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ABSTRACT

Background: Dyslipidemia is a major cardiovascular disease (CVD) risk factor with an increasing
occurrence in sub-Saharan Africa.

Aim: To determine the distribution of elevated serum cholesterol and triglyceride levels, and assess
the level of awareness of dyslipidemias in the general adult population of Ngaoundere, Cameroon.
Methodology: This was a community-based cross-sectional study conducted from February to
December 2015 in Ngaoundere town. Following a three-stage sampling method, a total 932
participants of at least 20 years old were enrolled. Demographic data were collected, and body
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mass index (BMI), waist circumference, blood pressure, fasting blood glucose (FBG), serum total
cholesterol (TC) and triglycerides (TG) were measured.

Results: The overall prevalence of raised cholesterol and triglyceride levels were 25.97% (n=242)
and 5.26% (n=49) respectively. The overall mean concentrations of TC and TG were 207.30+ 54.18
mg/dL and 105.49 + 51.22 mg/dL respectively. The population’s level of awareness of dyslipidemias
was recorded at 0.77% (n=2), and no participant was on lipid-lowering drugs. The 40-64 years
(OR:2.21, P<0.001) and = 60 years (OR:2.19, P=0.006) age ranges, abdominal obesity (OR:1.76,
P=0.026) and hypertriglyceridemia (OR:4.53, P<0.001) were independently associated with
hypercholesterolemia, while the age range 40-64 years (OR:2.11, P=0.027), hypertension (OR:2.38,
P=0.011) and hypercholesterolemia (OR:4.63,P<0.001) were independently associated with
hypertriglyceridemia.

Conclusion: The present study portrayed a high prevalence of elevated serum cholesterol level, a
very low level of awareness and poor treatment coverage of dyslipidemias in the Ngaoundere

population while reaffirming the
hypertension and dyslipidemias.

relationships between advance age, abdominal

obesity,
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1. INTRODUCTION

Dyslipidemias are major CVD risk factors [1,2],
and their association with cardiovascular
diseases is now well established [3,4]. Recent
data even suggest that dyslipidemia may
precede the development of other known
traditional cardiovascular disease risk factors
[5].

It has been shown that death from CVD in
individuals with serum TC levels >300 mg/dL is
five folds higher compared to other CVD risk
factors [1]. It is also known that a serum TC level
2240 mg/dL multiplies by 2.15 to 3.63 the risk of
death from coronary artery disease, and by 1.39
to 1.49 the risk of global death [1]. According to
World Health Organization (WHO), a 10%
reduction in serum TC may lead to a reduction in
the prevalence of coronary artery diseases by up
to 50% within five years [4]. Likewise, serum TG
has been shown to be an independent CVD risk
indicator. Recent findings hold that an elevated
TG level is a direct cause of CVD [2].

Even though research in this field is still growing
in African countries [6], in some areas like the
northern regions of Cameroon, very few studies
carried out chiefly in hospital settings have
described serum lipid levels and the prevalence
of dyslipidemias [7,8].

The objective of this study was to determine the
distribution and to assess the level of awareness
of hypercholesterolemia and hypertriglyceridemia
in the general adult population of Ngaoundere
(Northern Cameroun).

2. METHODOLOGY
2.1 Study Area and Design

This was a community-based cross-sectional
study conducted in Ngaoundere from February to
December 2015. Ngaoundere is the chief town of
the Adamawa region (Cameroon). With almost
158348 inhabitants, it is located in a mild tropical
climate zone, and the main economic activities in
the region are cattle rearing and agriculture.

2.2 Participants Selection and Sampling
Criteria

Participants were recruited following a method
previously described [9]. In brief, it was a three-
stage procedure beginning with the selection 15
quarters in accordance with a cluster sampling
technique, followed by the systematic enrolment
of 1100 households. In each household, one
inhabitant was randomly selected among adults
of age 20 years or above irrespective of gender,
with the exclusion of pregnant women. Included
in this study were inhabitants residing within the
study area for at least two years and who
consented to participate in the survey.

2.3 Study Variables

The study variables included sociodemographic
characteristics (gender, age and level of
education), body mass index, waist
circumference, blood pressure, FBG, serum TC
and TG, awareness of and treatment of
dyslipidemias. Sociodemographic, awareness
and treatment data were collected using a pre-
tested semi-structural questionnaire.




2.3.1 Anthropometric _and clinical measure-
ments

Height, weight and waist circumference
measurements were based on the WHO STEP
wise approach [10]. Body mass index was
calculated as weight (kg) / height (m)? [11]. Blood
pressure was measured following the Seventh
Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment
of  High Blood Pressure  (JNC 7)
recommendations [12].

2.3.2 Biological measurements

Whole blood collection for the determination of
FBG, serum TC and TG levels was done on each
participant in the morning hours after an 8-12
hour fast following standard procedures. FBG,
TG and TC measurements were carried out at
the clinical Laboratory service of the Ngaoundere
Regional Hospital using a semi-automated
chemistry analyzer (SECOMAN, type BASIC/70V
BO3.58, Ref. 1790, SECOMAM, France).
Commercially acquired kits were used for blood
analyses éGIucose RTU©, Ref/Lot: 61270,
BioMérieux A, France; Triglyceride PAP, Ref/Lot:
TG63000041, Immesco laboratories, Germany
and Cholesterol-Liquizyme CHOD-PAP Ref/Lot:
230006, Spectrum diagnostics, Egypt) in
accordance with manufacturer’s instructions and
standard spectrophotometric procedures [8].
Analytical quality was controlled as previously
described [7].

2.3.3 Definitions

Overweight and obesity were defined
respectively as BMI ranging from 25.0 to 29.9
kg/m?* and BMI > 30 kg/m? [13]. Abdominal
obesity was defined as waist circumference
higher than 102 cm in males and 88 cm in
females [13,14]. High blood pressure was
defined as blood pressure 2140/90 mmHg at the
time of the study, or current use of
antihypertensive drugs [10,12,13]. Participants
who answered “yes” to the question “have you
ever been told by a health professional that you
have high blood pressure?” were also considered
as hypertensives. Diabetes was defined as FBG
2126 mg/dL or current use of antidiabetic drugs
[10,13]. Elevated serum cholesterol and
triglyceride were defined following the Third
Report of the National Cholesterol Education
Program, Adult Treatment Panel Ill (NCEP-ATP
lIl) criteria, as total plasma cholesterol =240
mg/dL and triglyceride 2200 mg/dL respectively,
or current use of lipid lowering drugs [14].
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Participants who answered by “yes” to the
question “have you ever been told by a health
professional (or do you know) that you have high
blood cholesterol or triglycerides?” were defined
as aware of dyslipidemia. Participants under the
use of lipid lowering drugs for at least two weeks
were define as treated.

2.4 Data Analysis

Microsoft Excel 2013® and SPSS 20.0 (SPSS for
Windows, version 20.0, SPSS Corporation Inc.
Chicago IL USA) softwares were used to clean,
code and perform statistical analysis. Chi-square
or Fisher exact tests were employed in
comparing frequencies, while the ANOVA or
Mann-Whitney/Wilcoxon tests were used in
comparing means. Factors associated with lipid
disorders were determined using logistic
regression analysis. P-values <0.05 were
considered statistically significant.

2.5 Ethical Consideration

This study was approved by ethical committee
of the Ngaoundere regional hospital
(Ref:1121/L/RC/RA/DSP/HR/NGD/CLE) and the
Ngaoundere Urban Health District (Ref:
529/AS/RA/DV/DS/NGDU). Before their
enrollment, a written consent was obtained from
all participants after being adequately informed
about the study goals, merits and demerits. All
personal data were kept strictly confidential.

3. RESULTS

3.1 Prevalence of Hypercholesterolemia
and Hypertriglyceridemia

The study population consisted of 932
participants (males: 461, females: 471), having
mean age of 38.81 £ 14.96 years.

The overall prevalence of high serum cholesterol
and ftriglycerides were 25.97% (n=242) and
5.26% (n=49) respectively.

The prevalence of elevated serum cholesterol
was higher in males than in females (29.51% vs
22.34%, P=0.013) and significantly increased
with participants age (P<0.001) and BMI
(P<0.001). Also, it was significantly higher in
participants with family history of diabetes
(P<0.010), abdominal obesity (P<0.001), high
blood pressure (P<0.001), hyperglycemia
(P=0.026) and raised serum ftriglycerides
(P<0.001).



On the other hand, the occurence of high
serum ftriglyceride significantly varied between
levels of education P<(0.001), increased
with age P<(0.001) and was significantly higher
in participants with high blood pressure
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(P<0.001) and raised cholesterol level

(P<0.001).

Details on the prevalence of high cholesterol and
triglyceride levels are presented in Table 1.

Table 1. Distribution of elevated serum cholesterol and triglyceride following selected
sociodemographic, clinical and biological characteristics of the study population

Parameters High cholesterolemia High triglyceridemia
n (%) P-value n (%) P-value
Overall 242 (25.97) 49 (5.26)
Gender
Males 103 (22.34) .013*2 25 (5.42) .823°
Females 139 (29.51) 24 (5.10)
Age (years)
20-39 103 (18.26) 18 (3.19)
40 - 64 113 (38.31) <.001*® 29 (9.83) <.001*°
=65 26 (35.62) 2(2.74)
Level of education
Had not been at school 17 (23.29) 4 (5.48)
Only koranic 70 (32.11) 16 (7.34)
Primary 58 (26.61) 8 (3.67)
Secondary 74 (23.34) 1502 19 (5.99) <.001*°
Higher 23 (21.70) 2(1.89)
Personal history of stroke
Yes 5(31.25) 576° 2 (12.50) .198°
No 237 (25.87) 47 (5.13)
Personal history of CAD
Yes 3 (37.50) 434" 1 (12.50) 151°
No 239 (25.87) 48 (5.19)
Family history of hypertension
Yes 71 (22.83) 1224 17 (5.47) 795°
No 171 (27.54) 32 (5.15)
Family history of diabetes
Yes 32 (18.18) .010** 7 (3.98) 620°
No 210 (27.78) 42 (5.56)
BMI
Normal 125 (22.32) 24 (4.29)
Overweight 70 (27.34) <.001*® 18 (7.03) .001*°
Obesity 47 (40.52) 7 (6.03)
Abdominal obesity
Yes 79 (39.70) <.001**® 10 (5.03) .008*?
No 163 (21.76) 39 (5.21)
High blood pressure
Yes 137 (31.28) <.001*® 35 (7.99) <.001*®
No 105 (21.26) 14 (2.83)
Hyperglycemia
Yes 20 (39.22) .026*2 4 (7.84) .095°
No 222 (25.20) 45 (5.11)
High serum triglyceride
Yes 30 (61.22) <.001*® - -
No 212 (24.01) - -
High serum cholesterol
Yes - - 30 (12.40) <.001**
No - - 19 (2.75)

CAD: coronary artery disease; BMI: Body Mass Index; ? Chi-square; b Fisher-exact; * P values< .05



3.2 Mean Concentrations of Serum Total
Cholesterol and Triglycerides

The overall means of serum TC and TG levels
were 207.30 + 54.1 mg/dL and105.49 + 51.22
mg/dL respectively.

Mean serum TC level was significantly higher in
males than in females (213.03 + 52.58 mg/dL vs.
201.45 + 55.22 mg/dL, P=0.001). Mean TC
levels significantly increased with age (P=0.001)
and BMI (P<0.001), and recorded higher levels in
participants with, high blood pressure (P<0.001),
abdominal obesity (P<0.001), hyperglycemia
(P=0.009) and raised triglyceridemia (P<0.001)
(Table 2).

Mean serum TG level was also observed to be
higher in participants with abdominal obesity
(P=0.008), high blood pressure (P<0.001), raised
cholesterolemia (P<0.001), personal history of
stroke (P=0.034) and coronary artery disease
(P=0.008). Further noted were the significant
variations in mean serum TG levels with
participants’ age (P<0.001), level of education
(P<0.001) and BMI (P=0.013) (Table 2).

3.3 Awareness and Treatment of

Dyslipidemias

Among the 261 participants who recorded
elevated serum lipid levels, only two of them
(0.77%) were aware of dyslipidemias. None of
these participants were taking lipid lowering
drugs.

3.4Factors Associated with Lipid
Disorders
Following multivariate analysis, the risk of

elevated cholesterolemia was found to be 2.21
times higher in participants aged 40 to 64 years
(P<0.001) and 2.19 times higher in participants
aged 65 years and above (P=0.006) compared
with those 20 to 39 years old. While the odds of
having high serum cholesterol level was 1.76 in
participants with abdominal obesity compared to
those without (P=0.026), those with increased
triglyceridemia were 4.53 times more likely to
develop high cholesterolemia compared to those
without (P<0.001).

The risk of elevated triglyceride was found to be
211 times higher in participants aged 40-64
years compared to those within the 20-39 years
age range (P<0.027). Having a high blood
pressure (P=0.011) or a high serum cholesterol
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level (P<0.001) was 2.38 and 4.75 times more
likely to record elevated triglyceride levels
respectively (Table 3).

4. DISCUSSION

4.1 Prevalence of Hypercholesterolemia
and Hypertriglyceridemia

Findings from this study indicate that one quarter
(25.97%) of adult population living in
Ngaoundere presented with raised serum
cholesterol levels. Although close to the 21.6%
reported in Malaysia [15], this prevalence is
higher than the 11.1% reported in Angola [16]
and lower than the 50.4% reported in Iran [17]. In
the study population, the prevalence of elevated
cholesterol levels was significantly higher in
females (29.51%) than in males (22.34%).
Higher rates have been reported among male
(37%) and female (52%) Latinos and Hispanics
residing in United States of America [18]. These
observed disparities in the prevalence of
hypercholesterolemia may be due to the inherent
socio-anthropological and economic differences
existing between these populations. Following
multivariate analysis, age (40 - 64 years: OR =
2.21; 65 years and over: OR = 2.19) and
abdominal obesity (OR = 1.76) were
independently associated with the odds of having
high serum cholesterol. This is in line with the
results of Veghari et al. [17] who reported that
the age range 55-65 years (OR = 2.79) and
abdominal obesity (OR = 2.47) were associated
with hypercholesterolemia.

According to related literature, the occurrence of
hypertriglyceridemia is often lower than that of
hypercholesterolemia for a given population
[15,19,20]. Similarly, the findings of the present
study are in line with these observations. The
recorded prevalence of high serum cholesterol
was 5.26%, results which are closer to the 7.11%
reported in Senegal [20], although lower than
those reported in other likewise resource
deficient settings [15], and in some countries with
more favorable economic status [21,22]. In this
study, the prevalence of elevated serum
triglycerides was highest in participants aged 40—
64 years and lowest in those aged 65 years and
over (P<0.001). Participants who had high blood
pressure or high serum cholesterol presented
significantly higher occurence of raised serum
triglycerides as compared to those without.
Furthermore, participants aged 40-64 years old
(OR: 2.11, 95% CI: 1.09 -4.07, P<0.027) and
those with high blood pressure (OR: 2.38,95%



Cl: 1.20 - 4.73, P<0.011) were independently
associated with the odds of developing high
triglyceridemia. These results are consistent with
the reports of Aekplakorn et al. [21] in a Thai
population where individuals with hypertension
had higher triglyceride levels compared to those
without. The significant association between high
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serum cholesterol and high serum triglyceride
observed in this study could be explained by the
fact that cholesterol and triglycerides represent
two essential components of lipoproteins and
both undergo interconnected metabolic pathways
[14].

Table 2. Mean distribution of serum cholesterol and triglycerides following selected
sociodemographic, clinical and biological characteristics of the study population

Parameters Serum total cholesterol Serum triglycerides
Mean (SD) P value Mean (SD) P value

Overall 207.30 (54.18) 105.49 (51.22)

Gender

Males 201.45 (55.22) .001*° 106.23 (55.41) .660°

Females 213.03 (52.58) 104.77 (46.81)

Age (years)

20-39 198.19 (52.54) 97.87 (41.99)

40 - 64 220.92 (55.34) <.001*° 120.43 (65.42) <0.001*°

=65 222.65 (47.09) 104.02 (35.10)

Level of education

Had not been at school 206.40 (48.98) 107.23 (46.13)

Only koranic 216.35 (55.53) 115.01 (57.39)

Primary 208.40 (51.38) 106.68 (55.97)

Secondary 301.93 (56.07) .040*° 103.77 (47.96) <.001*°

Higher 203.87 (54.41) 89.15 (34.21)

Personal history of stroke

Yes 217.73 (42.53) 602 ° 128.58 (57.57) .034*°

No 207.21 (54.12) 105.09 (51.05)

Personal history of CAD

Yes 220.48 (50.42) 484 ° 153.16 (123.58) .008*°

No 207.28 (53.98) 105.08 (50.11)

Family history of hypertension

Yes 207.41 (52.94) .966 ° 104.63 (47.50) 134°

No 207.25 (54.47) 105.93 (53.02)

Family history of diabetes

Yes 200.62 (49.74) .064 ° 101.14 (40.86) 212°

No 208.96 (54.78) 106.51 (53.32)

BMI

Normal 203.26 (53.15) 101.102 (49.58)

Overweight 208.32 (54.12) <.001*° 110.94 (55.88) .013*¢

Obesity 224.52 (56.3) 113.24 (45.3)

Abdominal obesity

Yes 223.23 (53.06) <.001*° 114.09 (47.15) .008*°

No 203.06 (53.79) 103.20 (52.04)

High blood pressure

Yes 214.80 (55.75) <.001%,c 115.34 (56.72) <.001*°

No 200.65 (51.91) 96.77 (44.04)

Hyperglycemia

Yes 226.49 (52.98) .009*° 123.64 (89.63) .095°

No 206.19 (54.07) 104.44 (47.95)

High serum triglyceride

No 205.19 (52.12) <.001*¢ -

Yes 24542 (73.87) -

High serum cholesterol

No - 97.38 (40.90) <.001*°

Yes

128.62 (68.03)

SD: Standard deviation, CAD: coronary artery disease, BMI: Body Mass Index, “ANOVA, dMann-Whitney/Wilcoxon,
*P values < .05
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Table 3. Determinants of elevated serum cholesterol and triglyceride among the study

population

Parameters Hypercholesterolemia Hypertriglyceridemia

OR 95% CI Pvalue OR 95% CI P value
Gender
Males/Females 0.89 0.63-1.26 518 1.1 0.57-2.15 .756
Age (years)
40 - 64/20 - 39 2.21 1.56-3.12 <.001* 2.1 1.09-4.07 .027*
=2 65/20 -39 219 1.25-3.83 .006* 0.49 0.11-2.25 .356
BMI
Overweight/Normal 1.03 0.70-1.51 .887 1.79 0.90-3.54 .097
Obesity/Normal 1.27 0.73-2.20 403 1.52 0.52-4.48 449
Abdominal obesity
Yes/No 1.76 1.09-2.83 .026* 0.40 0.15-1.11 .067
Personal history of stroke
Yes/No 0.75 0.24-2.39 .628 2.20 0.44-10.90 .334
Personal history of CAD
Yes/No 1.06 0.36-7.63 519 2.56 0.20-32.17 .466
High blood pressure
Yes/No 1.09 0.78-1.52 .631 2.38 1.20-4.73 .011*
Hyperglycemia
Yes/No 1.32 0.71-2.43 374 1.05 0.34-3.20 .935
High serum triglyceride
Yes/No 453 2.44-8.42 <.001* - - -
High serum cholesterol
Yes/No - - 4.75 2.54-8.88 <.001*

CAD: Coronary artery disease, BMI: Body Mass Index, OR: Odd ratio. * (P< .05).Multivariate regression analysis

4.2 Mean Concentrations of Serum Total
Cholesterol and Triglycerides

The overall mean serum TC level (207.30 mg/dL)
recorded in the study population is close to the
203.6 mg/dL and the 206.4 mg/dL respectively
reported in a study by Veghari et al. [17] and
Eakplakorn et al. [21]. Female participants
recorded higher mean serum TC compared with
their male counterparts. Besides, there was a
significant increase in the mean TC levels with
age, and BMI. Similar results have been reported
by Al-Nuaim et al. [23]. Moreover, higher mean
TC levels were recorded in participants with
abdominal obesity, hyperglycemia and high
serum TG compared to those without. These
results are consistent with previous literature
data according to which obesity, abdominal
obesity and diabetes independently affect lipid
metabolism and may contribute to dyslipidemia
[13,24,25].

The mean serum TG level in this study was
105.49 mg/dL, results which are lower than the
131.4 mg/dL and the 135.2 mg/dL reported in
Thailand [21] and in Korea [26] respectively. The
link between BMI and blood TG levels has been
well elucidated in the Framingham study [27].
According to data from NCEP llI, overweight and

obesity are common causes of
hypertriglyceridemia [14]. A recent study carried
out by Mohammadifard reported a positive
relationship between mean WC, TC and TG
levels on one hand, and a positive relationship
between BMI, TC and TG on the other hand [25].
Also, because of their connected metabolic
pathways, higher plasma TG levels are often
concomitant to higher plasma TC [14].

4.3 Awareness and Treatment of Lipid
Disorders

Healthy lifestyle and the use of lipid lowering
drugs has been shown to reduce plasma lipids
[2,29,34]. According to Catapano et al. [28], there
is strong evidence that dietary factors influence
plasma lipids. A recent study by Asghari et al.
showed that adherence to the «healthy eating
index-2005 (HEI-2005)» recommendations was
associated with reduced TG concentration in an
urban adult population [2]. Another study by
Sillah et al. revealed that weight loss, smoking
cessation, and physical activity were associated
with an improvement of high-density lipoprotein
cholesterol (HDL-C) and TC/HDL-C ratio [29].
Obviously, these modifications strongly link
with the awareness of individuals on lipid risk
factors.



Compared to high income countries, awareness
on dyslipidemias remains poor in resource
deficient populations. Data from The Minnesota
Heart Survey showed that among
hypercholesterolemic individuals residing in USA,
the percentage of those who were aware of their
condition varied from 20% in black men to 34%
in white men [30]. In NHANES Ill, it was
reported that almost 68% of adults with
hypercholesterolemia were aware of it [31].
Another study carried out by Wang et al. [32]
revealed that the proportion of a Chinese adult
population with dyslipidemia who were either
aware or on treatment was 50.9% and 23.8%
respectively. Other observed awareness rates
are extremely higher compared to the 0.77%
(less than 1%) recorded in the present study.
Moreover, no participant with elevated serum
cholesterol or ftriglyceride was under lipid
lowering drug.

The extremely low of level awareness, high rates
of elevated serum cholesterol and the lack of
treatment  among probable  dyslipidemic
participants observed in this study indicate a
poor epidemiological state regarding
dyslipidemias in the general population. In most
resource constraint settings, the need for
laboratory measurement of plasma lipids is either
poorly judged, undermined or not well
understood by medical personnel. Population
related factors impeding health seeking
behaviors and access to healthcare services
such as level of disease awareness, finances,
geographical location, sociocultural  and
anthropological factors among others, play a vital
role in propagating dyslipidemias. A study carried
out by Tiahou et al. [33] showed that among all
the laboratory requests registered in the
Laboratory service of an Ivorian University
Teaching Hospital, only 5.7% included a lipid
parameter, contrasting with the high rates of at-
risk persons to cardiovascular disease in this
area. It may also be attributed to insufficient
infrastructural and personnel capacity among
several other technical deficiencies, as well as
the lack of appropriate health insurance services,
even in the case where lipid profile analysis are
prescribed.

4.4 Study Limitations

The present study observed some limitations
thus: BP was measured twice on a single visit
following a standard protocol. According to WHO
and JNC7 guidelines, hypertension should be
defined on the basis of at least two BP readings
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taken on two or more visits after an initial
screening. Also, diagnosis of diabetes was based
on one fasting blood glucose test only, without
oral glucose tolerance test. Besides, these lipid
measurements were done on a single venous
blood specimen collected at a single point within
the study, thus giving room for the influence of
transient lipoproteinemia variations on the
results.

4.5 Perspectives and Future Research

In spite of its limitations, the present study is the
first of its kind with a considerable sample size
and sufficient representation of the general
population providing detailed information on the
risk of dyslipidemia at population level in the
northern regions of Cameroon. A more
comprehensive study may be carried out in the
future, involving a broader range of blood
lipid parameters and their determinants, as
well as piloting extensive investigations on
causality.

5. CONCLUSION

In conclusion the study portrays a high
prevalence of high cholesterolemia, very low
level of awareness and poor treatment coverage
of dyslipidemias in the Ngaoundere population.
Furthermore, gender, age, high blood pressure,
hyperglycemia, overweight and obesity (including
abdominal) were associated with increased
serum cholesterol and ftriglycerides. Extensive
sensitization on dyslipidemias and major risk
factors of cardiovascular diseases is strongly
needed in this population in general and others
alike.
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