at time j. Then, the basic specification for S is given by:

S ¼

X

n�1

k¼1

X

n

j¼kþ1

sign ðxj � xkÞ

where sign xj � xk
� �

¼ 1 if xj � xk
� �

> 0

¼ 0 if xj � xk
� �

¼ 0

¼ �1 if xj � xk
� �

B0

The variance of S is calculated and used to compute a

normalized test statistic, ZS. Finally, the probability of ZS

is computed at a 95% significance level. The trend is said

to be decreasing if ZS is negative and the computed

probability is greater than the level of significance. The

trend is said to be increasing if the ZS is positive and

the computed probability is greater than the level of

significance. If the computed probability is less than the

level of significance, there is no trend.

Ethical considerations

We utilized data that are routinely collected by the

NUHDSS. In order to operate the NUHDSS, APHRC

applied for and received approval from the Kenya Medi-

cal Research Institution’s Ethics Review Committee

(KEMRI/ERC).

Results
Between 1 January 2003 and 31 December 2011, there

were 1954 deaths among the 132,973 PYs observed

in adults aged 35 years and older in the NUHDSS.

Of these deaths, 1,217 (62%) occurred in men and 737

(38%) occurred in females. Table 1 shows the age�gender

distribution of deaths by year. Figure 1 shows trends in the

CSMRs per 10,000 PYs by major cause-of-death group

among males and females, respectively. Among males,

Table 1. Age�gender distribution of deaths by year among

adults aged 35 years and older, 2003�2011

Males (N�1,217) Females (N�737)

B50 years 50� years B50 years 50� years

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

2003 80 (67) 39 (33) 75 (68) 35 (32)

2004 86 (64) 49 (36) 48 (66) 25 (34)

2005 69 (59) 47 (41) 31 (44) 40 (56)

2006 65 (53) 57 (47) 43 (65) 23 (35)

2007 81 (57) 61 (43) 30 (43) 40 (57)

2008 82 (65) 45 (35) 51 (73) 19 (27)

2009 63 (62) 39 (38) 33 (55) 28 (46)

2010 111 (63) 66 (37) 55 (52) 51 (48)

2011 118 (67) 59 (33) 70 (64) 40 (36)
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NCDs (group II) show the second highest levels of CSMRs

(after group I � communicable, maternal, perinatal, and

nutritional conditions) over the entire study period. How-

ever, the trend in CSMRs for NCDs over the study period

does not show any significant upward or downward tra-

jectory, with values fluctuating between 4.5 and 23 deaths

per 10,000 PYs at various non-regular intervals over the

study period. This is confirmed by a non-significant

normalized Mann�Kendall statistic (ZS�0.73). Overall,

group I showed the highest overall CSMR, whereas group

III (comprising injuries) showed the lowest levels of

CSMR over time � with the former showing a significant

downward trend (ZS��2.19) and the latter showing a

significant upward trend (ZS�1.98) over time.

Fig. 1. Trends in cause-specific mortality rates among adults aged 35 years and older by major cause-of-death groups by year

per 10,000 person years, 2003�2011: (a) males; and (b) females.

Group I � Communicable, maternal, perinatal, and nutritional conditions; Group II � non-communicable diseases; and Group

III � injuries.
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Similarly, among females, CSMRs for NCDs did not

show any significant trends. For example, at the start of

2003, there were about 17 NCD deaths per 10,000 PYs.

The CSMR for NCDs then peaks at 56 deaths per 10,000

PY in 2005, drops to 26.5 deaths per 10,000 PYs in 2009,

and finally rises to 37 deaths per 10,000 PYs in 2011. The

CSMR for group I did, however, show a general down-

ward trend from 124 deaths per 10,000 PYs in 2003 to

51 deaths per 10,000 PYs in 2011. Unlike males, however,

injuries had the lowest CSMRs over the study period but

did not show any clear pattern in trends � varying from

4.5 deaths per 10,000 PYs in 2003, down to 2.3 per 10,000

PYs in 2005, and peaking at 14 per 10,000 PYs in 2011.

The normalized Mann�Kendall statistics for group I, II,

and III causes did not indicate any significant trends

(ZS�1.77, 0.52, and 0.73, respectively).

Table 2 shows theCSMFs for the broad groups ofNCDs

� neoplasms, CVDs, and other NCDs (see also Figure 2).

Again, no clear patterns can be observed over time in

CSMFs contributed by neoplasms, CVDs, or other NCDs

among either males or females. What is clear is that, over

time, group I conditions are consistently the most domi-

nant contributor (54% on average) to mortality in both

males and females. Among males, however, injuries are

the next largest contributor � 12% on average over time.

CVDs, neoplasms, and other NCDs contribute 8, 5, and

6%, respectively, of the CSMFs on average over time.

Among females, CVDs are the second highest contributor

to CSMF, accounting for 14% of mortality on average

over time. This is followed by neoplasms (8%), otherNCDs

(5%), and injuries (4%).

Discussion
We set out to demonstrate trends in NCD deaths among

adults aged 35 years and older between 2003 and 2011 in

the NUHDSS. The NUHDSS covers two urban slum

settlements in Nairobi. As far as we know, no similar

study exists that focuses on trends in the burden of NCDs

in slums in Kenya or other parts of sub-Saharan Africa.

Previous mortality studies in the slums of Kenya have

looked at the burden of disease in general rather than in

trends, or have focused on injuries (26, 43).

We did not find any clear trends in NCDmortality over

time. However, we observed that, comparatively, trends in

NCD mortality among males and females had remained

stable over time. Group I conditions showed a declining

trend, particularly among women. The declining trends

in communicable disease, which constitute the bulk of

Group I causes, mortality among adults are largely driven

by reductions in AIDS and tuberculosis mortality over

time (44). This most likely reflects the huge investments in

HIV prevention, treatment, and control programs in

Kenya and other developing countries over the past

decade or so (45). Injuries did not show any sig-

nificant changes over time, although males appeared to

have a higher burden than females. This may be explained

by the known fact that males tend to engage in high-risk

behaviour such as violent crime, particularly in the slum

context (26, 43).

Global projections show that NCD mortality will

continue to increase in developing countries while com-

municable diseases will decrease. Concerns about these

projections have led to unified global calls to action to

Table 2. Cause-specific mortality fractions among adult males and females aged 35 years and older, 2003�2011

Year of death

2003 2004 2005 2006 2007 2008 2009 2010 2011

Males

Communicable, maternal, or neonatal 63.5 56.1 61.4 64.4 48.0 51.2 53.3 49.2 46.8

Neoplasms 0.0 2.4 11.0 6.3 6.7 5.7 4.9 8.4 1.8

Other NCDs 3.4 4.3 6.5 7.0 9.3 4.1 8.4 7.4 5.0

CVDs 1.7 5.9 8.3 6.1 7.4 11.0 9.4 8.8 9.8

Injuries 8.4 9.9 5.2 7.3 11.6 16.9 11.7 11.4 22.7

Indeterminate 23.0 21.5 7.6 8.9 17.1 11.1 12.3 14.8 13.8

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Females

Communicable, maternal, or neonatal 69.7 68.1 47.2 59.8 48.9 65.6 56.2 47.9 45.8

Neoplasms 0.8 2.0 14.5 6.3 16.3 10.0 5.0 11.9 8.4

Other NCDs 5.5 3.5 3.9 8.1 3.7 5.3 6.3 5.3 6.6

CVDs 3.1 0.0 28.3 16.9 19.0 10.6 23.4 10.2 18.5

Injuries 2.5 4.2 1.9 2.7 5.0 3.9 4.7 12.6

Indeterminate 18.4 22.2 4.2 6.2 7.1 4.6 9.1 20.0 8.2

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

NCD�non-communicable diseases; CVD�cardiovascular diseases.
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combat NCDs, including the UN Summit on NCDs that

was held in New York in September 2011 and the World

Health Assembly Resolution on preventing and control-

ling NCDs in May 2012. However, rather than institute

vertical programs to tackle the burden of NCDs, there

have been calls for an integrated approach that aims at

strengthening health systems in developing countries

(13, 46). We believe that these calls are logical and relevant

in our setting, where resources are scarce and need to be

maximized. Moreover, we have evidence that certain risk

factors for NCDs are on the rise in slum settings in Africa

(7, 10). Therefore, the time to act is now.

Our study has a number of limitations. We could not

explore age differentials due to the overall small numbers

of NCD deaths. Also, again due to small numbers of

NCD deaths, we could not meaningfully further disag-

gregate NCD deaths into more specific mortality causes

beyond the three broad groups of neoplasms, CVDs, and

other NCDs. Finally, the proportion of indeterminate

causes contributed to between 4 and 23% of the CSMFs

over time. Specifically, the years 2003 and 2004 yielded the

highest proportion of indeterminate causes. It is difficult

to explain this as InterVA-4 was applied uniformly to the

data set across all years, and the similar data collection

tools were used over the study period. However, this may

be suggestive of data inconsistencies in the affected years.

Conclusions
In conclusion, our findings are consistent with the recent

Global Burden of Disease 2013 study which shows that

Group I conditions remain the dominant cause of death

in Africa, although NCDs and injuries still played a sig-

nificant role over time (47). We recommend an integrated

approach towards disease prevention that focuses on

health systems strengthening in resource-limited settings

such as ours.

Fig. 2. Trends in cause-specific mortality fractions among adults aged 35 years and older by year, 2003�2011: (a) males; and

(b) females.
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Abstract

Background: The burden of cardiovascular disease is rising in sub-Saharan Africa with hypertension being the main
risk factor. However, context-specific evidence on effective interventions for primary prevention of cardiovascular
diseases in resource-poor settings is limited. This study aims to evaluate the feasibility and cost-effectiveness of one
such intervention—the “Sustainable model for cardiovascular health by adjusting lifestyle and treatment with
economic perspective in settings of urban poverty”.

Methods/Design: Design: A prospective quasi-experimental community-based intervention study.
Setting: Two slum settlements (Korogocho and Viwandani) in Nairobi, Kenya.
Study population: Adults aged 35 years and above in the two communities.
Intervention: The intervention community (Korogocho) will be exposed to an intervention package for primary
prevention of cardiovascular disease that comprises awareness campaigns, household screening for cardiovascular
diseases risk factors, and referral and treatment of people with high cardiovascular diseases risk at a primary health
clinic. The control community (Viwandani) will continue accessing the usual standard of care for primary prevention
of cardiovascular diseases in Kenya.
Data: Demographic and socioeconomic data; anthropometric and clinical measurements including blood pressure.
Population-based data will be collected at the baseline and endline—12 months after implementing the intervention.
These data will be collected from a random sample of 1,610 adults aged 35 years and above in the intervention and
control sites at both baseline and endline. Additionally, operational (including cost) and clinic-based data will be
collected on an ongoing basis.
Main outcomes: (1) A positive difference in the change in the proportion of the intervention versus control study
populations that are at moderate or high risk of cardiovascular disease; (2) a difference in the change in mean systolic
(Continued on next page)
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blood pressure in the intervention versus control study populations; (3) the net cost of the complete intervention
package per disability-adjusted life year gained.
Analysis: Primary outcomes comparing pre- and post-, and operational data will be analyzed descriptively and “impact”
of the intervention will be calculated using double-difference methods. We will also conduct a cost-effectiveness
analysis of the intervention using World Health Organization guidelines.

Discussion: The outcomes of the study will be disseminated to local policy makers and health planners.

Trial registration: Current controlled trials ISRCTN84424579

Keywords: Prevention, Cardiovascular risk factors, Cost-effectiveness, Slums, Sub-Saharan Africa

Background
The burden of cardiovascular diseases (CVD) is rising in

sub-Saharan Africa (SSA) where up to 12.5% of deaths

are attributable to CVD (SSA) [1,2]. Hypertension is the

leading risk factor for CVD worldwide, and it is be-

coming even more pronounced in SSA [3]. For ex-

ample, the average blood pressure of people in Kenya

has risen from approximately 125 mmHg in 1990 to

around 130 mmHg in 2010 [4]. This is in contrast to

countries in North America and Western Europe where

the weighted average blood pressure has decreased by

approximately 3 mmHg in the same period [5]. This

is partly because countries in SSA are mostly in an

earlier phase of the epidemiological transition [6,7] in

which relatively low levels of behavioral CVD risk fac-

tors are increasing rapidly compared to their counterparts

elsewhere in the world [8,9]. On the other hand, countries

in SSA also score relatively poorly in terms of availability

of and access to medication for treating CVD and their

risk factors [10].

Moreover, the health and economic impact of CVD

in SSA and other low-resource settings is dispropor-

tionately higher than elsewhere [11]. Not only do people

in SSA who suffer from CVD have a higher chance of

disability or death, they are also more likely to have

developed CVD earlier in life—during their most eco-

nomically productive years [12,13]. At the same time,

most countries in SSA are still struggling with a high bur-

den of infectious diseases such as malaria and HIV/AIDS.

The so-called risk of a “double burden of disease” due

to infectious and non-communicable diseases poses a

serious threat to the weak health systems in such

resource-poor settings [14]. Hence, there is an urgent

need to implement and evaluate cost-effective inter-

ventions for primary prevention of CVD in such set-

tings. Generally, primary prevention of CVD could

involve lifestyle interventions targeting the common

behavioral risk factors for CVD—tobacco use, alcohol

misuse, unhealthy diet and lack of adequate physical

activity [15]. Other primary prevention strategies tar-

get the physiological risk factors for CVD including

drug therapy for the treatment and control of high

blood pressure, glucose and cholesterol [15]. While

there is strong evidence of the benefits of lifestyle

modification efforts in individuals at ‘high risk’, the

evidence of such interventions when implemented at

a population level (including those at ‘low risk’) is

less convincing [16].

Modeling studies have estimated that scaling up the

coverage of appropriate drug therapy will be very cost-

effective in reducing the burden of CVD in low-resource

settings [17]. Specifically, it appears that improving avail-

ability of appropriate medication for people with hyper-

tension may play a crucial role in slowing down the

rising trends of CVD mortality in SSA [18]. However, in

order to be successful, the scaling up of antihypertensive

medication and indeed other cost-effective interventions

for primary prevention of CVD needs to overcome cer-

tain barriers at both the population and individual levels.

First, the level of awareness about hypertension and

other CVD risk factors is low, and in most countries in

SSA screening opportunities at the population level are

limited [7,19,20]. At the individual level, access to quality

treatment and follow-up care for hypertension and CVD

in general remains poor [21,22]. Primary health care

facilities in SSA often lack essential medicines and tech-

nologies for diagnoses and treatment of hypertension

and other CVD risk factors [23]. In addition, standard

treatment guidelines or protocols for CVD are usually

lacking and/or not implemented [24].

Therefore, health systems in most countries in SSA

might not be prepared to deal with a hypertension or

CVD epidemic even though cost-effective interventions

are available. This is more so among the urban poor

who are resident in vast slums across the sub-continent.

There is a paucity of information on CVD and its risk

factors in slums in SSA. Yet, more than 60 percent of

urban populations in the sub-continent reside in slums

or informal settlements [25]. For instance, in Nairobi

(Kenya), up to 70 percent of the urban population re-

sides in vast slums across the city [26]. These slums are

typically underserved by social amenities including ac-

cess to quality health care. Some evidence suggests that

such populations fare worse than their non-slum and
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even rural counterparts on most health measures includ-

ing high prevalence of CVD and low levels of awareness,

treatment and control of hypertension [27].

The “Sustainable model for Cardio-vascular health

by Adjusting Lifestyle and treatment with Economic

perspective in settings of Urban Poverty” (acronym:

SCALE UP) study is designed to implement a com-

prehensive intervention package of primary prevention

strategies for CVD risk reduction in a slum setting in

Nairobi, Kenya, and to evaluate its feasibility and cost-

effectiveness. Specifically, the intervention package inte-

grates approaches that aim to raise awareness and

improve detection of hypertension at the population

level. Additionally, the intervention aims to provide access

to standardized quality treatment and follow-up for hyper-

tensive patients with the overall objective of reducing their

CVD risk profile in such a low-resource setting.

Methods/Design
Design

SCALE UP is a community-based intervention aimed at

reducing cardiovascular risk in people free from cardio-

vascular disease. It is designed to allow for a before-after

comparison of cardiovascular risk between a control and

an intervention setting.

Setting

Since 2002, the African Population and Health Research

Center (APHRC) has been operating the Nairobi Urban

Health Demographic Surveillance System (NUHDSS).

Details about the NUHDSS have been provided else-

where [28]. In brief, the Demographic Surveillance Area

(DSA) covers two socio-demographically similar slums

(Korogocho and Viwandani), each located about 5 to

10 km from Nairobi (Kenya). There are approximately

72,000 individuals resident in 25,000 households almost

equally distributed in both slums. High levels of poverty,

unemployment and lack of social amenities, including lim-

ited access to quality primary health care, characterize

both slums. Specifically, there are only two public primary

health facilities located on the outskirts of either slum.

However, there are numerous private health providers in

the slums, the majority of which are unlicensed and un-

regulated. Most of the private facilities operate largely for

profit and rarely provide professional quality care. How-

ever, slum residents seem to prefer these services to the

public ones for a number of reasons, including easier ac-

cess, more approachable staff and flexible working hours

(APHRC unpublished observations).

Intervention community

Korogocho slum, which has eight villages, each with

between 3,000–5,000 residents, will be the interven-

tion site. This slum has one centrally located private

health facility with a reliable track record of providing

primary health services. This facility is known as Provide

International Clinic. It is well known in the slum and,

although most patients still make out-of-pocket pay-

ments for services received, the clinic offers non-

profit services at highly subsidized (through donor

funding) costs to residents. There are no physicians

or medical officers present at this clinic. Nurses and

clinical officers (health personnel with a diploma in

clinical medicine) provide consultations. However, the

facility does not typically provide primary preventive

services for CVD such as screening and treatment of

hypertension. The location of this clinic and the ab-

sence of primary preventive services for CVD guided

our choice of intervention site.

Control community

Viwandani slum will be the control site. There are seven

villages in Viwandani with approximately 2,000–4,000

residents each. Unlike Korogocho, Viwandani does not

have a centrally located health facility. The main health

facility serving Viwandani is located on the outskirts of

the slum. This facility is publicly owned and represents

the usual standard of care for CVD that is available to

underserved slum communities in Nairobi, thus making

Viwandani the appropriate ‘control’ site in comparison

with Korogocho. The clinic in Viwandani operates a

weekly CVD clinic where approximately 30 patients

with uncomplicated hypertension and/or diabetes from

Viwandani slums are seen on each clinic day. Like the

facility in Korogocho, the Viwandani clinic is also run by

nurses and clinical officers.

Study population

Inclusion criteria

Adults aged 35 years and above living in the slums of

Korogocho and Viwandani who give informed consent

to participate in the study. The main reason for this age

cutoff is because the group above 35 years represents

21% of the total population and accounts for 71% of all

known hypertensive cases, according to a CVD risk

factor survey conducted in the DSA in 2008 (APHRC

unpublished data). Also, due to financial constraints,

the study could not be extended to an unrestricted

age group. Persons with diagnosed hypertension and/

or on antihypertensive therapy will be included in the

study.

Exclusion criteria

The following will be excluded from the study: pregnant

women, persons with self-reported pre-existing CVD

(myocardial infarction, stroke, heart failure and angina)

and all those unable to provide informed consent such

as the mentally incapacitated.
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The intervention package

APHRC and the Amsterdam Institute for Global Health

and Development (AIGHD) have developed an interven-

tion package for primary prevention of CVD in urban

slums based on findings from earlier studies by APHRC

on CVD risk factors in this specific setting [29], litera-

ture review [30] and input from various experts and

local stakeholders. The intervention package is com-

posed of four components, which will be described below

(see Figure 1).

(1) Raising awareness and (2) improving access to

screening

The first two components of the intervention package

include door-to-door household visits by community

health workers (CHWs) to raise awareness about CVD

risk and to conduct screening of each eligible adult aged

35 years and above in the intervention slum in order to

determine their individual CVD risk profile. CHWs are

typically community-based volunteers who have an

interest in community health. They are usually well

known by the community and most have received some

form of basic training in community health activities

such as peer health education for HIV/AIDS prevention.

The SCALE UP study will recruit CHWs to represent

each of the eight villages in the intervention slum. These

CHWs will then be trained and equipped to perform the

door-to-door visits and screening exercise in their

respective villages in the intervention slum.

Two weeks prior to the commencement of the screen-

ing exercise, there will be public awareness campaigns

organized by the CHWs in each village of the interven-

tion slum. This awareness campaigns will take place at

community gatherings (known locally as barazaas). At

these barazaas, CHWs together with village leaders will

inform the audience about the burden of CVD in the

community and the need to participate in the door-

to-door screening. Additionally, CHWs will visit religious

gatherings, usually held at local churches and mosques,

to provide the same information. Such gatherings are

usually well attended by respected members of the com-

munity who will then pass the information on to others.

Finally, radio jingles announcing the door-to-door

screening will be aired daily on the local radio station

(Korogocho FM) over a 2-week period from the start of

the intervention.

The SCALE UP study investigators will train the

CHWs to assess the study participants’ level of engage-

ment in risky lifestyle behavior including tobacco use,

alcohol misuse, physical activity levels and dietary

habits. CHWs will also be trained in performing basic

anthropometric and clinical measurements including

height, weight, waist and hip circumference, blood pres-

sure and blood glucose. They will be provided with the

appropriate equipment for the clinical measurements

(see Table 1). Also, each CHW will be trained to pro-

vide brief counselling assistance (BCA) of healthy life-

style modification using the six As approach –Ask,

Advice, Assist, Arrange, Agree and Affirm [31]. Trad-

itional BCA does not include the sixth A (Affirm) as

a separate entity. However, the SCALE UP team has in-

cluded this component to emphasize the need for CHWs

to encourage study participants to continue with any

healthy lifestyle behavior in which they reported being

currently engaged. All eligible and consenting study par-

ticipants will receive BCA during the door-to-door visit. If

the eligible adult(s) are not at home, the CHWs will try to

visit another time, with a maximum of two attempts.

Figure 1 Overview of interventions in the SCALE UP intervention package. 1CHW: Community health worker.
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(3) Facilitating access to quality treatment

The third component of the intervention package in-

cludes facilitating access to quality treatment for hyper-

tension. During the door-to-door screening all persons

with elevated blood pressure (≥140 mmHg systolic and/

or ≥90 mmHg diastolic) will be referred to the interven-

tion clinic—Provide International Clinic—by the CHWs.

A project supervisor will independently visit each person

referred by a CHW to perform a confirmatory blood

pressure check before that person proceeds to the inter-

vention clinic. Those people below 35 years who are in-

terested in knowing about their blood pressure and/or

CVD risk will be referred to a central screening point in

the slum. The results of this additional screening will

not be considered as part of this study.

Based on previous experience in the slums, the SCALE

UP team included two incentives in the intervention

package to encourage referred study participants to seek

care at the intervention clinic. First, each referred par-

ticipant will receive a voucher for a first free consult-

ation at the clinic. At the same time, CHWs will receive

a cash reward of approximately 3 US dollars (US$ 3.00)

for each of their referred participants who attends the

clinic for the first time. Hopefully, this cash reward will

be a reasonable incentive for each CHW to follow up

those whom they have referred and encourage them per-

sonally to attend the clinic for the first time.

In addition to improving access to treatment, it is also

important to ensure that the treatment is of high quality.

Thus, as part of the intervention package, the SCALE

UP team will build the capacity of the intervention

clinic to provide primary care services for CVD risk

management. To this end, the intervention clinic will be

equipped with basic and essential diagnostic equipment

for CVD including a validated digital blood pressure

measurement device, measurement tape, weighing scale,

height measurement board, glucometer and blood glucose

test strips. These devices have been selected in accord-

ance with WHO essential technologies and tools for

implementing non-communicable disease (NCD) inter-

ventions in primary health care using non-physician health

workers [32].

Selected non-physician health workers including clin-

ical officers and nurses from the intervention clinic will

be trained on how to implement a standard protocol for

management of hypertension at the primary health care

level in low-resource settings. This protocol was devel-

oped by the SCALE UP study team in collaboration with

senior cardiologists with experience in primary care

from the University of Nairobi and the Division of Non-

Communicable Diseases in the Kenya Ministry of Health

(see Additional file 1). The various treatment thresholds

for hypertension given in the protocol are based on a

non-laboratory-based CVD risk prediction assessment

method [33]. Using this method, all participants with

high blood pressure who enroll at the intervention clinic

will be classified as low (≤10%), moderate (>10-20%) or

high (>20%) risk based on their individual 10-year CVD

risk (fatal and non-fatal) profile. Treatment for hyperten-

sion will range from lifestyle modification to use of lo-

cally available antihypertensive medication depending on

the risk profile of the participants. The treatment thresh-

old and target blood pressure are specified in Additional

file 1.

In addition to referring participants with high blood

pressure to the intervention clinic, CHWs will also be

instructed to refer other potentially moderate to high

CVD risk study participants. Specifically, CHWS will be

instructed to perform random blood glucose tests on all

study participants who are older than 55 years of age

AND have any of the following: systolic blood pressure

≥140 mmHg, diastolic blood pressure ≥90 mmHg OR

abnormal waist circumference (>102 cm for men and

>88 cm for women). Participants whose random blood

glucose is ≥11.1 mmol/l will be referred to the interven-

tion clinic for follow-up. At the clinic, random blood

glucose will be repeated, and if still ≥11.1 mmol/l, the

participant will be managed in accordance with the

Kenya national clinical guidelines for management of

diabetes mellitus [34]. As diabetes management is not a

primary objective of the SCALE UP study, the intervention

clinic will only be stocked with metformin—a relatively

affordable oral hypoglycemic medication. Participants re-

quiring other antidiabetic medication including insulin,

based on the national guidelines, will be referred to the

nearest district hospital.

(4) Promoting long-term adherence

The final component of the intervention package aims

to promote long-term adherence among participants

enrolled in the intervention clinic. For logistic rea-

sons, all participants at the intervention clinic will be

required to visit the clinic at least once every month

for the entire duration of the study. Based on previ-

ous experience in the study area, longer follow-up pe-

riods tend to increase the chances of patient loss to

follow-up. Beyond the regular follow-up interval, the

adherence component of the intervention package will

also include two subcomponents:

Table 1 List of screening equipment

Equipment Units

SECA 201 circumference measurement tape cm

SECA 874 flat scale electronic kg

SECA 214 stadiometer transportable cm

OMRON M6 blood pressure machine mmHg

ACCUCHECK glucometer and test strips mmol/l
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First, there will be an incentive-driven support group

system for all participants enrolled into the intervention

clinic. Each support group will have about 10–30 mem-

bers drawn from participants living within the same vil-

lages. CHWs from respective villages will coordinate the

activities of the support groups. This subcomponent of

the intervention package seeks to leverage on the group

dynamics of these support groups to promote adherence

among participants. To this end, there will be a group

incentive that rewards the entire group for achieving a col-

lective level of adherence to clinic appointments at a level

of 80% or more for a consecutive period of 6 months. If

achieved, the entire group will receive a rebate in the

monthly cost of their medication equivalent to approxi-

mately one-third of the usual cost. The estimated usual

cost of medication for hypertension in the intervention

clinic is Ksh 150 (US$ 1.8) per month. Additionally, the

CHW will also receive a cash incentive to follow up every

individual participant in the support group and encourage

him/her to adhere to the clinic appointments. If partici-

pants remain adherent over the first 6 months of clinic

enrollment, the CHW will receive a cash bonus of ap-

proximately US$ 1.8 per participant. Such an incentive is

crucial because a previous study in the study areas found

that almost 70% of hypertensive patients who drop out of

primary health care clinics do so within the first 6 months

(APHRC unpublished observations). The use of incentives

to improve patient adherence has been tested in other

settings, though the evidence is mixed [35].

There are other expected benefits that participants will

enjoy for being part of the support group. The support

group will hopefully be a forum where participants can

share in the experiences of living with hypertension and

learn from each other on how best to cope with this

condition. Also, highly motivated participants will be

selected by CHWs to become peer-educators. There will

be train-the-trainer sessions where these participants

will be trained by local experts on how to adopt healthy

lifestyle changes such as healthy cooking classes and

physical activity sessions, to mention a few.

The second subcomponent of the intervention package

aimed at promoting long-term adherence is the use of

the mobile phone Short Message Service (SMS). Unpub-

lished data from the study area show that more than

80% of the adult population reports owning a mobile

phone, and the remainder report having a close neighbor

or other family member who owns a mobile phone

through which they can be reached. Studies from other

chronic conditions such as HIV have shown encouraging

levels of success in the use of SMS to improve adherence

[36]. In the SCALE UP study, an SMS will be sent every

week to remind participants about their next clinic

appointments, to take their medication and to provide

them with healthy lifestyle tips.

Data management

To measure the health effect of the whole intervention

package at the population level, there will be two cross-

sectional surveys (before and after, 12 months apart).

Data will be collected on demographic and socioeco-

nomic variables, behavioral risk factors such as tobacco

and alcohol use, anthropometric measurements such as

height and weight, and clinical measurements such as

blood pressure and random blood glucose. Four cadres

of field staff will be involved in data collection. These

include field interviewers, CHWs, field assistants and

supervisors.

Field interviewers will be trained by the SCALE UP

study investigators to collect the demographic, socioeco-

nomic and behavioral risk factor data using structured

interviews during the cross-sectional surveys in both the

intervention and control sites. In the intervention site,

the anthropometric and clinical measurement will be

performed by CHWs. In the control site, however, mea-

surements will be performed by trained field assistants

rather than CHWs. This is because CHWs are consid-

ered to be part of the intervention. Each interview is es-

timated to last approximately 30 min, followed by the

physical and clinical measurements. The field staff will

be instructed to follow standard procedures for all mea-

surements as outlined in the WHO STEPS manual [37].

Specifically, while taking the blood pressure, field staff

will be required to ensure that the respondent remains

seated for about 5 min, with no talking, holding the

monitoring device on the upper arm and holding it at

heart level against his/her chest. The blood pressure will

be measured three times, using the left arm. To minimize

observer bias, validated digital equipment will be used,

the OMRON M6® (Digital Automatic Blood Pressure

Monitor). Note that referral of participants for further

management will be based on the average of the three

blood pressure measurements (systolic ≥140 and/or

diastolic ≥90 mmHg).

At the intervention clinic, additional information will

be collected on clinic attendees to monitor their pro-

gress and evaluate the effect of the intervention on

blood pressure control and overall CVD risk profile.

Baseline interviews will be conducted with each clinic

attendee by trained field interviewers. Immediately after

an interview, nurses at the clinic will record physical and

clinical measurements for each clinic attendee. These

measurements will be repeated each time the participant

attends the intervention clinic over a period of at least

12 months. At the end of this period, an endline inter-

view will be conducted with each clinic attendee. Table 2

summarizes the data to be collected over the interven-

tion period.

All data will be entered onto electronic data collection

forms pre-loaded into Mecer® Netbooks and stored in an
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SQL database managed by the data unit of APHRC. To

ensure data quality, the field staff will be trained in inter-

viewing techniques and how to use the Netbooks. Data

collection forms will be translated into Swahili and back

to English for consistency. Interviews will be conducted

in Swahili—the main lingua franca in the study areas.

Supervisors will be recruited to conduct spot checks of

at least 5% of randomly selected interviews conducted

by each field staff they supervise. They will also perform

a random check of 5% of data collection forms com-

pleted by field staff. Forms will be checked for errors,

missing information and inconsistent responses, and,

where necessary, field staff will be required to revisit a

study participant in order to clarify any erroneous

information.

At the intervention clinic, qualified data entry clerks

will be trained to double-capture all clinic data collected

by the nurses and clinical officers during the patient

consult. Clinic data will also be electronically captured

using Netbooks.

Finally, cost data will be collected on an on-going basis

in order to feed into the cost-effectiveness analysis of

the intervention package. This will be done through an

adapted checklist to collect information on costs and re-

lated time spent in all aspects of implementing the inter-

vention package.

Primary outcomes

The primary outcomes of the SCALE UP study are:

1. The difference in change in the proportion of the

study populations (intervention and control slums)

that are at high risk of CVD (defined as >10% risk of

developing cardiovascular event in the next 5 years

based on the method for assessment of

cardiovascular disease risk by Gaziano et al. [33]).

2. The difference in change in mean systolic blood

pressure in the study populations (intervention and

control slums).

3. The change in mean systolic blood pressure among

participants attending the local clinic (intervention

slum only).

4. The net cost of the intervention package per

disability-adjusted life year gained (intervention slum

only).

Secondary outcomes

1. Prevalence of hypertension in the intervention and

control slums.

2. Proportion of hypertensive respondents who are on

treatment, and under control, in the intervention

and control slums.

3. Proportion of high-risk participants who sought first

time treatment after screening and referral.

4. Prevalence of behavioral and biological CVD risk

factors: smoking, physical exercise, diet, alcohol

intake, body mass index, waist circumference and

waist-to-hip ratio in the intervention and control

slums.

Sample size considerations

In order to detect a 5% reduction at endline in the pro-

portion of adults aged 35 years and above who are at

moderate or high risk of CVD [38,39] in the intervention

population versus no change in the control population

(assuming both populations have similar start prevalence

at 25%), we need 2,927 respondents in both intervention

and control sites, using an alpha of 0.05 and power

(1-beta) of 0.90. Taking into account a non-response

rate of 10%, we will approach 3,220 individuals per

cross-sectional study—that is, 1,610 per site at base-

line and endline surveys, respectively.

The sampling frame will be based on the most recently

updated NUHDSS database. This database contains

details of about 72,000 individuals including names, lo-

cations, gender, dates of birth and residential status in

both slums. In the control site, we will use computer

randomization (STATA® statistical software) to select the

1,610 individuals aged 35 years and older per site for

each cross-sectional survey.

In the intervention site, the same computer randomization

process will be followed. However, unlike the control site,

the 1,610 individuals to be included in the cross-sectional

survey analysis will be collected retrospectively. In other

words, the intervention package will be delivered to all

Table 2 Data collection schedule

Data Baseline Ongoing Endline

Population based X X

Socio-demographic characteristics X

CVD behavioral risk factors X X

Physical measurements
(weight, height, waist and hip
circumference, blood pressure)

X X

Blood testing (glucose) X X

Clinic based

Physical measurements
(weight, height, waist and hip
circumference, blood pressure)

X X X

Lifestyle modification advice X

Drug prescriptions and side effects X

Morisky adherence score X

Operational data

Costs X

Timesheets X
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adults aged 35 years or older in the intervention site—that

is, 6,780 individuals according to the DSS database (as at

15 June 2012).

At the clinic level, we calculated that in order to detect

a 10 mmHg reduction in blood pressure (at 20 mmHg

standard deviation, alpha of 0.05 and 1-β on 0.9), about

44 participants are needed. However, it is projected that

approximately 1,350 participants (out of 6780) will be

referred from the door-to-door visit. This number is de-

rived from a 20% prevalence of hypertension among

adults aged 35 years and older in the study area [27].

We estimate that roughly half of these 1,350 partici-

pants, being 675, will continue visiting the clinic for

treatment. Hence, this number of people is more than

sufficient for the analysis of our main primary outcome

at the clinic level.

Analysis

Due to the fact that the slums are part of a large demo-

graphic surveillance site and therefore not randomized,

we will use the double-difference method [40] to evaluate

the primary outcomes in the intervention versus control

sites. In this approach, Impact = (Yp(t>0) – Yp(t=0)) –

(Yc(t>0) – Yc(t=0)) where Yp is the primary outcome in

the intervention group and Yc is the outcome in the

control group. For the double-difference method to work,

it is essential that there are at least two pre-intervention

data points. In addition, having many preintervention data

points allows for the detection of shifts or interruptions in

trends (if any) after the introduction of an intervention. A

cross-sectional study conducted in the NUHDSS from

2008–2009 provides one time point of pre-intervention

data on CVD risk in the intervention and control slums

[27]. Note that cardiovascular risk reduction will be calcu-

lated by entering the outcomes in a non-laboratory-based

CVD risk assessment chart [33]. Regression analyses will

also be performed to investigate the association of each

risk factor with the main outcomes such as blood pres-

sure. Specifically, multivariate analyses will be used to ad-

just for known or perceived confounding variables while

comparing outcomes between intervention and control

sites. Prior to this, descriptive statistics will be applied to

compare characteristics of the intervention and control

sites. For behavioral risk factor analysis, we will use an in-

terpretive descriptive approach with matrix comparisons

between groups (such as sex, age group and site).

Cost-effectiveness analysis will be conducted according

to the WHO framework for cost-effectiveness analysis

[41]. This framework will consider intervention effect-

iveness data based on changes in blood pressure and

overall predicted cardiovascular risk at the population

level, as well as cost data on the intervention. The over-

all cost-effectiveness of the intervention package will be

calculated in terms of DALYs averted per US dollar.

Intervention cost will be estimated using a micro-

costing approach where feasible. Micro-costing is a

process of systematically identifying and measuring re-

source utilization using a process tracking system and

interviews with the local program team [42]. According

to the Panel on Cost-Effectiveness in Health and Medi-

cine, the theory and process of valuing costs through a

micro-costing methodology rest on a three-step approach:

identification, measurement and valuation of resources

used [43]. For other non-specific costs, gross costing

methods will be considered. Once resource utilization has

been measured, the component-specific costs of the inter-

vention can be computed by multiplying the quantity of

each type of resource consumed by unit costs. The

component-specific costs can be summed up to get the

total costs of the intervention [42]. Finally, the outcome of

this analysis will be the average cost for CVD risk reduc-

tion per participant per year. Data on costs and timings

will be collected from the preparation of the intervention

until the end of the intervention period. A yearly discount

rate of 3% will be used for long-term modeling and projec-

tions [44]. Estimations will be extended to project the

cost-effectiveness of the intervention package were it

implemented on a national scale.

Finally, in order to determine the scalability and feasibil-

ity of the intervention package, a comprehensive process

evaluation will be conducted involving analysis of oper-

ational data as well as qualitative sub-studies with benefi-

ciaries and other relevant stakeholders such as local policy

makers.

Additionally, since the package is to be implemented

in a private health sector setting, it will be important to

examine essential aspects of the intervention package

that are needed to translate the package to the public

sector.

Ethical approval

Ethical approval for this study was obtained from the

Kenyan Medical Research Institute (KEMRI), reference

KEMRI/RES/7/3/1 no. Non-SSC 399, dated 11 June 2012,

renewable annually. Informed consent will be applied to

all participants, and the overall study complies with the

Declaration of Helsinki principles.

Discussion
Although it is evident that a CVD epidemic is on the

rise in most countries in SSA [10], there is limited evi-

dence on the feasibility, cost-effectiveness and scalability

of comprehensive primary prevention programs for CVD

in these settings, in particular in the slum population.

There is a scarcity of studies in SSA on community-based

intervention for reduction of cardiovascular risk [30], and

very few of them have looked into the cost-effectiveness

[45] or scalability [46]. Considering the possibility of a

121



128

double burden of disease that many countries in SSA are

facing, it is essential to provide insight into the health

impact and feasibility of primary prevention programs in

order to enable policymakers and other stakeholders to

make effective choices within their limited resources.

Despite the facts that the rise of CVD in SSA has been

strongly linked with urbanization, and a sizable majority

of the urban population in SSA is resident in slums,

there are no specific studies or programs designed for

this extremely vulnerable population. It is important to

share knowledge and experiences on how this growing

population at risk can be supported to reduce their car-

diovascular burden. Therefore, it is important to imple-

ment programs in these challenging living circumstances

and evaluate their feasibility and health effect. The

SCALE UP study is unique in this regard.

In our intervention package we focus specifically on

screening and treatment of hypertension as this is the

main modifiable risk factor to achieve CVD risk reduc-

tion in SSA [47]. It is our hope that the combination of

raised awareness through access to screening, improved

access to quality treatment and the promotion of adher-

ence will reduce hypertension rates in the study area to

the extent that it is significantly detectable at population

level. However, due to the depth of data that we will

collect as part of the study, we will also be able to assess

the effect of our intervention on behavioral risk factors

for CVD such as tobacco use, excessive alcohol intake,

poor dietary behavior and physical inactivity, as well as

biological CVD risk proxies such as body composition

(BMI) and blood glucose levels.

As mentioned previously, the content of our interven-

tion arose from a theoretical cost-effectiveness analysis.

Based on earlier studies done by APHRC and literature

review. we made estimations of the different interven-

tions possible in raising awareness, screening, treatment

and promoting adherence in a slum setting. The final

package is based on the theoretical effectiveness of each

individual intervention component. Should our analysis

prove the SCALE UP intervention be cost-effective, we

will then work with local stakeholders and policymakers

toward integrating the package in the larger health

sector. Additionally, this vision of the scalability of the

project not only implies the roll out of primary prevent-

ive services for CVD to more slums, but also provides

the opportunity for the integration of other essential

preventive services such as HIV testing or childhood

vaccinations. Therefore, we anticipate and hope that this

program will stimulate strengthening of weak health

systems and structures in the ever-expanding slum

settlements in SSA and beyond.

Our study is limited in the generalizability of the set-

ting where the intervention package is tested. The DSA

has been under surveillance for the past 10 years and

may not be typical of other slum settings where the

NUHDSS infrastructure does not exist. Another limita-

tion of our study is that the intervention package cannot

be evaluated in terms of its individual components. In

other words, it will be impossible to tease out which

parts of the intervention were most effective relative to

others. However, we are confident that the logical com-

position of the complete intervention package will make

it practical to implement as a whole in other similar

settings should the multi-component intervention have

an overall beneficial effect.

In conclusion, it is our hope that the outcomes of this

study will inform policy makers and health professionals

at various levels about the feasibility and cost-effectiveness

of implementing community-based cardiovascular risk

prevention programs in low- and middle-income coun-

tries, and specifically for the urban poor.

Trial status
Participant inclusion started in August 2012 and partici-

pant recruitment and follow-up at the intervention clinic

will continue until December 2013.

Additional file

Additional file 1: SCALE UP guidelines for management of

hypertension in primary care.
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Abstract 

Background: There is convincing evidence that the burden of hypertension and associated 

cardiovascular diseases are on the rise in urban slums across the developing world. This paper 

aims to describe a multi-component community-based intervention aiming to reduce 

cardiovascular disease risk through awareness campaigns, improvement in the access to 

screening, and standardized clinical management of hypertension among adults aged 35 years 

and older in a large slum in Nairobi, Kenya.  

Methods:   

We describe the implementation processes and outcomes of each intervention component, 

using multiple sources of data including administrative records and representative surveys. 

We also estimated the costs associated with the intervention using a top-down costing 

approach and presented in US$2013 per unit outcome. 

Results:  

The intervention reached 60% of the target population (4,049 people at US$17 per person 

screened), provided access to treatment for 68% of persons referred (660 people at US$123 

per person with hypertension who attended the clinic), retained in care 27% of those recruited 

to the clinics (178 patients at US$194 per person who retained in care), and achieved blood 

pressure control among 33% of those retained in care (n=58/178). The total intervention cost 

per patient with blood pressure controlled was US$3,205. 

Conclusions:  

Although it was possible within reasonable costs to achieve awareness and treatment levels 

comparable to high-income settings, these results show that retention in care and blood 

pressure control remain a challenge in slum settings. Patient-related costs and accessibility are 

key barriers to retention in care that require public health intervention.  

Key words: hypertension, cardiovascular diseases, community-based intervention, process evaluation, 

costs, sub-Saharan Africa, Kenya, slum  
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Introduction 

Cardiovascular diseases (CVD) are the leading cause of death globally and 80% of deaths 

from CVD occur in low- and middle-income countries (LMICs) such as Kenya (1, 2). The 

main drivers of the global CVD epidemic are urbanization and industrialization, which lead to 

an increase in the adoption of sedentary lifestyles, unhealthy dietary patterns, tobacco 

consumption, and alcohol misuse (3). Hypertension is the number one risk factor for CVD, 

and its prevalence is increasing worldwide –from over 25% in 2000 to a projected 40% in 

2025 (4). The rising burden of hypertension in LMICs is amplified by very low levels of 

awareness, treatment, and control of this condition, particularly among slums residents that 

typically constitute a large portion of neglected urban populations in such settings (5, 6). On 

one hand, recent studies in urban slum populations suggest that when people are made aware 

of having hypertension, they tend to seek care (5, 6). On the other, the level of adherence to 

treatment for hypertension remains dismally low for a variety or reasons including, but not 

limited to, high costs of treatment, low perceived risk of CVD, and deference to traditional 

medicine which is believed to offer one-time cure rather than lifelong treatment (7-12). In 

response to evidence of a growing burden of risk factors for CVD in slum populations in 

Kenya, a community-based intervention was developed and implemented for 18 months from 

August 2012. This intervention, known as the “Sustainable model for Cardiovascular health 

by Adjusting Lifestyle and treatment with Economic perspective in settings of Urban Poverty” 

or SCALE UP intervention, has been described in detail elsewhere (13). In brief, the SCALE 

UP intervention was multi-component and prioritized 6780 adults aged 35 years and above in 

a large slum in Nairobi with the overall aim of reducing CVD risk through awareness 

campaigns, improvement in the access to screening, and standardized clinical management of 

hypertension. This paper aims to describe the implementation processes, outcomes and costs 

of the SCALE UP intervention.  

Methods 

Context 

Korogocho slum, located on the eastern part of Nairobi, is home to about 35,000 people 

resident across seven villages. Within this slum, two primary health facilities were invited to 

participate –a private non-profit and a community-owned primary health center. The study 

team set up ‘CVD clinics’ at the facilities, provided basic screening equipment (e.g. blood 

pressure monitors) and trained a pair of nurses and clinical officers to manage hypertensive 

patients using a standardized treatment guideline developed by the study team in line with 

international practices (14). Although most patients made out-of-pocket payments for services 

received, the clinics offered services at highly subsidized prices (through donor funding).  

Intervention 

The SCALE UP intervention was developed based on a theoretical modelling exercise 

published elsewhere (13, 15). In summary, we sought to determine theoretically the most 

cost-effective combination of interventions that could address each cascade in the continuum 
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of preventive care for CVD, with a focus on hypertension diagnosis and management (see 

Figure 1). The intervention was implemented for 18 months from August 2012 and had three 

components: 

1. Raising awareness and improving access to screening

50 community health workers (CHWs) were recruited and trained to conduct door-to-door

household visits in order to raise awareness about CVD risk, conduct screening, and provide

brief counselling assistance (BCA) among all consenting adults aged 35 years and above in

Korogocho who were listed in the database of the Nairobi Urban Health and Demographic

Surveillance System (16, 17). Anthropometric and clinical measurements including height,

weight, waist and hip circumference, blood pressure, and fasting blood glucose were

measured. Community sensitization about the household visits was conducted via local radio

campaigns, community meetings, and religious gatherings.

2. Facilitating access to quality treatment

All persons with elevated blood pressure ( 140 mmHg systolic and/or 90 mmHg diastolic)

were referred by CHWs to any of the two participating clinics. CHWs gave each referred

person a paper voucher that entitled them to receive free one-month supply of medication

(valued at about US$1.80) upon their first clinic visit as an incentive to encourage them to

seek care for hypertension. All subsequent medication at the clinic was, however, to be paid

for by the patients. Costs of consultation and lab tests were provided for free at these clinics,

as was the usual practice in public primary health care facilities in Kenya. Additionally,

CHWs received an incentive of US$3.0 per appropriately referred patient who visited the

health facility, to motivate the CHWs to follow-up each patient.

3. Promoting long-term retention in care

Patients were then organized into support groups by village. Each support group received an

incentive: a group reduction in the price of medication by one-third (approximately US$0.6) if

they collectively achieved 80% or more attendance to follow-up visits for a consecutive

period of six months. Financial incentives were also offered to CHWs to organize the support

groups (US$1.8 per support group participant attending the CVD clinics for at least six

consecutive months as scheduled). Finally, we sent monthly short message service (SMS)

reminders to patients reminding them of scheduled clinic appointments. SMS reminders have

been successfully used to promote treatment adherence in other disease domains such as HIV

(18).

[Figure 1] 

Analysis 

Process evaluation and outcomes 

To describe the processes and outcomes of the intervention we first listed the inputs needed to 

implement activities such as training of CHWs and equipping of the CVD clinics. These 

activities resulted in a number of outputs, such as number of CHWs trained. The outputs led 

then to outcomes, such as the number of people aware of their hypertension status. Overall, 
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we believed that all outcomes would ultimately result in an impact –blood pressure control for 

patients attending the CVD clinics. The main sources of data described included 

administrative records such as activity reports, minutes of meetings, training attendance 

records, official emails, and other relevant records. However, we supplemented these data 

with data sourced from population- and clinic-level surveys conducted at baseline and at the 

end of the intervention period.  Additionally, we sought to identify the possible explanations 

for the outcomes observed in each step of the continuum of care cascade. For screening and 

awareness, we used field reports to document the reasons why not every prioritized adult was 

reached by the intervention. For treatment seeking and retention in care, we conducted semi-

structured interviews with a random sub-sample of referred patients who defaulted from 

scheduled visits or never attended the clinics. 

Finally, using anonymized routine medical records from the two CVD clinics, we presented 

the levels of blood pressure control achieved among patients during the intervention. We 

presented both the proportion of all patients retained in care (defined as patients with six or 

more clinic visits within a 12 month period) whose blood pressure is controlled to below 

140/90 mmHg as well as the mean change in blood pressure among these patients. To 

understand the factors associated with blood pressure control, we conducted a logistic 

regression where the main outcome was blood pressure control status (yes/no), and 

explanatory variables including age, sex, body mass index (BMI), drug side effects, and 

Morisky score as a proxy for adherence to medication regimen (19, 20).  

Costs of the intervention  

Costs were estimated from a provider perspective in US$ (2013). We included all service and 

above service level costs for each itemized activity per intervention component for the 

duration of the intervention (18 months starting August 2012), and excluded evaluation and 

research-related activities. These costs were excluded as they are not a part of service 

delivery. We used a top-down costing approach allocating out costs to intervention 

components, then to activities by input type (Table 1). This was done through the review of 

financial records (for which we had comprehensive access), time sheets, and interviews with 

staff. Part of management staff costs were first allocated out proportionally to time spent on 

other projects. This was ascertained through interviews. SCALE UP staff costs were then 

allocated to implementation activities based on the relative duration of research and 

implementation activities. For all costs, we first allocated those costs that could be clearly 

tracked to a particular component. For those remaining shared costs, we allocated across 

components based on the level of effort in hours dedicated to the activities in each 

component. We accounted for additional costs such as security escorts for our staff due to the 

field conditions. We report economic costs including items for which there were no financial 

transactions, for example rental of clinic space (these were valued using market prices). 

Capital costs were annualised using a discount rate of 3%. 

The total costs for all inputs by itemized activities within each intervention component were 

then added up to get the total amount spent on that component. We then divided the total cost 

per component by the quantifiable unit of outcome per component –resulting in the cost per 
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unit of outcome per intervention component. Finally, we added the total cost of all 

components and divided that by the number of people with blood pressure under control to 

get the cost per unit of impact in US$2013. 

 [Table 1] 

Ethical Considerations 

The SCALE UP study was approved by the Kenya Medical Research Institute’s National 

Ethics Review Committee (NON-SSC Protocol No. 339). All participants gave written 

informed consent both at door-to-door screening and at the clinics.   

Results 

Process evaluation and outcomes 

Table 2 shows details of all activities, inputs and resultant outputs and outcomes for each 

intervention component.   

[Table 2] 

In summary: 

Awareness and screening 

CHWs successfully screened and counselled 4,049 out of 6,780 (60%) of the target 

population (see Figure 2). Reasons for not reaching the remaining 40% of the target 

population are presented in Figure 3. Main reasons include persons not being found (n=719, 

10%), their whereabouts were unknown (n=252, 4%), and out-migrated or exited slum 

(n=281, 4%). Only 164 (2%) refused to participate in the study. Out of the 4,048 people 

screened, 976 people with raised blood pressure were identified and referred.  

[Figure 2] 

[Figure 3] 

Treatment 

Out of the 976 persons referred to the clinics, 845 (87%) attended the CVD clinic at least 

once. Of these, 185 were found to have normal blood pressure levels after confirmatory 

measurement by the nurses. A total of 660 patients out of 976 referred (68%) started on 

treatment at CVD clinics (see Figure 2). Out of 131 persons who were referred to the clinic 

but did not attend, 61 (47%) persons answered the exit interview; the leading reported reasons 

for non-attendance (Figure 4) were lack of time (n=17, 28%), cost of treatment (n=14, 23%), 

and forgot clinic appointment (n=9, 15%). 

[Figure 4] 

Retention in care 
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By the end of the intervention period, a total of 4,519 SMSs had been sent to all patients and 

seven support groups had been formed with a total of 371 persons attending the meetings at 

least once. The average number of support group meetings attended by each person was 3.5 

over the entire intervention period.  

Figure 2 shows that a total of 178 out of 660 patients (27%) attending the CVD clinic were 

retained in care. Out of those not retained in care (n=482), the CHWs followed up 127 (26%) 

in their homes −the remainder could not be reached after up to three re-visits. Figure 4 also 

shows the main reasons for not being retained in care included cost of treatment (n=45, 35%), 

lack of time (n=26, 21%) and forgot clinic appointment (n=22, 17%).  

Impact 

Figure 2 shows that 58 out of 178 (33%) patients retained in care had their blood pressure 

controlled by the 6th visit. This amount to approximately 9% (58/660) of all patients recruited 

into the clinics. The mean systolic blood pressure of those retained in care was 161.6mmHg at 

the first visit. This was reduced by 12.3% (19.8 mmHg reduction) by the 6th visit. The mean 

diastolic blood pressure of those retained in care reduced by 10.3% from 100.5mmHg at the 

first visit to 90mmHg by the 6th visit. Adherence to medication (measured through the 

Morisky score) was found to be significantly associated (adjusted OR 0.66, 95% 0.45-0.98, 

p=0.037) with having blood pressure controlled by the 6th visit (controlling for age, sex, BMI, 

and having any self-reported drug side effect). 

Costs per patient with blood pressure controlled 

Table 2 shows the total costs (US$2013) by input category and intervention component while 

Table 3 summarizes the unit cost per intervention component. The unit cost per person 

reached via screening and awareness was US$17. For access to treatment, the cost was 

estimated at US$123 per person seeking treatment. It cost US$194 per person to retain a 

patient in care. The overall cost of getting a person screened, treated, retained in care, and 

finally have their blood pressure under control is US$3,205. 

[Table 2] 

[Table 3] 

Discussion  

In summary, the SCALE UP intervention reached 60% of the target population, provided 

access to treatment to 68% of eligible patients with hypertension, retained 27% in care, and 

achieved blood pressure control among 33% of patients retained in care or 6% of all those 

detected with high blood pressure in the population.  

Effect of the intervention on outcomes of interest 

These results show that the “rule of halves” is still valid in this population especially with 

regards to retention in care and BP control. The “rule of halves” states that ‘half of 

hypertensive patients are known to health services (i.e. remain undiagnosed), half of those 
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with known hypertension do receive any treatment, and half of those who are treated, do 

achieve adequate control (21). Several studies in developing countries have shown that indeed 

the levels of awareness treatment and control of hypertension as still quite dismal, with 

control rates ranging from 4% to 47% among patients aged 35–49 years old (22). And even 

worldwide, only 13% of people with hypertension have it adequately controlled (23). Our 

study showed that with a comprehensive community-based intervention it is possible to 

achieve awareness and treatment rates above the 50% cut-off mark. Achieving awareness and 

access to treatment levels that are comparable to high-income countries is a great 

accomplishment especially in unstable populations such as the slum context where annual 

migration rates alone could get up to 30% (24).  However, retention in care and control rates 

in our population remains sub-optimal despite the intervention components designed to 

address them.  

One such intervention components was an incentive system tailored to the prioritized 

population with the hope of motivating access to treatment and retention in care. Using 

financial incentives or lowering financial barriers to influence health behavior is a well-

established strategy, though often with mixed results (25). We however found that our 

incentives were not strong enough to keep majority of patients retained in care. Yet, we 

believe this finding is setting-specific:  over 90% of slum residents make out-of-pocket 

expenditures for health (26) and more than 50% report being food insecure (27). Moreover, 

majority of those who defaulted from the clinic cited cost as the main reason. In other words, 

although treatment costs were subsidized, it was still a barrier to care. Cost is not an issue in 

slum settings alone. A 2010 study in 36 mostly LMICs found that one month of daily 

treatment with one hypertensive drug cost on average 1.8 days’ wages (28). The WHO has set 

a global target of a 25% reduction in the prevalence of hypertension by 2025 (29). If this 

target is to be achieved, then mechanisms must be found to make drugs more affordable, as 

has occurred with drugs for the treatment of HIV/AIDS and tuberculosis.  

Costs of the intervention 

We found that the cost of the entire SCALE UP intervention per person with BP controlled to 

be US$3,204.5. This is comparable to other public health interventions in the Kenyan setting. 

For example, the implementation of option B+, in which HIV-positive pregnant women are 

started immediately on ART and continued for life – a comparable intervention as it includes 

screening, diagnosis, and chronic treatment – was recently estimated to be US$6,015 per 

infection averted (30). When we place the cost of each component of the SCALE UP 

intervention in the context of other public health interventions we also find equivalencies. For 

example, the economic evaluation of a multifaceted intervention to improve the quality of 

care of children in district hospitals in Kenya found the cost per child admission to be 

US$50.74 – comparable to our unit cost of US$123.2 per person seeking treatment (31). 

We acknowledge several limitations in our study: 1) due to budgetary limitations we were 

unable to collect all the data we had intended to collect (e.g. fasting blood glucose for all 

study participants) in order to determine their ten-year CVD risk (14) and thence compute the 

cost-effectiveness of our intervention as originally intended in our study protocol (13) and 2) 
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our study was conducted in a slum setting thus limiting the generalizability of our findings to 

other settings. Nonetheless, as slums are said to constitute up to 60% of urban areas in LMICs 

(32) we believe our findings will be useful to urban health practitioners.

In conclusion, the SCALE UP intervention achieved reasonable success in terms of raising 

awareness and treatment levels in a challenging resource-constrained setting at a costs that in 

principle would be regarded as affordable. However, the intervention underperformed in 

terms of addressing levels of retention in care and blood pressure control. We recommend that 

further research, especially operational research, be conducted to address retention in care and 

blood pressure control in such settings. It would be particularly useful to contextualize the 

recently launched Global Standardized Hypertension Treatment (GSHT) approach in resource 

constrained settings across LMICs where the burden of hypertension and CVD in general 

appears to be on the rise. The GSHT approach promotes care delivery elements (for example 

standardized treatment guidelines and task shifting) that can be integrated into all health-care 

systems (33).  

Overall, we view the implementation of the SCALE UP intervention and the outcomes as 

highly encouraging and we hope our findings will stimulate further research and interventions 

on hypertension and CVD risk reduction in often marginalized communities.  
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FIGURES 

Figure 1: SCALE UP package of interventions  

Adapted from Oti et al 2013 (13) 
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Figure 2: Outcome indicators for each step in the cascade of hypertension diagnosis and 

management  
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Figure 3. Reasons for not being screened by CHWs as a percentage of total population 

eligible for screening (n=6,780) 
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Figure 4. Reasons for not attending clinic or dropping out of clinic (n=188) 
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TABLES 

Table 1. Costs considered in each input category 

INPUT Costs considered

Personnel Salaries of all categories of staff and consultants 

Commodities and 
supplies 

Costs of drugs, tests consummables and all training and communication 
materials 

Training Costs of space, travel, food and accomodation for participants - excluding 
staff costs 

Capital cost Equipment, furniture, building (tents, floors and labour to set up) 

Building operating and 
maintenance 

Communication, security, cleaning, and repairs 

Transport Mileage allowance for supervision visits 

Intervention activities All payments for incentives to CHWs and patients, SMS, community 
mobilisation and adherence support 

Indirect expenses Reported  overhead expenses 
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Table 2 – Results of process evaluation  

Component Inputs Activities Outputs Outcomes Impact

Awareness and 
screening 

Baraaza Banners, PA system, 

Facilitators 

(Community 

leaders, expert 

patients) 

7 baraazas held Estimated at 
between 50 and 80 
people attended  

60% (4049 screened 
out of 6780 

residents aged 35 
years and older) 

Religious services Facilitators (CHWs, 

religious leaders) 

21 religious 
meetings held 

Estimated at 
between 30 and 50 
people attended  

Radio jingle Jingle content 

developer, Local  

radio station (Koch 

FM) 

1 jingle lasting 50 
seconds aired 3 
times daily for 3 
weeks 

Koch FM 
listernship estimated 
at 250,000 people 

CHWs Facilitators 

(Medical/Research 

Officers), Training 

facilities, 

Allowances 

1 training + 1 
refresher training 
held 

*50 CHWs trained

Door-to-door 
screening 

CHW allowances, 

screening 

equipment and 

materials 

39 CHWs 
conducteddoor to 
door screening 

4049 people 
screened 

Referral Free vouchers, 

Supervisor 

confirmation 

39 CHWs 
conducted referrals 

976 people referred 

Treatment Clinic staff Facilitators 

(Medical/Research 

Officers), Training 

facilities, 

Allowances 

1 training + 1 
refresher training 
held 

2 nurses, 2 clinical 
officers and 1 
medical records 
clerk trained 
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Standard treatment 
guidelines 

Meetings and 

review by 

stakeholders 

1 main meeting held 
with stakeholders. 
Guideline reviewed 
mostly by email 
correspondence 

1 guideline 
document published 

68% (660 recruited 
into treatment out of 

976 referred) 
33% (58 patients had 
their blood pressure 
controlled out of 178 

retained in care) 

Upgrading and 
equipping of clinics 

Construction of 

consultation area, 

equipment 

2 clinics upgraded. 
Concrete floor 
constructed and tent 
erected in 1 clinic. 
Both clinics 
received 2 sets of 
screening 
equipment and light 
furniture for the 
consulting areas 

2 clinics upgraded 

Management of 
referred patients at 
clinics 

Clinic staff  

allowances, utilities 

and supplies 

(including 

medication) 

Clinics held twice a 
week for 17 months 

845 attended clinic 
first time, of which 
660 we eligible for 
recruitment into 
care 

Retention in care Follow up of 
defaulters 

CHW allowances 

(including 

incentives) and 

resources 

188 defaulters 
followed up and 
interviewed by 
CHWs 

46 defaulters 
returned to clinic 
after follow up 

27% (178 retained 
in care out of 660 
that were recruited 

into treatment) 

SMS reminders Bulk SMS 

application 

4519 SMS sent 660 patients 
received SMSs 

Support groups CHWs, facilitators, 

incentives 

7 support groups 
formed. 28 support 
groups held 

371 people attended 
support groups 

*Although 50 CHWs were trained, not all were deployed to conduct screening. Some dropped out of the study to pursue other interests.
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Table 3. Total costs (US$2013) by input category and intervention component. 

Input Awareness & 
Screening 

Treatment Retention Total (%) 

Personnel 99119.7 (53.3) 

CHWs facilitation fee (support groups) 
- -  329.4 329.4 

Programme management 
9,146.1 32,925.8 21,950.5 64,022.4 

Field supervisor 
3,747.0 3,747.0 3,747.0 11,240.9 

Field team leaders 
7,169.4 6,452.4 418.2 14,040.0 

Clinical staff for CVD clinics 
- 9,487.1 - 9,487.1 

Commodities and supplies 13875.8 (7.5) 

Medical consumables 
2,042.1 1,602.4 - 3,644.5 

Non-medical supplies 
3,641.6 6,589.6 - 10,231.3 

Drugs 
- -  - 

 paid by patients 

Training 6764.6 (3.6) 

Training sessions 
4,497.7 1,518.9 748.1 6,764.6 

Capital cost 22368.6 (12) 

Clinic upgrading 
- 1,189.9 - 1,189.9 

Equipment 
19,125.8 1,459.9 - 20,585.7 
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Furniture 
- 593.0 - 593.0 

Building operating and maintenance 1437.4 (0.8) 

Repairs 
- 11.9  - 11.9  

Field communication 
301.7 271.5 17.6  590.8 

Field security 
589.7 - -  589.7 

Cleaning 
- 103.9 - 103.9 

Building rent (donated, value including utilities 
- electricity, water, clinical waste disposal, etc) - 141.2 - 141.2 

Transport 2668.2 (1.4) 

Transport (supervision visits) 
889.4 1,670.5 108.3 2,668.2 

Intervention activities 11275.2 (6.1) 

CHWs for screening and referral 
7,248.8 - -  7,248.8 

CHWs for retention in care 
- -  934.7 934.7 

First free treatment voucher 
- 1,164.7 - 1,164.7 

Baraazas 
588.8 - -  588.8 

Religious services 
270.7 - -  270.7 

Radio jingle 
123.5 - -  123.5 

Running of support groups 
- -  376.1 376.1 
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Train the trainers sessions 
- -  514.7 514.7 

SMS reminders 
- -  53.2  53.2  

Indirect expenses 28351.7 (15.3) 

Program overheads (18%) 
10,688.8 12,407.4 5,255.6 28,351.7 

TOTAL (%)  70071 (37.7)  81337.1 (43.8)  34453.3 (18.5) 185,861.4 

*Donated, value estimated from a quote including utilities - electricity, water, medical waste disposal.
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Table 4. Summary of costs per unit of outcome (US$2013). 

Intervention component Total cost ($) 
per 
component 

Outcome (number of 
persons reached at 
each stage) 

Cost ($) per 
person reached 

Awareness & Screening 
70,071.0 4,049 17.3 

Treatment 
81,337.1 660 123.2 

Retention 
34,453.3 178 193.6 

Blood pressure control 
185,861.4 58 3,204.5 
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EVIDENCE OF A DOUBLE BURDEN OF DISEASE IN THE SLUMS OF KENYA 

HIV mortality patterns – a case study for communicable diseases 

There was an overall decline in mortality from HIV between 2003 and 2010 in two 
slums of Nairobi (chapter 2). Specifically, the risk of dying from HIV was 53 percent 
less in the period after ART scale up in Kenya (2007-2010) compared to the period 
before (2003-2006), controlling for age and gender. Women experienced a decline in 
HIV mortality between the two periods that was more than double that of men. At the 
same time, the risk of non-HIV mortality did not change significantly between the two 
time periods. We concluded that population-level HIV mortality in Nairobi’s slums 
was significantly lower in the approximate period coinciding with the national scale-
up of ART provision in Kenya and that the study populations appear to have 
benefited from the scale up. However the study was limited by lack of ART coverage 
data in the study populations.  

In chapter 3, HIV mortality data generated in the NUHDSS using a computer model 
known as Inter-VA-4 was compared with data created by another computer package 
–Spectrum. Spectrum is the model used by UNAIDS for global HIV statistical
modelling and estimation 70. Over 100 countries use Spectrum to estimate the
burden of HIV on their populations. InterVA on the other hand is a computer
programme that uses probabilistic modelling to assign causes of death to verbal
autopsy data 71. It is used widely by the INDEPTH network of health and
demographic surveillance sites 72. It was therefore important to validate HIV mortality
data in the NUHDSS by comparing it with Spectrum estimates. The results showed
that Spectrum estimated that 63% of mortality, among persons aged 15-59, was
AIDS-related in 2003 and that this value decreased to 40% by 2010. The InterVA
programme estimated that the proportion of mortality due to AIDS in the same age
group decreased from 25 to 16%. Although the overall downward trend between
2003 and 2010 is similar between Spectrum and InterVA, the proportion of deaths
attributed to AIDS according to Spectrum appears significantly and consistently
higher than InterVA estimates. If deaths attributed to AIDS according to InterVA are
expanded to include deaths due to tuberculosis (TB), then the mortality trends for
InterVA match those of Spectrum more closely. This was explained on one hand by
the fact that TB is an AIDS-defining disease among people living with HIV, and there
are significant overlaps between the symptoms associated with non-TB AIDS, TB
deaths among people living with HIV, and TB deaths among HIV-negative persons
73. On the other hand, InterVA is limited in its ability to distinguish between AIDS and
TB death for the same reason –the overlaps in symptoms between deaths
associated with both conditions 74. Overall, HIV mortality in the study setting had
declined significantly since the estimated ART scale up in Kenya. Though, HIV still
remains the leading cause of death in this setting.

151 

Mortality from other communicable diseases 

Over a 10-year study period, 2003-2012 communicable diseases accounted for the 
majority of adult deaths in the NUHDSS led by HIV/AIDS and TB (chapter 4). The 
main cause of death in 2003 was HIV/AIDS (34 % of deaths), followed by TB (27%). 
However, by 2012, the proportion of deaths in the NUHDSS due to TB (27%) was 
higher than the proportion of deaths due to HIV/AIDS (17%). Other communicable 
diseases such as respiratory tract infections, meningitis and diarrhoeal diseases 
accounted for less than 6% combined of adult deaths over the entire study period. 
Maternal causes accounted for less than 2% over the study period. It was concluded 
that the findings portrayed the elevated levels of the health disadvantage of slum 
dwellers relative to other population subgroups in Kenya, an outcome which is 
consistent with previous related studies that have demonstrated appreciable 
deterioration of key urban health and social indicators and reversals in favour of rural 
areas. For example, HIV/AIDS and TB constituted the highest causes of adult death 
in the slums (44%), while death related to HIV/ AIDS and TB for all Kenya is 30%. A 
limitation of this study was that it did not include childhood mortality. However other 
studies in the same setting have shown that among children communicable diseases 
such as pneumonia and diarrhoeal disease account for up to 60% of deaths 52. 
Overall, these findings demonstrate that slum populations are not out of the woods 
yet as far as communicable diseases are concerned. This situation sets the stage for 
a scenario of a double burden of disease, as the burden of non-communicable 
diseases in the slum settings become more apparent.   

Non-communicable disease risk factors and mortality  

Hypertension, diabetes and obesity are known risk factors for cardiovascular disease 
–the leading cause of death globally 1. About a fifth of adults aged 18 years and
older in the NUHDSS had either hypertension (age standardized prevalence 18%) or
diabetes (5%). Among people with hypertension, less than a fifth were aware of their
condition, and only about half of them reported being on treatment at any point in the
year preceding. Less than a third of those on treatment had their blood pressure
under control (chapter 5). These results were similar for people with diabetes
(chapter 6). The possible explanations for low levels of awareness, treatment and
control for hypertension and diabetes were given as the lack of screening
opportunities, high cost of treatment, medication stock-outs, late diagnoses, poor
adherence and preference for alternative medicines for the management of both
conditions 75-78.

At the same time, the levels of overweight and obesity were found to be high in the 
study population particularly among women (chapter 7). About 43% of women and 
17% of men in the study population were overweight or obese. Perceptions of 
current and ideal body image were determined by using 18 silhouette drawings of 
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body sizes ranging from very thin to very obese. More than half (53%) of those who 
were overweight or obese underestimated their weight; 35% of women and 17% of 
men did so. More than one-third of women and men reported that they preferred 
body sizes classified as overweight or obese. It was suggested that some of the 
drivers of this preference for larger body sizes were sociocultural –for example, in 
many African societies being obese was associated with being wealthy (men) or 
sexually attractive (women) 79, 80 though recent studies indicate that these 
perceptions are changing 79, 81, 82. Thus, this chapter called for interventions to 
educate residents on the health risks associated with excess body weight as part of 
strategies to reduce the prevalence of risk factors for cardiovascular disease in 
urban slum populations.  

Finally, trends in non-communicable disease mortality among adults aged 35 years 
and older in the slums of Nairobi were examined (chapter 8). The cause-specific 
mortality fractions (CSMFs) for non-communicable diseases did not appear to 
change significantly over the study period (2003-2011) for both males and females. 
Among males, cardiovascular diseases and cancers were the leading non-
communicable diseases –contributing CSMFs of 8 and 5%, respectively, on average 
over time. Among females, cardiovascular diseases contributed a CSMF of 14% on 
average over time, while cancers contributed 8%. Communicable diseases and 
related conditions remained the leading causes of death, contributing a CSMF of 
over 50% on average in males and females over the study period. The study findings 
were consistent with the 2013 GBD study which showed that communicable 
diseases remain the dominant cause of death in SSA, although non-communicable 
diseases were still significant contributors to mortality 1. It was recommended an 
integrated approach towards disease prevention that focused on health systems 
strengthening in resource-limited settings such as slums.  

Intervention to prevent non-communicable diseases and lessons learnt 

In response to the low 
levels of awareness, 
treatment and control of 
certain risk factors for non-
communicable diseases, a 
quasi-experimental 
intervention trial –the 
SCALE UP study– in the 
slums of Korogocho and 
Viwandani was conducted 
(chapter 9). Korogocho 
was the intervention site 
while Viwandani was the Figure 5. CHW screening patient in the SCALE UP study 
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control or comparison site.  The intervention was a multi-component community-
based programme aiming to reduce cardiovascular disease risk through awareness 
campaigns, improvement in the access to screening, and standardized clinical 
management of hypertension among adults aged 35 years and older in a large slum 
in Nairobi, Kenya.   

A process evaluation was then conducted to describe the implementation, outcomes 
and cost of the SCALE UP intervention (chapter 10). The intervention reached 60% 
of the target population (4,049 people at US$17 per person screened), provided 
access to treatment for 68% of persons referred (660 people at US$123 per person 
with hypertension who attended the clinic), retained in care 27% of those recruited to 
the clinics (178 patients at US$194 per person who retained in care), and achieved 
blood pressure control among 33% of those retained in care (n=58/178). It was thus 
argued that the so called ‘rule of halves’ is still valid in a slum setting in so far as 
retention in care and blood pressure control among patients with hypertension was 
concerned. The rule of halves states that ‘half of hypertensive patients are known to 
health services (i.e. remain undiagnosed), half of those with known hypertension do 
receive any treatment, and half of those who are treated, do achieve adequate 
control’ 83. Some of the possible explanations for this situation were given as 
challenges with access and affordability of healthcare among the urban poor. It was 
recommended that more research is needed to understand and address barriers to 
achieving optimal retention in care and blood pressure control levels in low resource 
settings.  

The total intervention cost of the SCALE UP intervention per patient with blood 
pressure controlled was US$3,205. It was thus showed that with a comprehensive 
community-based intervention it was possible to achieve awareness and treatment 
rates for hypertension comparable to high-income countries. More so, the costs of 
the intervention were also comparable to existing community-based health 
interventions in Kenya such as the provision of free antiretroviral therapy for all HIV 
positive mothers (Option B+) –which was recently estimated to cost US$6,015 per 
infection averted 84. It was suggested that the outcomes of the SCALE UP 
intervention in terms of achieving high levels of awareness and treatment at 
reasonable costs was a great accomplishment especially in unstable populations 
such as the slum context where annual migration rates alone could get up to 30% 65. 
However, retention in care and control rates in the study population was said to be 
sub-optimal even after the intervention. It was concluded that the implementation of 
the SCALE UP intervention and the outcomes were highly encouraging and it was 
hoped that these findings would stimulate further research and interventions on 
hypertension and cardiovascular disease risk reduction in low-resource settings. 
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control or comparison site.  The intervention was a multi-component community-
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MAKING A CASE FOR HEALTH SYSTEM STRENGTHENING THROUGH 
INTEGRATION 

The results presented in chapters 2 to 10 of this thesis demonstrate that there is a 
double burden of diseases in the slums of Nairobi.  This section summarizes a 
review paper by the author of this thesis that makes a case for health system 
strengthening through an integrated approach to HIV and non-communicable 
disease prevention and control 85. According to the review paper, there is an ongoing 
global debate on what the best approaches should be to reducing the burden of non-
communicable diseases in low-resource settings while at the same time not losing 
focus on other important public health conditions such as HIV/AIDS. Several experts 
have called for an integrated health systems approach to addressing the double 
burden of disease. An integrated health system is one that is responsive to the 
health care needs of the population –in other words, a system that can address the 
burden of disease in any setting whether communicable or non-communicable. 
Integration is best seen as a continuum rather than as two extremes of integrated 
versus not integrated 45. Integration is about the organization of various tasks which 
need to be performed in order to provide a population with good quality health 
services.  

The calls for integrated approaches to preventing and treating communicable and 
non-communicable diseases are valid and timely. This is because going by previous 
experience with major communicable diseases such as HIV/AIDS, there could be a 
tendency for the initiation and implementation of disease-specific or “vertical” 
approaches in the global response to reduce the burden of non-communicable 
diseases as was the case with the global HIV/AIDS response. A vertical approach 
implies disease prevention and/or treatment programs that are implemented either in 
whole or to a large extent by specialized health-delivery services outside the 
confines of what is routinely available. A typical example of a vertical approach was 
the global response to the HIV epidemic in which many global funding programmes 
such as PEPFAR worked with governments in high HIV burden countries to 
implement HIV/AIDS-specific health care interventions. For example, standalone 
clinics were often established and equipped with appropriate technologies 
(computers, diagnostic equipment) and health personnel were recruited specifically 
to attend to HIV patients 86. According to a 2008 WHO technical brief 87: “vertical 
programmes may be desirable as a temporary measure if the health system (and 
primary care) is weak; if a rapid response is needed; to gain economies of scale; to 
address the needs of target groups that are difficult to reach; to deliver certain very 
complex services when a highly skilled workforce is needed.” So while there are 
strong justifications (and benefits) for vertical approaches to dealing with public 
health emergencies like HIV/AIDS, there remain doubts as to the long term 
sustainability of such approaches. For example, it does not seem realistic to expect 
that donor funding will support free ART in LMICs indefinitely. Moreover, questions 
have been raised as to whether or not vertical approaches strengthen or weaken 
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existing health systems 88, 89.  The next section of this thesis uses HIV as an example 
of why and how integration can be used to address the double burden of disease in 
low-resource settings such as the slums of Nairobi.  

There are significant overlaps between HIV infection and non-communicable 
diseases 

A number of recent publication make the case that there are significant similarities 
between HIV infection and non-communicable diseases 90, 91. First, they point to 
evidence that shows that many LMICs with a high burden of HIV also have 
‘burgeoning epidemics’ of non-communicable diseases. For example, as was 
described in this thesis, slum populations have high burden of communicable 
diseases such as HIV and TB while at the same time risk factors for non-
communicable diseases such as hypertension and obesity are quite common.  
Further, these studies point out that, at a biological level, there are inter-linkages 
between HIV and non-communicable diseases. On one hand, PLHIV are at 
increased risk of non-communicable diseases such as diabetes and certain types of 
cancers. This increased risk may either be directly related to HIV infection itself or 
the side effects associated with the medication used to treat the infection. Indirectly, 
due to the availability of life-prolonging treatment, PLHIV are living longer and hence 
becoming more at risk to non-communicable diseases similar to the uninfected 
population. Moreover, some of the opportunistic infections associated with HIV 
infection are of themselves non-communicable diseases such as cervical cancer and 
lymphomas, among others. Finally, HIV and non-communicable diseases are 
similarly chronic diseases –that is, diseases of insidious onset, long duration and 
slow progression. Therefore, to a large extent, chronic treatment and care programs 
for HIV and non-communicable diseases would usually involve the same elements 
such as promotion of healthy behaviour, long term adherence to treatment, regular 
follow-up, to mention a few. Given these similarities, an integrated approach to 
dealing with both HIV and non-communicable diseases makes sense. Indeed, the 
WHO and UNAIDS have recently signed what is being termed as a historic ‘letter of 
agreement’ signifying their commitment to integrate non-communicable diseases and 
HIV programs in LMICs. Both agencies will aim to “maximize synergistic strategies” 
in an integrated HIV and non-communicable disease response 92.   

There is no need to re-invent the wheel 

The global response to the HIV epidemic over the past two decades has been 
phenomenal to say the least –there are declines in both the rate of new HIV 
infections and AIDS-related deaths. Also, unprecedented funding has been 
mobilized for HIV programs. As a result, HIV/AIDS programs have become the first 
large-scale chronic care program implemented in LMICs to date. Against this 
backdrop, and taking into consideration the overlaps and similarities between HIV 
and non-communicable diseases, a strong case has been made for the leveraging of 
HIV programs for non-communicable disease programs 93-95. Lessons learnt from 
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HIV programs could very well shorten the learning curve for non-communicable 
disease prevention and control 96.  

Specifically, the HIV/AIDS experience can guide the linking of detection, prevention, 
treatment and integration of behavioural and biomedical approaches that are 
similarly applicable to non-communicable diseases 96. Some HIV program’ 
approaches that can be reviewed and adapted by non-communicable diseases 
programs include but are not limited to peer educator programs, family focused care, 
defaulter tracing initiatives, support for adherence and retention, care by 
multidisciplinary teams, task shifting and sharing, demand creation for services, 
community engagement, tools (registers, charts, forms and medical records) and 
systems (monitoring and evaluation, improving quality, supply chain and 
procurement, referring people and processing specimens) 93, 95. Demand creation for 
services and community engagement are two shining examples of lessons that can 
be learned from the HIV experience 93. As regards demand creation, the extent to 
which PLHIV and civil society have championed the expansion and implementation 
of HIV programs, and access to services, remains unprecedented 97. Community 
engagement, although not novel to HIV programs, have been crucial to their 
success. This is because HIV programs recognize that support for lifelong treatment 
of a chronic disease like HIV is more effective if provided at the community level 93. 
Hence, HIV programs typically engage community-based resources in the continuum 
of care from hospital to home 98. Overall therefore, HIV programs provide hands on 
experience in the scale-up of chronic care to millions of people based on their 
successes in resources mobilization, garnering of political will, engagement of civil 
society and establishment of human rights framework for HIV/AIDS victims 99.  

The reverse is also true to some extent. That is, lessons learnt from non-
communicable disease programs can also be applied to HIV. For example, chronic 
care models usually used for non-communicable diseases are being applied in the 
care of HIV/AIDS in resource-constrained countries. In Zambia, ‘expert patients’ or 
PLHIV were trained to provide adherence and supportive counselling in response to 
a shortage of health professionals 100. The concept of ‘expert patients’ has been 
applied for many years in high-income countries as part of Chronic Disease Self-
Management Programs 100. Overall, there is a strong case to be made for HIV and 
non-communicable disease programs to learn and leverage from each other and 
explore avenues for coordinated approaches that could very well maximise limited 
resources without compromising on effectiveness. 

How health systems could benefit from an integrated approach 

Proponents of an integrated approach to HIV and non-communicable diseases 
prevention and control argue that LMICs need to have strong and dynamic health 
systems that can respond effectively to any changes in the epidemiological pattern of 
diseases whether communicable or non-communicable 91. They contend that 
countries can no longer afford to treat diseases in ‘silos’ or ‘turn by turn’ 90, 91. A 
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model that is health-centred rather disease-centred is crucial as it is the only truly 
sustainable way to go. This they say calls for innovative approaches to expand the 
capacity of health systems particularly in LMICs to address multiple health 
challenges. Such approaches must capitalise on existing resources and capabilities 
by leveraging, for example, HIV resources, experience and models for the 
management of  non-communicable diseases, and vice versa.   

Specifically, the successes of the HIV programs can be characterized by their focus 
on key building blocks of the health system – specifically, technologies and products 
viz-a-viz supply chain management of drugs, health information systems (data 
management) and on the health workforce 93, 101. This so called vertical approach 
adopted by HIV programs has been criticised for aggravating weak health systems 
by diverting resources from ‘horizontal’ or more comprehensive approaches. 
However, critics must consider the glowing achievements of HIV/AIDS programs in 
terms of meeting their goals, as well as the circumstances under which they were 
conceived – HIV was declared by political leaders of the world to be an emergency 
that required out-of-the-box measures. Moreover, there is a school of thought 102-104 
that proposes a very sensible approach that aims to “bridge the traditional divide 
between the vertical approach, which focus on technical interventions for specific 
disease priorities and the horizontal approach, aimed at strengthening the overall 
structure and functions of the health system but without a clear sense of priorities” 
103. This school of thought proposes an integrated approach, whereby explicit
intervention priorities are used to drive improvements of the health system” 103. For
instance, existing intervention priorities of HIV/AIDS programs can be drawn upon to
re-energize and re-align the health system for chronic care for non-communicable
diseases. A case in point is a pilot study in Cambodia which demonstrated the
effectiveness of a “chronic disease clinic” that integrated services for HIV, diabetes
and hypertension 105.  This approach involved expanding the services of existing HIV
clinic to also manage patients with diabetes and hypertension. Staffing levels at the
clinics were increased to cater to the expected rise in patient load. Doctors and
nurses at the clinics also received on-the-job training on the principles of chronic
disease management and a patient-centred approach. Such an integrated approach
ensures that resources are shared and maximized, bringing an overall improvement
to the health system.

In summary, there appears to be a strong case for integrated approaches to HIV and 
non-communicable disease prevention and control. Such approaches will provide a 
path to a win-win situation if implemented with the overall aim of building health 
systems especially in resource-constrained settings. This is not to say that vertical 
programs will not be required in such settings to develop context specific models of 
care and generate evidence for appropriate non-communicable disease interventions 
101. Generating evidence is very important as wealthier nations are cautious about
making long-term commitments to non-communicable disease prevention and
control in LMICs partly due to the uncertainty about what interventions should be
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prioritized 101. However, the case has been made that an integrated approach will 
ensure that lessons learnt from existing programs, either HIV or non-communicable 
disease based, can be shared and cross-pollinated where applicable. There are 
concerns that attempts to integrate HIV and non-communicable diseases programs 
could undermine existing programs by diluting their effectiveness so to say. Such 
concerns if left unaddressed could lead to antagonism of coordination efforts 106. 
Therefore it is important to recognize the interests of key stakeholders 90. 

Moreover, context is crucial. This is particularly relevant in the slum context studied 
by this thesis. The slum environment has various challenges. Vijver et al (Lancet 
2015, in press) documented some of these challenges to include insecurity, social 
(in-) cohesion, lack of human resources and infrastructure, political uncertainty, high 
mobility (migration), and poor health indicators. Tying all these challenges together 
was the central issue of extreme poverty. Most slum dwellers live on less than two 
U.S dollars a day and cannot afford medical insurance 67, 68. Food insecurity is also
very high 107. Therefore a double burden of disease in such settings can only have
catastrophic consequences if left unaddressed. Conversely, as is argued in the next
section of this thesis, if the socio-economic drivers of health are not addressed, then
the double burden of disease in poverty ravaged settings like slums will continue to
thrive. Yet due to the challenges cited above, much thought needs to go in what
integrated health systems approaches would look like in a slum context. Much more
research is needed in this regard. However, based on experiences in the slum
context, a few solutions can be identified. First, the utilization of community health
workers (CHWs) in primary health prevention strategies could provide a quick route
to integrated health services. The SCALE UP study described in chapters 9 and 10
utilized CHWs to conduct door-to-door screening of adults for hypertension including
providing lifestyle modification advice. Based on our interactions with these CHWs,
most of them already had experience with working with other organizations to
provide home-based counselling and testing for HIV or maternal and child health
services. It therefore seems logical that CHWs can be trained and equipped to
provide integrated community-based services in their communities. In other words,
the same CHWs who provide counselling for HIV testing could provide lifestyle
modification advice for reducing non-communicable disease risk. This approach is
not without challenges. For example, would increasing the duties of CHWs mean
that they will need to function on a full-time rather than volunteer basis? In that case,
who would pay them for their services and how much will be sufficient? In Kenya, the
government policy is to treat CHWs as volunteers and not as salaried employees
even though it is known that several organizations have engaged CHWs on a full-
time basis for certain projects in the slums and elsewhere. Further research is
needed to explore how CHWs can be efficiently and effectively utilized to provide
integrated community based health services. Another idea for integration could be to
expand the services of the tens of Voluntary Counselling and Testing centres for HIV
in the slums of Kenya to include screening for non-communicable diseases. Overall,
further implementation research on such ideas, as well as the development of
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innovative strategies on integration of the health system in the slum context, are 
needed.  

BIGGER PICTURE – ADDRESSING THE SOCIAL DETERMINANTS OF HEALTH 
IN SLUM POPULATIONS 

While this thesis has made a case for integrated approaches to addressing the 
double burden of communicable and non-communicable diseases, it must be said 
that all such approaches will only be sustainable if the social determinants of health 
particularly in the context of slum populations are also addressed.  An independent 
report by APHRC highlights some of the social determinants of health in urban slums 
in Nairobi, Kenya 48. This report, the Nairobi Cross-sectional Slum Survey (NCSS) 
2012 was a follow up to a similar study in 2000 49. The report found that relative to 
2000 wherein lack of jobs, proper housing and affordable water supplies were 
mentioned by slum dweller across Nairobi as their most important needs, lack of 
drinking water and poor drainage were cited as the major needs for the slum 
residents in 2012. The report further stated that water was a key concern for about 
one in five of slum dwellers – a substantial increase from 2000. The proportion of 
slum dwellers concerned about unemployment almost halved between 2000 and 
2012. Yet new concerns that were not there in 2000 around sanitation and security 
emerged in 2012. Unemployment rates were also found to have worsened between 
2000 and 2012 for slums residents of all age groups regardless of educational 
attainment, even though there was a substantial increase in the proportion of young 
people with secondary or higher education. Additionally, employment opportunities 
for slum residents declined for both men and women and there was particularly high 
unemployment rate among slum women aged 20-24.   

Beyond the slums, the Government of Kenya has taken modest steps towards 
understanding and addressing the social determinants of health in the country.  In 
2014, the Kenya Ministry of Health partnered with WHO to publish a document titled: 
‘Addressing the social determinants of health in Kenya: framework for health-in-all 
policies and inter-sectoral action’ 108. This report aimed to provide guidance to county 
governments in Kenya with a framework for addressing social determinants of health 
through advocacy, capacity building and evidence-based action. It is left to be seen 
the extent to which this framework will be implemented in Kenya. But one thing is 
certain: any improvements in Kenya’s health system achieved through 
integration or other means will not be sustainable if the social and economic 
drivers of poor health outcomes especially among the urban poor remain 
unaddressed. For example, the NCSS 2012 report stated that that there was a 
positive relationship between the educational level of a person and knowledge of 
sexually transmitted infections such as HIV –women with no formal educational were 
found to be the least knowledgeable. It is therefore intuitive that addressing the 
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social issue of education among urban poor women could potentially have an impact 
on knowledge which could translate into lifesaving behaviour for such a major 
communicable disease as HIV.  Addressing social determinants of health could also 
potentially benefit non-communicable disease prevention strategies in slum settings 
as well. For example, improving food security among the urban poor with emphasis 
on making healthy foods available and affordable will go a long way towards 
reducing cardiovascular disease risk in these settings. In summary, while this thesis 
has advocated for health systems strengthening through integration, it is equally 
important to prioritize action that addresses the social and economic drivers of the 
double burden of disease in slum populations.    

FUTURE RESEARCH 

This thesis yielded several areas for future research involving slum populations and 
low-resource settings in general.  

Need for better quality data and research on communicable diseases 

The HIV mortality data presented in this thesis was limited by the lack of ART uptake 
and coverage data. Several studies in other settings have shown that ART roll-out 
has significantly led to a decline in population-level mortality in low-resource settings 
109, 110. These studies have largely focussed on rural populations. Further studies in 
slum settings should be conducted that incorporate ART coverage data in HIV 
mortality estimates where available. Such information will enhance understanding of 
the full impact of ART scale-up in reducing adult mortality in these settings. Morbidity 
data on other communicable diseases such as TB and malaria is also lacking in 
these settings. Operational research for how to improve health management 
information and vital registration systems in such setting would be useful.   

Innovative strategies for promoting sustained retention in care among people 
with moderate to high cardiovascular disease risk 

Awareness, treatment and control of important risk factors for non-communicable 
diseases such as hypertension and diabetes, as well as perceptions regarding 
obesity in the study populations in this these were less than ideal. This situation is 
not unique to the slum setting alone. For example, it has been documented 
elsewhere that only 13% of people with hypertension have it adequately controlled 
111. Therefore it is important to develop, test and implement cost-effective
interventions for addressing these issues. The WHO has set global non-
communicable disease targets including a 25% relative reduction in the prevalence
of raised blood pressure; and a halt the rise in diabetes & obesity in member
countries by 2025. These targets may not be achieved without evidence generated
by rigorous scientific evaluation of programmes or interventions targeting each of the
respective risk factors for non-communicable diseases across various contexts.
Indeed, the existing knowledge may suffice for some risk factors more than others.
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While the ‘what’ of how to address these risk factors may already be well 
documented and supported by strong scientific evidence, the ‘how’ may be lacking. 
For example, it is known that taking medication to control blood pressure significantly 
reduces the risk of cardiovascular diseases 112 but getting those in marginalized 
populations on treatment may require further research.  

Research in adolescents and children 

All the papers presented in this thesis focused on adults. Yet it has been argued that 
70% of premature deaths due to non-communicable diseases in adults are 
associated with behaviours that begin or are reinforced during adolescence including 
tobacco use, alcohol misuse, poor eating habits and lack of physical activity 113. 
There is some evidence to suggest that non-communicable diseases related 
behaviours are on the rise among young people, and that they establish patterns of 
behaviour that persist throughout life and that are hard to change. For example, 3 
out of 4 obese adolescents remain obese as adults thus increasing their risk of 
cardiovascular disease, diabetes and cancers 114, 115. The WHO has called on 
member states to address the needs of youth in the contexts of non-communicable 
diseases 25. Further research is needed especially in low-resource settings on what 
the levels of risk factors (behavioural and physiological) for non-communicable 
diseases are in adolescents and children, and what can be done to control these risk 
factors.  

Operational and policy research on how to effectively integrate communicable 
and non-communicable diseases prevention and control  

This thesis has made a case for an integrated approach to addressing the double 
burden of diseases in a low resource setting. What is needed next is evidence on 
how exactly policymakers, public health practitioners and other stakeholders can go 
about achieving this integration. Some of the steps to be taken could be broad based 
–for example, ministries of health in low-resource settings could develop national
action plans or policy documents that would provide guidance on the integration of
communicable and non-communicable disease prevention and control strategies.
This should logically be accompanied by policy research on the impact of such policy
documents. Other steps may need to be context specific. In Kenya, there are already
a number of research and programmatic initiatives aimed at achieving integration.
For example, a team of researchers in Kenya are implementing and evaluating a
model for integrating non-communicable diseases into HIV and maternal child
health/family planning programmes in Kenya 116. Such steps are highly commended
and it is hoped that further research in this area will be conducted and disseminated
by public health practitioners.

CONCLUSIONS 

This thesis has provided evidence of a double burden of disease among the urban 
poor in two slums in Nairobi, Kenya. While mortality due to important communicable 
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diseases like HIV appears to be on a downward trend in these low resource settings 
due to public health interventions such as ART scale up, they still account for the 
majority of premature deaths. At the same time, certain risk factors for non-
communicable diseases like hypertension, diabetes and obesity are relatively 
common while awareness, treatment and control of these risk factors remain 
dismally low. It was demonstrated that it is possible to implement interventions for 
some of these risk factors at reasonable costs even in such a low-resource and 
marginalized setting. However there is still much room for improvement such as 
finding ways to address healthcare access and costs for preventing and controlling 
these risk factors. In this regard, much can be learnt from the global response to 
communicable diseases such as HIV. For example, despite ART being a 
substantially complex treatment modality, the global community has managed to 
rapidly and successfully scale up ART to about 40% of those in need –many of 
whom reside in  LMICs. Overall, an integrated approach to tackling the double 
burden of disease makes a lot of sense even though there are indeed limitations. 
Such an approach will likely provide a path to a win-win or ‘killing two beds with one 
stone’ situation if implemented with the overall aim of building health systems 
especially in low-resource settings. At the same time, addressing key social 
determinants of health in slum populations such as poverty and lack of education will 
be critical if efforts aimed at integrating health systems are to be sustainable and 
effective. 
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DUBBELE ZIEKTELAST IN DE SLOPPENWIJKEN VAN KENIA (NEDERLANDSE 
SAMENVATTING) 

Ontwikkelingen van grote infectieziekten 

Infectieziekten zijn nog steeds doodsoorzaak nummer één in sub-Sahara Afrika 
(SSA). HIV/AIDS, tuberculose (TB) en malaria vormen samen de grootste bedreiging 
binnen de wereldwijde gezond voor een afzwakking van de ontwikkeling van veel 
lage- en middeninkomenslanden (LMIL’s), waaronder Kenia. Infectieziekten blijven 
een sleutelrol spelen binnen het ‘dubbele ziektelast’ fenomeen – het samengaan van 
een hoge ziektelast van zowel infectieziekten als niet-overdraagbare ziekten in 
dezelfde populatie – dat steeds meer grip krijgt op veel LMIL’s in de wereld. Twee-
derde van alle HIV infecties (zowel incidentie als prevalentie) en drie-vierde van alle 
AIDS doden vinden plaats in SSA. In Kenia, het land met de grootste economie van 
oost Afrika, zijn momenteel meer dan 1,6 miljoen mensen met HIV (PLHIV) en 
ongeveer 60% daarvan is vrouw. Wat betreft TB is Kenia nummer 15 binnen de 22 
landen met een hoge ziektelast, die samen zorgen voor 80% van alle gevallen in de 
wereld. Tegelijkertijd wordt geschat dat in Kenia malaria zorgt voor het verlies van 
170 miljoen werkdagen per jaar onder volwassenen en voor 20% van alle doden 
onder kinderen jonger dan vijf jaar. Naast de drie eerder genoemde ziekten dragen 
ook andere infectieziekten zoals lage luchtweginfecties, diarree en bloedvergiftiging 
bij pasgeborenen, significant bij aan hoge morbiditeit en mortaliteit in Kenia, vooral 
onder kinderen. Echter, net als in de meeste landen in SSA, is ook in Kenia de 
ziektelast van infectieziekten sterk teruggedrongen. Bijvoorbeeld de prevalentie van 
HIV is teruggedrongen van 11% in midden 1990 tot minder dan 6% in 2012 en de 
incidentie van TB is verminderd tot bijna 40%. Deze vooruitgang is voor een groot 
deel toe te schrijven aan de wereldwijde aandacht voor infectieziekten en aan de 
financiële investeringen van fondsen zoals het Global Fund to Fight AIDS, 
Tuberculosis and Malaria, opgezet door overheden en hun ontwikkelingspartners in 
de afgelopen decennia om deze ziekten de kop in te drukken. Ondanks deze 
investeringen blijven gezondheidssystemen in veel LMIL’s zoals Kenia zwak. De 
zwakte van gezondheidssystemen is vooral verontrustend omdat er bewijs is dat de 
ziektelast van niet-overdraagbare ziekten in LMIL’s sterk stijgt en daardoor een risico 
vormt voor een dubbele ziektelast in de betreffende bevolkingen. 

De opkomst van niet-overdraagbare ziekten 

In 2010 waren van de ongeveer 53 miljoen doden wereldwijd, 35 miljoen (65%) toe 
te schrijven aan niet-overdraagbare ziekten. Voorspellingen van de 
Wereldgezondheidsorganisatie (WHO) laten zien dat het totale aantal wereldwijde 
doden ten gevolge van niet-overdraagbare ziekten zal toenemen tot 55 miljoen per 
jaar in 2030 wanneer geen actie wordt ondernomen. Ongeveer 80% van alle doden 
ten gevolge van niet-overdraagbare ziekten vindt plaats in LMIL’s. De schaarse 
gegevens die bekend zijn, laten zien dat de ziektelast van niet-overdraagbare 
ziekten toeneemt in Kenia. Een voorbeeld hiervan is een studie uitgevoerd in het 
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landelijke westen van Kenia waarin werd gevonden dat de proportionele mortaliteit 
van niet-overdraagbare ziekten was toegenomen van 35% in 2003 tot 45% in 2010. 
De internationale gemeenschap heeft de opkomst van niet-overdraagbare ziekten 
erkend en onderneemt nu stappen om dit probleem aan te pakken. Het was 
bijvoorbeeld slechts de tweede keer dat de Algemene Vergadering van de Verenigde 
Naties (VN) aandacht besteedde aan gezondheid toen de VN high-level meeting 
over niet-overdraagbare ziekten werd gehouden op 19-20 september 2011 in New 
York (VS) (sinds HIV/AIDS). Als gevolg van die top heeft de WHO een wereldwijd 
actieplan opgesteld voor al haar lidstaten, waaronder Kenia. Wanneer dit actieplan 
wereldwijd wordt geïmplementeerd tussen 2013 en 2020 zal het onder andere leiden 
tot een relatieve vermindering van 25% in 2025 van het aantal vroegtijdige doden ten 
gevolge van niet-overdraagbare ziekten. 

De epidemiologische transitie en de dubbele ziektelast 

Het fenomeen van dubbele ziektelast kan het best begrepen worden wanneer het in 
zijn context van epidemiologische transitie wordt gezien. De theorie van de 
epidemiologische transitie, al eerste beschreven door Abdel R. Omran, luidt 
‘complexe veranderingen in zowel de patronen van ziekte en gezondheid als in de 
interactie tussen deze patronen en hun demografische, economische en 
sociologische determinanten en consequenties’. Eén van de belangrijkste fases van 
de epidemiologische transitie is de fase van degeneratieve- en door de mens 
veroorzaakte ziekten. Deze fase is in het bijzonder van belang voor dit proefschrift 
omdat verondersteld wordt dat veel LMIL’s, waaronder Kenia, zich momenteel in 
deze fase bevinden of op het punt staan deze fase in te gaan. Deze fase wordt 
gekarakteriseerd door een lange termijn verandering in mortaliteit en ziektepatronen 
waarbij de plaats van ‘pandemieën van infecties’ als primaire oorzaak van morbiditeit 
en mortaliteit geleidelijk wordt overgenomen door ‘degeneratieve- en door de mens 
veroorzaakte ziekten’ en niet-overdraagbare ziekten. Naar deze fase wordt ook wel 
verwezen als de tijd van ‘dubbele ziektelasten’. In ontwikkelde landen zoals 
Nederland begon deze fase in de late 19e eeuw en duurde tot laat in de 1960’s. In 
LMIL’s zoals Kenia en afhankelijk van het land, is deze fase begonnen in de 1970’s 
en duurt tot op het heden. Studies uitgevoerd in Zuid-Afrika geven het sterkste 
bewijs van de dubbele ziektelast in SSA. Vanaf midden jaren 1970 was er een 
significante afname in mortaliteits- en vruchtbaarheidscijfers in Zuid-Afrika, die 
duurde tot aan midden jaren 1990, toen de HIV/AIDS epidemie leidde tot een grote 
ommekeer in mortaliteit in kinderen en jong volwassenen. Midden jaren 2000 was de 
levensverwachting bij geboorte in Zuid-Afrika afgenomen met 14 jaar voor mannen 
en met 12 jaar voor vrouwen. Tegelijkertijd wordt gezegd dat de ziektelast van niet-
overdraagbare ziekten in Zuid-Afrika toeneemt in landelijke gebieden en daarbij 
vooral arme mensen in stedelijke gebieden treft, wat leidt tot een toenemende vraag 
van zorg voor chronische ziekten.  

De rol van sociale determinanten van gezondheid 
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Sociale determinanten voor gezondheid verwijzen naar de omstandigheden waarin 
“mensen geboren worden, groeien, leven, werken en ouder worden, inclusief het 
gezondheidssysteem”. Met andere woorden, sociale determinanten van gezondheid 
zijn onder andere sociale en economische factoren – en hun spreiding onder de 
bevolking – die een sterke invloed hebben op gezondheid. Deze socio-economische 
factoren zijn onder andere lage sociale status, constante stress, vroegtijdige 
tegenspoed in het leven, sociale uitsluiting, spanning op het werk, werkeloosheid, 
ontbreken van sociale steun, verslaving, gebrekkige voeding en een omgeving die 
lichamelijke inactiviteit stimuleert. Een rapport uit 2013 van het Ministerie van 
Gezondheid van Kenia licht verscheidene belangrijke sectoren uit die invloed 
hebben op gezondheid, onder andere werk; onderwijs en jeugd; landbouw en 
voeding; land, cultuur en levensstijl; en milieu en duurzaamheid. Het rapport laat 
bijvoorbeeld zien dat de armste 20% van de Kenianen 44% en 77% hogere 
zuigelingen- en onder-vijf sterfte respectievelijk hadden dan huishoudens in de 
rijkste 20%. Doordat sociale determinanten een sterke invloed hebben op 
gezondheidsuitkomsten in het algemeen, is het niet meer dan logisch dat zij ook de 
dubbele ziektelast zullen beïnvloeden.  

MOTIVATIE VOOR HET PROEFSCHRIFT 

Het doel van dit proefschrift is het bieden van bewijs van een dubbele ziektelast in 
de sloppenwijken van Nairobi en het creëren van een casus voor een 
geïntegreerde benadering van gezondheidssystemen om deze situatie aan te 
pakken. Het concept van een dubbele ziektelast is eerder beschreven. Een 
geïntegreerd gezondheidssysteem is een systeem dat beantwoord aan de 
gezondheidszorgvraag van een bevolking – oftewel, een systeem dat de ziektelast 
aan kan in elke omstandigheid, of het nu infectieziekten of niet-overdraagbare 
ziekten zijn. Maar waarom focussen op sloppenwijken? Ten eerste omdat de 
populatie van de sloppenwijken snel is gegroeid in de afgelopen twee decennia en 
daarom niet langer genegeerd kan worden. VN-HABITAT schat dat in SSA 60% van 
alle stedelingen in een sloppenwijk of sloppenwijk-achtige woning woont – dat is 
ongeveer 200 miljoen mensen, of één vijfde van de Afrikaanse bevolking. Ten 
tweede, doordat sloppenwijken vaak niet officieel erkend worden, zijn er vaak maar 
weinig sociale voorzieningen aanwezig resulterend in een gebrek aan toegang tot 
goede gezondheidszorg, onderwijs en water/sanitaire voorzieningen. Slechte 
levensomstandigheden en een gebrek aan kansen om te voorzien in eigen 
levensonderhoud maken bewoners van sloppenwijken extra vatbaar voor gedrag dat 
slecht is voor hun gezondheid, wat een hoge last van infectieziekten en niet-
overdraagbare ziekten tot gevolg kan hebben. Bijvoorbeeld, het wordt gezegd dat 
condoom gebruik in Nairobi ’s sloppenwijken lager is dan in andere niet-sloppenwijk 
gebieden. Tegelijkertijd is de prevalentie van HIV (~12%) in deze sloppenwijken 
ongeveer het dubbele van het nationale gemiddelde in Kenia. Andere studies tonen 
een hoge morbiditeit van infectieziekten aan in de sloppenwijken ten gevolge van 
ziekten als lage luchtweginfecties en diarree. Risicofactoren voor niet-overdraagbare 
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ziekten zijn ook gangbaar op deze plekken. Een studie in Kibera – de grootste 
sloppenwijk van Kenia – vond dat de prevalentie van hypertensie en diabetes 23% 
en 5% respectievelijk was.  

SPECIFIEKE DOELEN VAN DIT PROEFSCHRIFT 
De Specifieke Doelen (SD) van dit proefschrift zijn: 

SD1: Het beschrijven van de ziektelast van HIV en andere dodelijke infectieziekten 
in de sloppenwijken van Nairobi, Kenia. 

SD2: Het beschrijven van de prevalentie van en belangrijke risicofactoren voor niet-
overdraagbare ziekten – hypertensie, diabetes en obesitas –in de sloppenwijken van 
Nairobi, Kenia.  

SD3: Het beschrijven van ontwikkelingen in de mortaliteit van niet-overdraagbare 
ziekten onder volwassen bewoners van sloppenwijken in Nairobi.  

SD4: Het beschrijven en evalueren van de implementatie, uitkomsten en gemoeide 
kosten van een programma in de gemeenschap, voor de primaire preventie van niet-
overdraagbare ziekten op basis van de behandeling van hypertensie in de 
sloppenwijken van Nairobi, Kenia.  

PLAATS EN POPULATIE VAN ONDERZOEK 

De artikelen van dit proefschrift zijn gebaseerd op studies die onderdeel zijn van de 
Nairobi Urban Health and Demographic Surveillance System (NUHDSS). De 
NUHDSS is in 2002 door de African Population and Health Research Center 
(APHRC) opgezet met als doel het bieden van een platform voor onderzoek naar de 
socio-economische en gezondheidsgevolgen op lange termijn van het wonen in 
steden, evenals om te dienen als een instrument voor interventie- en impact-
evaluatie studies die focussen op de behoeften van arme mensen in de stedelijke 
gebieden van SSA. Sinds 31 december 2012 bestaat de onderzoekspopulatie uit 
63.639 personen uit 25.793 huishoudens in twee sloppenwijken – Korogocho en 
Viwandani –, beide in Nairobi. Beide sloppenwijken, zoals de meeste andere 
sloppenwijken in Nairobi, worden gekenmerkt door een gebrek aan sociale 
voorzieningen, een relatief hoge criminaliteit, hoge werkeloosheid en extreme 
armoede in vergelijking met andere stedelijke of landelijke gebieden. Wat betreft 
toegang tot gezondheidszorg geven bewoners van Korogocho en Viwandani 
voorkeur aan particuliere gezondheidscentra omdat er slechts enkele openbare 
voorzieningen zijn, daarnaast betalen de meeste bewoners de gezondheidszorg uit 
eigen zak omdat slechts minder dan 10% een zorgverzekering heeft.  
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ziekten zijn ook gangbaar op deze plekken. Een studie in Kibera – de grootste 
sloppenwijk van Kenia – vond dat de prevalentie van hypertensie en diabetes 23% 
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BELANGRIJKSTE BEVINDINGEN VAN DIT PROEFSCHRIFT 

Patronen in HIV mortaliteit – een case studie voor infectieziekten 

Wij vonden een afnemende trend in mortaliteit van HIV tussen 2003 en 2010 in de 
twee sloppenwijken in Nairobi (hoofdstukken 2 en 3). Het overlijdensrisico van HIV 
was 53 procent minder in de geschatte periode na de implementatie van 
antiretrovirale therapie (ART) in Kenia (2007-2010), in vergelijking met de periode 
daarvoor (2003-2006), gecorrigeerd voor leeftijd en geslacht. De mortaliteit van HIV 
voor vrouwen nam dubbel zoveel af tussen beide periodes als de mortaliteit van HIV 
voor mannen. Wij concludeerden dat de HIV mortaliteit op bevolkingsniveau in de 
sloppenwijken van Nairobi significant lager was tijdens de geschatte periode waarin 
ART landelijk werd ingevoerd in Kenia en dat de onderzoekspopulatie gebaat was bij 
deze invoering.  

Mortaliteit van andere infectieziekten 

Wij vonden dat tijdens een tien jaar durende studie, 2003-2013, infectieziekten 
verantwoordelijk waren voor de meerderheid van de volwassen doden in de 
NUHDSS, voornamelijk door HIV/AIDS en TB (hoofdstuk 4). Doodsoorzaak 
nummer één in 2003 was HIV/AIDS (34% van de doden), gevolgd door TB (27%). 
Echter, in 2012 was de proportie van doden in de NUHDSS ten gevolge van TB 
(27%) hoger dan de proportie van doden ten gevolge van HIV/AIDS (17%). Andere 
infectieziekten zoals luchtweginfecties, meningitis en diarree tezamen waren 
verantwoordelijk voor minder dan 6% van de volwassen doden over de gehele 
studieperiode. Deze bevindingen geven aan dat de bevolking in de sloppenwijken 
nog steeds lijdt onder de last van infectieziekten. Deze situatie effent de weg voor 
een scenario met een dubbele ziektelast omdat de ziektelast van niet-overdraagbare 
ziekten in sloppenwijken zichtbaar wordt.  

Risico factoren en mortaliteit voor niet-overdraagbare ziekten 

Hypertensie, diabetes en obesitas zijn bekende risico factoren voor niet-
overdraagbare ziekten. Wij vonden dat ongeveer een vijfde van de volwassenen 
boven 18 jaar in de NUHDSS leden aan hypertensie (prevalentie gestandaardiseerd 
voor leeftijd: 18%) of diabetes (5%). Onder de mensen met hypertensie was minder 
dan één vijfde zich bewust hiervan, slechts de helft van hen meldde dat ze onder 
behandeling waren op enig moment in het voorgaande jaar. Minder dan een derde 
van hen die onder behandeling waren had een adequate bloeddruk (hoofdstuk 5). 
Gelijke resultaten waren gevonden voor mensen met diabetes (hoofdstuk 6). 
Tegelijkertijd vonden we veel overgewicht en obesitas in de onderzoekspopulatie, 
vooral onder vrouwen (hoofdstuk 7). Ongeveer 43% van de vrouwen en 17% van 
de mannen in de onderzoekspopulatie had overgewicht of obesitas. Tenslotte 
onderzochten we ontwikkelingen in de mortaliteit van niet-overdraagbare ziekten 
onder volwassenen van 35 jaar en ouder in de sloppenwijken van Nairobi 
(hoofdstuk 8). We vonden dat de mortaliteit ten gevolge van niet-overdraagbare 
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ziekten niet significant veranderde gedurende de onderzoeksperiode (2003-2011) 
voor mannen noch vrouwen. Onder mannen waren hart- en vaatziekten en kanker 
de voornaamste niet-overdraagbare ziekten – verantwoordelijk voor 8 en 5% van de 
mortaliteit respectievelijk, gemiddeld over de tijd. Onder vrouwen waren hart- en 
vaatziekten verantwoordelijk voor 14% van de mortaliteit gemiddeld over de tijd, 
terwijl kanker verantwoordelijk was voor 8% hiervan. Infectieziekten blijven de 
voornaamste doodsoorzaak, goed voor meer dan 50% van de mortaliteit in mannen 
en vrouwen gemiddeld over de gehele onderzoeksperiode.  

Programma ter preventie van niet-overdraagbare ziekten en geleerde lessen 

In reactie op het gebrek aan bewustzijn en behandeling van bepaalde risicofactoren 
van niet-overdraagbare ziekten voerden wij een quasi-experimentele interventie 
studie uit – de SCALE UP studie – in de sloppenwijken Korogocho en Viwandani 
(hoofdstuk 9). Het programma vond plaats in Korogocho en Viwandani fungeerde 
als controle sloppenwijk. Het programma, dat plaats had in de gemeenschap van de 
sloppenwijk en bestond uit meerdere componenten, had als doel het risico voor hart- 
en vaatziekten te verkleinen middels bewustwordingscampagnes, het verbeteren 
van de toegang tot screening en het bieden van behandeling voor hypertensie voor 
volwassenen van 35 jaar en ouder in een grote sloppenwijk in Nairobi, Kenia. 
Vervolgens voerden we een procesevaluatie uit waarin we de implementatie, 
uitkomst en kosten van het SCALE UP programma beschreven (hoofdstuk 10). Het 
programma bereikte 60% van de doelgroep (4.049 mensen gescreend voor US$17 
per persoon), bood 68% van de doorverwezen personen toegang tot een 
behandeling (660 mensen bezochten de kliniek voor US$123 per persoon), behield 
27% van hen die de kliniek bezochten onder behandeling (178 mensen bleven onder 
behandeling voor US$194 per persoon) en bereikte een adequate bloeddruk onder 
33% van hen die onder behandeling bleven (n=58/178). De totale kosten van het 
SCALE UP programma waren per patiënt met een adequate bloeddruk US$3.205. 
Wij lieten zien dat het met een omvangrijk programma dat plaats vindt in de 
gemeenschap, mogelijk is om een mate van bewustwording en behandeling te 
creëren die vergelijkbaar is met die van hoge inkomenslanden. Bovendien waren de 
kosten van het programma vergelijkbaar met die van andere bestaande 
gezondheidsprogramma’s die plaatshebben in gemeenschappen in Kenia, zoals het 
bieden van gratis ART aan alle HIV positieve moeders (Option B+) – wat recent 
geschat werd op US$6.015 per teruggedrongen infectie. De conclusie was dat het 
implementeren van het SCALE UP programma en de uitkomsten daarvan zeer 
bemoedigend zijn en de hoop is dat deze bevindingen het uitvoeren van meer 
onderzoek naar en programma’s voor het verminderen van riskcofactoren voor 
hypertensie en hart- en vaatziekten in gebieden met weinig middelen zal stimuleren. 
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HET MAKEN VAN EEN CASUS VOOR HET VERSTERKEN VAN 
GEZONDHEIDSSYSTEMEN DOOR INTEGRATIE EN HET AANPAKKEN VAN DE 
SOCIALE DETERMINANTEN VAN GEZONDHEID 

De resultaten die staan vermeld in de hoofstukken 2 tot 10 laten zien dat er een 
dubbele ziektelast is in de sloppenwijken van Nairobi. Wij beweren dat deze situatie 
een kans biedt voor het versterken van het gezondheidssysteem door middel van 
een geïntegreerde benadering van preventie en behandeling van infectieziekten en 
niet-overdraagbare ziekten. Zoals eerder beschreven, is een geïntegreerd 
gezondheidssysteem een systeem dat reageert op de gezondheidsbehoeften van de 
bevolking – met andere woorden, een systeem dat de ziektelast in elke 
omstandigheid aan kan, zij het infectieziekten of niet-overdraagbare ziekten. Onze 
stelling is dat het wiel niet opnieuw uitgevonden hoeft te worden – we kunnen 
bekende middelen en ervaringen met infectieziekten zoals HIV gebruiken om niet-
overdraagbare ziekten aan te pakken en om gezondheidssystemen in LMIL’s te 
versterken. In een pilotstudie in Cambodja bijvoorbeeld, werden bestaande HIV 
voorzieningen in klinieken uitgebreid (door meer personeel aan te nemen en te 
voorzien met basisvoorzieningen) om ook zorg te kunnen bieden aan patiënten met 
diabetes en hypertensie. Een soortgelijke benadering zorgt ervoor dat beschikbare 
middelen gedeeld en gemaximaliseerd worden en zorgen voor een algemene 
verbetering van het gezondheidssysteem.  

Tegelijkertijd kan de socio-economische context in de sloppenwijken niet genegeerd 
worden in de strijd tegen de dubbele ziektelast. Het milieu in de sloppenwijken stelt 
veel uitdagingen waaronder extreme armoede, geringe veiligheid, sociale uitsluiting, 
een gebrek aan personeel en infrastructuur, politieke onzekerheid, veel migratie en 
slechte indicatoren voor gezondheid. De meeste bewoners van sloppenwijken leven 
met minder dan twee US dollars per dag en kunnen geen zorgverzekering betalen. 
Voedselschaarste is ook zeer hoog. Daarom geloven wij sterk dat elke poging tot 
het verbeteren van het Keniaanse gezondheidssysteem door middel van 
integratie of anderszins, niet duurzaam zal zijn wanneer sociale- en 
economische aanleidingen voor slechte gezondheid, vooral onder arme 
stedelingen, niet erkend en aangepakt worden. Echter, verder onderzoek is nodig 
naar wat de meest effectieve wijze is van de integratie van zowel preventie als de 
behandeling van infectieziekten en niet-overdraagbare ziekten in sloppenwijken.  

CONCLUSIES 

Dit proefschrift biedt bewijs voor een dubbele ziektelast onder arme stedelingen in 
twee sloppenwijken in Nairobi, Kenia. Terwijl de mortaliteit ten gevolge van 
belangrijke infectieziekten als HIV, door gezondheidszorgprogramma’s zoals het 
opschalen van ART langzaam daalt in deze plaatsen met weinig middelen, zorgen 
deze ziekten toch nog voor de meerderheid van vroegtijdige doden. Tegelijkertijd zijn 
risicofactoren voor niet-overdraagbare ziekten als hypertensie, diabetes en obesitas 
algemeen aanwezig, terwijl bewustwording en behandeling van deze risicofactoren 
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bedroevend weinig plaats vindt. Wij toonden aan dat het mogelijk is om een 
programma te implementeren om enkele van deze risicofactoren aan te pakken 
tegen een redelijke prijs, zelfs in een achtergestelde omgeving met weinig middelen. 
Over het algemeen geloven wij dat een geïntegreerde benadering van de dubbele 
ziektelast zinvol is, ondanks de bestaande beperkingen. Wanneer een dergelijke 
aanpak geïmplementeerd wordt met als doel het opbouwen van een 
gezondheidssysteem zal dat leiden naar een win-win of ‘twee vliegen in één klap’- 
situatie, vooral in gebieden met weinig middelen. Tegelijkertijd zullen pogingen tot 
het integreren van gezondheidssystemen alleen duurzaam en effectief zijn wanneer 
belangrijke sociale determinanten van gezondheid van mensen in sloppenwijken, 
zoals armoede en gebrek aan onderwijs, worden aangepakt. 
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met minder dan twee US dollars per dag en kunnen geen zorgverzekering betalen. 
Voedselschaarste is ook zeer hoog. Daarom geloven wij sterk dat elke poging tot 
het verbeteren van het Keniaanse gezondheidssysteem door middel van 
integratie of anderszins, niet duurzaam zal zijn wanneer sociale- en 
economische aanleidingen voor slechte gezondheid, vooral onder arme 
stedelingen, niet erkend en aangepakt worden. Echter, verder onderzoek is nodig 
naar wat de meest effectieve wijze is van de integratie van zowel preventie als de 
behandeling van infectieziekten en niet-overdraagbare ziekten in sloppenwijken.  

CONCLUSIES 

Dit proefschrift biedt bewijs voor een dubbele ziektelast onder arme stedelingen in 
twee sloppenwijken in Nairobi, Kenia. Terwijl de mortaliteit ten gevolge van 
belangrijke infectieziekten als HIV, door gezondheidszorgprogramma’s zoals het 
opschalen van ART langzaam daalt in deze plaatsen met weinig middelen, zorgen 
deze ziekten toch nog voor de meerderheid van vroegtijdige doden. Tegelijkertijd zijn 
risicofactoren voor niet-overdraagbare ziekten als hypertensie, diabetes en obesitas 
algemeen aanwezig, terwijl bewustwording en behandeling van deze risicofactoren 
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bedroevend weinig plaats vindt. Wij toonden aan dat het mogelijk is om een 
programma te implementeren om enkele van deze risicofactoren aan te pakken 
tegen een redelijke prijs, zelfs in een achtergestelde omgeving met weinig middelen. 
Over het algemeen geloven wij dat een geïntegreerde benadering van de dubbele 
ziektelast zinvol is, ondanks de bestaande beperkingen. Wanneer een dergelijke 
aanpak geïmplementeerd wordt met als doel het opbouwen van een 
gezondheidssysteem zal dat leiden naar een win-win of ‘twee vliegen in één klap’- 
situatie, vooral in gebieden met weinig middelen. Tegelijkertijd zullen pogingen tot 
het integreren van gezondheidssystemen alleen duurzaam en effectief zijn wanneer 
belangrijke sociale determinanten van gezondheid van mensen in sloppenwijken, 
zoals armoede en gebrek aan onderwijs, worden aangepakt. 
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