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abStraCt

objectives
This study assesses the prevalence, awareness, treatment and control of dia-
betes in the slums of Nairobi, Kenya. Additionally, we examine the relation-
ship of obesity with raised blood glucose in the same setting.

Methods
We use data from a cross-sectional population-based survey, conducted in 
2008-2009, involving a random sample of 5190 (2794 males and 2396 fe-
males) adults aged ≥18 years living in two slums – Korogocho and Viwanda-
ni – in Nairobi.

results
The prevalence (weighted by sampling and response rates) of diabetes was 
4∙8% (95%CI 4∙0-5∙7) in females and 4∙0% (95%CI 3∙3-4∙7) in males. Less 
than a quarter of those found to have diabetes were aware of their condition 
among which just over half of males and three-quarters of females report-
ed being on any treatment in the 12 months preceding the survey. Overall, 
less 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 females while ad-
justing for important covariates.

Conclusion
The prevalence of diabetes in this impoverished population is moderate-
ly high while the levels of awareness, treatment and control are quite low. 
In this population, obesity is an important risk factor for raised blood glu-
cose particularly among females. Prevention and control strategies that tar-
get modifiable risk factors for diabetes and increase access to treatment and 
control in such disadvantaged settings are urgently needed.
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baCKGroUnD

In many low- and middle- income countries (LMICs), especial-
ly those in sub-Saharan Africa (SSA), there is an upsurge in the 
burden of non-communicable diseases (NCDs) such as diabe-
tes, stroke and cancers[1]. This upsurge is believed to be large-
ly driven by rapid urbanization and the attendant adoption of so-
called western lifestyles –such as consumption of high-calorie 
diets and reduced physical activity– especially in the urban cen-
tres of LMICs [1]. As a result of their already high burden of in-
fectious diseases such as HIV/AIDS and malaria, as well as weak 
health care systems, many countries are facing the prospects of the 
so-called ‘double burden of disease’ [2]. At least 80 per cent of 
deaths from NCDs occur in LMIC [1]. Moreover, NCDs gener-
ally tend to occur among younger and economically active pop-
ulations in LMICs in comparison to their high-income countries’ 
counterparts [1]. This implies that economic development in such 
countries will be negatively impacted 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 [1]. For 
instance, the number of people affected by diabetes mellitus (DM) 
in SSA alone is projected to double from 12 to 24 million with-
in the next two decades [3]. This increase will be driven in part 
by the rise in the prevalence of risk factors for DM in these set-
tings. Specifically, several studies from SSA have shown that ex-
cessive body weight and obesity are independent risk factors for 
DM [4]. Obesity is reaching epidemic proportions globally – 
hence the coining of the term 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 Sur-
vey (DHS) data from seven African countries over a ten year peri-
od, revealed rising trends in overweight and obesity among urban 
women [5]. Specifically, in the studied countries, the prevalence 
of being overweight or obese had increased by about 35% in the 
period between 1992 and 2005 when the DHS surveys were con-
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ducted. Even more worrying, the increase in overweight or obesi-
ty among the poorest urban women was about seven times higher 
than the richest urban women [5].

Overall therefore, upward trends in the levels of excessive body 
weight and obesity in SSA could contribute to an increasing prev-
alence of DM. Consequently, an increasing burden of DM will 
place further strain on the already overburdened health systems 
of LMICs. Patients with DM in SSA are faced with huge chal-
lenges in accessing basic health care including, but not limited to, 
a lack of steady access to diabetes medication, particularly insu-
lin, at an affordable cost [3, 6]. Therefore patients with diabetes in 
SSA are often undertreated, resulting in poor glycaemic control, 
and at risk of developing avoidable complications and premature 
death [6]. At the population level, DM remains under-diagnosed 
as screening/detection opportunities are few, and levels of aware-
ness about the disease are low [3, 6]. In general, increasing levels 
of an important risk factor for DM such as obesity combined with 
low levels of awareness, treatment and control poses 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 Ke-
nya, suggests that DM is a major problem in one slum [7] and that 
obesity and overweight are important correlates for DM. Our 
study goes the extra mile to assess the prevalence, awareness, treat-
ment and control of diabetes, in addition to examining the rela-
tionship 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 [8].

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 De-
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mographic Surveillance System (NUHDSS). The NUHDSS is 
operated by the African Population and Health Research Center 
(APHRC) – a regional research institution, headquartered in Nai-
robi. Details of the operation of the NUHDSS have been pub-
lished elsewhere [8]. In brief, the NUHDSS covers approximate-
ly 71,000 individuals residing in about 28,500 households in both 
slums. Every four months, demographic data including birth, 
death and migration status of every resident of the NUHDSS is 
updated. The NUHDSS therefore provides an up to date sampling 
frame for in-depth studies on various health and other social out-
comes such as ours.

Sampling technique
Our study utilized the sampling frame of adults (≥18 years) known 
to be resident in the NUHDSS area at the preceding round of data 
collection (about three months prior to the beginning of the sur-
vey). We conducted stratified random sampling based on the WHO 
STEPwise protocol for chronic disease risk factor surveillance [9]. 
The STEPwise approach focuses on collecting core data on the es-
tablished behavioral and physiological risk factors for NCDs that 
determine the major chronic disease burden. These risk factors in-
clude but are not limited to diabetes and elevated blood glucose, 
as well as measures of excessive body weight and obesity. Based 
on the STEPwise protocol, a target 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 (Korogo-
cho and Viwandani), was required. Therefore, in each stratum, a 
sampling frame was generated from the NUHDSS database and 
a computer based program (STATA® statistical software) used to 
randomly select eligible individuals.

Data collection
Details of the data collection methods have been described in detail 
elsewhere[10]. In summary, trained interviewers conducted inter-
views with study participants using a structured questionnaire that 
was translated into Kiswahili –the main local language in the study 
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area. The field interviewers were trained in interviewing techniques, 
basic research ethics as well as in taking anthropometric and clini-
cal measurements in accordance with the WHO STEPwise proto-
col [11]. Measurements were taken using WHO recommended and 
validated equipment (see Table 1). Overall, we considered several 
socio-demographic, behavioural and physiological risk factors for 
DM based on the framework developed by Wong et al [12]. Diabe-
tes, our main outcome, is defined as random capillary blood glucose 
≥11.1mmol/L or previously diagnosed by a health professional or 
confirmed by Oral Glucose Tolerance Test (OGTT) in accordance 
with WHO criteria [13]. Prediabetes is defined as two-hour (post 
75g oral glucose load ingestion) blood glucose of between 7 and 
11.0mmol/L [13]. See Table 2 for full definition of variables.

Statistics
Data were analysed using STATA 12 (StataCorp. 2011. College 
Station, TX: StataCorp LP). All estimates were weighted for sam-
pling 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 compos-
ite weight, taking both weights into account, was then applied to 
all estimates. Study participants’ socio-demographic, behavioural, 
and physiological risk factors by BMI (normal versus overweight/
BMI) were presented descriptively using Chi-square and ANOVA 
tests for significance at p less than 0·05. The awareness, treatment 
and control levels for DM by gender are also presented (see Table 
2 for definitions).

table 1: List of equipment and corresponding measurements taken

 

68 
 

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 

(STATA® statistical software) used to randomly select eligible individuals.  

 

Data collection  

Details of the data collection methods have been described in detail elsewhere[10]. In summary, trained 

interviewers conducted interviews with study participants using a structured questionnaire that was 

translated into Kiswahili –the main local language in the study area. The field interviewers were trained 

in interviewing techniques, basic research ethics as well as in taking anthropometric and clinical 

measurements in accordance with the WHO STEPwise protocol [11]. Measurements were taken using 

WHO recommended and validated equipment (see Table 1). Overall, we considered several socio‐

demographic, behavioural and physiological risk factors for DM based on the framework developed by 

Wong et al [12]. Diabetes, our main outcome, is defined as random capillary blood glucose ≥11.1mmol/L 

or previously diagnosed by a health professional or confirmed by Oral Glucose Tolerance Test (OGTT) in 

accordance with WHO criteria [13]. Prediabetes is defined as two‐hour (post 75g oral glucose load 

ingestion) blood glucose of between 7 and 11.0mmol/L [13]. See Table 2 for full definition of variables.  

 

Table 1: List of equipment and corresponding measurements taken 

 
 

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 

        



79

To examine the relationship between diabetes and obesity, we 
performed a univariate random effects logistic regression analysis 
of the outcome variable over BMI stratified by gender and control-
ling for key covariates. In order to improve the power of our anal-
ysis, we collapsed certain sub-categories within selected variables. 
Specifically, within the BMI variable, overweight and obesity are 
combined into one sub-category while pre-diabetes and diabetes 
are combined into one category: raised blood glucose. Factors sig-
nificant at p less than 0·20 were then included in an adjusted anal-
ysis. All analyses were stratified by gender since it is expected that 
some associations might differ between females and males. Also, 
all analyses considered the outcome variable in its weighted form.

role of funding source
The study sponsors had no role in the study design; in the collec-
tion, analysis, and interpretation of data; in the writing of the re-
port; and in the decision to submit the paper for publication. The 
corresponding author declares that he had access to all the data in 

table 2: Definition of variables and categories used in the analysis
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the study and had final responsibility for the decision to submit 
for publication.

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 successfully 
interviewed. This constitutes overall response rates of 94% in Ko-
rogocho and 95% in Viwandani. Of those interviewed, 2396 (46%) 
were females and 2794 (54%) were males.

Table 3 shows the background characteristics of the study popu-
lation by gender and diabetes status. Among both females and males, 
raised fasting glucose varied significantly by age, ethnicity, waist-
hip ratio, waist-circumference and hypertension status. Among 
males only, raised fasting glucose varied significantly by study site.

Table 4 shows the distribution of prevalence, awareness, treat-
ment and control of DM by gender. A quarter of females with 
DM were aware of their condition as compared to 16% of males. 
Two-thirds of females and about half of males who were aware of 
having DM were on treatment. Less than a third of those on treat-
ment, of either gender, had their blood sugar levels under control.

Table 5 shows the distribution of respondent characteristics and 
prevalence of raised blood glucose stratified by BMI categories. 
The prevalence of raised blood glucose did not differ significant-
ly by gender, education, smoking status, fruit/vegetable intake, 
physical activity or waist circumference across either BMI catego-
ry. However the prevalence of raised blood glucose increased sig-
nificantly with age among both BMI categories. The prevalence 
of raised blood glucose was significantly higher among current 
smokers if they had a normal BMI. Hypertensives had a signifi-
cantly higher prevalence of raised blood glucose whether they had 
normal weight or were overweight/bese.

        



81

table 3: Background characteristics for females and males by diabetes status 
and gender
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In the logistic regression analyses for females (Table 6), the odds 
of raised blood glucose were significantly increased in the over-
weight/obese, oldest age group (60 years and older), and among 
hypertensives while controlling for other factors. Females belong-
ing to “other” ethnicities had lower odds of raised blood glucose 
compared with the reference group (Kamba). Among males, 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 compared to non-hypertensives 
after controlling for all other factors.

table 5: Description of study participants and prevalence of raised blood pres-
sure by BMI
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DiSCUSSion

We set out to determine the magnitude (prevalence, awareness, 
treatment and control) of diabetes, and to examine the relation-
ship of obesity with raised blood glucose in a random population 
of adult slum dwellers. Overall, the weighted prevalence of di-
abetes was about 4% and this did not differ significantly by gen-
der. Overall levels of awareness, treatment and control for diabe-
tes were quite low among males and females, though females fared 
slightly better than males. Four out of ten females in our study 

table 6: Odds ratios for the association between raised blood glucose and BMI 
controlling for other risk characteristics, among females and males
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were either overweight or obese compared with less than two out 
of ten males. The adjusted analysis show that among females, be-
ing overweight/obese, 60 years or older, and being hypertensive 
were associated with significantly increased odds of raised blood 
glucose. Among males, only being hypertensive was significantly 
associated with increased odds of raised blood glucose.

Prevalence
The overall prevalence of diabetes in our study is comparable to 
a previous study in Kenya that showed a prevalence of 4·2 -5·3% 
[14]. Specifically, a recent study in another major slum in Nairo-
bi showed a prevalence of 5∙3% (95% CI 4∙2-6∙4) [7]. In compari-
son with studies from other settings in SSA, the prevalence of di-
abetes in our study was higher than a number of recent studies 
[15-18] and similar or lower than in others [19-25]. Overall, the 
prevalence of diabetes across the sub-continent ranged from 3% in 
Benin to as high as 14·5% in urban Democratic Republic of Con-
go [3, 6, 26]. Additionally, there is evidence of an increasing prev-
alence of diabetes in SSA over the past two or three decades [3]. 

figure 1: Prevalence (%) of diabetes (DM) and raised blood glucose (RBG) by 
age-group and gender
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Figure 1. Prevalence (%) of diabetes (DM) and raised blood glucose (RBG) by age‐group and gender
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However, with the exception of a recent study in one slum in Nai-
robi [7], the available evidence does not typically reflect the situa-
tion of diabetes in the slums of SSA as these studies focused on ru-
ral and or urban populations in general rather than slums.

It is noteworthy that the prevalence of prediabetes in our 
study was 5∙3% and 5∙7% among females and males, respective-
ly. This is particularly significant because evidence suggests that 
up to 5-10% per year of people with prediabetes will develop di-
abetes [27]. This situation presents an opportunity for preventive 
interventions in 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 pro-
vide up to 70% relative risk reduction among people with predi-
abetes [27]. However with the low levels of awareness, treatment 
and control in the study population, chances are that the major-
ity of those with prediabetes will remain unidentified and un-
treated further aggravating the burden of diabetes in this popu-
lation.

Awareness, treatment and control
In terms of awareness, our findings are comparable to other stud-
ies in SSA. Generally, the level of awareness of diabetes is usual-
ly less than 50% [6] – ours was only about 20%. One study in ru-
ral Guinea found that 100% of those surveyed and diagnosed with 
diabetes were previously unaware of their diagnosis [22]. An ex-
ception was a study in urban South Africa where more than 50% 
were aware of having diabetes, comparable to findings in high-in-
come countries [28]. This has been attributed to better health care 
and availability of opportunistic screening in urban South Afri-
ca. On the other hand, evidence from rural South Africa shows 
awareness levels as low as other countries in SSA [16]. 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 Camer-
oon which found that 27% of those on treatment were under con-
trol [29].
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Overall however, it is noteworthy that less than 5% of all peo-
ple with diabetes in our study had their blood glucose under con-
trol. It is known that poor control of blood sugar is associated 
with high risk of complications that in turn lead to high morbidi-
ty and mortality. There is evidence that suggests that chronic vas-
cular complications such as retinopathy, nephropathy and neurop-
athy are common in SSA and macrovascular complications such as 
stroke are also on the increase [6]. Reasons for low levels of aware-
ness, treatment and control include lack of screening opportuni-
ties; high cost of treatment; stock-out of medication; late diagno-
ses; poor adherence; and preference of alternative medicines for 
the management of diabetes [3, 4, 6]. These reasons usually reflect 
a general lack of prioritization and investment of care for chron-
ic NCDs and unresponsive health care systems across SSA [3, 4, 
6]. The slum populations remain particularly disadvantaged and 
therefore extra attention is needed to prevent and control the dia-
betes epidemic in these populations.

Obesity and raised blood glucose
Our study found that a high BMI indicative of overweight/obesi-
ty was significantly associated with increased odds of raised blood 
glucose among females but not among males. There is evidence 
that obesity is increasing in SSA especially among females [5]. Fur-
ther, studies from the sub-continent including Mali, Tanzania and 
Nigeria, also show that obesity typified by high BMI is associated 
with increasing risk of diabetes [4]. The reasons for the high rate 
of obesity among females in the slums may need further examina-
tion. However, there is evidence that suggests that socio-cultural 
perceptions of ideal body size may be a contributory factor. Spe-
cifically, some studies in African populations have shown that a 
large body size is perceived positively as a sign of wealth and good 
health as well as being attractive to the opposite sex [30]. As fe-
males come in contact with health service more frequently than 
males due to maternal and child health demands, there is an oppor-
tunity for health professionals to educate females about the health 
risks of obesity and overweight. Specifically, reproductive (family 
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planning) and maternal health services should be integrated with 
primary preventive strategies (such as screening and lifestyle coun-
selling) for diabetes and related conditions.

Other risk factors
Our study found that the prevalence of diabetes increased with age 
among both males and females and was highest in the 60 plus age 
group. This is consistent with other studies from SSA [3, 6]. There 
were no significant gender differences in the prevalence of diabe-
tes in our study population. This is in keeping with a few studies in 
SSA though other studies show gender differences [3, 6]. We also 
found that females in our study belonging to the broad group of 
“other” ethnicities were found to have a significantly lower risk of 
diabetes compared to the reference ethnic group. It is hard to ex-
plain this finding since this group is not homogeneous and com-
prises of over 30 other tribes in Kenya. One previous study in Ke-
nya 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 [14]. However, in our study 
being Luo was not associated with increased odds of diabetes. Fi-
nally, we found that being hypertensive was significantly associat-
ed with increased odds of raised fasting glucose among both males 
and females. This finding is well established from previous studies 
across the world [31].

Our study is limited by the fact that some of our explanato-
ry variables (such as smoking, physical inactivity) were based on 
self-reports which could have been misreported. However, self-
reports remain useful and validated components of large surveys 
such as ours across the world. Additionally, the accuracy of BMI as 
a measure of obesity is limited though its use remains recommend-
ed [32, 33]. Our study was also limited by the fact that we did not 
measure or assess other important known risk factors of increased 
blood glucose such as underlying infection (HIV, TB) or medica-
tion (steroids, anti-retrovirals) [34-36]. We also did not collect ob-
jective information on type of or adherence to diabetes medication 
(e.g., HbA1c measurement) neither did we examine the respon-
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dents for manifestations of microvascular and macrovascular com-
plications of diabetes. The main strength of our study is that the 
sample size is large and is thus a good representation 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. At the same time, the levels 
of awareness, treatment and control of diabetes are dismally low 
in the study setting. Further, obesity was significantly associated 
with increased odds of raised blood glucose especially among fe-
males. Again, we found that the presence of co-morbidities such 
as hypertension also increased the odds of having raised blood glu-
cose. From the foregoing, it is imperative that health planners and 
policy makers in SSA pay attention to chronic NCDs such as di-
abetes especially in the often neglected but significant population 
of slum dwellers across the sub-continent.
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