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Background: The four common non-communicable diseases (NCDs) account for 80% of NCD-related
deaths worldwide. The four NCDs share four common risk factors. As most of the existing evidence on
the common NCD risk factors is based on analysis of a single factor at a time, there is a need to investigate
the co-occurrence of the common NCD risk factors, particularly in an urban slum setting in sub-Saharan
Africa.

Objective: To determine the prevalence of co-occurrence of the four common NCDs risk factors among urban
slum dwellers in Nairobi, Kenya.

Design: This analysis was based on the data collected as part of a cross-sectional survey to assess linkages
among socio-economic status, perceived personal risk, and risk factors for cardiovascular and NCDs in a
population of slum dwellers in Nairobi, Kenya, in 2008—-2009. A total of 5,190 study subjects were included in
the analysis. After selecting relevant variables for common NCD risk factors, we computed the prevalence of
all possible combinations of the four common NCD risk factors. The analysis was disaggregated by relevant
background variables.

Results: The weighted prevalences of unhealthy diet, insufficient physical activity, harmful use of alcohol, and
tobacco use were found to be 57.2, 14.4, 10.1, and 12.4%, respectively. Nearly 72% of the study participants
had at least one of the four NCD risk factors. About 52% of the study population had any one of the four
NCD risk factors. About one-fifth (19.8%) had co-occurrence of NCD risk factors. Close to one in six
individuals (17.6%) had two NCD risk factors, while only 2.2% had three or four NCD risk factors.
Conclusions: One out of five of people in the urban slum settings of Nairobi had co-occurrence of NCD risk
factors. Both comprehensive and differentiated approaches are needed for effective NCD prevention and
control in these settings.
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non-communicable diseases (NCDs) accounted

for about 36 million deaths globally in 2008. That
was about 63% of 57 million total deaths in the same
year (1). The Global Burden of Diseases, Injuries, and
Risk Factors Study 2010 (GBD 2010) estimated that
deaths due to NCDs increased from 57% of total mor-
tality in 1990 to 65% in 2010 (2, 3). About 80% of global
deaths related to NCDs occur in low- and middle-income
countries (LMICs). These countries also have a high

! ccording to the World Health Organization (WHO),

proportion of premature deaths due to NCDs. LMICs
account for 90% of the 9 million premature NCD-related
deaths (before age 70 years) (4, 5).

The four common NCDs (CVD, cancers, diabetes, and
chronic respiratory diseases) which account for 80% of
the NCD burden share four common risk factors. These
are unhealthy diet, insufficient physical activity, harmful
use of alcohol, and tobacco smoking (6). Along with
the rapid changes in lifestyles and increasing impacts of
globalization and urbanization, the magnitude of NCD
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risk factors is also increasing in many LMICs. This has
been followed by the rapid emergence of many NCDs in
those settings (7).

Accordingly, progress has been made in generating
research-based evidence and formulating policies that
address the epidemic of NCD globally and in many
LMICs (8). Research on the prevalence of NCDs and
their risk factors, such as WHOSTEP surveys, is a key
example of some of the progress being made in generat-
ing evidence relevant to NCDs (9). However, such evi-
dence is very limited in sub-Saharan Africa, especially
among the urban poor settings. Besides, most of the
existing evidence is based on ‘single-factor’ and ‘single-
disease’ approaches and has neglected the co-occurrence
of NCDs and their risk factors (10). Despite the knowl-
edge that the NCD risk factors are shared, one risk factor
could lead to multiple NCDs and one NCD could be
a result of multiple risk factors, there has been little
attempt to investigate the co-occurrence of the common
NCD risk factors in Africa. ‘Single-factor’ or ‘single-
disease’ approaches may lead to vertical programs which
may be very useful in specific contexts but may be un-
sustainable in the long term (11, 12). In this regard,
diabetes projects in many LMICs are key examples of
disease-specific approaches. Critics of such approaches
have called for more integrated, comprehensive, and co-
ordinated approaches that could strengthen health systems
and respond to multiple conditions or risk factors (13).

Evidence on the co-occurrence of risk factors could
inform coordinated approaches to addressing them from
a health system perspective. For instance, in individuals
with harmful use of alcohol and smoking, an integrated
counselling on both of these risk factors would be effi-
cient and effective. Similarly, obesity is a result of com-
bined effects of unhealthy diet and insufficient physical
activity. Integrated interventions that can address obesity
would involve both diet and physical activity interventions.
Evidence on the level of co-occurrence of unhealthy diet
and insufficient physical activity would be critical for
such interventions.

In Kenya, where the urban population constitutes 24%
of the total population, the probability of dying between
age of 30 and 70 years from the four major NCDs is 18%.
In this country, NCDs were estimated to account for
about 27% of total deaths. Recent statistics also show
that Kenya has a current tobacco-smoking rate of 13%,
total alcohol per capita consumption of 4.3 1, and obesity
prevalence of 4.3% (14). In the slum areas, precarious
housing sub-markets whose physical forms vary by place
and time but uniformly characterized by inadequate pro-
vision of basic infrastructure and public services necessary
to sustain health, such as water, sanitation, and drainage
(15), there is little information about the patterns of
co-occurrence of NCD risk factors. Using the existing
data, this study aims to determine the prevalence of

co-occurrence of the four common NCD risk factors
(unhealthy diet, insufficient physical activity, harmful use
of alcohol, and tobacco use) among urban slum dwellers
in Nairobi, Kenya. The resulting evidence is expected to
inform the development and implementation integrated
of comprehensive, multi-sectoral interventions that ac-
knowledge the co-occurrence of risk factors among
individuals in the context of urban poor settings in sub-
Saharan Africa.

Methods

Data source
The Nairobi Urban Health and Demographic Surveil-
lance System (NUHDSS) was set up to provide a plat-
form to investigate the inter-linkages between urban
poverty and health; monitor and evaluate intervention
programs implemented within the study communities and
provide a sampling frame for nested studies. NUHDSS
runs in two slums of Viwandani and Korogocho in Nairobi,
Kenya. This demographic surveillance area is home to
over 72,000 people resident in about 30,000 households.
Details of NUHDSS have been published elsewhere (16, 17).
The assessment of the linkages among socio-economic
status, perceived personal risk, and risk factors for car-
diovascular and related NCDs (also called the ‘cardio-
vascular disease [CVD] study’) was a population-based,
cross-sectional survey conducted by the African Popu-
lation and Health Research Center (APHRC) within
the NUHDSS population between May 2008 and April
2009. This study utilized the sampling frame from the
NUHDSS: a stratified, sampling strategy based on the
WHO STEPwise protocol with a target of 250 respon-
dents in each of the following strata: sex, age group (18—
24, 25-30, 31-40, 41-50, 51-60, and 60+ ), and slum of
residence (Korogocho and Viwandani). Data were col-
lected from a total of 5,190 individuals aged 18 years and
above. Additional details of the sampling strategy, data
collection methods, and data quality assurance mechan-
isms of the CVD study are published elsewhere (18).

Definitions
Data on socio-demographic, behavioral, and physiologi-
cal risk factors for CVD and other relevant NCDs were
collected based on WHO STEPS approach for chronic
disease risk factor surveillance. The four common NCD
risk factors used in this study are defined in Table 1.
Co-occurrence of NCD risk factors was defined by the
existence of two or more (out of the four) NCD risk
factors in an individual at the time of the survey. It
included dyads (two risk factors), triads (three risk
factors), or the presence of all the four risk factors in
an individual respondent.
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Tuble 1. Definitions of the four NCD risk factors used in this analysis

S. no. NCD risk factor Definition used in this study

1 Unhealthy diet Consumption of less than five portions of fruit and vegetables a day on at least 5 days on
an average week and/or greater than six teaspoon of sugar a day (19)

2 Insufficient physical activity Less than 75 min of vigorous-intensity physical activity or less than 150 min of moderate-
intensity physical activity per week or equivalent of combinations of these (from work,
walking/cycling and leisure) (20)

3 Harmful use of alcohol (based on daily More than three standard units/day for men; more than two standard units/day for

consumption)
4 Tobacco use

women — above low risk for developing alcohol use disorder (21, 22)
Current tobacco use as self-reported by the respondent (23)

Measurements

Basic socio-demographic variables and NCD risk factors
were assessed using a structured, pre-tested and interview
administered questionnaire. Data collected on NCD risk
factors included information about diet, physical activity,
smoking, and alcohol. For diet, the questionnaire, de-
tailed questions about consumption of fruit and vege-
tables, sources of fat, and sugar intake were included.
The physical activity section assessed work-related, walk/
cycling-related, and recreational/sports-related physical
activities. Alcohol units were converted into standardized
units using show cards for the different types of alcohols.
In the smoking section, data on ever smoking, current
smoking, daily smoking, duration of smoking, and type
of tobacco products used were collected.

Statistical analysis

We conducted a descriptive analysis of the basic socio-
demographic characteristics of the study population using
proportions. The average daily consumptions of fruit and
vegetables in a week, estimated from the number of days
fruit and vegetables are consumed and the number of
servings in a typical day, were used to calculate the pre-
valence of unhealthy consumption of fruit and vegetables.
This was then combined with sugar consumption to esti-
mate the prevalence of unhealthy diet. Physical activity
time was calculated from minutes spent in a week for
work related, walk or cycling, and recreational/leisure-
related physical activities. The average number of stan-
dard units of alcohol consumed in a day was used to
estimate the prevalence of harmful use of alcohol. A sum-
mative scoring of the risk factors was used to estimate the
prevalence of co-occurrence of different combinations of
the risk factors.

Sampling probability weight was computed using
the size of the stratum in the NUHDSS database as
denominator and response probability was calculated
using the total number sampled per stratum as denomi-
nator. A composite weight taking both sampling and
response weights into account was applied to all pre-
valence estimates.

Key analyses were stratified by sex, age, and other
relevant socio-demographic variables. Chi-square statis-
tics was used to assess binary associations between cate-
gorical variables. Associations between the NCD risk
factors were assessed using logistic regression analysis.
Data were analyzed using SATA 12. P-values <0.05 were
considered to be statistically significant.

Ethical considerations

The study protocol was approved by the Kenya Medical
Research Institute/National Ethical Review Committee
(NON-SSC Protocol No. 339). Participants provided
written consent to participate in the study. The partici-
pants who accepted to be interviewed had signed the
consent form to show that they accepted to participate
in the study. The Ethics committee has approved the
consent procedure along with the protocol and data
collection tools.

Results

Background characteristics

A total of 5,190 study participants were included in this
analysis. Of these 2,794 (53.8%) were men and the rest
2,396 (46.2%) were women. Nearly 56% of the study
participants were married and 25% were widowed at
the time of the survey. The highest level of education
for nearly a quarter of the study population was less
than primary school and for 42% of them it was pri-
mary school. About 42% of the study participants were
involved in small businesses to generate their income,
while 15% were not working at the time of the survey. The
age—sex distribution of the study population has been
reported elsewhere (24).

Prevalence of NCD risk factors

Unhealthy diet

Nearly half (48.6%) of the respondents eat fruit for not
more than 3 days a week. Only one-third (33.2%) of
the study population reported that they eat fruit 7 days
a week. About 65% of them reported that they eat
vegetables throughout the week. The prevalences of low
consumption of fruit and vegetables, defined by less than
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five average daily servings on most days of the week (5/7)
were 94 and 61%, respectively. The prevalence of lower
consumption of both fruit and vegetables (added to-
gether) was 57% (63% in women and 53% in men) and
the prevalence of low consumption of either of them
was 39.4%. On the other hand, the prevalence of high
daily consumption of sugar (defined as more than six
teaspoons of sugar a day) was 18.9% (22.4% in women
and 15.8% in men). The weighted prevalence of unhealthy
diet (as defined by inadequate consumption of fruit or
vegetables and/or high sugar intake) was 57.2% (95% CI:
55.8%, 58.5%).

Insufficient physical activity

For about 20 and 40% of the respondents, their work
involved vigorous-intensity physical activity and moder-
ate-intensity physical activity, respectively. The work of
566 (11%) respondents involved both vigorous- and
moderate-intensity physical activity. Almost all partici-
pants did walking or cycling, and about 55% did it
throughout the week. Less than 5% of the study popu-
lation reported involvement in sport-related physical
activity. Analysis of the contribution of the different
forms of physical activity to the total physical activity
time in the total study population shows that about 70%
of the physical activity came from work-related activities
and 27.6% from walking or cycling. Only 1.6% came from
sports.

The weighted prevalence of insufficient physical activity,
defined by less than 75 min of vigorous-intensity physical
activity or less than 150 min of moderate-intensity phy-
sical activity per week or equivalent of combinations of
these, in the study population was 14.4% (95% CI: 13.5%,
15.4%). This was significantly higher in women (25.9%)
than in men (6.9%).

Harmful use of alcohol

Of the 5,190 study participants, 849 (16.4%) reported that
they have ever consumed alcohol. Of these, 32% take at
least one drink for 1-3 days a month, while 29% had
alcohol 1-4 days a week. Eighteen percent had less than
once a month. Only 111 (13%) reported daily consumption
of alcohol. The mean (SD) number of units of alcohol
consumed in a single day among those who ever consumed
alcohol was 3.5 (2.0). The weighted prevalence of harmful
use of alcohol, defined by more than three standard units
of alcohol per day for men and more than two standard
units of per day for women, was 49.5% among those who
ever consumed alcohol and 10.05% (95% CI: 9.25%,
10.9%) among the total study population.

Tobacco use

About one-fifth (20.3%) of the study participants have
ever smoked. The weighted prevalence of current smok-
ing among the study population was 12.4% (95% CI:
11.5%, 13.3%). The weighted prevalence of current daily

smoking among current smokers was 18.9% in men, 0.7%
in women, and 11.7% in the total study population.
Disaggregated analysis of prevalence the NCD risk
factors by sex showed that unhealthy diet and insufficient
physical activity were higher among women, while harm-
ful use of alcohol and tobacco use were higher among
men. A summary of the weighted prevalences of the four
common NCD risk factors is presented in Fig. 1.

Co-occurrence of NCD risk factors

At least one of the four NCD risk factors

Of all the study participants, 3,739 (72.06%: 95% CI: 70.8%,
73.3%) had at least one (i.e. one or more) of the four
common NCD risk factors. Only 1,450 (27.94%) were free
from all the four common NCD risk factors. The preva-
lence of at least one NCD risk factor was higher among
women than men (76.8% vs. 67.9%; X* =51.4, P =0.000).

Any one of the four NCD risk factors

A little more than half, 2,708 (52.2%), of the study
participants had a single NCD risk factor (i.e. any one of
the four common NCD risk factors). Among those who
had a single NCD risk factor, the prevalence of unhealthy
diet, insufficient physical activity, harmful use of alcohol,
and tobacco use were found to be 78.5, 11.5, 3.7, and
6.2%, respectively. The prevalence of any one of the four
NCD risk factors among women (57.97%) was signifi-
cantly higher than that of men (47.23%). The pattern of
single risk factors was consistent across age groups.

Dyads (two risk factors)

In this analysis, 914 (17.6%) of participants had dyads —
two NCD risk factors. The combination between un-
healthy diet and insufficient physical activity was the
most common dyad. This dyad had a significantly higher
prevalence in women (17.3%) than in men (4.7%). The
prevalence of dyads was higher among those aged 60+
(20.7%). It was lower among those between 40 and 50
years of age (14.4%). Those study participants who were
not working at the time of the study had the highest
prevalence of dyads (25.4%) as compared to those who
were working (16.2%).

Three or more risk factors

The co-occurrence of three or more NCD risk factors was
found in only 113 (2.2%) study subjects. Among the
triads, the combination of unhealthy diet — alcohol —
tobacco use had higher prevalence. Only four (0.08%)
of the study population had all four common NCD risk
factors (see Table 2).

Predictors of co-occurrence of NCD risk factors

Men were found to be at a higher risk of having co-
occurrence (the presence of two or more) of the common
NCD risk factors as compared to women (OR =1.28;
95% CI: 1.11, 1.49). Those who were not working (assess
by yes/no question for currently working or not) at the
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Fig. 1. Weighted prevalence of the four common NCD risk factors by sex.

time of the survey also had a higher probability of having
co-occurrence of NCD risk factors as compared to those
who were working (OR =1.81; 95% CI: 1.49, 2.21).
Similarly, those above the age of 50 years were about
1.2 times more likely to have co-occurrence of NCD risk
factors as compared to those less than or equal to 50
years of age. However, educational status (ever attended
school vs. never attended school) (OR =1.21; 95% CI:
0.97, 1.51) did not have any significant association with
co-occurrence of NCD risk factors.

Association between NCD risk factors

Examination of the associations among the four common
NCD risk factors indicated that there was a strong
positive association between harmful use of alcohol and
tobacco use. Unhealthy diet had a negative association
with harmful use of alcohol and tobacco use. There was

Tuble 2. Prevalence of NCD risk factors by number of factors

also a moderately positive association between tobacco
use and insufficient physical activity. All other binary
associations between the NCD risk factors were not
statistically significant. Details of these associations are
presented in Table 3.

Discussion
The accelerating burden of NCDs in developing countries
is now a major public health concern and a medical
challenge. In this regard, the co-occurrence of NCDs is
associated with sub-optimal health outcomes and at the
same time with rising healthcare expenses for patients
and health systems (25). Among a number of factors
contributing to the co-occurrence of NCDs is the co-
occurrence of NCD risk factors in adults.

In this study, we found that nearly 75% of the study
population had at least one of the four common NCD

S. No Number of risk factors Number Percent (95% ClI)

1 No risk factors (0/4) 1,450 27.9% (26.7%, 29.2%)
2 One risk factor (1/4) 2,708 52.2% (50.8%, 53.5%)
3 Two risk factors (2/4) 914 17.6% (16.6%, 18.7%)
4 Three risk factors (3/4) 113 2.2% (1.8%, 2.6%)

5 Four risk factors (4/4) 4 0.08% (0.02%, 0.2%)
6 Two or more risk factors 1,031 19.9% (18.8%, 20.9%)
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Tuble 3. Association between the four common NCD risk factors (adjusted for age, sex, educational status, and working status)

S. no. Combination of two risk factors (dyads) (First factor outcome, second predictor) Adjusted odds ratio 95% ClI

1 Unhealthy diet and insufficient physical activity 0.93 (0.79, 1.09)
2 Unhealthy diet and harmful use of alcohol 0.65 (0.52, 0.80)
3 Unhealthy diet and tobacco use 0.82 (0.68, 0.98)
4 Harmful use of alcohol and tobacco use 5.52 (4.36, 7.00)
5 Harmful use of alcohol and insufficient physical activity 1.07 (0.76, 1.51)
6 Tobacco use and insufficient physical activity 1.18 (0.87, 1.59)

risk factors. Unhealthy diet was remarkably high and
may account for the majority of the NCD risk in these
urban slum settings. About one out of five individuals
had co-occurrence of common NCD risk factors at the
time of the survey. This is highly significant in an African
context where infectious diseases and maternal health
problems are the main priorities. In a study conducted in
Bangladesh, clustering of NCD risk factors was 38% (26).
It may also reach 70% in rural Asian populations (27).
Prevalence of clustering in Florianopolis was 43% in men
and 37% in women (28).

Co-occurrence of common NCD risk factors — tobacco
use, harmful use of alcohol, insufficient physical activity,
and unhealthy diet — contribute substantially to NCD
prevalence. For instance, about 17% of the study popula-
tion from a sample of 29,183 subjects in the United States
had three or more risk factors (29). High prevalence of
multiple and clustered behavioral risk factors underline
the challenge comorbidity presents for primary care and
public health systems (29). Similarly, the prevalence of
multiple behavioral risk factors was considerably high in
this sample of European adults. Studies have shown that
those who were not living alone and had higher education
may prove protective (30). In comparison, in our study
we have found a prevalence of 20% of co-occurrence NCD
risk factors. Females were at an increased risk of having
multiple NCD risk factors as compared to men. Those
who were older also have greater prevalence of multiple
risk factors. A study conducted in Brazil had also re-
ported that higher age and low socio-economic status was
associated with clustering of NCD risk factors (31).

As it is shown in the Results section, the association
between harmful use of alcohol and smoking was very
strong. Those study participants who smoke were about
5.5 times more likely to be engaged in harmful use of
alcohol as compared to those who were not smoking.
This was consistent with findings from other studies in
different parts of the world (32-34). This could be due to
the interplay among various socio-behavioral factors that
affect both smoking and drinking behavior.

In a study that assessed individual, social, and school
correlates of multiple chronic disease behavioral risk
factors (insufficient physical activity, sedentary behavior,
tobacco smoking, alcohol drinking, and high body mass

index) in a representative sample of Canadian youth aged
10-15 years attending public schools, several individual
and social characteristics were associated with the co-
occurrence of multiple behavioral risk factors; however,
no school-related correlates emerged. Knowledge about
correlates of multiple behavioral risk factors should be
considered when planning prevention programs (35).
In this regard, age, sex, and working status were main
correlates of co-occurrence of multiple NCD risk factors
in our study population.

Behavioral risk factors are known to co-occur in many
population groups. Their co-occurrence has the potential
to increase risks of chronic disease comorbidity and
increased mortality in later life. In general, little is known
about determinants of multiple chronic disease behavioral
risk factors, particularly in low- and middle-income
settings. Despite the fact that most of the previous studies
were cross-sectional in their nature and/or were carried
out without a sound theoretical framework, evidence
suggests that targeting individual/social distal variables in
prevention programs of multiple chronic disease beha-
vioral risk factors could be effective (36). It was also
recommended that prevention programs should take into
account differential distribution of lifestyle risk factors
(37). Similarly, future interventions against NCD risk
factors in urban slum settings need to differentially target
those with multiple NCD risk factors. Evidence from that
study suggested that combined package interventions
should target elder population, men, and rural residents,
especially those with lower socio-economic status (38).
Thus, the findings of this study could contribute to that
body of knowledge about NCD risk factors for urban
poor settings in Africa.

WHO attributes approximately 3 million deaths a year
from NCDs to inadequate consumption of fruit and
vegetables (39). A study estimated that increased con-
sumption of fruit and vegetables is associated with a 16%
lower risk of CVD. To address this problem, increasing the
availability of good-quality seeds, encouraging the farm-
ers to grow vegetables and fruit, and a public-awareness
campaign about their benefits are some of the important
strategies that may help increase the consumption of fruit
and vegetables (40). The findings from this study sub-
stantiate these recommendations.
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The co-occurrence of NCD risk factors also has im-
portant implications in the performance of individual-
level risk assessment tools (WHO/ISH charts). It has
demonstrated that data from STEPS survey which were
used to perform risk assessment at individual level could
present results of the CVD risk at population levels.

There were some limitations associated with this study.
In the estimation of the prevalence of unhealthy diet,
we used the consumption of fruit, vegetables, and sugar.
We have not used consumption of fats and salts as
data on these were lacking. In the measurement of time
for physical activity, respondents reported their time in
hours and this may be less precise. For tobacco use, we
used current smoking as a proxy indicator. We have not
taken into consideration frequency, duration, and dose
of smoking. Moreover, our definition of co-occurrence
differs from clustering and a direct comparison of fin-
dings with other studies needs to consider this difference.
Finally, the measurement of all four risk factors was self-
reported and thus may not be free from social desirability
bias. Interpretation of the findings needs to take these
limitations into account.

Conclusions and recommendations

Among the four common NCD risk factors, unhealthy
diet had the highest prevalence in the study area. More
than two-thirds of the study population had at least one
NCD risk factor and about one-fifth had co-occurrence
of NCD risk factors. Females and the elderly were at a
greater risk of having co-occurrence of NCD risk factors.
While the dyads of unhealthy diet and insufficient phy-
sical activity were more common in women, the dyads
of harmful use of alcohol and tobacco use were more
common in men.

As the prevalence of co-occurrence NCD risk factors
was significantly high in the study population, and some
population groups were at increased odds of having co-
occurrence of NCD risk factors, future interventions
need to adopt the approach of ‘combined but differen-
tiated’ interventions. Further research is needed to elu-
cidate the additional correlates and possible impacts of
co-occurrence of multiple NCD risk factors. Research
and surveillance of NCD risk factors need to factor in the
co-occurrence of NCD risk factors in their design and
analysis of results.
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