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Abstract 
Background: Insulin resistance (IR) is the backbone of cardiovascular dis-
eases (CVDs). The later are the most common non-communicable diseases 
globally. Diet is an important determinant of CVDs. The link between diet 
and cardiovascular health could be explained by an association between diet 
pattern and IR. Aims: To investigate the association between salt and specific 
food consumption as well as different diet patterns (Mediterranean, wester-
nized, and intermediate dietary patterns) with HOMAIR as a surrogate 
marker of IR, and fasting insulin in Black, sub-Saharan essential hypertensive 
patients. Methods: The multicentric, cross-sectional analysis involved 77 
Congolese Black hypertensive participants with no history of cardiovascular 
disease. Daily sodium chloride intake (NaCl g/24h) was estimated from 
24-hour urine collection. Dietary behaviours were evaluated through a 
semi-quantitative food frequency questionnaire (FFQ). Homeostatic model 
assessment of insulin resistance (HOMAIR) ≥ 2.5 was used as surrogate 
marker of IR. Results: A decrease in weekly consumption of fruits, vegetables 
and fish would significantly explain an increase of 29% (r = 0.292; p = 0.010), 
24% (r = 0.242; p = 0.034) and 23% (r = 0.226; p = 0.048) of the value of 
HOMAIR respectively. In contrast, an increase in daily sodium chloride in-
take was associated with 28% (r = 0.283, p = 0.027) of the increase in 
HOMAIR. Also, a decrease in the average weekly consumption of fruit, vege-
tables and fish would significantly explain an increase of 25% (r = 0.247; p = 
0.030), 30% (r = 0.302; p = 0.008) and 31% (r = 0.313; p = 0.006) of fasting 
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insulin. In contrast, an increase in red meat consumption was associated with 
a 26% increase (r = 0.257, p = 0.024) in fasting insulin. In multivariable ad-
justed analysis 45% of variation in fasting insulin (R2 = 0.452; overall p = 
0.005) were explained by fruits, vegetables and fish consumption. 38% of var-
iation in HOMAIR (R2 = 0.379; overall p = 0.047) were explained by fruits 
and vegetable consumption and daily sodium chloride intake (NaCl g/24h). 
Conclusions: In hypertensive Black sub-Saharan Africans, Salt intake and 
westernized diet seem to promote insulin resistance whereas Mediterranean 
diet, fruits, vegetables and fish consumption enhance insulin sensitivity. 
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1. Introduction 

Cardiovascular diseases (CVDs) are a real scourge of our time, responsible for an 
estimated 17.8 million deaths in 2017, of which more than three quarters were in 
low-income and middle-income countries [1]. 

Globalization, and the cohort of changes it is making in the way of life for 
people nowadays, is the main cause of the ongoing outbreak of CVDs in all re-
gions of the world. Among these changes, dietary behavior is among the most 
obvious, especially in sub-Saharan Africa (SSA), where rapid and ongoing food 
system transformations have been noted [2] [3] [4] [5]. For many authors, this 
nutritional transition could explain, at least in part, the emergence of CVDs in 
this part of the globe [5] [6]. 

Diet is a key determinant of CVD, and dietary modification has been shown 
to significantly decrease the risk of coronary heart disease (CHD) by attenuating 
related risk factors such as hypertension (HTN), hyperglycemia, elevated 
low-density lipoprotein cholesterol (LDL-C) level, oxidative stress, and inflam-
mation [7]-[12]. 

HTN is a major contributor to global mortality and incapacity [13]. In 
sub-Saharan Africa, HTN affects younger people, is poorly controlled and often 
leads to target organ damage at an earlier age and with more severe cardiovas-
cular complications [14]. Hypertensive patients with insulin resistance (IR) are 
at increased risk of cardiovascular events compared to hypertensive patients 
without IR [15]. 

On the other hand, Insulin resistance (IR) plays a central role in the pathoge-
nesis and progression of CVDs [16] [17] [18]. Alongside cardiovascular disease, 
its prevalence increases with an epidemic scale, as a result of an ongoing epide-
miological transition in populations lifestyle inherent in globalization [19] [20] 
[21]. Furthermore, the results of various studies suggest a link between diet and 
insulin resistance both in humans [22] [23] [24] [25] [26] and in laboratory an-
imals [27] [28] [29]. The link between diet and CVDs could be explained, at least 
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in part, by an association between diet pattern and IR. Thereby, the best preven-
tive approach to cardiovascular disease would likely be to fight IR. Dietary 
measures should be the spearhead of this fight. Numerous works and even me-
ta-analyzes exist on the associations between different foods consumption and 
the development of insulin resistance. Most are weak in ignoring confounding 
factors such as body mass index, waist circumference and sedentary time (ST), 
while these factors have been shown to be linked to insulin resistance. Moreover, 
almost none of these studies have been conducted on a hypertensive black 
sub-Saharans. To fill this information gap, this study aims to investigate the as-
sociation between salt and specific food consumption as well as different diet 
patterns (Mediterranean, westernized, and intermediate dietary patterns) with 
HOMAIR and fasting insulin in sub-Saharan essential hypertensives, while mi-
nimizing the methodological weaknesses of previous studies that have been 
conducted elsewhere. 

2. Materials and Methods 

The present cross-sectional multicentric analysis used data from 77 hypertensive 
participants with no history of CVD. The participants were consecutively se-
lected during outpatient consultations in 5 hospitals in Kinshasa, capital of the 
Democratic Republic of Congo, for 5 consecutive days during the so-called 
“Heart Week”, from Tuesday September 24, 2019, World Heart Day, to Saturday 
September 28, 2019. The hospitals involved have the distinction of possessing an 
individualized cardiology unit. These are the University Hospital of Kinshasa, 
the General Provincial Reference Hospital of Kinshasa, the Centre Médical de 
Kinshasa (CMK), the Lomo-Médical Clinic, and the Ngaliema Clinic. 

Participants underwent a complete assessment of socio-demographic (i.e., age, 
sex), dietary, body measurements, sedentary and glucoregulation parameters 
(fasting blood glucose, glycated hemoglobin (HbA1c) and fasting insulinemia. 
Socio–demographic, sedentary and dietary characteristics were collected by 
trained interviewers using a standardized questionnaire in each of the 5 afore-
mentioned recruitment hospitals during the Heart Week. Body measurements 
and glucoregulation parameters were taken at the CMK during an individual 
appointment during the 2-week period following recruitment. The CMK is a 
reference clinic, working to international standards and norms, with, among 
other things, an accredited clinical biology laboratory and a special unit named 
the “pôle de cardiologie” (“cardiology center”) with highly qualified and regu-
larly retrained personnel that conducts cardiovascular explorations such as 
Doppler echocardiography, coronary scanning, and cardiopulmonary exercise 
testing. A cardiovascular rehabilitation unit, the only one in central Africa, also 
operates there.  

2.1. Patient Selection 

Consecutive asymptomatic patients with presumed essential hypertension at-
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tending the outpatient clinic at 5 aforementioned recruitment hospitals during 
Heart Week 2019 were the target of this study. They were screened for clinical or 
laboratory evidence of secondary hypertension, renal disease, and hepatic dis-
ease. 

The inclusion criteria were age of 20 years and above, and absence of clinical 
or laboratory evidence of secondary hypertension, renal disease, or hepatic dis-
ease. Patients with heart disease unrelated to high blood pressure, as well as 
those using diuretics, were excluded from participation. Hypertensives meeting 
the inclusion criteria were invited in writing to participate in the present study, 
for which they gave written informed consent. 

2.2. Study Procedures 

Anamnestic data 
Demographic data (age, sex), lifestyle habits (heavy alcohol consumption, 

current smoking, sedentary and dietary behavior), medical history including 
cardiovascular risk factors (age at diagnosis of high blood pressure, history of 
diabetes mellitus, dyslipidemia, hyperuricemia, menopause) and previous cardi-
ovascular events (stroke, ischemic heart disease, heart failure, chronic kidney 
disease, cardiovascular surgery), and current medication use for chronic disease 
(antihypertensive treatment, anti-diabetic treatment, and other treatments in-
cluding statins, antiplatelet agents, hypouricemics, oral contraception, hormone 
replacement therapy) were collected during an in-person, directed interview us-
ing an ad-hoc questionnaire. Sedentary behavior was assessed using the World 
Health Organization’s Global Physical Activity Questionnaire (WHO/GPAQ) 
[30]. Dietary behaviors were evaluated through a semi-quantitative food fre-
quency questionnaire (FFQ) [31]. The foods on which the participants were 
asked about their frequency of consumption are the following: fruits, vegetables, 
nuts, legumes (soybeans, beans, peas, peanuts), fish, cereals (corn, wheat, rice, 
sorghum), dairy products, red meat. For each specific food item, the participant 
was asked for their average weekly intake frequency of a standard portion size. 

Anthropometric data 
Anthropometric parameters, measured by a trained observer, consisted of 

measurements of body weight, height, waist and hip circumference according to 
WHO recommendations. Body weight was measured in kilograms, to the near-
est 100 g, using a validated electronic balance on a stable, flat surface, with the 
participant wearing light clothing and shoes. Height was measured to the nearest 
centimeter, using a measuring rod, with participants standing barefoot and 
bareheaded. Waist circumference was measured to the nearest millimeter using a 
measuring tape applied directly to the skin along the horizontal line passing 
through the umbilicus. Body mass index (BMI) was calculated as BMI = Body 
weight (kg) ÷ height (m)2. The body surface area (BSA) was calculated using the 
DuBois formula [14] as follows:  

BSA = height (cm)0.725 × weight (kg)0.425 × 0.007184. 
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Blood pressure 
BP was measured non-invasively by 24 hour-ambulatory blood pressure mon-

itoring (ABPM) using a TONOPORT V (GE Health care, Freiburg, GERMANY) 
recorder. During this recording, participants were asked to maintain their usual 
living habits. 

2.3. Laboratory Measurements 

Glucoregulation parameters 
For all analyzes, a blood sample was taken between 7 a.m. and 9 a.m. from the 

cubital vein of the patient fasting since 10 p.m. of the previous day. All analyzes 
were carried out at the CMK laboratory. The blood glucose test was performed 
on plasma oxalate by colorimetric method using standard reagents (Biolabo) and 
measured by the HELIOS Epsilon spectrophotometer. The dosage of insulin was 
performed on EDTA plasma by ELISA. Reading the optical density was done on 
a string read from the firm HUMAREADER HUMAN (Germany). The HOMAIR 
was calculated as HOMAIR = fasting insulin (μU/ml) × fasting glucose 
(mmol/l)/22.5 [32]. The determination of HbA1c was performed by the immu-
noturbidimetric technique using the biochemistry analyzer COBAS C111. 

Daily sodium chloride intake 
Each participant was given a urine collection kit, comprising a urine container 

with an integrated unit for closed urine transfer using the V-Monovette® 
(Nümbrecht, Germany) vacuum system. Instruction for use was provided orally 
and in writing. Participants were instructed to discard the first morning void but 
to collect all voids throughout the rest of the day until and including the morn-
ing void of the day after. The container was to be kept cool throughout collec-
tion. Urine collection containers were returned to the medical laboratory of the 
CMK, where contents were mixed, and the total volume was recorded. Then, 2 
mL samples of each participant’s urine were extracted and stored at −20˚C. Uri-
nary sodium levels were assessed using a Roche Hitachi (Indianapolis, IN, USA), 
indirect ion-selective electrode to determine ion concentration. 

Estimated daily sodium chloride intake (NaCl g/24h) was calculated from so-
dium excretion using Formula [33]: 

NaCl (g/24h) = Na (mmol/24 h) × 58.4/1000 

2.4. Operational Definitions 

Lifestyle data 
Cigarette smoking was defined as regular smoking for at least 30 days preced-

ing the interview date, regardless of the number of cigarettes smoked [34]. 
Heavy alcohol consumption was defined as drinking more than 2 glasses of 

beer or its equivalent every day for at least a year [35]. 
Moderate red wine consumption was defined as a daily red wine intake not 

exceeding 1 large glass (250 ml), or approximately 30 g of alcohol [36]. 
Sedentary defined as sitting more than 7 hours daily [37]. 
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High consumption of a specific food was defined as being consumed, on av-
erage, 4 to 7 days per week. 

Low consumption of a specific food has been defined as an average weekly 
consumption frequency of fewer than 4 times per week. 

Excessive sodium intake has been defined as greater than or equal to 5 g of di-
etary sodium per day [38]. 

The Mediterranean diet has been defined as comprising a high amounts con-
sumption of at least four of the followings: fruits, vegetables, nuts, legumes (in-
cluding soybeans, beans, peas, peanuts), fish, cereals (including corn, wheat, rice, 
sorghum); moderate intake of red wine and low amounts of dairy products and 
red meat. 

The westernized diet has been defined as comprising a high consumption of 
red meat and dairy products and a low consumption of at least four of the fol-
lowings: fruits, vegetables, nuts, legumes (including soybeans, beans, peas, pea-
nuts), fish, cereals (including corn, wheat, rice, sorghum [39]). 

Participants who did not meet the criteria of the two previous diet patterns 
were classified in an intermediate pattern (Idp). 

Anthropometric parameters 
Overweight was defined as a BMI between 25 and 29.9 kg/m2 of body surface 

area [40]. 
Obesity was defined as a BMI equal to or greater than 30 kg/m2 of body sur-

face area [40]. Abdominal obesity was defined as a waist circumference exceed-
ing 102 cm and 88 cm for men and women, respectively [40]. 

Bioclinical data 
Poor control of arterial hypertension was defined as an average systolic blood 

pressure greater than 130 mm Hg and/or average diastolic BP greater than 80 
mm Hg on 24-hour ambulatory blood pressure monitoring [41]. 

Laboratory Parameters 
Hyperinsulinemia was defined as fasting insulin > 90 pmol/l [42]. 
Insulin resistance was defined by a HOMAIR ≥ 2.5 [43]. 

2.5. Statistical Analysis 

Data are presented as number (n) and relative frequencies (%) for categorical 
variables and average (±standard deviation) for quantitative variables. Paired 
comparisons were carried out by Pearson Chi-square or Fischer’s Exact test as 
appropriate for categorical variables and multiple comparison of continuous va-
riables (means and medians) by ANOVA and H test of Kruskal Wallis. ANOVA 
tests found to be significant at the threshold of p < 0.05 were supplemented by a 
post hoc test by Scheffé. The influence of specific foods item on HOMAIR and 
insulinemia was investigated by linear regression in simple exploratory analysis. 
Correlation coefficients (r) were calculated to determine the degree of associa-
tion between specific food items and dietary patterns on the one hand and insu-
linemia and HOMAIR on the other. When differences were observed between 
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foods items consumption frequency and HOMAIR or insulinemia, the effect of 
potential confounders was studied by adjustment in multiple linear regression. 
Finally, the determination coefficients (R2), were calculated to determine the de-
gree of association between foods items consumption and HOMAIR or insulin. 
The significance threshold was p < 0.05. Statistical analyzes were performed us-
ing XLStat 2020 (Oxford, UK) and SPSS (Statistic Package for Social Sciences) 20 
for Windows version 24 software (Chicago, USA). 

2.6. Ethical Considerations 

This research was conducted in strict compliance with the recommendations of 
the Helsinki Declaration III. Approval to conduct the study was obtained from 
the ethics committee of the University of Kinshasa Public Health School prior to 
its commencement. Each participant provided written informed consent to par-
ticipate in the study. All respondents were debriefed on the results of the study. 

3. Results 

A total of 77 hypertensive participants were included in the final analysis based 
on availability of the analyzed data. Mean age of the study population was 48.7 ± 
10.4 years with 52% of men (sex ratio 1M/1F). Table 1 reports that the NaCl 
g/24h and the average weekly fruit, vegetables, meat, fish consumption and the 
different diet patterns did not seem to differ between men and women (p > 
0.05). Furthermore, men had a wider WC and higher average HbA1C than 
women (6.1 ± 0.8 vs 5.6 ± 1.0; p = 0.021). 

In Table 2, it can be seen that the mean values of WC (p = 0.006), insulin (p = 
0.040) and HOMAIR (p = 0.042) increase significantly with increasing age. The 
frequency of IR is significantly higher in participants over 50 years of age (p = 
0.007). When considering specific foods, there is no difference in the average 
consumption frequency between different age groups. However, when consi-
dering the diets patterns, it is noted that the frequency of the Mdp decreases sig-
nificantly with increasing age; on the other hand, that of the Wdp increases sig-
nificantly with increasing age. 

Relationship between Insulin with Diet pattern and Salt intake 
Figure 1 shows that participants on the Wdp had significantly higher mean 

insulin values compared to those on the Mdp (p = 0.004) and Idp (p = 0.013). in 
contrast, the insulin averages of participants on the Mdp and Idp were not dif-
ferent (p = 0.995). 

As shown in Figure 2, the mean insulin value of participants with excessive 
salt intake appears to be higher than that of participants on normal salt intake, 
but the difference was not statistically significant (p = 0.098). 

Relationship between HOMAIR with diet patterns and salt intake 
Figure 3 shows that participants on a Wdp have significantly higher mean 

values of HOMAIR compared to those on a Mdp (p < 0.001) and Idp (p = 
0.007). On the other hand, the HOMAIR averages for patients on the Mdp and 
Idp were not different (p = 0.845). 
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Figure 1. Average insulin values versus diet pattern. 
 

 

Figure 2. Average insulin values in relation to salt intake. 
 

 

Figure 3. Average values of the HOMAIR according to the type of diet. 
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Table 1. General characteristics of study participants. 

Variables 
All 

n = 77 
Male 

n = 40 
Female 
n = 37 

p-value 

Age (years) 48.7 ± 10.4 50.2 ± 9.7 47.1 ± 10.9 0.189 

Age groups (years)    0.139 

≤40 21 (27.3) 7 (17.5) 14 (37.8)  

41 - 50 27 (35.1) 16 (40.0) 11 (29.7)  

>50 29 (37.7) 17 (42.5) 12 (32.4)  

BMI (kg/m2) 30.5 ± 4.7 30.7 ± 4.6 30.3 ± 4.7 0.672 

WC (Cm) 102.9 ± 12.1 107.3 ± 13.6 98.7 ± 8.7 0.004 

ST (hour/day) 9.4 ± 2.4 9.1 ± 2.2 9.8 ± 2.6 0.217 

Insulin (pmol/l) 95.8 ± 48.5 93.2 ± 48.8 98.5 ± 48.7 0.634 

HOMAIR 1.9 ± 0.9 1.8 ± 0.9 2.0 ± 1.0 0.439 

Glycemia (mmol/L) 5.5 ± 1.6 5.7 ± 1.6 5.2 ± 1.6 0.187 

HbA1C (%) 5.8 ± 0.9 6.1 ± 0.8 5.6 ± 1.0 0.021 

Diet (days per week)     

Fruits 3.0 ± 1.8 3.0 ± 1.8 4.0 ± 1.8 0.163 

Vegetables 5.0 ± 1.5 5.0 ± 1.5 5.0 ± 1.6 0.694 

Legumes 4.0 ± 1.4 4.0 ± 1.2 4.0 ± 1.8 0.652 

Cereals 5.0 ± 1.2 5.0 ± 1.4 5.0 ± 1.6 0.451 

Nuts 2.0 ± 1.1 2.0 ± 1.5 2.0 ± 1.8 0.155 

Fish 4.0 ± 1.5 4.0 ± 1.6 4.0 ± 1.4 0.250 

Red meat 3.0 ± 1.4 4.0 ± 1.4 3.0 ± 1.5 0.311 

Dairy products 2.0 ± 1.1 2.0 ± 1.2 2.0 ± 1.6 0.126 

NaCl g/24h 12.0 ± 8.3 12.9 ± 8.0 11.1 ± 8.6 0.329 

Insulin resistance 18 (23.4) 8 (20.0) 10 (27.0) 0.592 

Diet patterns    0.327 

Mdp 37 (48.1) 16 (40.0) 21 (56.8) 
 

Wdp 21 (27.3) 13 (32.5) 8 (21.6) 
 

Idp 19 (24.7) 11 (27.5) 8 (21.6) 
 

Salt intake    0.328 

Normal 21 (27.3) 9 (22.5) 12 (32.4) 
 

Excessive 56 (72.7) 31 (77.5) 25 (67.6) 
 

BMI = Body Mass Index; WC = Waist Circumference; ST: Sedentary Time; HOMAIR = Homeostatic Mod-
el Assessment for Insulin Resistance; HbA1C = glycated hemoglobin; NaCl g/24h = Estimated daily sodium 
chloride intake; Mdp = mediterranean diet pattern; Wdp = westernized diet pattern; Idp = intermediate diet 
pattern. 

 
Figure 4 illustrates that the mean HOMAIR value of participants with exces-

sive salt intake was high compared to that of participants on normal salt intake 
with a statistically significant difference (p = 0.024). 
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Figure 4. Average values of HOMAIR according to salt intake. 
 
Table 2. General characteristics of study participants acording to age group. 

Variables 
≤40 years 

n = 21 
41 - 50 years 

n = 27 
>50 years 

n = 29 
p 

BMI (Kg/m2) 28.8 ± 5.2 30.8 ± 4.2 31.4 ± 4.5 0.145 

WC (cm) 96.1 ± 11.0 103.0 ± 8.9 107.9 ± 13.2 0.006 

ST (hour/day) 9.0 ± 2.7 9.9 ± 2.4 9.3 ± 2.1 0.445 

Insulin (pmol/L) 81.0 ± 48.7 88.4 ± 48.5 113.3 ± 44.5 0.040 

HOMAIR 1.5 ± 0.9 1.9 ± 1.1 2.1 ± 0.9 0.042 

HbA1C (%) 6.1 ± 1.4 5.6 ± 0.7 5.8 ± 0.8 0.300 

Glycemia (mmol/L) 5.7 ± 2.1 5.3 ± 1.2 5.5 ± 1.5 0.760 

Diet (average weekly consumption)     

Fruits 3.1 ± 1.7 3.3 ± 1.9 3.3 ± 1.7 0.888 

Vegetables 4.8 ± 1.4 4.6 ± 1.8 4.5 ± 1.4 0.772 

Legumes 5.2 ± 1.3 5 ± 1.5 4 ± 1.4 0.615 

Cereals 5.6 ± 1.2 5 ± 1.6 4 ± 1.0 0.453 

Nuts 4.5 ± 1.4 5 ± 1.7 3 ± 1.6 0.845 

Fish 3.9 ± 1.3 3.9 ± 1.8 3.6 ± 1.4 0.656 

Red meat 2.9 ± 0.9 3.3 ± 1.7 3.8 ± 1.3 0.058 

Dairy products 2.8 ± 0.1 2.1 ± 1.8 2.3 ± 1.9 0.089 

NaCl g/24h 13.6 ± 2.9 12.1 ± 5.8 10.8 ± 5.7 0.491 

Insulin resistance 3 (14.3) 4 (14.8) 11 (37.9) 0.044 

Diet patterns    0.007 

Mdp 14 (66.7) 15 (55.6) 8 (27.6)  

Wdp 5 (23.3) 5 (18.5) 11 (37.9)  

Idp 2 (9.5) 7 (25.9) 10 (34.5)  

Salt intake    0.159 

Normal 8 (38.1) 4 (14.8) 9 (31.0)  

Excessive 13 (61.9) 23 (85.2) 20 (69.0)  

BMI = Body Mass Index; WC = Waist Circumference; ST: Sedentary Time; HOMAIR = Homeostatic Mod-
el Assessment for Insulin Resistance; HbA1C = glycated hemoglobin; NaCl g/24h = Estimated daily sodium 
chloride intake; Mdp = mediterranean diet pattern; Wdp = westernized diet pattern; Idp = intermediate diet 
pattern. 
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Table 3 shows that an increase in BMI and WC as well as a decrease in aver-
age weekly fruit, vegetables and fish consumption significantly explained an in-
crease of48% (r = 0.482; p ˂ 0.001), 32% (r = 0.320; p = 0.001), 29% (r = 0.292; p 
= 0.010), 24% (r = 0.242; p = 0.034) and 23% (r = 0.226; p = 0.048) of the value 
of the HOMAIR respectively. On the other hand, an increase in salt intake was 
associated with 28% (r = 0.283, p = 0.027) of the increase of HOMAIR. 

Just as an increase in BMI and WC as well as a decrease in the average weekly 
fruits, vegetables and fish consumption significantly explained a respective in-
crease of 46% (r = 0.465; p = 0.001), 39% (r = 0.389; p = 0.001), 25% (r = 0.247; p 
= 0.030), 30% (r = 0.302; p = 0.008) and 31% (r = 0.313; p = 0.006) of insulin 
value. In contrast, an increase in red meat consumption was associated with 26% 
(r = 0.257, p = 0.024) increase of fasting insulin. 

In a multiple linear regression analysis (Table 4) fruits, vegetables and fish 
consumption emerged as independent determinants of insulin, explaining 45% 
of its variability. 
 
Table 3. Dietary risk factors associated with fasting insulin and insulin resistance 
(HOMAIR). 

Variables 
HOMAIR Insulin 

β r (p-value) β r (p-value) 
BMI (Kg/m2) 0.10 0.482 (<0.001) 4.84 0.465 (<0.001) 

WC (cm) 0.03 0.320 (0.010) 1.66 0.389 (0.001) 
ST (hour/day) 0.02 0.038 (0.772) 0.10 0.050 (0.968) 

Fruits −0.16 0.292 (0.010) −6.762 0.247 (0.030) 
Vegetables −0.16 0.242 (0.034) −9.716 0.302 (0.008) 
Red meat 0.11 0.162 (0.159) 8.694 0.257 (0.024) 

Fish −0.15 0.226 (0.048) −10.018 0.313 (0.006) 
NaCl g/24h 0.01 0.283 (0.027) 0.676 0.116 (0.317) 

BMI = Body Mass Index; WC = Waist Circumference; ST: Sedentary Time; HOMAIR = Homeostatic Mod-
el Assessment for Insulin Resistance; NaCl g/24h = Estimated daily sodium chloride intake. 

 
Table 4. Dietary independent determinants of fasting insulin. 

Variables 
Insulin vs diet 

Insulin vs diet ajusted for 
BMI, WC and ST 

β ES p β ES p 
(Constante) 135.484 28.383 0.000 235.484 38.383 0.000 

Fruits (days/week) −3.367 3.132 0.028 −2.367 3.258 0.012 
Vegetables (days/week) −6.22 3.729 0.010 −7.220 3.791 0.011 
Red meat (days/week) 4.60 3.904 0.243 5.600 3.918 0.243 

Fish (days/week) −6.683 3.784 0.002 −3.683 4.784 0.001 
NaCl g/24h 0.789 0.634 0.217 0.389 0.734 0.217 

BMI (Kg/m2) - -  4.150 1.591 0.012 
WC (cm) - -  0.403 0.653 0.045 

ST (hour/day) - -  2.400 2.638 0.367 

 
R2 = 0.452   R2 = 0.641 

  
Overall p-value 0.004   0.001   

BMI = Body Mass Index; WC = Waist Circumference; ST: Sedentary Time; HOMAIR = Homeostatic Mod-
el Assessment for Insulin Resistance; NaCl g/24h = Estimated daily sodium chloride intake, BMI = Body 
Mass Index, WC = Waist circumference, ST (Sedentary Time). 
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As shown in Table 5, after adjusting for confunding factors, fruits consump-
tion, vegetables consumption and NaCl g/24h emerged as independent determi-
nants of HOMAIR, explaining 38% of its variability.  

As illustrated in Table 6, after adjusting for confunding factors, total (but non 
central) obesity, low fruit, vegetable and fish consumption have emerged as in-
dependent determinants of Insulin resistance. 
 
Table 5. Dietary independent determinants of HOMAIR. 

Variables 
HOMAIR/diet HOMAIR/diet adjusted for BMI, WC and ST 

β ES p β ES p 

(Constante) 2.728 0.594 0.000 −0.483 1.33 0.761 

Fruits −0.118 0.066 0.007 −0.018 0.087 0.001 

Vegetables −0.082 0.078 0.029 −0.032 0.090 0.012 

Red meat 0.044 0.082 0.589 −0.040 0.099 0.589 

Fish −0.096 0.079 0.230 −0.145 0.090 0.230 

NaCl g/24h 0.009 0.013 0.003 0.010 0.016 0.011 

BMI (Kg/m2) - - - 0.102 0.034 0.004 

WC (cm) - - - 0.001 0.014 0.019 

ST (hour/day) - - - 0.011 0.056 0.841 

 
R2 = 0.378 R2 = 0.553 

Overall p-value 0.047 0.007 

HOMAIR = Homeostatic Model Assessment for Insulin Resistance; BMI = Body Mass Index; WC = Waist 
Circumference; ST: Sedentary Time; NaCl g/24h = Estimated daily sodium chloride intake, BMI = Body 
Mass Index, WC = Waist circumference, ST (Sedentary Time). 

 
Table 6. Dietary independent determinants of insulin resistance. 

Variables 
Univariate analysis Multiivariate analysis 

p OR (95%CI) p ORa (95% CI) 

Total obesity 
  

 
 

No  1  1 
Yes 0.005 7.15 (2.52 - 16.14) 0.035 2.59 (1.23 - 5.27) 

Abdominal obesity     

No  1  1 

Yes 0.012 5.00 (1.83 - 12.27) 0.215 1.53 (0.34 - 2.70) 

Fruit consumption     

Normal  1  1 

Low 0.026 5.88 (1.48 - 9.38) 0.011 3.84 (1.47 - 6.95) 

Vegetable consumption     

Normal  1  1 

Low 0.047 3.13 (1.02 - 9.65) 0.026 2.64 (1.51 - 6.33) 

Red meat consumption     

Excessive  1  1 

Normal 0.006 0.20 (0.07 - 0.63) 0.727 0.76 (0.16 - 3.56) 

Fish consumption     

Normal  1  1 

low 0.008 4.56 (1.47 - 14.04) 0.017 2.91 (1.64 - 4.93) 
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4. Discussion 

The purpose of the present study was to investigate the associations between salt 
and specific food consumption as well as different diet patterns (Mediterranean, 
westernized, and intermediate) with HOMAIR as a surrogate marker of IR, and 
fasting insulin in Black, sub-Saharan essential hypertensives. 

The results of the present study suggest that fruits, vegetables and fish con-
sumption are independent determinants of fasting insulin, explaining 45% of its 
variability. Similarly, fruits and vegetables consumption as well as the daily so-
dium chloride intake are independent determinants of HOMAIR, explaining 
47% of its variability. 

There was a positive and significant correlation between NaCl g/24h and 
HOMAIR. There was also a positive and significant relationship between red 
meat consumption and fasting insulin. Inversely, there was à negative and sig-
nificant relationship between fruits, vegetables and fish consumption not only 
with insulin but also with HOMAIR. 

Gender, age and diet appeared to play a role in the participants’ glucoregula-
tion parameters. Thereby, men had a higher average HbA1C than women; the 
oldest participants seemed to have higher fasting insulin and HOMAIR, and 
were more often insulin resistant; the younger participants more often had a 
Mdp while the older more often had a Wdp; participants on the Wdp had sig-
nificantly higher mean insulin and HOMAIR values compared to those on the 
Mdp; participants with excessive salt intake had higher HOMAIR values com-
pared to that of participants on normal salt intake. 

There are endless foods and many types of diets across the globe and in every 
population. The foods investigated in this study are found in almost every ga-
stronomy in the world. The varying proportions in which these foods combine 
in various gastronomies give rise to specific diets patterns. It is classic to dicho-
tomize these diverse diet patterns into two main essential groups: 1) unhealthy 
ones, proportionally richer in fat and animal foods and of which the westernized 
diet is the leader, 2) healthy ones, proportionally richer in plant foods of which 
the Mediterranean diet is the leader. Mediterranean and westernized diet are 
undoubtedly the most widely described and evaluated dietary patterns in scien-
tific literature. Salt is almost ubiquitous in the gastronomy of the peoples of the 
planet, and has also been the focus of many studies.  

The positive association found in this study between dietary sodium intake 
and HOMAIR is consistent with the results of previous studies. In a recent Ko-
rean study, Park et al. found that high sodium intake was correlated with higher 
plasma insulin levels and increased insulin resistance [44]. Ogihara et al., in an 
experimental study in rats, found that a diet high in salt could be a factor pro-
moting insulin resistance [45]. The following pathophysiological mechanisms 
could explain this correlation: low sodium consumption lowers blood leptin le-
vels, which leads to a reduction in the size of abdominal fat cells, leading to a 
decrease in obesity and insulin resistance [46]. Conversely, a high sodium intake 

https://doi.org/10.4236/wjcd.2020.109060


K. P. Bernard et al. 
 

 

DOI: 10.4236/wjcd.2020.109060 628 World Journal of Cardiovascular Diseases 
 

would lead to an increase in the blood level of leptin [47] and therefore an in-
crease in insulin resistance. In addition, a low sodium diet regulates the expres-
sion of the type 4 glucose transporter (GLUT4), the insulin receptors in fat cells, 
resulting in a decrease in insulin resistance. [48]. Other studies, however, have 
found an inverse association between dietary sodium intake and insulin resis-
tance. In a recent 7-week experimental study, Yoshiichi et al. demonstrated that 
high salt intake improved insulin sensitivity, and attributed this improvement to 
increased plasma levels of adiponectin [47]. Other previous studies, also con-
ducted during short period, have come to a similar conclusion, demonstrating 
significant association of low-salt diet with higher homeostasis model assess-
ment index [49]. Interestingly, there are also strong pathophysiological argu-
ments to explain these results. Indeed, a high salt intake would lead, by a 
down-regulation of genes involved in lipogenesis and an up-regulation of genes 
involved in lipolysis, a decrease in fat mass and in the percentage of abdominal 
fat. [50]. In addition, a low sodium diet causes a decrease in extracellular vo-
lume, which stimulates the renin-angiotensin aldosterone system. High levels of 
angiotensin II affect the action of insulin [51]. The study of Lima et al., allows us 
to see an explanation for these divergent, yet pathophysiologically consistent re-
sults. In fact, they demonstrated that the improvement in insulin sensitivity in-
duced by a high-salt diet was only transient, and did not persist beyond a certain 
time [52]. In that study, the higher insulin sensitivity found in the beginning of 
the survey did not persist after 13 weeks of follow up. Indeed, insulin resistance 
is a chronic situation that is mainly affected by long-term eating habits. Results 
observed after short intervention periods could not therefore reflect the reality of 
chronic exposure. In addition, the different profiles of the populations studied 
could also explain the differences observed. Finally, the absence of a standar-
dized universal definition of a diet “rich in sodium” or “low in sodium” deserves 
to be mentioned. 

The present study found that an increase in red meat consumption was asso-
ciated with increase of fasting insulin. Many previous studies, and even me-
ta-analyzes, have reported positive associations between consumption of red 
meat and insulin resistance [53]-[58]. This association was observed for both 
unprocessed and processed red meat [58]. Studies on the association between 
red meat consumption and insulinemia are more rare. In a randomized, cros-
sover acute meal study, Kim et al. observed an increase of plasma insulin in re-
sponse to red meat diet [59]. These same authors observed that the increase in 
insulinemia in response to a diet rich in red meat was twice that of C-peptide, 
which suggests a decrease in the clearance of insulin as the underlying mechan-
ism of this hyperinsulinemia. Another explanation is the increase in plasma 
branched-chain amino acids (BCAAs) induced by red meat rich diet. Indeed, it 
has been shown that high concentrations of plasma BCAAs cause hyperinsuli-
nemia by stimulating insulin secretion [60] [61] [62]. 

In the present study, a decrease in average weekly fruit, vegetables and fish 
consumption significantly explained an increase of the values of the fasting insu-
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lin and HOMAIR. This finding is in line with several previous studies. 
Fernström et al. found an inverse association between HOMAIR and fish, fruit 
and vegetables intake in Swedish young adults [63]. In a large study conducted 
in 18 countries around the world, the benefit of consuming fruits and vegetables 
in relation to insulin resistance was underlined [64]. A prospective Chinese 
study also showed the benefit of fruit consumption on type 2 diabetes [65]. Si-
milarly, more recently, Abbot et al. found that DHA-enriched fish oil reduces 
insulin resistance [66]. Vegetables contain ingredients with antioxidant proper-
ties such as phenolic compounds and other vitamins and nutrients [67]. Fruits 
provide, among many other nutrients, dietary fibre and vitamin C but also fla-
vonoids and terpenes. These nutrients have aintiinflammatoty properties [68] 
[69] [70] [71]. Fish contain bioactive nutrients such as n-3 long-chain PUFAs 
eicosapentaenoic acid (EPA) and docosahexaenoic that have anti-inflammatory 
properties [72] [73]. A growing body of evidence suggests that inflammation and 
oxidative stress play an important role in the genesis of hyperinsulinemia [74] 
[75] and insulin resistance [76] [77] [78] [79] [80]. A diet low in fruits, vegeta-
bles and fish would therefore deprive the body of an important anti-inflammatory 
and anti-oxidative defense, and thereby predispose to hyperinsulinemia and in-
sulin resistance. 

Men participants of the present study had a higher average HbA1C than 
women. This is in accordance with the founding of QINGLIN MA and al, who, 
in a cross-sectional study of 18,265 non-diabetic Chinese participants, had also 
found that the overall levels of HbA1c were higher in male than that in female 
[81]. Lower hemoglobin levels are found in adult female animals in many species 
of mammals, birds and reptiles [82], suggesting that it is an important physio-
logical phenomenon. This would be due to both hormonal factors [82] but also 
to menstrual cycles. These menstrual cycles result in a faster erythrocyte turno-
ver that would lead to lower glycated hemoglobin levels in women. 

The oldest participants seemed to have higher fasting insulin and HOMAIR, 
and were more often insulin resistant. Many previous studies have examined the 
effects of aging on insulinemia and insulin resistance, with great variability in 
the results of these studies. Studies have suggested that insulin secretion de-
creases with age while insulin sensitivity remains with age [83] [84]. Our results 
are in agreement with those of Refaie et al. [85] who found that fasting serum 
insulin was significantly higher in older participants compared to youngers con-
trol group, and suggested that insulin resistance would be a hallmark of the 
normal aging process. This is believed to be the result of a deterioration in both 
insulin secretion, insulin clearance, and the interaction between insulin and tar-
get tissue that occurs with age. Aradillas-García et al. found, however, that dur-
ing childhood and adolescence, insulin concentrations and HOMA-IR exhibited 
a gradual increase with age [86]. This discrepancy in results may be due to mul-
tiple factors, including ethnicity [87] [88] [89] and confounding factors asso-
ciated with aging such as obesity, decreased physical activity, medications and 
co-morbidities. 
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The younger participants more often had a Mdp while the older more often 
had a Wdp. This result is in disagreement with most of the studies that have ad-
dressed the issue of dietary differences between age groups, and who have found 
rather that the youngest had a westernized diet more often than the older [90] 
[91]. The study by Hsiao et al. Seems to suggest that ethnicity could influence 
the food preferences of people of the same age group [92], which would explain 
the discrepancy between our finding and that of the above studies. The following 
pathophysiological reasoning supports our finding: Aging is associated with a 
decrease in appetite [93] [94]. This is believed to be due, among other things, to 
higher circulating concentrations of leptin [93]. The consumption of Wester-
nized diet has been reported to promote the development of central leptin resis-
tance [95] [96]. This is a situation in which the efficacy of the anorexic effect of 
leptin is decreased, leading to an appetite stimulation [97] [98]. One can imagine 
that older people prefer the Western diet to compensate for the lack of appetite 
that occurs with age. 

Participants on the Wdp had significantly higher mean insulin and HOMAIR 
values compared to those on the Mdp. This is in line with other studies [99] 
[100]. The western diet induced oxydative stress [101], low grade inflammation 
[102] as well as renin angiotensin stimulation [102] could be the underlying 
mechanism explaning this correlation. 

5. Study Strengths and Limitations 

Our study has to be interpreted within the context of its potential strengths and 
limitations. To the best of our knowledge, this is the first study to investigate the 
association between salt and specific food consumption as well as different diet 
patterns with HOMAIR and fasting insulin in sub-Saharan essential hyperten-
sives, taking into account confounding factors such as BMI, WC and especially 
sedentary time. Nevertheless, although multicentric, the in-hospital design of 
this study is a limitation, which means that ours results couldn’t be extrapolated 
to the whole hypertensive population. Furthermore, the cross-sectional design 
could not allow to understand causality of observed relationships and we cannot 
exclude the possibility of residual confounding. 

6. Conclusion 

In hypertensive Black sub-Saharan Africans, Salt intake and westernized diet 
seem to promote insulin resistance whereas Mediterranean diet, fruits, vegeta-
bles and fish consumption appear to enhance insulin sensitivity. These results 
emphasize the importance of nutrition interventions in the management of 
hypertensive patients. Randomized controlled trials with an adequate study pe-
riod are needed. 
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