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Abstract 
There is a growing body of evidence showing a close correlation between left 
ventricular mass with cardiovascular morbidity and overall mortality. There-
fore, identifying the determinants of left ventricular hypertrophy can be of 
great importance for cardiovascular prevention, for prognosis and therapeutic 
intervention. Objective: To assess the prevalence and identify the indepen-
dent determinants of echocardiographic left ventricular hypertrophy in The 
MAGhreb and Sub-Saharan Africa Left-Ventricul ArGEometry Study (MAG- 
SALVAGES) participants. Methods: The MAG-SALVAGES is a community 
based study in which 100 asymptomatic Black Sub-Saharan African (BSSA) 
and 189 white skin Maghreb within the age of 18 to 55 years underwent a 
resting echocardiography. Multivariate logistic regression analysis was utilized 
to identify the independent determinants of LVH left ventricular hypertrophy. 
Results: Men represented the majority of the enrolled participants: 173 
(59.9%). Echocardiographic left ventricular hypertrophy was seen in 10 (3.5%) 
participants. Age ≥40 years, female gender, overall obesity, abdominal obesity, 
hypertension status and less fruit consumption were significantly associated 
with echocardiography left ventricular hypertrophy. After adjusting for con-
founding factors, age ≥40 years, female gender, abdominal obesity and less 
fruit consumption were independently and significantly associated with echo- 
cardiographic left ventricular hypertrophy, as illustrated in the following equ-
ation: Y = 0.36 + 0.162 age >40 years + 2.69 female gender + 2.52 abdominal 
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obesity + 1.31 less fruit consumption. Conclusion: Lifestyle changes for the 
prevention of abdominal obesity and encouraging fruit consumption may be 
beneficial in preventing left ventricular hypertrophy. 
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Left Ventricular Hypertrophy, Abdominal Obesity, Diet, Sub-Saharan  
African, Maghreb 

 

1. Introduction 

The period when the African continent was exempted from cardiovascular dis-
eases (CVD) has long gone. Nowadays, Africa is among the most affected by 
these diseases worldwide [1]. There is a growing body of evidence showing a 
close correlation between left ventricular mass (LVM) with cardiovascular mor-
bidity and overall mortality [2] [3]. Factors determining the LVM have been the 
focus of many investigations. The most cited are age and clinical parameters in-
cluding systolic blood pressure, body size, and both visceral and free fat mass 
[4]. Nevertheless, most of these studies were carried out on non-African popula-
tion and often focused on hypertensive population. LVM is determined by he-
ritable genetic factors [5] as well as environmental factors [6] [7] [8]. These ge-
netic and environmental factors influence the LVM either directly by promoting 
the synthesis of substances that act as agonists for receptor molecules involved in 
the pathogenesis of left ventricular hypertrophy (LVH) or via insulin resistance 
and/or other cardiovascular risk factors.  

Identifying the determinants of left ventricular hypertrophy can be of great 
importance for the prevention of cardiovascular disease, for prognosis and the-
rapeutic intervention. 

Therefore, the aim of this study is to assess the prevalence and identify the in-
dependent determinants of echocardiographic LVH in The MAGhreb and Sub- 
Saharan Africa Left-VentriculAr GEometry Study (MAG-SALVAGES) partici-
pants. 

2. Methods  

The MAG-SALVAGES is a population-based survey conducted in Marrakech, 
Morocco, from November 2015 to January 2016. Black Sub-Saharan African 
(BSSA) and white skin Maghreb students living in Marrakech were randomly 
selected to participate in the survey.  

2.1. Recruitment Strategy 

Investigators: The investigation team consisted of senior residents of the Cardi-
ology Unit of Cady Ayyad University. The principal investigators (CA and BKP) 
introduced the study, explained the goals, described how the study was to be 
performed, and described the responsibilities of each investigator. The principal 
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investigators attended staff meetings to discuss and answer any questions the 
investigator team had. A pre-test session was conducted asking a dozen students 
to evaluate the questionnaire, to test the appropriateness of the data collection 
sheet, and to assess the ability of the investigators to apply the protocol correctly. 

Study participants: the BSSA students was members of the CESAM (Confé- 
dération d’Etudiants et Stagiaires Africains de Marrakech), a cultural association 
that includes all BSSA students in Marrakech. The CESAM provided us with the 
names and addresses of BSSA students. Recruitment of Maghreb students was 
facilitated by the Secretary General of the Cady Ayyad University Students Of-
fice. Students were randomly chosen and invited to participate in the study.   

Eligibility criteria: The subjects recruited for the MAG-SALVAGES were 
asymptomatic students aged 18 years or older, regardless of their level of study 
(undergraduate, graduate, post-graduate, or doctoral). Participants with signifi-
cant valvulopathy, who had poor echogenicity to the extent that echocardio-
graphic parameters could not be measured, or who did not complete the pla- 
nned investigations were excluded. 

2.2. Data Collection 
Interviews  
Participants were interviewed using a questionnaire in a 20-minute session. 
Items asked included demographic characteristics (sex, age, ethnic group, and 
duration of residence in Marrakech for BSSA), lifestyle (diet, physical activity, 
smoking status, and alcohol intake), and personal medical history (hypertension, 
diabetes mellitus (type 1 or type 2), hypercholesterolemia, and hyperuricemia). 
All these data were based on self-report. Participants were asked about their in-
take of fruits, vegetables, and fats, with regular consumption of fruits and vege-
tables defined as at least four days a week. Physical activity was assessed using 
the WHO/GPAQ [9]. The participants were categorized as either active or inac-
tive based on whether they did or did not engage in moderate or vigorous exer-
cise, with sedentary defined as sitting more than 7 hours daily. The categories for 
smoking were current smoker (defined as smoking at least one cigarette within 
the past month) or nonsmoker/former smoker (the latter defined as having quit 
smoking more than 3 month prior to the study). Alcohol consumption was ca-
tegorized as excessive drinking (≥3 units/day for men and ≥2 units/day for 
women) or nondrinking/moderate drinking (≤2 units/day for men and ≤1 
unit/day for women). 

2.3. Clinical Examination  
2.3.1. Physical Measurements 
Participants were weighed without heavy clothing to the nearest 0.1 kg using a 
digital impedancemeter scale. The same apparatus also provided body composi-
tion (fat mass (%), total body water (%), lean body mass (%), bone mass (kg), 
and daily energy expenditure (Kcal). Height was measured to the nearest 0.1 cm 
using a mounted stadiometer. Body mass index (BMI) was calculated as weight 
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in kilograms (kg) divided by height in meters squared (m2). És)dWaist circum-
ference (WC) was measured using a flexible tape measure, with the participant 
standing, and after gentle expiration, at a point midway between the lower costal 
margin and the upper border of the iliac crest. Hip circumference was measured 
at the widest point of the buttocks. The waist-to-hip ratio (WHR) and the waist- 
to-height ratio (WHeR) were calculated. Body surface area (BSA) was calculated 
m2 = 0.007184 × height (cm) 0.725 × weight (kg) 0.425. Total obesity was de-
fined as a BMI greater than 30.0 kg/m2 and abdominal obesity as WC ≥102 cm 
in males and ≥88 cm in females.  

2.3.2. Vital Signs 
Sitting blood pressure (BP) was measured on the upper left arm non-invasively 
using an automated validated device (OMRON M6, HEM 7001E) with a cuff size 
appropriate for the arm diameter. Participants relaxed for 5 minutes in a sitting 
position, after which the BP was measured twice. A third measurement was re-
quired if the first two differed by at least 10 mmHg for systolic blood pressure 
(SBP) and/or 5 mmHg for diastolic blood pressure (DBP). The BP readings were 
averaged for analysis. The BP monitors were calibrated every morning against a 
standard mercury sphygmomanometer using a T-tube and applying static pres-
sures ranging from 0 to 250 mmHg at 50-mmHg intervals. A device that de-
viated by 5 mmHg or more was replaced by a new one. Pulse pressure (PP) and 
mean arterial pressure (MAP) were calculated as follows: PP = SPB − DBP; MAP 
= DBP + PP/3.  

The MAG-SALVAGES participants underwent a resting transthoracic echo-
cardiography. Measurements were taken based on the 2015 American Society of 
Echocardiography and the European Association of Cardiovascular Imaging 
updated guidelines for cardiac chamber quantification [10]. The LVM was cal-
culated based on the American Society of Echocardiography (ASE) simplified 
cubed equation “Linear Method” utilizing the following equation: LVM (grams) 
= 0.8 × 1.04 × [(LVEDd + IVSd + LVPWd) 3 – LVEDd3] + 0.6 g. LVM was in-
dexed by BSA and by height to the allometric power of 2.7 (LVM/HT2.7). LVM 
was considered as normal when ≤115 g/m2 or ≤48 g/m2.7 in male, ≤95 g/m2 or ≤ 
44 g/m2.7 in female. LVH was defined by a LVM >115 g/m2 or >48 g/m2.7 in 
male, >95 g/m2 or >44 g/m2.7 in female. The LV relative wall thickness (RWT) 
was calculated utilizing the formula (2 × LVPWd)/LVEDd. The RWT and its re-
lationship with LVM were utilized to define LV geometric patterns. Four types 
of left ventricular geometric (LVG) patterns were then defined as follows: Nor-
mal geometry, normal LVM and RWT ≤0.42; concentric remodeling, normal 
LVM and RWT >0.42; concentric hypertrophy, LVH and RWT >0.42 and ec-
centric hypertrophy, LVH and RWT ≤0.42.  

2.3.3. Statistics 
The normal distribution of each variable was tested by Kolmogorov-Smirnov’s 
test. Continuous data were expressed as means and standard deviations and were 
compared employing t-test. Categorical data were expressed as the frequencies 
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and proportions of data in all subjects and were compared utilizing the chi- 
square test. One-way analysis of variance (ANOVA) with post hoc Duncan tests 
were applied to compare the differences among the groups. Calculating the odds 
ratio (OR) and confidence intervals at 95%, the logistic regression analysis was 
used to assess the relative contribution of each factor to the risk of LVH. The 
probability value (p) less than 0.05 (5%) was considered as the threshold of sta-
tistical significance. Multivariate logistic regression analysis was utilized to iden-
tify the independent determinants of LVH. The statistical analysis was carried 
out using SPSS, version 21, software (SPSS Inc., Chicago, IL, USA). 

3. Results 

A total of 302 participants were initially recruited, 102 BSSA and 200 Maghreb. 
Thirteen participants were excluded because of poor echogenicity (three female 
Maghreb), significant valvular disease (four female Maghreb), refusal to undergo 
the ECG and echocardiography for modesty reasons (two female Maghreb), and 
failure to appear for the echocardiography (two male BSSA and two male 
Maghreb). The final analysis therefore comprised 289 participants, 100 BSSA 
and 189 Maghreb. BSSA were from the following countries: Mali, Democratic 
Republic of the Congo, Congo-Brazzaville, Central African Republic, Cameroon, 
Togo, Chad, Zimbabwe, Tanzania, Angola, Sudan, Somalia, Madagascar, Mauri-
tius, Comoros, Senegal, Nigeria, and Mauritania. 

LVEDd was significantly higher among Maghreb than among BSSA, but this 
difference disappeared when indexed to BSA. LVPWd was significantly greater 
among BSSA than among Maghreb. This difference persisted after adjustment 
for confounding factors (BMI, WC, HR, and fat mass). The differences observed 
for all other echocardiographic parameters were not statistically significant, in-
cluding LVM for which the means of the two groups were similar regardless of 
the mode of indexing (Table 1). 

 
Table 1. Echocardiographic characteristics. 

Variable 
All participants 

n = 289 
BSSA 

n = 100 
Maghreb 
n = 189 

p 

LVEDd (mm) 48.2 ± 4.8 47.1 ± 5.1 48.9 ± 4.6 0.004 

LVEDd/BS (mm/m2) 25.6 ± 6.0 26.2 ± 2.9 25.3 ± 7.2 0.218 

LVEDs (mm) 30.3 ± 4.1 29.9 ± 4.2 30.6 ± 4.1 0.185 

LVPWd (mm) 8.1 ± 1.3 8.3±1.2 7.9 ± 1.3 0.011 

IVSd (mm) 8.2 ± 1.3 8.4 ± 1.3 8.2 ± 1.3 0.187 
LVM (g) 133.7 ± 36.1 132.7 ± 37.0 134.2 ± 35.7 0.726 

LVM/height2.7 33.1±9.6 32.1 ± 9.8 33.6 ± 9.5 0.185 

LVM/BS (mg/cm2) 73.0±16.8 73.1 ± 17.8 72.9 ± 16.2 0.922 

LVEF (%) 65.7 ± 7.7 65.3 ± 9.4 65.9 ±6.6 0.526 

BSSA: Black Sub-Saharan African, LVEDd: left ventricular end-diastolic diameter, LVEDd/BS: left ventri-
cular end-diastolic diameter indexed for body surface area, LVEDs: left ventricular end-systolic diameter, 
LVPWd: left ventricular posterior wall thickness in diastole, IVSd: Interventricular septum thickness in di-
astole, LVM: left ventricular mass crude, LVM/height2.7: left ventricular mass indexed for height 2.7, 
LVM/BS: left ventricular mass indexed for body surface area, LVEF: left ventricular ejection fraction. 
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According to Table 2, the different patterns of left ventricular geometry were 
equally distributed among the two ethnic groups. 

From Table 3, it can be seen that the participants with LVH were older, more 
often female and obese than those without LVH. They had a higher SBP, MBP, 
with lower fruit consumption than those without LVH. 

The main risk factors for LVH found are presented in Table 4. They include 
age over 40 years, female gender, overall obesity, abdominal obesity, systolic 
blood pressure, mean blood pressure, hypertension and low fruit consumption. 
After adjusting for confounding factors, only age ≥40 years, female gender, ab-
dominal obesity and low fruits consumption emerged as independent determi-
nants of LVH. 

4. Discussion  

This study identified four determinants of LVH such as age, female gender, ab-
dominal obesity and low fruits consumption.  

Even if older age is associated with greater LVM and higher prevalence of 
LVH [11], the influence of age on LVM remain uncertain. It seems that not only 
age but all pathophysiologic abnormalities and various comorbidities associated 
with age are responsible for increasing the LVM in the elderly [12]. Indeed, age-
ing, in the absence of hypertension, is known to be associated with loss of arteri-
al compliance, that induce geometric remodeling, leading to increased relative 
wall thickness without increase in overall LVM [13]. On the other hand, the 
LIFE study has shown that ageing do not attenuate the antihypertensive treat-
ment related to the reduction of LVM [14].  

The finding of female gender as a determinant of LVH is consistent with a re-
cent Asian population based study, where women showed greater overall in-
crease in LVM [11]. Female gender is usually considered a cardiovascular pro-
tective factor. This protection is linked to the beneficial effects of natural estro-
gen on lipid profile, insulin sensitivity and blood pressure. Nevertheless, the ex- 
istence of a functional estrogen receptor in the ventricular myocardium suggests 
that estrogens could be double-edged knives which, beyond their protective ef-
fect, could affect the cellular physiology of cardiac tissues both genomically and 
nongenomically [15], leading to greater LVM.  

 
Table 2. Left ventricular geometric patterns distribution 

LVG patterns 
All participants 

n = 289 
BSSA 

n = 100 
Maghred 
n = 189 

p 

Normal geometry n (%) 157 (54.3) 83 (83) 74 (39.1) 0.781 

Concentric remodeling n (%) 122 (42.2) 17 (17) 105 (55.5) 0.607 

LVH n (%) 10 (3.5) 5 (5) 5 (2.6) 0.484 

Excentric LVH 9 (3.1) 4 (4) 5 (2.6)  

Concentric LVH 1 (0.3) 1 (1) 0 (0)  

LVG: left ventricular geometry, BSSA: Black Sub-Saharan African, LVH: left ventricular hypertrophy, 
BSSA: Black Sub-Saharan African.  
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Table 3. Characteristics of the study population as a whole and stratified according to the 
presence or absence of LVH. 

Variables 
Whole group 

n = 289 
LVH + n = 10 LVH − n = 279 p 

Age, years 29.8 ± 11.2 46.8 ± 5.2 29.2 ± 10.9 <0.0001 

Gender    0.001 

Male 173 (59.9) 1 (10.0) 172 (61.6) 
 

Female 116 (40.1) 9 (90.0) 107 (38.3) 
 

HTN 9 (3.1) 5 (5.0) 4 (1.4) 0.723 
T1DM 1 (0.3) 0 (0.0) 1 (0.3) 0.425 
T2DM 5 (1.7) 3 (30.0) 2 (0.7) 0.204 

Dyslipidemia 0 (0.0) 0 (0.0) 0 (0.0)  

Cigarette smoking 18 (6.2) 1 (10.0) 17 (6.1) 0.453 

Alcohol intake 8 (2.8) 2 (20.0) 6 (2.1) 0.264 

Fruit consumption    0.026 

Low 27 (9.3) 1 (10.0) 26 (9.3) 
 

Sufficient 162 (56.0) 9 (90) 153 (54.8) 
 

Vegetables consumption    0.314 

Low 64 (22.1) 1 (10.0) 63 (22.6) 
 

Sufficient 225 (77.8) 9 (90.0) 216 (77.4) 
 

Physical activity of high 
intensity at work 

14 (4.8) 2 (20.0) 12 (4.3) 0.078 

Rides (10 min walk or bike) 256 (88.5) 9 (90.0) 247 (87.9) 0.657 
Time spent at sitting  

position 
    

1 - 4 h 68 (23.5) 5 (50.0) 63 (22.5) 0.057 

5 - 9 h 96 (33.2) 5 (50.0) 91 (32.6) 0.541 

≥10 h 87 (30.1) 2 (20.0) 85 (30.4) 0.027 

Weight, kg 73.3 ± 14.9 85.1 ± 0.92 74.6 ± 15.8 0.351 

Height, cm 168.1 ± 9.8 165.2 ± 5.5 167.2 ± 10.3 0.023 

BMI, kg/m2 25.9 ± 5.5 30.7 ± 4.9 25.8 ± 5.4 0.006 

WC, Cm 86.3 ± 14.5 99.2 ± 11.3 86.0 ± 14.5 0.005 

WHiR 0.87 ± 0.12 0.94 ± 0.08 0.86 ± 0.12 0.045 

WHeR 0.71 ± 0.05 0.62 ± 0.07 0.51 ± 0.09 <0.0001 

SBP, mmHg 119.4 ± 15.1 131.1 ± 28.5 119.0 ± 14.3 0.013 

DBP, mmHg 77.2 ± 10.1 81.8 ± 16.2 77.1 ± 9.9 0.149 

MBP, mmHg 91.3 ± 10.7 98.2 ± 19.3 91.1 ± 10.2 0.036 

PP, mmHg 42.2 ± 11.7 49.3 ± 17.8 41.9 ± 11.5 0.051 

Fat mass (%) 20.9 ± 12.2 23.4 ± 12.4 20.8 ± 12.1 0.526 

Overall obesity    0.001 

No 226 (78.2) 3 (1.3) 223 (98.6)  

Yes 63 (21.8) 7 (11.1) 56 (88.8)  

Abdominal obesity    <0.0001 

Yes 64 (22.1) 8 (12.5) 56 (87.5)  

No 225 (77.8) 2 (0.9) 224 (99.5)  

LVH+: presence of left ventricular hypertrophy, LVH−: absence of left ventricular hypertrophy, HTN: hy- 
pertension, T1DM: type 1 diabetes mellitus, T2DM: type 2 diabetes mellitus. BMI: body mass index, WC: 
waist circumference, WHiR: waist-to-hip ratio, WHeR: waist-to-height ratio, SBP: systolic blood pressure, 
DBP: diastolic blood pressure, PP: pulse pressure, MBP: mean blood pressure, PP: pulse pressure.  
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Table 4. Risk factor and determinants of LVH.  

 Univariate analyses Multivariate analyses 

Variables p OR brut IC 95% 
 

p OR aj IC 95%  

Age         

≥40 years  1    1   

<40 years 0.010 0.865 0.799 0.936 0.005 0.850 0.760 0.952 

Gender         

Male  1    1   

Female 0.012 14.417 1.801 115.388 0.037 14.736 1.169 185.839 

Overall obesity         

No  1    1   

Yes 0.002 9.170 2.299 36.573 0.945 1.094 0.087 13.832 

Abdominal obesity         

No  1    1   

Yes 0.001 15.719 3.249 76.052 0.021 12.535 1.244 64.220 

SBP mmHg* 0.018 0.962 0.931 0.993 0.920 0.997 0.939 1.059 

MBP mmHg* 0.041 0.951 0.907 0.998 0.949 0.996 0.894 1.110 

HTN         

No  1    1   

Yes 0.010 2.837 0.920 8.752 0.386 0.485 0.094 2.495 

Fruit consumption         

Sufficient  1    1   

Low 0.002 7.316 0.915 58.522 0.030 3.707 1.308 44.663 

SBP: systolic blood pressure, MBP: mean blood pressure, HTN: hypertension. 

 
Obesity is a risk factor for LVH [16] [17]. Moreover, since obesity and over-

weight are more common in black than in white [18], it has been postulated that 
body composition is the basis for the difference in prevalence of LVH between 
the two ethnic groups; but Mark et al. have demonstrated that this ethnic dispar-
ity on LVM persisted after adjustment for body composition [19]. However, on 
the other hand, the excess fat mass associated with abdominal obesity is known 
to cause hemodynamic changes which is thought to lead to a compensatory left 
ventricular hypertrophic response in response to increased wall stress [20] [21].  

The finding of less fruit consumption being a determinant of LVH is in line 
with recent studies that have demonstrated that a diet rich in vegetables and fruit 
is associated with a low LVM [8]. Moreover, studies have suggested a dose-res- 
ponse effect of fruit and vegetable consumption on cardiovascular risk reduction 
[22]. 

Some studies found other determinants such as systolic, diastolic, and pulse 
pressures [11]. These parameters have not emerged as determinants of LVH in 
the present study, probably because participants of this study had normal blood 
pressure and where relatively young. 
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5. Study Limitations 

The main limitation of this study is the cross-sectional study design which limits 
observations of causal relationships among LVM and age, gender, AO and low 
fruit consumption.  

6. Conclusion 

The present study has identified four determinants of LVH, including two non- 
modifiable factors that are age ≥40 years and female gender and 2 modifiable 
factors that are AO and less fruit consumption. Lifestyle changes for abdominal 
obesity prevention and encouraging fruit consumption may be beneficial in pre-
venting LVH. Interventional studies are needed to confirm this hypothesis. 
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