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Abstract: Background: Unplanned urbanization plays a key role in chronic disease growth.
This population-based cross-sectional study assessed the occurrence of cardiometabolic risk factors
in Bobo-Dioulasso and their association with urbanization conditions. Methods: Through spatial
sampling, four Bobo-Dioulasso sub-spaces were selected for a population survey to measure the
adult health status. Yéguéré, Dogona, Tounouma and Secteur 25 had very different urbanization
conditions (position within the city; time of creation and healthcare structure access). The sample
size was estimated at 1000 households (250 for each sub-space) in which one adult (35 to 59-year-old)
was randomly selected. Finally, 860 adults were surveyed. Anthropometric, socioeconomic and
clinical data were collected. Arterial blood pressure was measured and blood samples were collected
to assess glycemia. Results: Weight, body mass index and waist circumference (mean values) and
serum glycemia (83.4 mg/dL ± 4.62 mmol/L) were significantly higher in Tounouma, Dogona, and
Secteur 25 than in Yéguéré; the poorest and most rural-like sub-space (p = 0.001). Overall, 43.2%,
40.5%, 5.3% and 60.9% of participants had overweight, hypertension, hyperglycemia and one or
more cardiometabolic risk markers, respectively. Conclusions: Bobo-Dioulasso is unprepared to face
this public health issue and urgent responses are needed to reduce the health risks associated with
unplanned urbanization.

Keywords: chronic diseases; urbanization; health disparities; spatial sampling; medium-sized city;
Bobo-Dioulasso

1. Introduction

The burden of chronic diseases is increasing worldwide, but particularly in developing
countries [1,2] where young people [3] are concerned and lethality is higher. Several of these
chronic diseases are directly related to nutrition transition, promoted by globalization and accelerated
urbanization [4–6]. Indeed, people in developing countries are becoming more sedentary and
progressively shifting towards a western-style diet with more animal products, refined grains, fat,
salt and sugar and less fibers [7–9]. Consequently, chronic diseases are becoming one of the leading
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contributors to the disease, mortality and disability burden [3,10]. For instance, obesity prevalence in
West Africa has increased by 114% from 1990 to 2005, and affects urban women 4.79 times more than
men, as reported in a meta-analysis of data from this period [11].

Concomitantly, urbanization is also rapidly increasing. It is expected that more than 70% of
people will be living in cities by 2050, and by 2030, 50% of the West African population should be
located in urban cities [1]. Rapid urbanization is the main cause of the unplanned growth of cities.
This is accompanied by a number of problems, such as environmental risks and health disparities,
the consequences of which have not been determined yet. Urbanization and the rise of chronic diseases
have been studied in cross-sectional studies in capital cities in the developing world. Conversely,
little is known about urbanization and its health consequences in secondary cities. Bobo-Dioulasso,
the second city of Burkina Faso, is a medium-sized city of West Africa with a rapidly progressing
urbanization rate [12]. Hospital data have shown that the prevalence of obesity and hypertension is
increasing in West Africa [13]; however, it is not known whether and how urban conditions contribute
to this. The aim of the present study was to investigate the occurrence of cardiometabolic risk factors
in different urban settings within Bobo-Dioulasso and to analyze their spatial distribution in relation
with the socio-demographic characteristics.

2. Methods

2.1. Study Site

This study was carried out in Bobo-Dioulasso, a secondary city in the Western part of Burkina
Faso. Bobo-Dioulasso has shown a relatively important and constant growth rate (4.7% per year,
on average) since its discovery by colonialists. The population of Bobo-Dioulasso increased from
3000 to 50,000 inhabitants from the beginning of its colonization to its independence, and then from
230,000 inhabitants in 1975 to 310,000 in 1996 and 490,000 in 2006 [12]. This growth led to an important
spatial expansion without specific building densification due to the absence of physical constraints.
The city surface increased from 10.7 km2 in 1952 to 95.7 km2 in 2012.

This expansion was not without consequences on the urban planning, as exemplified by the
irregular distribution of healthcare services in space and time. The installation of healthcare structures
did not always follow the major phases of urban growth due to the different policies started by the
government and international institutions. The number of healthcare structures rose from four before
1960 to 52 in 2012, without covering the entire urban space [14]. Similarly, differences concerning the
access to drinking water have been observed (no data for non-regularized settlements and variable
rates in regularized areas).

2.2. Spatial and Population Sampling

Several discriminating variables were retained to identify sub-spaces representative of the
different urbanization types that could trigger health disparities in Bobo-Dioulasso population.
Approaches based on Principal Component Analyses (PCA) and Hierarchical Ascendant Classification
(HAC), previously validated in Dakar [15], were used to model the city typology. The chosen variables
measured health vulnerability (building density, infrastructure level, flooding risk, and district age)
and access to urban services (healthcare structures and drinking water). Five different urbanization
classes were identified as reported by Kassié in his thesis [16]. Four sub-spaces were chosen among
these different urbanization classes to maximize health disparities. They were selected based on their
proximity to the center, period of urbanization and presence of infrastructures, such as schools and
healthcare services that were identified during a street-by-street survey (Table 1).
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Table 1. Features of the chosen sub-spaces and distribution of surveyed adults in the
different sub-spaces.

Proximity to
the Center

Period of
Urbanization

Presence of
Infrastructures Surveyed Adults

Men Women Total

Tounouma +++ Old ++ 111 142 253
Dogona ++ Old +++ 84 109 193

Secteur 25 − Recent + 79 136 215
Yéguéré + Recent − 104 95 199

Total 378 482 860

The more + the more, the sub-space is close the center of the city with more infrastructures; the − sign shows that
the sub-space if far from the city center and has no infrastructures.

After the identification of the sub-spaces to be surveyed, a simple spatial random sampling
was used to select the plots from the cadastral map. This method ensured the comparability of data
collected in the different districts.

A Pleiades satellite image of April 2012 with a very high resolution and the cadastral map of 2012
were used to identify and eliminate uninhabited parcels dedicated to administrative or commercial
usage. Then, plots were randomly selected. For non-regularized areas, which are not recorded in the
land registry map, plots were digitalized and their geographical coordinates used for the sampling.
In each randomly selected plot, households and then the study participants were also randomly
selected. The number of households to be surveyed and of participants was calculated in order
to observe significant differences between sub-spaces at the 5% threshold with a precision of 2.6%,
based on a diabetes prevalence of 5% (the smallest expected prevalence for diabetes in adults) (Table 1).
A household was eligible if it included at least one eligible adult (35–59 years of age).

The geographical coordinates of the randomly selected plots were integrated in Garmin eTrex
10 handheld the Global Positioning System (GPS) units. Surveyors had to find these plots by using
the procedure «Go to» of the GPS unit and with the help of maps in which these plots were shown.
Each sub-space was subdivided in three parts and each part was assigned to a surveyor who had to
cover it completely. This technique avoided selecting all the households in only one part of the study
area. To be easily identified by the population, each surveyor had a badge and a work kit (GPS unit,
map with the randomly selected points, forms for data collection, etc.).

In each selected plot, households were numbered and those that were eligible were identified.
Then, the study households were selected randomly and their eligibility was verified. For each eligible
household, the authorization of its head was obtained before data collection. Surveyors organized a
second visit if the head was absent or if they had doubts about the age of the people to be surveyed,
in order to give them time to gather accurate information. After three unsuccessful appointments,
another household, already in the sampling list for that sub-space, was picked for the study. All collected
and analyzed geographical data (aerial photographs, satellite images, geographical coordinates of urban
infrastructures) were integrated in a geodatabase with a map projection WGS84 UTM 30 N.

The study sample size was estimated at 1000 households (250 for each sub-space). Finally, 3400 plots
were randomly sampled among the 8812 plots identified from satellite images. A first random selection
of 350 plots for each sub-space was carried out to offset the problems of uninhabited plots, wrong
plot identification in the satellite images, absence of people, possible refusal and non-eligibility of
households. Additional samplings were carried out after the removal of already visited plots. Finally,
860 adults were included based on the following inclusion criteria: age between 35 and 59 years and
residence in the plot for at least six months. Pregnant women were excluded (Table 1).
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2.3. Study Variables

After inclusion, each participant was interviewed to collect socio-demographic and lifestyle
(diet and physical activity) data. At the end of each interview, anthropometric and clinical data and
blood samples were also collected.

A Multiple Correspondence Analysis was performed to build a proxy of the income level using
data on household assets, such as television, Digital Video Disc (DVD), fridge, motorbike, or car,
house ownership, type of household toilet, electricity, type of cooking fuel, type of floor, roof and walls.

2.3.1. Anthropometric Data

To obtain accurate body weight measurements, each participant was weighed in light clothing and
without shoes using a portable electronic scale (Seca 803 Clara Scale; capacity 150 kg; graduation 100 g).
Height was measured to the nearest 0.5 cm using a portable, locally built stadiometer with
the subject standing upright on a flat surface without shoes and the back of the heels and the
occiput against the stadiometer. Waist circumference (WC) was measured with a flexible steel tape
(Gulick© measuring tape) to the nearest 0.1 cm at the midpoint between the lowest rib and the iliac crest
with the participant standing and breathing normally [17]. Body weight, height and WC were measured
twice and the mean of the two values was used for the analyses. Weight and height were used to
calculate the body mass index (BMI) as follows: BMI = weight (kg) divided by height (m2). Based on the
BMI values, participants were categorized as follows: BMI < 18.5: underweight; BMI 18.5–24.9: normal;
BMI 25–29.9: overweight; BMI ≥ 30: obese [18]. Abdominal obesity was defined as a WC value ≥102 cm
for men and ≥88 cm for women [19].

2.3.2. Blood Pressure

Blood pressure was measured on the right arm by qualified medical doctors using an automatic
blood pressure monitor OMRON M6-Comfort (OMRON HEALTHCARE Europe B.V., Hoofddorp,
The Netherlands). Before the measurement, the participant has to rest in seated position for at least
10 min, and then blood pressure (systolic and diastolic) was measured twice with a 10 min interval
between measures and the mean of the two values was retained. Participants with systolic blood
pressure (SBP) ≥140 mmHg and/or diastolic blood pressure (DBP) ≥90 mmHg were considered as
having hypertension [20,21]. People on hypertensive treatment were also included. Each participant
with high blood pressure values was referred to a specialist for hypertension confirmation.

2.3.3. Glycemia Testing

Glycemia was tested after 12-h fasting with the finger prick test. When fasting blood sugar was
>110 mg/dL or >6 mmol/L [21], participants were considered at risk of hyperglycemia and were
referred to a specialist for further confirmation by glycated hemoglobin measurement before being
considered as having diabetes. People taking diabetes medications were also included.

2.3.4. Cardiometabolic Risk Markers

Cardiometabolic risk factors considered in this study were: overweight or obesity, abdominal
obesity, hypertension and hyperglycemia. Participants with at least one of these conditions were
considered as having “≥ 1 cardiometabolic risk marker”.

2.3.5. Statistical Analyses

Data were analyzed with IBM-SPSS version 24.0 (IBM Corp, Armonk, NY, USA). Quantitative
variables were expressed as mean ± standard deviation (SD), and categorical variables as percentages
with 95% confidence intervals (CI). Differences between quantitative variables were assessed using the
independent t test, and the Analysis of variance (ANOVA) test for comparison of more than two groups
followed by the Bonferroni post hoc test. Differences between categorical variables were assessed with
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the χ2 test. The association between socio-demographic data, urbanization and cardiometabolic risk
markers was assessed by multiple linear regression analysis. Differences were considered significant
when p < 0.05.

2.3.6. Ethical Considerations

The ethical committees of the Centre Muraz and of the Institut de Recherche en Sciences de la
Santé examined the protocol and authorized this study (authorization no. A30-2013) that was carried
out according to the Declaration of Helsinki guidelines.

In addition, the study aim and procedures were explained to each participant, each householder,
the local authorities and the community at large. Prior to enrolment, each participant had to sign
a written informed consent. The results of blood pressure and glycemia testing were given to each
participant. Participants with abnormal results were referred to a specialist for diagnosis and treatment,
the cost of which was supported by the research project.

3. Results

Overall, 860 adults were enrolled with a health survey response rate of 86%. The mean age of the
enrolled adults was 43.4 ± 6.9 years (Table 2), and age was significantly higher among people living
in Tounouma than in the other three sub-spaces (p = 0.02). Women were more numerous than men
(56% vs. 44%) in the whole sample, and also within the sub-spaces, with the exception of Yéguéré
where the proportion of men was significantly higher (p < 0.05). The percentage of participants with
no education was significantly higher than that of people with formal education in the whole sample
(p < 0.05) and also in Yéguéré compared with the other three sub-spaces (p = 0.001). Participants with
high school or higher education level were more numerous in Tounouma and Secteur 25 than in the
two other sub-spaces. For the whole sample, 33.2%, 33.6% and 33.2% of participants were in the low,
medium and high income group, respectively. In Tounouma and Dogona, the distribution in the three
income levels was comparable. Conversely, participants with high and middle income level were
significantly more numerous in Secteur 25 than in Yéguéré, where participants with low income level
were prevalent (p = 0.001).

Cardiometabolic Risk Factors

In the whole sample, the mean weight was 68.9 ± 14.2 kg with a BMI of 24.6 ± 5.1 and a WC
of 83.9 ± 11.8 cm. Women had significantly higher BMI (25.8 ± 5.4 vs. 23.2 ± 4.3; p = 0.0001) and
WC (85.0 ± 12.4 vs. 82.7 ± 10.8; p = 0.004) values than men. The mean weight, BMI and WC values
were significantly higher in Tounouma, Dogona, and Secteur 25 than in Yéguéré (p = 0.001). The mean
glycemia was 83.4 ± 27.5 mg/dL in the whole sample, and was significantly higher in Tounouma,
Dogona and Secteur 25 than in Yéguéré.

In the whole sample, 43.2%, 34.6%, 40.5% and 5.3% of participants had overweight/obesity,
abdominal obesity, hypertension and hyperglycemia, respectively. The proportion of participants
with overweight/obesity, abdominal obesity, hypertension and “≥1 cardiometabolic risk marker” was
significantly higher in women than in men. The prevalence of hypertension and overweight/obesity
was significantly lower in Yéguéré than in the other three sub-spaces. When all these cardiometabolic
risk markers were clustered in the “≥1 cardiometabolic risk marker” category, 67.7% of participants
fell in this group with no statistical difference among sub-spaces.

Overweight/obesity, abdominal obesity, hypertension, hyperglycemia and “≥1 cardiometabolic
risk marker” (when clustering all the cardiometabolic risk factors) were significantly higher in the high
income level group (Figure 1).
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Table 2. Socio-demographic characteristics, nutritional status and cardiometabolic risk markers by sector of residence.

All (n = 816) Tounouma (n = 253) Dogona (n = 193) Secteur 25 (n = 215) Yéguéré (n = 199)
p

Mean or % SD or 95%
CI Mean or % SD or 95%

CI Mean or % SD or 95%
CI Mean or % SD or 95%

CI Mean or % SD or 95%
CI

Age (years) 43.2 6.9 44.2 7.3 43.5 6.9 42.1 6.6 43.0 6.0 0.02

Sex

Women 56.0 (52.7; 59.3) 56.1 (50.0; 62.2) 56.5 (49.5; 63.5) 63.3 (56.9; 69.7) 47.7 (40.8; 54.6) 0.076
Men 44.0 (40.7; 47.3) 43.9 (37.8; 50.0) 43.5 36.5; 50.5) 36.7 (30.3; 43.1) 52.3 (45.4; 59.2) 0.076

Formal education

None 44.8 (39.9; 49.7) 35.6 (29.7; 41.5) 43.5 (36.5; 50.5) 49.8 (43.1; 56.5) 52.3 (45.4; 59.2) 0.001
Men 24.3 (20.0; 28.6) 18.0 (10.0; 26.0) 18.3 (9.9; 26.7) 22.6 (14.6; 30.6) 36.2 (27.1; 45.3) 0.426
Women 75.7 (71.4; 80.0) 82.0 (74.0; 90.0) 81.7 (73.3; 90.3) 77.4 (69.4; 85.4) 63.8 (54.7; 72.9) 0.426
Primary school 38.5 (33.3; 43.7) 37.9 (32.0; 43.8) 44.0 (37.0; 51.0) 32.1 (25.9; 38.3) 40.7 (33.9; 47.5) 0.001
Men 58.8 (53.5; 64.1) 56.3 (46.4; 66.2) 60.0 (49.6; 70.4) 46.4 (34.6; 58.2) 71.3 (61.4; 81.2) 0.1
Women 41.2 (35.9; 46.5) 43.7 33.8; 53.6) 40.0 (29.6; 50.4) 53.6 (41.8; 55.4) 28.7 (18.8; 38.6) 0.1
Secondary school & above 16.7 (4.6; 22.8) 26.5 (21.1; 31.9) 12.4 (7.8; 17.0) 18.1 (13.0; 23.1) 7.0 (3.5; 10.5) 0.001
Men 61.1 (53.2; 69.0) 59.7 (48.0; 71.4) 66.7 (47.9; 85.5) 59.0 (43.6; 74.4) 64.3 (39.3; 92.3) 0.918
Women 38.9 (31.4; 46.8) 40.3 (28.6; 52.0) 33.3 (14.5; 52.6) 41.0 (25.6; 56.4) 35.7 (10.7; 60.7) 0.918

Income level

Low 33.2 (27.8; 38.6) 29.2 (23.6; 34.8) 38.0 (31.1; 44.9) 5.6 (2.5; 8.7) 63.3 (56.6; 70.0) 0.001
Men 46.1 (40.3; 51.9) 42.5 (31.2; 53.8) 43.8 (32.4; 55.2) 25.0 (0.5; 49.5) 51.6 (42.9; 60.3) 0.239
Women 53.9 (48.1; 59.7) 57.5 (46.2; 68.8) 56.2 (44.8; 67.6) 75.0 (50.5; 99.5) 48.4 (39.7; 57.1) 0.239
Middle 33.6 (28.2; 39.0) 36.0 (30.1; 41.9) 43.2 (36.2; 50.2) 33.3 (27.0; 39.9) 21.1 (15.4; 26.8) 0.001
Men 42.2 (36.5; 47.9) 45.6 (35.3; 55.9) 42.2 (31.6; 52.8) 31.9 (21.2; 42.6) 52.4 (37.4; 67.4) 0.151
Women 57.8 (52.1; 63.5) 54.4 (44.1; 64.7) 57.8 (47.2; 68.4) 68.1 (57.4; 78.8) (47.6 (32.6; 47.6) 0.151
High 33.2 (27.8; 38.6) 34.8 (28.9; 40.7) 18.8 (13.3; 24.3) 60.7 (54.2; 67.2) 15.6 (10.6; 20.6) 0.001
Men 44.0 (38.3; 49.7) 43.7 (33.3; 54.0) 47.2 (30.9; 63.5) 40.8 (32.4; 49.2) 54.8 (37.8; 72.3) 0.535
Women 56 (50.3; 61.7) 56.3 (45.9; 66.7) 52.8 (36.5; 69.1) 59.2 (50.8; 67.6) 45.2 (27.7; 62.7) 0.535
Height (cm) 167.5 8.9 167.5 9.1 166.9 9.6 166.9 8.2 168.4 8.5 0.284
Men 173.5 8.2 174.0 8.1 172.1 11.1 174.3 6.3 173.5 6.9 0.0001
Women 162.7 6.1 162.4 6.3 163.1 5.9 162.7 5.9 162.8 6.3 0.0001
Weight (kg) 68.9 14.2 72.0 16.7 67.8 12.3 69.6 13.6 65.3 11.9 0.001
Men 69.7 12.8 72.1 15.4 68.4 12.4 71.0 11.5 67.3 10.7 0.173
Women 68.3 15.1 72.0 17.7 67.3 12.4 68.8 14.7 63.2 12.9 0.173
BMI kg/m2 24.6 5.1 25.7 5.9 24.5 5.1 25.0 4.8 23.0 3.9 0.001
Men 23.2 4.3 23.8 4.8 23.4 5.3 23.4 3.7 22.3 3.2 0.0001
Women 25.8 5.4 27.2 6.2 25.3 4.7 26.0 5.2 23.8 4.5 0.0001
WC (cm) 83.9 11.8 86.1 13.2 82.8 11.9 84.7 11.3 81.5 9.6 0.001
Men 82.7 10.8 84.1 12.1 80.9 10.9 84.1 10.9 81.5 8.9 0.004
Women 85.0 12.4 87.7 13.7 84.2 12.5 85.2 11.6 81.4 10.5 0.004
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Table 2. Cont.

All (n = 816) Tounouma (n = 253) Dogona (n = 193) Secteur 25 (n = 215) Yéguéré (n = 199)
p

Mean or % SD or 95%
CI Mean or % SD or 95%

CI Mean or % SD or 95%
CI Mean or % SD or 95%

CI Mean or % SD or 95%
CI

DBP 83.7 13.7 85.3 14.6 83.7 13.3 83.3 13.6 82.2 12.7 0.095
Men 83.0 13.7 86.0 16.0 81.7 12.8 81.3 11.8 82.2 12.7 0.181
Women 84.3 13.6 84.7 13.7 85.3 13.5 84.4 14.4 82.2 12.7 0.181
SBP 126.2 19.7 129.2 23.7 124.6 17.7 124.3 21.6 135.8 19.7 0.083
Men 128.1 20.0 132.5 24.2 125.1 16.3 123.7 17.8 129.0 18.1 0.021
Women 124.7 22.0 126.6 23.2 124.3 18.7 124.7 23.6 122.3 20.8 0.021
Blood sugar (mg/dL) 83.4 27.5 87.9 33.2 88.9 22.3 83.4 27.0 72.3 20.7 0.0001
Men 84.0 23.6 86.2 17.3 92.7 16.7 89.1 35.3 70.9 17.1 0.682
Women 83.0 30.3 89.2 41.6 86.1 25.5 80.0 20.2 73.9 24.1 0.682
Hypertension 40.5 (37.2; 43.7) 48.2 (42.0; 54.3) 39.9 (32.9; 46.8) 34.9 (28.4; 41.3) 37.2 (30.5; 43.9) 0.003
Men 42.2 (37.0; 47.4) 46.7 (37.9; 55.5) 37.7 (27.0; 48.4) 32.0 (21.5; 42.5) 50.0 (38.6; 61.4) 0.223
Women 57.8 (52.6; 63.0) 53.3 (44.5; 62.1) 62.3 (51.9; 73.0) 68.0 (57.5; 78.5) 50.0 (38.6; 61.4) 0.223
Overweight/Obesity 43.2 (39.9; 46.5) 50.6 (44.4; 56.7) 42.9 (35.9; 49.8) 47.9 (41.1; 54.6) 29.1 (22.7; 35.4) 0.001
Men 32.2 (27.5; 36.9) 30.5 (22.6; 38.4) 34.6 (24.3; 44.9) 28.2 (19.5; 36.9) 39.7 (27.2; 52.2) <0.001
Women 67.8 (63.1; 72.5) 69.5 (61.6; 77.4) 65.4 (55.1; 75.7) 71.8 (63.1; 80.5) 60.3 (47.8; 72.8) <0.001
Abdominal obesity 34.6 (31.4; 37.8) 40.3 (34.3; 46.3) 30.9 (24.3; 37.5) 38.6 (32.1;45.1) 26.6 (20.5; 32.7) 0.008
Men 37.5 (32.0; 43.0) 34.3 (25.1; 43.5) 43.5 (22.3; 46.7) 33.7 (23.5; 43.9) 52.8 (39.4; 66.2) 0.004
Women 62.5 (57.0; 68.0) 65.7 (56.5; 74.9) 65.5 (53.3; 77.7) 66.3 (56.1; 76.5) 47.2 (33.8; 60.6) 0.004
Hyperglycemia 5.3 (3.8; 6.7) 6.7 (3.6; 9.7) 6.7 (3.1; 10.2) 6.0 (2.8; 9.2) 1.5 (0.2; 3.2) 0.007
Men 50.0 (35.6; 64.4) 52.9 (29.2; 76.6) 53.8 (26.7; 80.9) 46.2 (19.1; 73.3) 33.3 (10.0; 56.6) 0.242
Women 50.0 (35.6; 64.4) 47.1 (23.4; 70.8) 46.2 (19.1; 73.3) 53.8 (26.7; 80.9) 66.7 (43.4; 90.0) 0.242
≥1 cardiometabolic risk marker 62.7 (59.5; 65.9) 69.2 (63.5; 74.8) 60.6 (53.7; 67.4) 60.5 (53.9; 67.1) 51.3 (44.3; 58.2) 0.269
Men 39.7 (35.6; 43.8) 39.2 (32.0; 46.4) 39.2 (30.5; 47.9) 34.1 (26.1; 42.1) 48.1 (38.7; 57.5) 0.001
Women 60.3 (56.2; 64.4) 60.8 (53.6; 68.0) 60.8 (52.1; 69.5) 65.9 (57.9; 73.9) 51.9 (42.5; 61.3) 0.001

BMI: Body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure.
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Figure 1. Cardiometabolic risk markers according to the socioeconomic status (low, middle and higher).
In the figure change commas into points (ex. 5.0% into 5.0%); Abodiminal into Abdominal.

Analysis of the associations between cardiometabolic risk markers, socio-demographic
characteristics and urban location using a multiple linear regression model showed that male sex was
negatively and independently associated with BMI and WC (β = −0.249, p < 0.0001 and β = −0.089,
p < 0.014, respectively) and positively and independently associated with SBP (β = 0.159, p = 0.001)
(Table 3). Age was positively and independently associated with BMI, WC, hyperglycemia, SBP and
DBP (β = 0.125, 0.134, 0.111, 0.352 and 0.241, respectively; p < 0.005). Living in Tounouma was positively
and independently associated with all these five cardiometabolic risk markers (β = 0.136, 0.096, 0.108,
0.017 and 0.076, respectively; p < 0.005), while living in Yéguéré was negatively associated (β = −0.174,
−0.106, −0.221, −0.016 and −0.061, respectively; p < 0.05). Low income was negatively associated
with BM, WC, SBP and DBP, while high income was positively and independently associated with
BMI, WC and DBP. High education level (secondary school and above) was positively associated with
BMI, while low education level (primary school) was negatively associated with BMI.
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Table 3. Multiple linear regression analysis of the association between cardiometabolic risk factors and location and socio-demographic data.

Cardiometabolic Risk Factors

BMI p Value WC p Value Hyperglycemia p Value SBP p Value DBP p Value

Adjusted R2 0.115 <0.0001 0.64 <0.0001 0.059 <0.0001 0.146 <0.0001 0.063 <0.0001
Sex (♀= 0; ♂= 1) −0.249 <0.0001 −0.089 0.014 0.016 0.318 0.159 0.001 −0.001 0.985

Age 0.125 <0.0001 0.134 <0.0001 0.111 0.001 0.352 <0.0001 0.241 <0.0001
Sub-space
Dogona −0.015 0.332 −0.87 0.028 0.104 0.001 −0.075 0.053 −0.036 0.415

Secteur 25 0.042 0.112 −0.075 0.07 0.003 0.468 −0.081 0.048 −0.012 0.363
Tounouma 0.136 <0.0001 0.096 0.028 0.108 0.001 0.017 0.007 0.076 0.025

Yéguéré −0.174 <0.0001 −0.106 0.011 −0.221 <0.0001 −0.016 0.005 −0.061 0.038
Income group

Low −0.138 <0.0001 −0.168 <0.0001 −0.037 0.140 −0.061 0.039 −0.077 0.012
Middle −0.029 0.199 −0.127 0.001 0.006 0.428 0.038 0.345 0.001 0.485
High 0.167 <0.0001 0.169 <0.0001 0.031 0.185 0.057 0.186 0.076 0.014

Education level
No formal education 0.012 0.358 −0.024 0.538 −0.023 0.255 −0.021 0.268 −0.009 0.397

Primary school −0.061 0.038 0.023 0.538 −0.024 0.240 −0.028 0.459 −0.027 0.213
Secondary school & above 0.063 0.034 0.030 0.423 0.062 0.036 0.014 0.721 0.048 0.083

BMI: Body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure. For blood pressure, 58 participants with known hypertension were excluded.
For glycemia, 7 participants with known diabetes were excluded.
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4. Discussion

To our knowledge, this is one of the first studies in a medium-sized city of a developing country
to explore the increase of cardiometabolic risk factors in relation with urbanization. The results show
that in a developing country like Burkina Faso and even in secondary cities, such as Bobo-Dioulasso,
chronic diseases are a health issue that is growing at an unanticipated pace. In 2003, a similar study
carried out in Ouagadougou, the capital city of Burkina Faso, reported that 40.2% of participants
had hypertension [22] and 33% overweight/obesity [23]. Like in the present study, high BMI
(overweight/obesity) was more frequent in women, while high blood pressure in men [22–26].
These results indicate that the shift toward chronic diseases is taking place in Burkina Faso, particularly
in its capital city, and highlight, as hypothesized, the role of urbanization in this process [27],
for instance by promoting lifestyle changes, such as nutrition transition [9,28]. Although they are
considered as diseases of affluent people in urban areas [29], in 2010 we found that cardiometabolic
risk factors were frequent also among the poorest inhabitants of Ouagadougou [26]. This led to the
hypothesis that due to the increasing urbanization, high prevalence of cardiometabolic risk factors
could concern also Burkina Faso secondary cities, such as Bobo Dioulasso. The results of the present
study confirm this hypothesis. Indeed, also in Bobo Dioulasso, the frequency of overweight/obesity,
hypertension and hyperglycemia is increasing significantly and proportionally with the income level.
This confirms the conclusion of the literature review by Monteiro et al. [30] that, in populations
at early stages of the nutrition transition, excess weight occurs primarily among the more affluent,
before progressing also to lower income groups. Moreover, the high frequency of cardiometabolic risk
factors in the low income population, as observed in Yéguéré, indicates that not only the income level,
but also urbanization contributes to the emergence of these health problems. The effect of urbanization
on health can vary with the income level; however, it is debatable whether urbanization widens or
narrows the health disparity between groups with different income level [31]. Urban lifestyle can
put at risk low-income groups; however, urbanization could also flatten income level disparities and
consequently, low income groups also may afford a lifestyle that promotes the appearance of chronic
diseases [31,32], while higher income groups may face more risks associated with high stress levels,
sedentary behavior and hypercaloric diets [33,34]. Our results indicate that both urbanization and
socio-spatial disparities play a role in the increase of chronic diseases. Indeed, Yéguéré is the poorest of
the four sub-spaces included in our survey, yet 37.2% and 29.1% of surveyed adults have hypertension
and overweight/obesity, respectively. In Secteur 25, where we enrolled mostly people with high
income level, 34.9% and 47.9% of participants have hypertension and overweight/obesity, respectively.
This suggests that urbanization puts low-income level populations in contact with factors that can
increase the cardiometabolic risk burden. It also suggests that urbanization in Bobo Dioulasso has not
yet reached a level that allows the high income group to be sheltered from these same factors.

Similar studies reported a positive association between the income level and cardiometabolic
risk markers, and demonstrated that this was the results of diet changes because high income level
populations can afford more expensive food, such meat/poultry, dairy products and sweets/sweet
drinks that are known to be correlated with cardiometabolic risk markers [35,36].

Moreover, Ntandou et al. [37] reported that higher physical activity levels in rural areas protect
against cardiometabolic risk factors, while the more sedentary lifestyle in urban areas explains their
appearance in urban populations. This could help understanding why living in Yéguéré, the poorest
and most rural-like sub-space in our study, was independently and negatively associated with BMI,
glycemia, and blood pressure, while living in Tounouma, a richer and more urbanized sub-space,
was positively and independently associated with the same cardiometabolic risk factors.

The study is not exempt of limitations. One of the obvious limitations is the study cross-sectional
design that does not allow drawing any inference on the causal relationships between variables.
Moreover, sampling and sample size were not computed to be representative of Bobo-Dioulasso
inhabitants and for this reason, our results cannot be extrapolated to the whole urban population of
Burkina Faso without caution. Another limitation is the absence of data on blood lipids, which could
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have given a better description of the study population and also helped identifying people with
metabolic syndrome. However, despite these limitations, this study provides useful data that can
help explaining the increase of cardiometabolic risk markers in urban populations and elicit more
investigations to better understand the link with urbanization.

5. Conclusions

This study shows that the increase of diet-related cardiometabolic risk markers in adults is a
public health concern even in a medium-sized city, such as Bobo-Dioulasso. Urbanization certainly
plays an increasing and important role due to the improved sanitation and healthier environment,
higher socioeconomic status and better access to health services for both low and high income
groups. Unfortunately, unplanned urbanization is associated with negative effects, while the positive
contribution of urbanization to health and wellbeing is mitigated. This study shows how the simple
description of settlement and urbanization conditions could help understanding health conditions
in Bobo-Dioulasso. Although our results do not fully explain the reasons underlying the increase of
cardiometabolic risk markers in this secondary city, they suggest that unplanned urbanization play an
important role. This issue could be directly addressed by a dedicated urbanization policy and through
well-designed health education interventions.

Acknowledgments: The authors are grateful to the people of Bobo-Dioulasso districts for their helpful
participation during this study. Core funding was provided by the Agence Nationale de la Recherche
(ANR-INEG-007) for the health survey and by the Centre National de la Recherche Scientifique (PEPS107-IE) for
the urbanization analysis. Daouda KASSIÉ was supported by a PhD studentship from the Institut de Recherche
pour le Développement.

Author Contributions: Florence Fournet, Daouda Kassié and Augustin Nawidimbasba Zeba conceived, designed
and performed experiments; Marceline Téné Yaméogo and Somnoma Jean-Baptiste Tougouma contributed to
medical examination; Augustin Nawidimbasba Zeba analyzed the data and wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1. World Health Organization. Global Status Report on Noncommunicables Diseases; World Health Organization:
Geneva, Swidzerland, 2014.

2. Bernabe-Ortiz, A.; Carrillo-Larco, R.M.; Gilman, R.H.; Miele, C.H.; Checkley, W.; Wells, J.C.; Smeeth, L.;
Miranda, J.J. Geographical variation in the progression of type 2 diabetes in Peru: The CRONICAS Cohort
Study. Diabetes Res. Clin. Pract. 2016, 121, 135–145. [CrossRef] [PubMed]

3. Abegunde, D.O.; Mathers, C.D.; Adam, T.; Ortegon, M.; Strong, K. The burden and costs of chronic diseases
in low-income and middle-income countries. Lancet 2007, 370, 1929–1938. [CrossRef]

4. Drewnowski, A. Concept of a nutritious food: Toward a nutrient density score. Am. J. Clin. Nutr. 2005, 82,
721–732. [PubMed]

5. Drewnowski, A.; Specter, S.E. Poverty and obesity: The role of energy density and energy costs. Am. J.
Clin. Nutr. 2004, 79, 6–16. [PubMed]

6. Popkin, B.M. Global nutrition dynamics: The world is shifting rapidly toward a diet linked with
noncommunicable diseases. Am. J. Clin. Nutr. 2006, 84, 289–298. [PubMed]

7. World Health Organization. Diet, Nutrition and the Prevention of Chronic Diseases; World Health Organization:
Geneva, Swidzerland, 2003.

8. Despres, J.P.; Cartier, A.; Cote, M.; Arsenault, B.J. The concept of cardiometabolic risk: Bridging the fields of
diabetology and cardiology. Ann. Med. 2008, 40, 514–523. [CrossRef] [PubMed]

9. Drewnowski, A.; Popkin, B.M. The nutrition transition: New trends in the global diet. Nutr. Rev. 1997, 55,
31–43. [CrossRef] [PubMed]

10. Misra, A.; Khurana, L. Obesity and the metabolic syndrome in developing countries. J. Clin. Endocrinol. Metab.
2008, 93, S9–S30. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.diabres.2016.09.007
http://www.ncbi.nlm.nih.gov/pubmed/27710820
http://dx.doi.org/10.1016/S0140-6736(07)61696-1
http://www.ncbi.nlm.nih.gov/pubmed/16210699
http://www.ncbi.nlm.nih.gov/pubmed/14684391
http://www.ncbi.nlm.nih.gov/pubmed/16895874
http://dx.doi.org/10.1080/07853890802004959
http://www.ncbi.nlm.nih.gov/pubmed/18608131
http://dx.doi.org/10.1111/j.1753-4887.1997.tb01593.x
http://www.ncbi.nlm.nih.gov/pubmed/9155216
http://dx.doi.org/10.1210/jc.2008-1595
http://www.ncbi.nlm.nih.gov/pubmed/18987276


Int. J. Environ. Res. Public Health 2017, 14, 378 12 of 13

11. Abubakari, A.R.; Lauder, W.; Agyemang, C.; Jones, M.; Kirk, A.; Bhopal, R.S. Prevalence and time trends in
obesity among adult West African populations: A meta-analysis. Obes. Rev. 2008, 9, 297–311. [CrossRef]
[PubMed]

12. Institut National de la Statistique et de la Démographie. Recueil des Concepts, Définitions, Indicateurs
et Méthodologies Utilisés Dans le Système Statistique National; Institut National de la Statistique et de la
Démographie: Ouagadougou, Burkina Faso, 2008.

13. Zabsonre, P.; Sedogo, B.; Lankoande, D.; Dyemkouma, F.; Bertrand, E. Obésité et maladies chroniques en
Afrique sub-Saharienne. Med. D’afrique Noire 2000, 47, 1–5. (In French)

14. Meunier-Nikiema, A.; Karama, F.; Kassie, D.; Fournet, F. Ville et Dynamique de L’offre de Soins:
Bobo-Dioulasso (Burkina Faso). Available online: https://f.hypotheses.org/wp-content/blogs.dir/1946/
files/2015/12/Meunier-Nikiema_Karama_Kassie_Fournet_rfst_2015.pdf (accessed on 5 September 2016).
(In French)

15. Borderon, M.; Oliveau, S.; Machault, V.; Vignolles, C.; Lacaux, J.-P.; N’donky, A. Qualifier les espaces urbains
à Dakar, Sénégal: Résultats préliminaires de l’approche croisée entre télédétection et données censitaires
spatialisées. Cybergeo Eur. J. Geogr. 2014. [CrossRef]

16. Kassie, D. Segmentations Urbaines et Disparités de Santé Dans une Ville Moyenne Africaine: Du Paludisme Aux
Etats Nutritionnels à Bobo-Dioulasso (Burkina Faso); University of Nanterre: Nanterre, France, 2015. (In French)

17. Lohman, T.; Roche, A.; Martorell, R. Anthropometric Standardization Reference Manual; Human Kinetics Books:
Champaign, IL, USA, 1988.

18. World Health Organization. Obesity: Preventing and Managing the Global Epidemic; World Health Organization:
Geneva, Swidzerland, 2000.

19. World Health Organization. The Metabolic Syndrome. Definition, Diagnosis and Classification of Diabetes Mellitus
and Its Complications; World Health Organization: Geneva, Swidzerland, 1999.

20. Chalmers, J.; MacMahon, S.; Mancia, G.; Whitworth, J.; Beilin, L.; Hansson, L.; Neal, B.; Rodgers, A.;
Ni Mhurchu, C.; Clark, T. 1999 World Health Organization-International Society of hypertension guidelines
for the management of hypertension. Guidelines sub-committee of the World Health Organization.
Clin. Exp. Hypertens. 1999, 21, 1009–1060. [PubMed]

21. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; Philip, W.;
James, T.; Loria, C.M.; et al. Harmonizing the metabolic syndrome: A joint interim statement of the
international diabetes federation task force on epidemiology and prevention; national heart, lung, and blood
institute; American Heart Association; World Heart Federation; International Atherosclerosis Society;
and International Association for the study of obesity. Circulation 2009, 120, 1640–1645. [PubMed]

22. Niakara, A.; Fournet, F.; Gary, J.; Harang, M.; Nebie, L.V.; Salem, G. Hypertension, urbanization, social
and spatial disparities: A cross-sectional population-based survey in a West African urban environment
(Ouagadougou, Burkina Faso). Trans. R. Soc. Trop. Med. Hyg. 2007, 101, 1136–1142. [CrossRef] [PubMed]

23. Ouedraogo, H.Z.; Fournet, F.; Martin-Prevel, Y.; Gary, J.; Henry, M.C.; Salem, G. Socio-spatial disparities
of obesity among adults in the urban setting of Ouagadougou, Burkina Faso. Public Health Nutr. 2008, 11,
1280–1287. [CrossRef] [PubMed]

24. Ofori-Asenso, R.; Agyeman, A.A.; Laar, A.; Boateng, D. Overweight and obesity epidemic in
Ghana—A systematic review and meta-analysis. BMC Public Health 2016, 16. [CrossRef] [PubMed]

25. Bosu, W.K. An overview of the nutrition transition in West Africa: Implications for non-communicable
diseases. Proc. Nutr. Soc. 2015, 74, 466–477. [CrossRef] [PubMed]

26. Zeba, A.N.; Delisle, H.F.; Renier, G.; Savadogo, B.; Baya, B. The double burden of malnutrition and
cardiometabolic risk widens the gender and socio-economic health gap: A study among adults in Burkina
Faso (West Africa). Public Health Nutr. 2012, 15, 2210–2219. [CrossRef] [PubMed]

27. Allender, S.; Foster, C.; Hutchinson, L.; Arambepola, C. Quantification of urbanization in relation to chronic
diseases in developing countries: A systematic review. J. Urban Health Bull. N. Y. Acad. Med. 2008, 85,
938–951. [CrossRef] [PubMed]

28. Popkin, B.M. The nutrition transition and its health implications in lower-income countries.
Public Health Nutr. 1998, 1, 5–21. [CrossRef] [PubMed]

29. Ezzati, M.; Vander Hoorn, S.; Lawes, C.M.; Leach, R.; James, W.P.; Lopez, A.D.; Rodgers, A.; Murray, C.J.
Rethinking the “diseases of affluence” paradigm: Global patterns of nutritional risks in relation to economic
development. PLoS Med. 2005, 2, e133. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/j.1467-789X.2007.00462.x
http://www.ncbi.nlm.nih.gov/pubmed/18179616
https://f.hypotheses.org/wp-content/blogs.dir/1946/files/2015/12/Meunier-Nikiema_Karama_Kassie_Fournet_rfst_2015.pdf
https://f.hypotheses.org/wp-content/blogs.dir/1946/files/2015/12/Meunier-Nikiema_Karama_Kassie_Fournet_rfst_2015.pdf
http://dx.doi.org/10.4000/cybergeo.26250
http://www.ncbi.nlm.nih.gov/pubmed/10423121
http://www.ncbi.nlm.nih.gov/pubmed/19805654
http://dx.doi.org/10.1016/j.trstmh.2007.07.002
http://www.ncbi.nlm.nih.gov/pubmed/17706257
http://dx.doi.org/10.1017/S1368980008002504
http://www.ncbi.nlm.nih.gov/pubmed/18503721
http://dx.doi.org/10.1186/s12889-016-3901-4
http://www.ncbi.nlm.nih.gov/pubmed/27938360
http://dx.doi.org/10.1017/S0029665114001669
http://www.ncbi.nlm.nih.gov/pubmed/25529539
http://dx.doi.org/10.1017/S1368980012000729
http://www.ncbi.nlm.nih.gov/pubmed/22463806
http://dx.doi.org/10.1007/s11524-008-9325-4
http://www.ncbi.nlm.nih.gov/pubmed/18931915
http://dx.doi.org/10.1079/PHN19980004
http://www.ncbi.nlm.nih.gov/pubmed/10555527
http://dx.doi.org/10.1371/journal.pmed.0020133
http://www.ncbi.nlm.nih.gov/pubmed/15916467


Int. J. Environ. Res. Public Health 2017, 14, 378 13 of 13

30. Monteiro, C.A.; Moura, E.C.; Conde, W.L.; Popkin, B.M. Socioeconomic status and obesity in adult
populations of developing countries: A review. Bull. World Health Organ. 2004, 82, 940–946. [PubMed]

31. Miao, J.; Wu, X. Urbanization, socioeconomic status and health disparity in China. Health Place 2016, 42,
87–95. [CrossRef] [PubMed]

32. Fang, H.; Rizzo, J.A. Does inequality in China affect health differently in high-versus low-income households?
Appl. Econ. 2012, 44, 1081–1090. [CrossRef]

33. Maruapula, S.D.; Jackson, J.C.; Holsten, J.; Shaibu, S.; Malete, L.; Wrotniak, B.; Ratcliffe, S.J.; Mokone, G.G.;
Stettler, N.; Compher, C. Socio-economic status and urbanization are linked to snacks and obesity in
adolescents in Botswana. Public Health Nutr. 2011, 14, 2260–2267. [CrossRef] [PubMed]

34. Zhu, Y.G.; Ioannidis, J.P.; Li, H.; Jones, K.C.; Martin, F.L. Understanding and harnessing the health effects of
rapid urbanization in China. Environ. Sci. Technol. 2011, 45, 5099–5104. [CrossRef] [PubMed]

35. Delisle, H.; Ntandou-Bouzitou, G.; Agueh, V.; Sodjinou, R.; Fayomi, B. Urbanisation, nutrition transition and
cardiometabolic risk: The Benin study. Br. J. Nutr. 2012, 107, 1534–1544. [CrossRef] [PubMed]

36. Sodjinou, R.; Agueh, V.; Fayomi, B.; Delisle, H. Obesity and cardio-metabolic risk factors in urban adults
of Benin: Relationship with socio-economic status, urbanisation, and lifestyle patterns. BMC Public Health
2008, 8. [CrossRef] [PubMed]

37. Ntandou, G.; Delisle, H.; Agueh, V.; Fayomi, B. Abdominal obesity explains the positive rural-urban gradient
in the prevalence of the metabolic syndrome in Benin, West Africa. Nutr. Res. 2009, 29, 180–189. [CrossRef]
[PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/15654409
http://dx.doi.org/10.1016/j.healthplace.2016.09.008
http://www.ncbi.nlm.nih.gov/pubmed/27750075
http://dx.doi.org/10.1080/00036846.2010.534076
http://dx.doi.org/10.1017/S1368980011001339
http://www.ncbi.nlm.nih.gov/pubmed/21806869
http://dx.doi.org/10.1021/es2004254
http://www.ncbi.nlm.nih.gov/pubmed/21542627
http://dx.doi.org/10.1017/S0007114511004661
http://www.ncbi.nlm.nih.gov/pubmed/22115429
http://dx.doi.org/10.1186/1471-2458-8-84
http://www.ncbi.nlm.nih.gov/pubmed/18318907
http://dx.doi.org/10.1016/j.nutres.2009.02.001
http://www.ncbi.nlm.nih.gov/pubmed/19358932
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Site 
	Spatial and Population Sampling 
	Study Variables 
	Anthropometric Data 
	Blood Pressure 
	Glycemia Testing 
	Cardiometabolic Risk Markers 
	Statistical Analyses 
	Ethical Considerations 


	Results 
	Discussion 
	Conclusions 

