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Abstract

Background Living areas in developing countries impact seriously lifestyle by modifying energy consumption
and energy expenditure. Thus, urbanization is associated with less practice of physical activity (PA), a leading cause
of metabolic syndrome (MetS) which prevalence vary in African countries. The present study aimed to assess

the effect of PA on MetS according to urbanization level in the littoral region, Cameroon.

Methods A cross-sectional study was conducted in three geographical settings (urban, semi-urban, and rural)

in the littoral region in Cameroon. A total of 879 participants were included (urban: 372, semi-urban: 195 and rural:
312). MetS was defined according to the International Federation of Diabetes 2009. The level of PA was assessed using
the Global Physical Activity questionnaire.

Results Low level of PA was (P<0.0001) reported in urban (54.5%), semi-urban (28.7%) and rural (16.9%) and high
level in rural area (77.9%). The prevalence of MetS was higher in urban areas (37.2%), then rural (36.8%) and finally
semi-urban (25.9%). Hyperglycemia (p=0.0110), low HDL-c (p <0.0001) and high triglyceridemia (p=0.0068) were
most prevalent in urban residents. Participants with low level of PA were at risk of MetS (OR: 1.751, 95% Cl 1.335-2.731,
p=0.001), hyperglycemia (OR: 1.909, 95% Cl 1.335-2.731, p=0.0004) abdominal obesity(OR: 2.007, 95% Cl 1.389-2.900,
p=0.0002), low HDL-c (OR: 1,539, 95% Cl 1.088-2.179, p=0.014) and those with moderate level of PA were protected
against high blood pressure(OR: 0.452, 95% Cl 0.298-0.686, p=0.0002) and compared to those with high level

of PA. Urban dwellers were at the risk of MetS compared to rural residents (OR: 1.708, 95% Cl. 1.277-2.285, p=0.003)
and protected against high blood pressure (OR:0.314, 95% Cl 0.212-0.466, p <0.0001), abdominal obesity (OR: 0.570,
95% C1 0.409-0.794, p=0.0009), and low HDL-c (OR: 0.725, 95% Cl 0.534-0.983, p=0.038) compared to rural residents.

Conclusions MetS was more prevalent in urban dwellers and was associated with a low level of PA.
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Background

According to the world health organization (WHO),
there is an increase in urbanization. The world’s popu-
lation living in urban areas is 54%, and that proportion
is expected to reach 66% in 2050. Projections show that
urbanization combined with the overall growth of the
world’s population could add another 2.5 billion people
to urban populations by 2050, with close to 90% of the
increase concentrated in Asia and Africa [1]. Most of
the expected urban growth will take place in developing
countries in Asia and Africa [1].

Living areas in African countries are commonly associ-
ated with an increased prevalence of non-communicable
diseases and cardiovascular risk factors with high inci-
dence in urban region [2]. Urbanization has a profound
impact on the physical environment leading to air pol-
lution, urban heat islands, and other effects, which are
known to have an impact on metabolic health [3]. Living
area is also associated with changes in nutrition com-
portments such as increased consumption of energy-rich
foods and an increase in physical inactivity which is the
leading cause of non-communicable diseases such as
obesity, hypertension, and diabetes which are most prev-
alent in urban areas [4]. Metabolic syndrome (MetS) is
defined as a cluster of abnormalities including abdominal
obesity, hyperglycemia, hypertension, and dyslipidemia
present in the same individual [5, 6].

The prevalence of MetS has reached epidemic propor-
tions worldwide and varies between populations, race,
gender, socio-economic status [7], and geographical set-
tings [8]. MetS is a reality in Africa, the prevalence of the
MetS varie between different populations in Africa [9],
and it prevalence ranges from 0 to 50% or even higher
depending on the population, areas (rural and urban) and
the used criteria [10].

Sub-Saharan African countries which are the least
urbanized in the world are facing one of the fastest rates
of urbanization in the world, perceptible through rapid
demographic and epidemiologic transitions [11]. MetS is
also associated with physical inactivity [12] which is rec-
ognized as a global pandemic, responsible for more than
5 million deaths per year.

Physical inactivity is one of the primary targets to
reduce non-communicable diseases [13—-15]. In 2018,
WHO updated the global recommendations on physical
activity for the health of 2010, based on the latest avail-
able science, including sedentary behavior, in the urgent
need to achieve a global reduction of 15% of physical
inactivity in order to promote health in 2030 [16]. Physi-
cal activity (PA) contributes to preventing and managing
non-communicable diseases and cluster components of
MetS, and it lack is a major cause of chronic diseases [17,
18]. Decreased levels of PA are negatively correlated with
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health, the environment, economic development, com-
munity well-being, and quality of life. Insufficiently active
people have a 20-30% increased risk of death compared
to sufficiently active people [18]. WHO reported an
important decrease in the practice of PA and a propor-
tion of adults aged 18 and over was more concerned in
2016 [16, 18]. This decrease in PA is related to the level of
urbanization, in high-income countries, 26% of men and
35% of women were insufficiently physically active com-
pared to 12% of men and 24% of women in low-income
countries [18]. Low or decreasing PA levels often corre-
spond with a high or rising gross national product [18].
PA and its impacts on non-communicable diseases are
related to socio-economic grounds and the living areas
[19]. The association between PA, geographical settings,
and MetS is worrying in developing countries. Hence,
the present study aimed to determine prevalence of MetS
according to living areas and the impact of PA in the lit-
toral region in Cameroon.

Methods

Study design and study population

This was a cross-sectional and prospective study con-
ducted in the littoral region of Cameroon. The littoral
region is one of the ten administrative regions of Came-
roon. The littoral region is an important economic region
in which the economic capital is found. The study was
conducted in the urban, semi-urban, and rural areas of
the region.

Geographical settings were defined according to the
BUCREP criteria [20]. The urban area is characterized
by a high population density, mainly composed of civil
servants, businessmen, and students, with important
infrastructures, and a high level of urbanization. In a
rural area, there is no agglomeration of population, the
populations for the most part draw their income from
agriculture, fishing and breeding. The semi-urban zone is
located halfway between urban and rural areas [20].

Sample

The study ran from April to August 2021. Participants
were randomly recruited and were of both genders aged
18 years and more residing in the study areas during the
study period. Pregnant and lactating women, persons
with cardiometabolic diseases, those on medication,
and with physical disabilities were not included in our
study. The study minimum sample was calculated using
the Lorentz formulas with a prevalence of 8.4% of obe-
sity reported by Tachang et al. [21] and the minimum
was 120 participants. A total of 879 participants were
recruited, and thus constituted, urban: 372, semi-urban:
195 and rural: 312 participants.
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Ethics approval

The study was approved by the Institutional Ethics Com-
mittee for Human Health Research of the University of
Douala (No CE-UDO/07/2020/T), and by the regional
delegation of the Ministry of Public Health. The study
was conducted in accordance with the guidelines of the
Helsinki Declaration of 1975, as revised in 2008. Also,
research authorizations granted to hospital administra-
tion staff were obtained. Written informed consents were
obtained from all. Data were collected anonymously and
were confidential.

Socio-demographic and behavioral informations

A questionnaire developed from the World Health
Organization (WHO) STEPS manual for surveillance of
risk factors of NCDs and adapted to the study context
was used to collect socio-demographic information (age,
level of education, marital status, medication diagnos-
tic cardiometabolic disease, etc.) information on hab-
its related to healthy living, alcohol intake and smoking
(answering by “yes” or “no” to the question) in particu-
lar; and information about the medical history of study
participants. The Alcohol Use Disorders Identification
Test (AUDIT) was used to assess the participant’s alcohol
consumption.

Measurements

Anthropometric

Weight and body composition were measured using a
bioelectric impedance meter Terraillon Wellness Coach
(USA). Height was measured using a measuring tape.
The body mass index (BMI) was calculated to assess
the degree of obesity of each participant according to
the Quetelet formula as the weight (Kg) divided by the
square of the height (m?). The participants were clas-
sified according to their BMI as follows: normal weight
(BMI<25), overweight (BMI>25-29.9,) and obese
(BMI > 30 kg/m?). Waist circumference (WC) was meas-
ured with an inelastic tape between the lower edge of the
costal arch and the iliac bone’s upper crest in a standing
position with an accuracy of 0.5 cm [22] and waist-to-
height ratio (WHtR) was calculated as WC divided by the
height.

Blood pressure and heart rate

Systolic blood pressure (SBP), diastolic blood pressure
(DBP), and heart rate (HR) were taken using an electronic
blood pressure monitor (JERISON, China) placed on the
subject’s left arm in a sitting position. The first measure-
ment was taken after a 10 min rest in a sitting position
and was followed by another measurement after 5 min
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intervals, the average of the two measurements was used to
assess the presence or absence of high blood pressure.

Physical activity

Levels of PA were determined based on the Global Physical
Activity Questionnaire (GPAQ) analysis guide developed
by WHO [23]. This questionnaire comprises 16 questions
grouped to capture PA undertaken in different behavioral
domains; these are work, transport, and leisure or recrea-
tion time during a typical week. GPAQ collects information
on the practice of physical activities (frequency, duration,
and intensity of activities) and on sedentary behavior. The
questionnaire takes into account activities at work, during
transport, and leisure activities. The results were scored
and participants were classified as having low, moderate
and high levels of PA.

Biochemistry

For each fasting subject (12-14 h of fasting), blood glu-
cose was measured between 8 and 10 am using a MyStar
Extra glucometer (SANOFI, China). Blood samples were
taken from the ulnar vein, and a volume of 10 ml was col-
lected and conserved in EDTA tubes by venepuncture in
the hand of each participant. The sera were obtained by
blood centrifugation at 4000 rpm for 20 min in a Techmel
& Techmel (USA) centrifuge and then placed in cryotubes,
and aliquots were frozen at -20 °C for further biochemical
analyses.

The levels of total cholesterol (TC), HDL-C, and tri-
glycerides (TG) were determined using a UVmini 1240
spectrophotometer (SHIMADZU) according to the Bio-
rex kit material (respectively, Cholesterol CHO-Rev 01 of
1271/2008, Triglycerides BXC0271 and HDL CHO-Rev
01 of 1271/2008) [24, 25]. Low-density lipoprotein (LDL)
was calculated using the Friedewald et al. [26] formula
if the triglycerides are less than 400 mg/dl (4.6 mmol/l).
LDL-c was calculated by subtracting HDL-c and VLDL
from total cholesterol. The serum standards used for cali-
bration were provided by the manufacturer.

The insulin resistance was assessed by calculating
the Homeostatic Model Assessment Insulin resistance
(HOMA-IR) using the following

[C — peptide] x fasting glucose
22.5

HOMA — IR =

The C-peptide blood concentration was determined by
ELISA (enzyme-linked immunosorbent assay) using the
Mercodia C-peptide Ultrasensitive ELISA test (Merco-
dia AB Sylveniusgatan 8A SE-754 50 Uppsala, Sweden).
The special Mercodia C-peptide ELISA kit is calibrated
using the International Reference Reagent for C-peptide,
IRR C-peptide 84/510 [27]. The HOMA-IR was evaluated
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in 600 individuals, 200 per area which were submitted to
dosage of C-peptide.

Metabolic syndrome criteria
Harmonized definition of MetS by the International Dia-
betes Federation of 2009 [6] was used whose:

« central obesity that was defined by a waist circumfer-
ence > 94 cm in men and >80 cm in women,
« High fasting glucose level > 100 mg/dL (5.6 mmol/L);

+ hypertriglyceridemia-serum triglyceride
level > 150 mg/dL (1.7 mmol/L);
« Low HDL cholesterol-serum; HDL  choles-

terol <40 mg/dL (1.0 mmol/L) in men and <50 mg/
dL (1.3 mmol/L) in females);

+ High blood pressure [systolic blood pressure
(SBP)>130 mmHg and/or diastolic blood pressure
(DBP) > 85 mmHg.

Participants with 3 or more of the 5 MetS components
were considered to have MetS.

Statistical analysis

Statistical analysis was performed with the Statistical
Package for Social Sciences (SPSS) software, Version
21.0 (SPSS, Inc. Chicago, U.S.A. IBM Corp.). Results of
sociodemographic, behavioral information, ponderal
status, MetS and its components and level of PA were
expressed as proportions (%) for quantitative variables
and means *standard deviation (SD), the distribution
pattern of variables was checked. The Chi-2 test was per-
formed to compare unpaired proportions and Student’s ¢
test on unpaired series was performed to compare quan-
titative variables between urban, semi-urban and rural
areas. Stepwise multivariate analysis was performed to
examine the association between the level of PA, MetS
and its cluster components, also between geographical
settings, MetS and its components. The significance was
set with a p-value < 0.05.

Results

The distribution of participants by living area varied sig-
nificantly with respect to sociodemographic information
(Table 1). More than 50% of males were living in rural
areas, while most of the females (51.1%) were living in
urban areas (p<0.0001). A large majority of participants
living in urban area were under 35 years and those over
35 years old were in the rural area (p <0.0001). More than
half (70.9%) of participants having completed primary
studies were living in a rural area, while 55.2% of those
having completed secondary studies were living in urban
areas (Table 1). Also, participants smoking and drinking
alcohol were more in a rural area (51.4%, p=0.006 and
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39.5%, p=0.0002, respectively) It should be noted that
77.9% of those having a high level of physical activity (PA)
were living in rural areas (p<0.0001). In contrast, 51.3%
and 54.5% of those having either moderate or low levels
of PA were living in urban areas. A low level of PA was
significantly reported in females compared to males in
urban (87.4%, p <0.001), semi-urban (70.1%, p <0.01) and
rural (64.3%, p <0.01).

Anthropometric, physiological and lipid profile data
by living areas are depicted in Table 2. Participants from
the urban area had the lowest mean weight values com-
pared to their counterparts from semi-urban areas and
rural areas. Likely, the same patterns were observed for
WC (p<0.0001) and WhtR (p<0.0001). Body water was
significantly higher in participants from rural areas while
those from semi-urban areas had the highest values of
body fat and bone mass. SBP DBP and HR also varied
significantly between areas, with, for instance, highest
HR values in urban areas compared to those from semi-
urban and rural settings. Regarding lipid profile, glyce-
mia and triglyceridemia were both higher in individuals
from rural areas, while TC, HDL and LDL were highest
in those from the urban settings, and the differences were
all statistically significant (Table 2).

Overall MetS was diagnosed in 57.7% of the partici-
pants and was more prevalent in female (p <0.0001) in the
overall population and each geographic setting (urban,
semi-urban, and rural). The prevalence of MetS compo-
nents varied geographically significantly (p<0.05) with
highest values found in participants from urban areas
(37.2%) and rural (36.8%). Then, HFBG (p=0.0110), low
HDL-c (p<0.0001) and high triglyceridemia (p=0.0068)
were most prevalent in participants from urban settings
(Fig. 1). In contrast, HBP (p<0.0001) and abdominal
obesity (p=0.0002) were most found among individuals
from rural settings.

According to gender, the more prominent MetS com-
ponents were HFBG, HBP, Abdominal obesity and
Low HDL-c. Therefore, it has been noticed that HBP
was more prevalent in male in overall population (52%,
p<0.0001) and superior in female in urban (87.8%,
p<0.01) and semi-urban (51.7%, p<0.05). Abdominal
obesity and low HDL-c were high in female in a study
population (81.7%, p<0.0001 and 73.4%, p<0.0001,
respectively) in each study site, in urban (85.6%, p <0.01;
89.8%, p <0.001 respectively), semi-urban (51.7%, p <0.05;
72.5%. p<0.001, respectively) and rural areas (75.0%,
p<0.001; 57.1%, p<0.001, respectively). HFBG was high
in female compared to male in semi-urban region (63.7%,
p<0.05) (Fig. 2).

An inverted relation between MetS burden and level
of PA was noted. This syndrome was more prevalent
(»<0.0001) in participants with a low level of PA (44.36%)
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Table 1 Sociodemographic characterization of the participants
Parameters Categories Overall % Urban % Semi-urban % Rural % p-value
Gender Male 382 286 20.5 509 <0.0001
Female 61.8 51.0 23.0 26.0
Parameters Categories Overall% Urban % Semi-urban % Rural % p value
All Female Male All Female Male All Female Male
Age (years) <35 66.0 564 629 37.1 200 672 328 236 697 30.3%* <0.0001
>35 34.0 151 532 46.8 264 578 42.2 585 505 49.5%*
Ponderal status Normal 63.5 463 540 46.0% 204 625 4375 333 60.1 399 0.001
Overweight 224 411 759 24.1%% 249 743 257 340 717 283
Obesity 14.1 266 676 324 258 600 40.0 476 633 36.7
Level of study None 32 10.7 333 66.7*** 464 769 23.1 429 333 66.7** <0.0001
Primary 16.1 64  556* 444 22.7 667 333 709 610 39.0%*
Secondary 68.7 552 784%% 216 194 641 359 254 418 58.2%*
University 12.1 255 370 63.0%** 302 563 437 443 255 74.5
Marital status Single 63.9 590 782** 218 187 642 358 223 352 64.8**  <0.0001
Cohabitation 58 20 0.0 100*** 373 789 21.1 608 484 51.6%**
Divorced 1.3 182 500 50.0 364 500 500 455 400 60.0%**
Married 24.6 139 400 60.0%** 269 552 448 593 453 54.7%%*
Widowed 4.4 205  62.5%%* 375 205 100 100 590 957 4.3%**
Toxicology behaviors  Smoking 39 343 83 91.7%** 143 0 100%* 514 56 94.4**  0.006
Alcohol intake 585 366 761 239 239 659 34.1 395 463 537 0.0002
Level of PA High 257 119 74 926%** 102  348* 65.2 779 403 59.7%* <0.0001
Moderate 36.2 513 71.2% 28.8 236  653* 347 252 425 57.5%*
Low 38.1 545  87.4%* 126 28.7  70.1%* 299 169 643 35.7%%

PA: Physical activity; p values are for comparison between males and females; *p <0.05, **p <0.01, ***p <0.0001

compared to their counterparts with PA classified as
moderate (31.68%) and high (23.96%). Curiously, we did
not consistently find this pattern upon stratification by
living areas. This pattern was noticed in urban areas only
where the prevalence of MetS was 58.5% in participants
having low, compared to those with moderate and high
PA levels. In rural areas, MetS prevalence was signifi-
cantly (p=0.01) highest in individuals with a high level of
PA, while no statistically significant difference was found
in semi-urban settings (Fig. 3).

Multivariate analysis show that compared to par-
ticipants with high level of PA those with low level
were significantly at risk of MetS (OR: 1.751, 95% CI
1.335-2.731, p=0.001) HFBG (OR: 1.909, 95% CI
1.335-2.731, p=0.0004) abdominal obesity(OR: 2.007,
95% CI 1.389-2.900, p=0.0002), low HDL-c (OR: 1.539,
95% CI 1.088-2.179, p=0.014) and those with moderate
level of PA were protected against HBP(OR: 0.452, 95%
CI 0.298-0.686, p=0.0002) and compared to those with
high level of PA. According to geographical setting urban
dwellers had 1.708 great risk of MetS compared to rural
residents and were also at risk of HFBG (OR:1.611, 95%
CI 1.170-2.219, p=0.003) and protected against HBP

(OR:0.314, 95% CI 0.212-0.466, p <0.0001), Abdominal
obesity (OR:0.570, 95% CI 0.409-0.794, p=0.0009), and
Low HDL-c (OR:0.725, 95% CI 0.534-0.983, p=0.038)
compared to rural residents. However, semi-urban par-
ticipants were at risk of Low HDL-c (OR: 2.371, 95%
CI 1.573-3.573, p<0.0001) compared to rural site. In
addition, participants from urban areas compared to
those from rural areas had a 70% reduction in the risk
of high triglyceridemia (OR: 0.300, 95% CI 0.135-0.664,
p=0.003) (Table 3).

Discussion
The present study aimed to determine the impact of PA
on the occurrence of MetS in living areas. According to
the criteria defined by the IDF consensus in 2009, the
prevalence of MetS shows high prevalence in urban par-
ticipants, followed by rural areas and semi-urban areas.
Other studies highlighted that MetS is emerg-
ing alarmingly in urban populations in low-income
countries. These results are in accordance with those
reported by others researchers who found high preva-
lence of MetS in urban dwellers compared to rural. In
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Table 2 Anthropometric, physiological and lipidemia profile of participants

Total Urban Semi-urban Rural
Age (years) 31+15 2310 a*** 35417 BF** 39+ 14 ¥**
Height (m) 1.68+0.56 1.65+0.08 1.65+0.09 1.72+0.93
Weight (kg) 68.1+21.2 65.4+27.4 a** 68.8+14.6 709+14.9
BMI (Kg/mz) 247+74 239+93a* 253+54 30.1+5.8
WC (cm) 80.6+126 76.19+£10.82 a*** 82.56+13.1 *** 84.7+12.7
WhtR 0.96+0.04 046+.0.07 a*** 0.50+0.08 B*** 0.51+.0.09
Body water (%) 550472 543+6.8 a** 543487 56.51+7.58 ¥**
Bodly fat (%) 245+124 234+94 255+104 B 2514161
Muscular mass (%) 363126 373+73 348+7.8pR** 36.1+186
Bone mass (%) 3.1+06 31+22a% 32+37 28+0.5
SBP (mmHg) 121+£18 M7£14 g 125417 B*** 125421
DBP (mmHg) 74413 70+£11 g*** 7611 R*** 78+15%*
HR (bpm) 78+14 82+ 14 q*** 78+ 13 B** 74+13 %%
Glycemia (mg. dL™ 106.7£19.3 106.9+14.2 a** 106.2+22.2 F*** 106.9+£22.5 ¥***
T-Chol (gL ™) 2.13£052 2.23+0.54 1.87+0.36 B*** 2.19£0.54 ¥***
HDL-c (g,L’W) 043+0.13 047+0.13 a*** 0.36+£0.13 B*** 042+0.11 %%
LDLc(gL™ 1.30£0.52 1.35+0.54 1.13+0.37 B*** 1.35+£0.55 ¥***
Triglyceridemia (g.L™") 201+£04 203+041 a** 1.80+0.27 B*** 211+£039 v
Homa-IR 59+29 2713 30£16 27%13
MetS 2628+120 1097 £65 a*** 1335481 * 5258+ 266 ¥***

SBP: Systolic Blood Pressure; DBP:Diastolic Blood Pressure; WC: Waist Circumference, BMI:Body Mass Index; WhtR: Waist To Hip Ratio; HR: Heart Rate; T-Chol: Total
Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; LDL-c: Ligh-Density Lipoprotein Cholesterol, METS: Equivalent Metabolic Task; Homa-IR: Homeostatic Model
Assessment Insulin Resistance, a: significant difference Rural-Urban; B: significant difference Semi-Urban-Urban; ¥: significant difference Rural-Semi-urban; *p < 0.05,

*%p.<0.01, *¥p < 0.0001
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a study conducted in Benin by Ntandou et al.[29] on
MetS and its components between urban, semi-urban
and rural dwellers using the National Cholesterol Edu-
cation Program-Adult Treatment Panel III (NCEP-ATP

III) criteria noticed high prevalence in urban (11%)
followed by semi-urban (6.4%) and rural popula-
tion (4.1%). In Cameroon, a study focused on PA and
the MetS among adults in the rural and urban regions
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Hypo HDL-c: Low levels of blood HDL-c, MetS: Metabolic syndrome, Data are expressed as percentage, * < 0.05; ** <0.01; ***<0.001 as determined
by Chi’test a MetS and components according to gender in urban region, b MetS and components according to gender in semi-urban region, ¢

MetS and components according to gender in rural region
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by Assah et al. [30] using the NCEP-ATP III crite-
ria reported high prevalence of MetS in urban dwell-
ers (17.7%) compared to rural (3.5%). Even, Ntentie
et al. [30] in a cross-sectional study also in Cameroon
between urban, less urbanized, and rural areas reported
a low prevalence of MetS in a rural area (7%) and high
in less urbanized (17.4%) and urbanized areas (12.7%).
Thanikachalam et al. [3] also assessed the impact of
built environmental changes on the prevalence of MetS
in a rapidly urbanizing population in South India and
reported a high prevalence of MetS in urban (44.6%)
and semi-urban communities (35.2%) compared to
rural (31.8%).

The prevalence of MetS in the present study and
some of its prominent cluster components were high in
women. This result is in accordance with those of other
researchers who established that MetS is more preva-
lent in women [30-33]. In a recent systematic review
and meta-analysis on the prevalence of MetS in sub-
Saharan Africa, Faijer-Westerink et al. [34] highlighted
that the prevalence of MetS was highest in urban areas
precisely in women. Even Ntandou et al. [28] in Benin
found high levels of MetS, abdominal obesity, and low
HDL-c in women than in men.

Moreover, our results don’t corroborate some of those
reported by Ayina et al. [35] in a study in one administra-
tive subdivision of our study region where they studied
the urban-rural difference of MetS components. They
reported high levels of total cholesterol, high triglyceri-
demia, waist circumference, and hyperglycemia in urban
dwellers [35]. But according to the gender, some of their

results were different from ours where they noticed high
prevalence of total cholesterol, waist circumference, and
low levels of HDL-c in urban men urban dwellers com-
pared to females [35].

However, it has been observed the persistence of
MetS central obesity and HFBG in the rural environ-
ment despite high and moderate level PA noticed (Fig. 1
& Table 1) and rural participants were at risk of HBP,
abdominal obesity, and low HDL-c and protected against
HFBG (Table 3). According to Popkin [36], this positive
obesity gradient noticed in females in each study site
can be ascribed to the westernization a nutrition transi-
tion process that is ongoing in developing countries. This
result will be related to age and toxicological behaviors.
More than half of the participants of the rural site (58.5%)
were over 35 years old and were smoking (51.4%) and
consuming alcohol (39.5%) than those living in urban and
semi-urban sites (Table 1). Also, nearly half (47.6%) of the
rural population was obese (Table 1).

It is well known that age [37], alcohol [38] and smok-
ing cigarettes [39] constitute important risk factors for
MetS. Thus, the regular practice of PA can’t be a real
means of primary prevention of MetS. On the physi-
ological aspect, cigarette smoking stimulates the sympa-
thetic nervous system with increase glycogen and lipid
catabolism [40] and also increases blood cortisol and
growth hormone [39]. Tobacco smoking also elevates
plasma cortisol concentration and aggravated insulin
resistance can cause localization of visceral fat mass and
increase abdominal obesity. This is in accordance with a
study of Fezeu et al. [41] who noticed in Cameroon that
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urbanization is characterized by an increase in body mass
index in the rural area and obesity which is considered
as a major factor of the MetS [42]. Also, one of the first
changes appears in cities before reaching less urbanized
areas and exposing the people to obesity and other nutri-
tion-related chronic diseases [36].

We observed a positive relationship between low PA
and MetS in the overall study population and in urban
and semi-urban. Also, low PA was associated with HFBG,
abdominal obesity, and low HDL-c (Table 3). In the pre-
sent study participants living in rural areas were more
active with high (77.9%) and moderate (25.2%) preva-
lence of PA compared to those in urban and semi-urban
(Table 1). Other studies have highlighted those rural
dwellers were more active with high level PA [29, 43, 44].
Assah et al. [29] in a study on the urban—rural difference
in energy expenditure, PA, and MetS; noticed that a low
level of PA was strongly independently associated with a
high prevalence of MetS in Cameroonians urban dwellers
compared to rural residents.

Other studies reported a high level of PA in rural dwell-
ers compared to the urban and low prevalence of MetS
and some of its components [30, 45, 46]. Even, Nten-
tie et al. [30] have established that low level of PA was
strongly associated with the occurrence of MetS. Moreo-
ver, rural-urban difference in PA with high level of rural
residents has been linked to non-communicable dis-
eases. This difference reflects the differences prevalence
of in non-communicable diseases between rural-urban
populations in Africa with high prevalence in the urban
population [47-49]. However, it should be highlight that
the level of PA in urbanized environments is inherent to
socio-economic conditions, in particular the built envi-
ronment where it has been shown its impact through-
out the life. In a recent study conducted in South Africa
Wayas et al. [50] found that perceived walkability among
adolescents from low-income neighborhoods was worse
than that from high-income neighborhoods, although the
association with PA and ‘BMI is not clear.

Herein, many studies showed the evidence that PA
practiced at a moderate and high level is a powerful tool
for the primary prevention of metabolic disease and that
it exerts its protective effects by improving the metabolic
phenotype of non-skeletal muscle tissues, including the
liver, vasculature, adipose tissue and pancreas [51]. In a
physiologic way, PA exerts a positive effect by reducing
components of MetS. There is evidence that high level of
PA and MetS parameters has an inverse association, and
persons with high level of PA have lower risks of develop-
ing MetS. Low levels of PA are associated with increased
adiposity and decreased blood pressure, LDL-c, and
higher HDL cholesterol [52]. PA improves lipid profile by
increasing HDL concentration and decreasing LDL and
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triglyceride concentrations [53]. Previously several stud-
ies have determined the association between the level
of PA and the prevalence of Mets [54—56]. The mecha-
nism of high PA on MetS might be related to an impor-
tant reduction of the level of inflammation. PA practiced
at moderate and high levels is associated with a better
profile of inflammatory factors and adipocytokines that
lower MetS. Also, another possible physiological justifi-
cation is the stimulation of the secretion of pro-inflam-
matory cytokines by a high level of PA. Regular practice
of PA also improves body composition, dyslipidemia, and
endothelial function also increases anti-inflammatory
cytokines, decreases body fat, and decreases adhesion
molecules expression [57-59].

Conclusions

This study highlights the effect of living areas on the
Mets, with a high prevalence of MetS in urban areas. This
high prevalence of Mets and some of its components in
urban areas are linked to a significant decrease in the
practice of PA at high intensities by the inhabitants of
these geographical settings. This emphasizes the use of
PA as a non-pharmacological intervention for the pri-
mary prevention of MetS and its components in develop-
ing countries. Thus, the regular practice of PA in urban
areas becomes an unavoidable necessity to fight against
non-communicable diseases associated with urbaniza-
tion. However, the practice of PA should be associated
with the observation of hygienic behaviors, without
smoking and alcoholism.
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