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ABSTRACT
Objective To describe the distribution of cardiovascular
risk factors in western Kenya using a Health and
Demographic Surveillance System (HDSS).
Design Population based survey of residents in an
HDSS.
Setting Webuye Division in Bungoma East District,
Western Province of Kenya.
Patients 4037 adults ≥18 years of age.
Interventions Home based survey using the WHO
STEPwise approach to chronic disease risk factor
surveillance.
Main outcome measures Self-report of high blood
pressure, high blood sugar, tobacco use, alcohol use,
physical activity, and fruit/vegetable intake.
Results The median age of the population was
35 years (IQR 26–50). Less than 6% of the population
reported high blood pressure or blood sugar. Tobacco
and alcohol use were reported in 7% and 16% of the
population, respectively. The majority of the population
(93%) was physically active. The average number of days
per week that participants reported intake of fruits
(3.1 ± 0.1) or vegetables (1.6 ± 0.1) was low. In
multiple logistic regression analyses, women were more
likely to report a history of high blood pressure (OR
2.72, 95% CI 1.9 to 3.9), less likely to report using
tobacco (OR 0.08, 95% CI 0.06 to 0.11), less likely to
report alcohol use (OR 0.18, 95% CI 0.15 to 0.21) or
eat ≥5 servings per day of fruits or vegetables (OR 0.87,
95% CI 0.76 to 0.99) compared to men.
Conclusions The most common cardiovascular risk
factors in peri-urban western Kenya are tobacco use,
alcohol use, and inadequate intake of fruits and
vegetables. Our data reveal locally relevant subgroup
differences that could inform future prevention efforts.

INTRODUCTION
Of the 52.8 million deaths worldwide in 2010,
roughly 65% were due to chronic non-
communicable diseases (NCDs) affecting most
regions of the world.1 Cardiovascular disease
(CVD) is the leading cause of death in all develop-
ing regions with the exception of sub-Saharan
Africa (SSA) where infectious diseases account for
the greatest burden.1 2 While a low background
prevalence of cardiovascular risk factors may be a

cause of this difference, other factors such as
limited data, lack of population surveillance efforts,
and relative inattention to NCDs in the region
must also be considered. Having population based
estimates of cardiovascular risk factors is crucial to
understanding the distribution and types of risk
factors present in the region and for policy and
planning to address the burden of CVD.3 4 Such
population data on CVD risk factors are sorely
lacking in sub-Saharan Africa.5 The few data that
do exist from Kenya suggest that hypertension and
myocardial infarction are increasingly common and
often related to higher socioeconomic status.6–8

Health and Demographic Surveillance Systems
(HDSSs) have been established in nearly two dozen
countries as platforms to monitor population
dynamics and are linked via the International
Network of field sites for continuous Demographic
Evaluation of Populations and Their Health in
developing countries (INDEPTH, http://www.
indepth-network.org). An HDSS collects longitu-
dinal, population based health and vital event infor-
mation and monitors demographic and health
events in a geographically defined population.
Many HDSS sites have demonstrated utility in
describing cardiovascular risk factor patterns in
many lower and middle income countries
(LMICs).9 10 By using standardised instruments,
population level data obtained from HDSS activ-
ities can inform local policy and be compared
across regions. Our aim was to describe the distri-
bution of traditional cardiovascular risk factors in a
peri-urban population in western Kenya using an
existing HDSS platform.11

METHODS
Study setting
On a national level, in 2009 the mean life expect-
ancy for Kenyans was 58.9 years. The infant mor-
tality rate was 52 per 1000 births and the country
was 21% urban.12 There has been a demographic
transition as indicated by increasing population
size, life expectancy, and percentage of population
in urban settings alongside decreasing fertility,
infant mortality, and birth rates over the last
40 years.12 This study was conducted within the
Webuye HDSS site between March and July 2010.
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The characteristics and management of the HDSS have been
previously described.11 The Webuye Division in Bungoma East
District, Western Province of Kenya is approximately 400 km
west of Nairobi and 40 km from the Kenya–Uganda border.
The HDSS population of 77 000 individuals resides in approxi-
mately 13 500 households in six sub-locations (figure 1).
Farming is the main economic activity. Sugar cane is the main
cash crop while maize, beans, millet, and sorghum are grown
for subsistence. Small scale dairy and poultry farming is widely
practised. A paper factory and chemical processing plant are
located in the adjacent area. Basic facilities such as clean water,
sanitation, and electricity are not available to the majority of the
residents. The traditions of this area are such that women are
not expected to smoke tobacco or drink alcohol to the same
degree as men. The most commonly used tobacco and alcohol
products are manufactured and homemade, respectively. The
community’s drinking pattern is that alcohol is usually con-
sumed during ceremonies (ie, weddings, circumcision) and after
harvest season. The legal age for smoking and drinking alcohol
is above 18 years.

Study population and design
This was a cross-sectional descriptive study of the prevalence of
cardiovascular risk factors among the adult (≥18 years) residents
within the Webuye HDSS. Administration of the survey occurred
during a routine data collection phase of the HDSS. Stratified
random sampling was used to select the individuals stratified by
sub-location and village. Proportionate sampling was used to
assign quotas to each sub-location and village based on its popu-
lation. Individuals were randomly selected from the two clusters
of males and females per sub-location and village. A total of

4400 participants were sampled from a sampling frame of
39 829 individuals residing in the study area who were ≥18 years
old at the time of the study. Three hundred and eight of these
participants could not be contacted because they were either
away at school/college or had moved out of the study area at the
time of the study. None of the individuals selected refused to par-
ticipate in the study. Questionnaires were administered in each
participant’s home using paper forms. The participant completed
the questionnaire with the assistance of field assistants. Several
attempts were made to contact residents who were not at home
during the initial home visit. Non-residents of the community
during the study period would not have been able to participate.

Study instruments and data collection
The data collection was conducted using the WHO STEPwise
approach (STEPs) to chronic disease risk factor surveillance.13

Some existing questions were modified and new questions
designed to reflect the local situation after field testing. The
questionnaire was administered in English, Kiswahili or Bukusu.
All risk factor data were self-reported. Tobacco use was recorded
as ever daily, currently daily (within the last 30 days), or cur-
rently but not daily. Alcohol drinking was recorded as lifetime
abstainer, current (within the last 30 days), and not current
(within the last 12 months but not the last 30 days). Vigorous
physical activity for work was defined as carrying or lifting
heavy loads, digging or construction work for 10 min continu-
ously. Physical activity for travel was defined as walking or using
a bicycle for at least 10 min to get to and from places. Leisure
time physical activity was defined as engaging in sports, fitness
or recreation for at least 10 min continuously. Fruit and vege-
table consumption was recorded in terms of number of servings

Figure 1 Map of the Webuye Health and Demographic Surveillance System (WHDSS) area. (A) Map of the Republic of Kenya with Bungoma
District shown by point A. (B) Map of the WHDSS catchment area illustrating the six sub-locations and major public health facilities. The WHDSS is
located in Bungoma District (point A from (A)). Map courtesy of GoogleMaps © 2012 Google.
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per day and number of days per week. Adequate fruit and vege-
table intake was defined as consuming five or more servings of
fruits or vegetables per day.14 Our main independent variables
were self-reported high blood pressure, high blood sugar,
tobacco use, alcohol, physical activity, and adequate fruit and
vegetables consumption.

Field assistants received classroom and field based training to
optimise uniform understanding and accurate completion of
questionnaires. At the end of the training, each field assistant
achieved certification in human subjects protection. During pilot
testing, it became apparent that the questions on vegetable con-
sumption might not be capturing nutritional vegetable intake
due to local descriptions of vegetables and cooking habits. We
restricted the criteria for vegetable consumption to be based on
vegetables that were cooked for ≤5 min.

Data management and cleaning
Completed questionnaires went through a series of checks in
the field, field office, and by automated internal consistency
checks. Flagged questionnaires were returned back to the
respective field assistants for correction. Before data cleaning,
the sample included 4092 observations. Duplicate entries, obser-
vations with missing data elements, abnormal skip patterns, out-
liers, and impossible values were reconciled with the paper
questionnaires and were either corrected in the most logical way
or excluded from the analysis. After data cleaning, 4037 partici-
pant questionnaires were included for analysis.

Data analysis
Data were analysed using Stata V.10.0. Descriptive statistics were
used for continuous variables using mean, median, SD, and

IQR. Frequency listings and percentages were used for categor-
ical variables. To assess whether there were any associations
between the outcomes of interest and the independent variables
multiple logistic regression models were used. In all the analyses
we provided the 95% CIs. For the logistic regression model a
significance level of 5% was considered statistically significant.

RESULTS
Fifty-five of 4092 surveys (1.3%) were excluded from the analysis
due to missing or incorrect data. Of the 4037 adults included in
the analysis, 61% (2475) were women. Demographic characteris-
tics of the population are shown in table 1. The median (IQR)
age of the population was 35 (26–50) years. Primary education
was the highest education level for >50% of the participants,
with lower proportions reporting completion of secondary
(30%), technical (4%) or higher education (2%).

High blood pressure was reported in 3% of men and 6% of
women (table 2). The rate of taking medication for high blood
pressure was lower than the rate of high blood pressure for both
sexes (1% among men, 2% among women). The reported rates
of having high blood sugar were <1% for both sexes.

Only 7% of the population reported ever smoking tobacco
on a daily basis, with more men than women doing so (14% vs
2%, respectively). Ten per cent of men and <1% of women
were currently smoking tobacco on a daily basis. Use of smoke-
less tobacco was generally less common than smoking tobacco
but still more common among men (table 2). Over 60% of men
and 80% of women reported lifetime abstinence from alcohol
consumption. Approximately 30% of men reported current
(within the last 30 days) alcohol use.

Table 1 Characteristics of participants

Both sexes (n=4037) Male (n=1562) Female (n=2475)

n % n % n %

Age category (years)
16–24 828 20.51 352 22.54 476 19.23
25–34 1117 27.67 392 25.10 725 29.29
35–44 741 18.36 266 17.03 475 19.19
45–54 573 14.19 221 14.15 352 14.22
55–64 391 9.69 158 10.12 233 9.41
>64 387 9.59 173 11.08 214 8.65

Marital status
Never 576 14.27 343 21.96 233 9.42
Currently married 2978 73.79 1144 73.24 1834 74.13
Separated/divorced 107 2.65 32 2.05 75 3.03
Widowed 337 8.35 31 1.98 306 12.37
Other 38 0.94 12 0.77 26 1.05

Education
None 167 4.14 23 1.47 144 5.82
Primary 2421 59.99 847 54.23 1574 63.62
Secondary 1214 30.08 569 36.43 645 26.07
Technical* 155 3.84 81 5.19 74 2.99
Higher 79 1.96 42 2.69 37 1.50

Type of work
Employed 290 7.19 206 13.19 84 3.40
Self employed 2520 62.44 893 57.17 1627 65.76
Unemployed 1153 28.57 432 27.66 721 29.14
Not applicable 71 1.76 29 1.86 42 1.70
Unknown 2 0.05 0 0 2 0.05

*Technical education includes vocational and informal.
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Vigorous physical activity for work, travel or leisure was
reported for >90% of the population. Most participants
reported vigorous physical activity at work (93%) or during
travel (96%). A relatively smaller proportion of individuals
(38% of men and 23% of women) reported physical activity for
recreation. The median number of minutes per day spent seden-
tary was 126 (IQR 122–129).

A small proportion of participants (16%) reported eating
fruits daily. The average (SD) number of days per week that par-
ticipants reported eating any fruits was 3.1 (±0.1), with an
average of 1.8 (±0.1) servings per day. Only 2% of participants
reported eating vegetables every day of the week. The average
(SD) number of days reported for eating any vegetables was 1.6
(±0.1), with a median of 6.8 (±0.1) servings per day.

Table 3 shows the results of our logistic regression analysis for
associations between the NCD risk factors and demographic
variables. High blood pressure was more commonly reported
among women compared to men (OR 2.72, 95% CI 1.9 to 3.9;
p<0.001) and among older age groups compared to the
younger. Reporting high blood sugar was rare but more
common among older participants with a wide range for the
95% CIs for the estimate of the odds.

Women were 92% less likely to report using tobacco than men
(OR 0.08, 95% CI 0.06 to 0.11; p<0.001) and were also less
likely to report alcohol use (OR 0.18, 95% CI 0.15 to 0.21;
p<0.001) or have ≥5 servings per day of fruits or vegetables (OR
0.87, 95% CI 0.76 to 0.99). Both alcohol and tobacco use were

more likely among those 45–54 years (OR 8.67, 95% CI 5.28 to
14.23) compared to 18–24-year-olds. Adequate fruit/vegetable
intake was more common among those aged 25–54 years com-
pared to those <24 years old. A history of alcohol use was
approximately twofold greater for participants 25 years or older
compared to those <24 years (table 3). Participants with a
formal education were 79% less likely (OR 0.21, 95% CI 0.12 to
0.36) to report tobacco smoking than those without formal edu-
cation. Those with a primary or secondary education reported
significantly more physical activity (primary education OR 3.35,
95% CI 1.86 to 6.05; secondary education OR 3.44, 95% CI
1.65 to 7.18) compared to those without formal education.
There were more men than women with ≥2 cardiovascular risk
factors within each age category (see online supplementary figure
S2). Men in the 45–54 years age range and women >64 years
accounted for the greatest proportion of those with ≥2 cardiovas-
cular risk factors (52% and 36%, respectively).

DISCUSSION
The few data on cardiovascular risk factors in SSA are based on
studies from a small number of countries.15 16 Although chronic
CVDs have been reported in necropsy reports from Kenya since
the 1930s, the country is also thought to be currently in the
midst of significant epidemiologic transition.6–8 17 This study,
therefore, fills a clear gap in the literature with regard to com-
munity based cardiovascular risk factor data from a country in
SSA that has been underrepresented in this field. By using a

Table 2 Burden of selected non-communicable disease risk factors

Both sexes Male Female

Risk factor n % 95% CI or IQR n % 95% CI or IQR n % 95% CI or IQR

Raised blood pressure 197 4.88 (4 to 6) 42 2.7 (1.9 to 3.6) 155 6.3 (5.3 to 7.3)
Raised blood pressure on medication 69 1.71 (1.3 to 2.1) 15 0.96 (0.5 to 1.6) 54 2.18 (1.6 to 2.8)
Raised blood sugar on medication 16 0.40 (0.2 to 0.6) 8 0.51 (0.2 to 1.0) 8 0.32 (0.1 to 0.6)
Tobacco smoking
Ever daily 263 6.63 (5.9 to 7.4) 213 14.05 (12 to 16) 50 2.05 (1 to 3)
Current daily 162 4.09 (3.5 to 4.7) 145 9.53 (8 to 11) 17 0.7 (0.1 to 1)
Current non-daily 49 1.24 (0.9 to 1.6) 38 2.5 (2 to 3) 11 0.45 (0.2 to 0.7)

Smokeless tobacco
Ever daily 170 4.26 (3.6 to 4.9) 132 8.61 (7 to 10) 38 1.55 (1 to 2)
Current daily 111 2.82 (2.3 to 3.3) 103 6.84 (6 to 8) 8 0.33 (0.1 to 0.6)
Current non-daily 41 1.04 (0.7 to 1.4) 35 2.33 (2 to 3) 6 0.25 (0.1 to 0.4)

Alcohol drinking
Abstainer 3138 78.49 (77.2 to 79.8) 955 62.01 (59.6 to 64.4) 2183 88.81 (87.6 to 90.1)
Last 12 months 210 5.25 (4.6 to 5.9) 105 6.82 (5.5 to 8.1) 105 4.21 (3.5 to 5.1)
Current (w/in 30 days) 650 16.26 (15.11 to 17.40) 480 31.17 (28.9 to 33.5) 170 6.93 (5.9 to 7.9)

Physical activity
At work 3702 92.53 (91.7 to 93.3) 1426 92.48 (91 to 94) 2276 92.56 (91 to 94)
For recreation 1156 28.93 (27.5 to 30.3) 592 38.39 (36 to 41) 564 22.97 (21 to 25)
For travel 3826 95.75 (95.1 to 96.4) 1502 97.47 (97 to 98) 2324 94.66 (94 to 96)

Sedentary min/day 126 n/a (122–129)* 138 n/a 132 to 144 118 n/a (114–123)*
Fruit consumption
7 days per week 645 16.3 (15.1 to 17.4) 266 14.8 (13 to 17) 419 17.3 (16 to 19)
Days per week 3.1 n/a (3.1–3.2)* 2.9 n/a (2.8 to 3.1)* 3.2 n/a (3.1–3.3)*
Servings per day 1.8 n/a (1.7–1.9)* 1.8 n/a (1.7 to 1.9)* 1.8 n/a (1.7–1.9)*

Vegetable consumption
7 days per week 53 1.67 (1.2 to 2.1) 26 2.1 (1.3 to 2.9) 27 1.4 (0.9 to 1.9)
Days per week 1.6 n/a (1.5–1.6)* 1.6 n/a (1.5 to 1.7)* 1.5 n/a (1.5–1.6)*
Servings per day 6.8 n/a (6.7–7.0)* 6.7 n/a (6.5 to 7.0)* 6.9 n/a (6.7–7.1)*

*IQR.
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standard approach to chronic disease risk factor surveillance in
this regional HDSS, we have made several observations regard-
ing the relative burden and distribution of cardiovascular risk
factors in western Kenya. First, we found a moderate prevalence
of cardiovascular risk factors with 24% of the population
having at least two. Secondly, tobacco and alcohol use are more
common among older men and those with less education.
Thirdly, adequate fruit and vegetable intake is a rarity. Fourthly,
adults in rural western Kenya are physically active, mostly for
purposes of work and travel with little recreational activity.
Lastly, self-report of high blood pressure is low and self-report
of high blood sugar is rare in this population. A benefit of the
current approach is comparability with studies using the same
instrument.

Patterns of tobacco use
Tobacco use patterns across SSA are varied. Surveys using
STEPs across SSA demonstrate that rates of current use of
tobacco ranges from <5% (eg, Niger) to >16% (eg,
Seychelles).18 19 The rates of current smoking among men are
usually 10 times higher than women. The rates we currently
report are most similar to those reported in Niger (4.6%),
Zambia (6.5%), and São Tomé and Principe (5.5%).19 We have
also shown that the rate of using smokeless tobacco products is
only slighter lower than smoking rates, suggesting that attention
to both forms of harmful tobacco use are prevalent. Though
rates of tobacco use are generally low among adults in Kenya,20

the worldwide smoking prevalence is increasing in LMICs (2%
annual prevalence increase) and the increase is higher in SSA
(3.2%), highlighting the importance of this cardiovascular risk
factor.21

Patterns of alcohol use
With few exceptions, the overall rate of alcohol use in western
Kenya is lower than rates reported in other African countries
using the WHO STEPwise instrument. Our rates of alcohol
abstinence for men and women (62% and 88%, respectively)
are higher than most countries in SSA except for Swaziland
(75% and 94%), Tanzania (Zanzibar) (84% and 97%), and

Niger (99% and 99%).19 Factors contributing to these differ-
ences include financial resources, social and religious norms, the
legal drinking age, and communal drinking patterns. However,
the rate of current drinking in western Kenya was high among
men. Thirty-one per cent of men reported drinking alcohol
within the last 30 days and this rate is similar to men in many
SSA countries. Alcohol use appears to be an important chronic
disease factor for men, older persons and, to a lesser degree,
those without formal education in the present analysis.

Pattern of fruit and vegetable consumption
Daily fruit and vegetable intake of at least five servings (400 g)
per day is recommended for the prevention of chronic dis-
eases.14 Inadequate consumption, however, is most commonly
seen in many countries in SSA,22 and our findings are no excep-
tion. Approximately one out of every seven adults reported
daily fruit or vegetable consumption while most people reported
consuming fruits or vegetables 2–3 days per week. Even then,
the number of servings that were reported was low. Lower
intake, however, has been reported across the continent.19 23

The reasons for this trend are multifactorial but may include
affordability, availability, taste preferences, and the need for
storage of fresh fruits and vegetables. Especially for the poor,
the need to refrigerate and preserve fresh foods may limit these
as food choices if refrigeration is unavailable.

In western Kenya, it is not uncommon for vegetables to be
cooked for many hours before ingestion. To most closely
approximate nutritionally meaningful vegetable intake we
decided not to consider this type of intake as a vegetable
serving. Cooking most vegetables appears to decrease the
content of micronutrients, vitamins, antioxidant activity, and
biologically active compounds such as β-carotene.24–27 Long
term epidemiologic studies of NCDs also associate consumption
of uncooked vegetables with lower all cause mortality than con-
suming cooked vegetables.28 After field testing, we ultimately
asked participants if the vegetables they ate were cooked at
home and for how long they cooked their vegetables. This was
a crude proxy for the likely nutritional value of the vegetable, in
the absence of literature from our region of the nutritional

Table 3 Results of logistic regression analysis for non-communicable disease risk factors

High blood pressure High blood sugar Tobacco use Alcohol use Physical activity
Fruit and vegetable
use

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

Male Ref Ref Ref Ref Ref Ref
Female 2.72 1.90 to 3.90 1.31 0.63 to 2.74 0.08 0.06 to 0.11 0.18 0.15 to 0.21 0.86 0.56 to 1.33 0.87 0.76 to 0.99
Age (years)
16–24 Ref Ref Ref Ref Ref Ref

25–34 1.23 0.65 to 2.35 1.22 0.29 to 5.13 3.49 2.14 to 5.72 2.01 1.55 to 2.62 1.43 0.72 to 2.86 1.22 1.01 to 1.48
35–44 2.92 1.59 to 5.35 0.74 0.12 to 4.42 5.68 3.46 to 9.33 2.51 1.90 to 3.32 2.24 0.92 to 5.43 1.41 1.14 to 1.73
45–54 4.77 2.63 to 8.66 3.98 1.05 to 15.08 8.67 5.28 to 14.23 2.68 2.00 to 3.81 1.04 0.49 to 2.20 1.52 1.22 to 1.90
55–64 5.89 3.16 to 11.0 6.29 1.64 to 24.07 5.58 3.26 to 9.54 2.77 2.01 to 3.81 0.96 0.42 to 2.15 1.07 0.82 to 1.38
>64 6.18 3.25 to 11.75 6.24 1.55 to 25.13 5.29 3.09 to 9.03 1.92 1.37 to 2.68 0.24 0.13 to 0.45 1.19 0.91 to 1.55

Education
None Ref Ref Ref Ref Ref Ref
Primary 1.32 0.76 to 2.48 3.10 0.40 to 24.22 0.26 0.16 to 0.44 0.72 0.48 to 1.09 3.35 1.86 to 6.05 0.90 0.64 to 1.26
Secondary 1.65 0.83 to 3.26 4.00 0.47 to 34.32 0.21 0.12 to 0.36 0.45 0.29 to 0.70 3.44 1.65 to 7.18 0.73 0.51 to 1.04
Technical 2.22 0.94 to 5.25 4.30 0.37 to 49.39 0.21 0.10 to 0.44 0.39 0.22 to 0.70 1.97 0.78 to 4.95 0.52 0.32 to 0.84
Higher 1.49 0.40 to 5.62 – 0.23 0.09 to 0.57 0.55 0.27 to 1.11 1.27 0.40 to 4.11 0.72 0.40 to 1.27

–, There were no participants meeting these criteria.
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content of the cooked and uncooked vegetables that are con-
sumed in this community. Subsequent studies in similar areas
should take nutritional content of cooked and uncooked vegeta-
bles into consideration as it may influence the proper interpret-
ation of reported vegetable intake. By excluding vegetable
servings that were cooked for prolonged periods, we may have
underestimated total vegetable intake which includes those
cooked for short and long periods of time and uncooked
vegetables.

Patterns of physical activity
Almost all respondents reported engaging in some form of phys-
ical activity. Recreational physical activity in Webuye was much
less common than work or travel related activity. This probably
reflects the fact that farming is the main type of work performed
and that walking or bicycle riding is the usual mode for travers-
ing the physical environment. Greater physical activity was seen
among those with less education, which may also relate to the
physical types of occupations available to this group compared
to those with more formal education. Taken together with the
short length of time spent sedentary on a daily basis (∼2 h per
day), it appears that physical inactivity would not be a major
cardiovascular health intervention target for this region; this is
also consistent with epidemiologic data that suggest that physical
inactivity is not a major predictor of CVD in SSA.15

Patterns of self-reported high blood pressure and blood
sugar
The higher prevalence of self-reported high blood pressure
among women is commonly found in surveys employing a
similar methodology.29 Data from Botswana, for example, are
that the proportion of women reporting a history of hyperten-
sion was twice that of men (20% vs 10%).19 These surveys are
usually carried out in the home during daytime hours when
many women in rural and peri-urban SSA are at home and men
are not. In addition, the more regular health seeking behaviour
of women30 may have led to more women being aware of their
condition. Prevalence rates of confirmed hypertension vary
widely across the region but have been reported as high as 50%
in some ethnic groups.7 Moreover, awareness is generally low.
In Ethiopia and Tanzania (neighbouring East African countries),
65% and 50%, respectively, of those found to have hyperten-
sion were unaware of their condition.19 31 Confirmatory testing,
which is part of the second ‘step’ of the risk factor surveillance,
is needed to put our findings in context. Data from the region
suggest that awareness of hypertension may also be low in
Webuye, though the actual prevalence remains unknown.
Similar to high blood pressure, women are more likely to report
a history of high blood sugar than men or to have had their
blood sugar measured as has been reported in Zimbabwe and
Tanzania (Zanzibar).19 Rates of diagnosed diabetes or impaired
fasting glucose range from 2.4% in Zimbabwe to 10% in
Seychelles.19 Our rates of a reported history of raised blood
sugar were <1% for both sexes and this could be attributed to
lack of testing or low awareness. Awareness of diabetes is also
known to be generally low in SSA, even among those who have
been previously diagnosed with the condition.32 33 The reasons
for this are myriad but include factors such as the generally low
public awareness of the condition, misconceptions about the
causes, and access to appropriate medical services.34

Our findings should be taken in the context of the following
limitations. The Webuye HDSS was initially developed as a dis-
trict level demographic surveillance system in a peri-urban
setting. It is not possible, therefore, to generalise our findings to

the country level. In addition, most of the risk factors we
studied are contextually bound and relate to the social and cul-
tural factors shaping individual behaviour related to these risk
factors. For example, physical activity is high in this community
but is directed towards work and travel, not recreation or exer-
cise. Whether these types of physical activities confer the same
benefit as regular exercise in SSA should be explored in the
appropriate sociocultural context. The behavioural risk factors
in this study (ie, tobacco use, alcohol use, and physical activity)
were self-reported, which might underestimate the actual levels
of risk factors reported. It is well known, for example, that self-
reported tobacco or alcohol use is usually lower than it actually
is, especially in settings where these behaviours are discouraged
for religious reasons or among women. While we may have
obtained an incorrect estimate of the usage patterns using
STEPs, the benefit of this approach is the comparability between
various regions and countries. Although fruit and vegetable
intake was low, self-report bias would have also overrepresented
the amount of fruit and vegetable intake due to social desirabil-
ity and the fact that the concept of vegetables is broad in this
community. The nutrient content of vegetables in this region
after prolonged cooking also remains unknown. We were also
not able to measure blood pressure, other physical measure-
ments or lipid values at this time, but we plan to perform these
measures during a subsequent phase of data collection in the
HDSS as they are critical to understanding cardiovascular risk.
Confirmatory testing for raised blood sugar, for example, could
be compared to self-report in order to quantify the level of
awareness.

CONCLUSIONS
Cardiovascular risk factors are present in peri-urban western
Kenya, with the most commonly reported factors being tobacco
and alcohol use, and inadequate fruit and vegetable intake. There
are subgroup differences whereby tobacco and alcohol use is more
common among men and those who are older. Inadequate fruit
and vegetable intake is common in this community while physical
activity appears adequate. Self-report of high blood sugar is abso-
lutely low and more women than men reported having high blood
pressure. Confirmatory testing for these latter two risk factors is
necessary. Taken together, these findings identify and document
that cardiovascular risk factors are present in this region. Our find-
ings from this district level HDSS may have limited generalisability
owing to the structure of the surveillance system. Educational and
preventive efforts regarding tobacco and alcohol cessation appear
most relevant to older adults and men in this community, while
dietary change is more relevant to women in order to address the
burden of cardiovascular risk factors.
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