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Abstract
Coronary heart disease (CHD) is related to a large number of 
environmental and lifestyle factors including an unhealthy dietary 
pattern, physical inactivity and a positive smoking habit. Dietary 
modification has been involved in managing and reducing the risk 
of CHD.

We aimed to assess the dietary intake of Saudi population 
with various degrees of atherosclerosis, and to examine the 
relationship between specific nutrient intakes with some classical 
cardiovascular risk factors. The study comprised 450 subjects 
(150 men and 300 women), aged between 40-88 years, randomly 
selected from the medicine clinics at the King Abdulaziz University 
Hospital in Jeddah, Saudi Arabia, in a case-control study design. 
One hundred and fifty controls were matched for age and sex with 
150 patients with subclinical atherosclerosis and 150 patients with 
clinical atherosclerosis. A standardized questionnaire was used 
to determine socio-demographics variables, general health, and 
lifestyle habits. Anthropometric measurements were taken for all 
study subjects.

Overall and central obesity was highly prevalent among the study 
participants. Daily intakes of all macronutrients were significantly 
lower in patients with clinical and subclinical atherosclerosis 
than their matched controls (p < 0.05). Except for vitamin C 
and β-carotene, atherosclerotic patients reported the lowest 
consumption levels of all vitamins than patients with subclinical 
atherosclerosis and matching controls (p < 0.05). Concerning 
minerals, the lowest consumption levels were reported by patients 
with subclinical atherosclerosis as compared to atherosclerotic 
patients and matching controls except for calcium (p < 0.05).

Increasing public awareness of healthy lifestyle patterns, including 
increasing physical activity and a reduction in smoking, to enhance 
the prevention of CHD and associated risk factors.
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Introduction
Cardiovascular disease (CVD) is the leading cause of death 

globally [1]. Coronary heart disease (CHD) is the most common 
type of heart disease [2]. Many hospital-based studies have shown 
a rise in the occurrence of CHD in the Kingdom of Saudi Arabia 
[3,4] and the overall prevalence was estimated to be 5.5% in a 
community-based study [5]. The major underlying cause of CHD is 
atherosclerosis. Atherosclerosis is as an inflammatory process that 
leads to plaque build-up in the arterial wall, stenosis and eventually 
plaque rupture, heart attack, or stroke [6]. CHD is related to a large 
number of environmental and lifestyle factors including an unhealthy 
dietary pattern, physical inactivity and a positive smoking habit [7]. 
Dietary modification has been involved in managing and reducing 
the risk of CVD [8,9]. Unhealthy dietary practices can synergize 
with underlying genetic tendencies, predisposing to atherosclerosis. 
Several dietary factors have been associated with a reduced rate of 
atherosclerosis progression in subjects with established CHD; these 
include increased whole grains, fewer refined carbohydrates, and a 
high content of oily fish [10,11]. Diets rich in combinations of these 
components as well as dietary antioxidants have also shown inverse 
associations with subclinical atherosclerosis markers [12,13].

Progression of coronary atherosclerosis, as assessed by 
quantitative angiography, is a well-established marker of clinical 
risk that allows direct investigation of effects of risk factors on 
atherogenesis [14]. Therefore, modifications of dietary components 
are thought to restrict the progression of atherosclerosis and facilitate 
the regression of cardiovascular risk factors. In the present study we 
aimed to assess the dietary intake of Saudi population with various 
degrees of atherosclerosis, and to examine the relationship between 
specific nutrient intakes with some classical cardiovascular risk 
factors.

Methods
Study design

The study comprised 450 subjects (150 men and 300 women), 
aged between 40-88 years, attending the department of internal 
medicine clinics at the King Abdulaziz University Hospital (KAUH) 
in Jeddah, Saudi Arabia between January 2013 and January 2015. 
Subjects were randomly selected in a case-control study design. All 
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participants provided informed consent to a protocol approved by 
the local Ethical Review board of KAUH.

Study subjects

None of the study subjects had a past history of cardiovascular 
events (unstable angina, myocardial infarction, and stroke), heart 
failure, peripheral vascular diseases, or a history of cardiovascular 
surgery. Individuals with any major co-morbidity such as cancer, 
autoimmune, chronic kidney disease, hepatic dysfunction, infectious, 
and inflammatory diseases were also excluded.

One hundred and fifty controls were matched for age and sex 
with 150 patients with subclinical atherosclerosis and 150 patients 
with clinical atherosclerosis. The latter patient group was subdivided 
into 3 subgroups according to the number of occluded coronary 
vessels: single, double and multi vessel disease. Subclinical stages 
of atherosclerosis was determined by measuring the intima-media 
thickness of the carotid arteries (CIMT) using a non-invasive 
ultrasound techniques. The presence of one or more CIMT ≥ 0.8 mm 
in one major area was considered to be evidence of significant CIMT 
atherosclerosis [15].

Overt or clinical stages of atherosclerosis was scored by the 
severity of angiographically defined disease > 50% occlusion of 
the luminal diameter in ≥ 1 coronary artery [16]. A diagnosis of a 
myocardial infarction was made in accordance with Joint European 
Society of Cardiology/American College of Cardiology Committee 
criteria [17]. None of the patients had suffered a heart attack within 6 
months of recruitment into the study.

The control subjects were drawn from the outpatients clinics of 
the same hospital populations with disorders not normally associated 
with metabolic abnormalities (e.g., orthopedic conditions).

Each subject was interviewed to complete a standardized 
questionnaire to determine socio-demographics variables, lifestyle 
habits (including smoking status, physical exercise and dietary 
pattern), family history of chronic diseases, past medical history and 
medication use. Family history of early CHD was present when a first-
order relative had developed cardiac death, myocardial infarction, or 
coronary revascularization at < 65 years of age for women and < 55 
years of age for men.

Dietary assessment
A 96-item semi-quantitative pre-validated food frequency 

questionnaire (FFQ) was used to assess dietary habits among the 
study participants. The reliability and validity of the FFQ have 
been evaluated previously among participants of a population 
that is comparable to our present study subjects attending health 
examination clinics [18]. Participants were questioned about their 
average intake and the specified serving portion size for each food 
over the past year. For each food item on the questionnaire, five 
responses were possible, ranging from “almost never” to “2-4 times 
a day.” Frequencies and portions for the individual food items were 
converted to average daily intake of macro and micronutrients for 
each participant including carbohydrates, total fat, proteins, saturated 
fat, monounsaturated fatty acids, polyunsaturated fatty acids, fiber, 
cholesterol, vitamin E, vitamin C, β-carotene, vitamin D, vitamin 
B12, folic acid, calcium, selenium, zinc and copper.

To control for total energy intake, all nutrients were adjusted 
for total energy intake by using the regression residual method [19]. 
Implausible energy intakes (i.e., < 500 kcal/day or > 4500 kcal/day) 
were excluded. The nutrient database used was based on UK food 
composition tables [20] together with food composition tables for 
use in East Asia and the US handbook of food composition [21]. 
The composition of traditional local foods, not included in the above 
tables, was derived from another local study [22]. The estimated 
dietary intake of all nutrients was calculated in terms of percentage 
recommended nutritional intake for US adults for each individual, 
because there are no published data on recommendations for a Saudi 
population. The most recent version of the dietary guidelines for 
Americans [23] was used to standardize the pattern of nutrient intake. 

Information on multivitamin supplement use was also requested on 
the FFQ, but data on nutrient intake from supplements were not 
included in the analyses.

Anthropometric assessment

For all individuals, anthropometric parameters including weight, 
height, and waist and hip circumferences were measured using 
standard protocols. Body weight and weight were measured with 
subjects dressed in very light clothing after an overnight fast. Body 
weight was measured with standard scales to an accuracy of ± 0.1 kg 
and height was measured to an accuracy of ± 0.1 cm (a stadiometer 
was used for measuring height). BMI was calculated as weight (kg) 
divided by height squared (m2). Waist circumference was measured 
at the level of the umbilicus (at the level midway between the lower 
rib margin and the iliac crest). Blood pressure was measured twice 
while patients were seated and rested for 15 min, using a standard 
mercury sphygmomanometer.

CIMT assessment

The subjects underwent B-mode ultrasonography of the 
extracranial carotid arteries by use of a high-resolution ultrasound 
instrument (iU22 xMatrix ultrasound system, Philips Medical 
Systems, USA) with a linear array multi-frequency transducer. Both 
common (CCA) and internal carotid arteries were evaluated. The IMT, 
defined as the distance between the intimal-luminal and the medial-
adventitial interfaces, was measured. Briefly, in posterior approach 
and with the sound beam perpendicular to the arterial surface, 1 cm 
from the bifurcation, three longitudinal IMT measurements were 
completed on both common carotid arteries far-wall, at sites without 
plaques. The measurement followed a standardized scanning protocol 
[24].

According to these criteria, subjects were considered as normal 
if no lesion was detected, or having carotid atherosclerosis when a 
plaque, stenosis or occlusion was detected in at least one segment of 
common, bifurcation or internal carotid artery.

Coronary artery stenosis assessment

Coronary angiography was performed at the catheterization 
laboratory at the cardiac care unit, KAUH. Subjects with suspected 
or known CHD were admitted to verify the presence of the disease.

Statistical analysis

All results are expressed as mean ± SEM or n (%) as appropriate. 
Data were assessed for normality using the Kolomogorov-Smirnov 
test. Chi-square test was implemented when necessary for categorical 
variables comparison. Statistical analyses were performed using 
ANOVA test for normally distributed parameters or Kruskall-
Wallis test for non-normally distributed parameters to compare 
mean values of repeated measures of non-normally distributed 
parameters. Multiple comparisons of the mean differences among the 
variables were done using the Bonferroni post-hoc test. Correlation 
analysis was undertaken with Pearson’s correlation coefficient for 
parametric data and Spearman’s rho coefficient for nonparametric 
data. Macronutrients intake was adjusted for energy according to 
the method of Willett and Stampfer [19]. Statistical analysis was 
performed using the SPSS (version 20.0) software. A p-value < 0.05 
(2-tailed) was considered to be significant.

Results
Demographic and anthropometric variables distribution

Four hundred and fifty subjects were categorized into three 
groups; 150 controls without atherosclerosis, 150 patients with 
subclinical atherosclerosis, and 150 patients with clinically evident 
atherosclerosis. Female: male distribution was 100:50 in each 
subgroup. The mean age of subjects were 59.9 ± 0.6, 60.0 ± 0.6, and 
62.0 ± 0.7 years in the three groups respectively (p > 0.05).

Table 1 presents the socio-demographic characteristics of the 



• Page 3 of 9 •Alissa and Alama. J Nutri Med Diet Care 2015, 1:1

study population. The majority of the subjects were nonsmokers, 
married, illiterate, unemployed or retired, with 5 children or more 
and living in rented apartments. Two thirds of the atherosclerotic 
patients and those with subclinical atherosclerosis reported physical 
activity 1-2 times per week while physical inactivity (as defined by 

exercising < 1 time per week) was prevalent among two thirds of their 
matching controls.

Atherosclerotic patients were more likely to be shorter, had 
lower waist and hip circumferences measurements than patients with 

Controls

(n = 150)

Subclinical Atherosclerosis

(n = 150)

Clinical Atherosclerosis

(n = 150)

p

Weight (Kg) 79.8 ± 1.45 78.41 ± 1.25 75.59 ± 1.29 NS
Height (cm) 156.7 ± 0.64† 157.1 ± 0.68‡ 151.9 ± 0.51 < 0.0001
BMI (Kg/m2) 32.4 ± 0.51 31.7 ± 0.47 32.7 ± 0.49 NS
Waist circumference (cm) 104.4 ± 1.07† 104.4 ± 0.95‡ 101.1 ± 1.17 < 0.01

Hip circumference (cm) 111.7 ± 1.20† 111.3 ± 0.94‡ 107.2 ± 1.10 < 0.0001

WHR 0.94 ± 0.0 0.94 ± 0.0 0.95 ± 0.0 NS

SBP (mmHg) 132.7 ± 1.7 141.6 ± 1.9* 139.9 ± 1.9† < 0.01
DBP (mmHg) 79.5 ± 1.1 78.1 ± 1.1 77.5 ± 1.0 NS
Family history of CVD 27 (18) 43 (29) 7 (5) < 0.0001
Marital status

Single

Married

Widowed

Divorced 

3 (2)

119 (79)

9 (6)

19 (13)

2 (1)

115 (77)

29 (19)

4 (3)

0 (0)

81 (54)

62 (41)

7 (5)

< 0.05

Parity

0

1

2

3

4

≥ 5

5 (3)

8 (5)

6 (4)

10 (7)

15 (10)

106 (71)

10 (7)

4 (3)

5 (3)

10 (7)

16 (11)

105 (69)

6 (4)

0 (0)

3 (2)

6 (4)

10 (7)

125 (83)

< 0.05

Education level

Illiterate

Intermediate

High school

University 

62 (41)

25 (17)

27 (18)

36 (24)

83 (55)

21 (14)

21 (14)

25 (17) 

90 (59)

37 (25)

10 (7)

13 (9)

< 0.05

Occupation

Retired/unemployed

Administrative

Director/physician

87 (58)

40 (27)

3 (2)

129 (86)

15 (10)

6 (4)

127 (85)

23 (15)

0 (0)

< 0.05

Type of residency

Traditional housing

Apartment

Villa 

58 (39)

59 (39)

33 (22)

65 (43)

52 (35)

33 (22)

33 (22)

96 (64)

21 (14)

< 0.05

Physical activity

< 1 time/week

1-2 times/week

≥ 3 times/week

84 (56)

19 (13)

47 (31)

41 (27)

93 (62)

16 (11) 

24 (16)

92 (61) 

34 (23)

< 0.0001

Smoking status

Non-smoker

Former smoker

Current  smoker

134 (89)

8 (5)

8 (5)

132 (88)

12 (8)

6 (4)

136 (91)

8 (5)

6 (4)

NS

Passive smoking 19 (13) 29 (19) 14 (9) < 0.05

Table 1: Clinical characteristics of the study population (N = 450).

Numeric data are presented as mean ± SEM and categorical data as number and percentage. Categorical data were compared by χ2 test; continuous variables 
were compared by ANOVA test for normally distributed parameters or Kruskall–Wallis test for non-normally distributed parameters. *p < 0.05 controls vs. subclinical 
atherosclerosis group, †p < 0.05 controls vs. clinical atherosclerosis group, ‡p < 0.05 subclinical atherosclerosis vs. clinical atherosclerosis group.

Family history of CVD is defined as having heart disease before the age of 55 years in males and the age of 65 years in females.

Physical activity is defined by exercising for at least 30 min on three or more times per week [45].

Current smoking is defined as smoking at least 1 pack of cigarettes per week and/or 1 shisha (Hookah) per week.

Passive smoking is defined as the exposure to second-hand tobacco smoke released from a cigarette or other smoking device (e.g., shisha) for at least 30 minutes 
per day.
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Figure 1: Obesity distribution among the study population (N = 450) as defined by the values of: BMI ≥ 30 Kg/m2, waist circumference > 80 cm in females and 
94cm in males, and WHR ≥ 0.80 in females and ≥ 0.95 in males. The only significant difference was in WHR value between atherosclerotic patients vs. patients 
with subclinical atherosclerosis and matching controls as tested by χ2 test (p < 0.05).
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Figure 2a: Percentage of calories from macronutrients of the total daily energy intake of study subjects in the 3 groups. Box and whisker plots illustrate median 
and interquartile ranges of % of calories supplied by carbohydrates, total fat and protein in controls, patients with subclinical atherosclerosis and atherosclerotic 
patients. Open circles show outliers. Statistical significance was tested by Kruskall–Wallis test for non-normally distributed parameters with Bonferroni adjustment 
for multiple testing.
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subclinical atherosclerosis and matching controls (p < 0.01 in all). 
Compared to patients with subclinical atherosclerosis and matching 
controls, atherosclerotic patients had higher SBP readings and 
reported less family history of CVD (p < 0.01).

Figure 1 shows high prevalence of overall and central obesity 
among the study participants as estimated by three anthropometric 
indices; BMI, WHR and waist circumference. Ninety seven percent 
of atherosclerotic patients had central obesity vs. 87% of patients with 
subclinical atherosclerosis and 87% of matched controls (p < 0.05).

Dietary intake levels

Table 2 summarizes levels of dietary covariates in the study 
population. Daily intakes of all macronutrients were significantly 
lower in patients with clinical and subclinical atherosclerosis than 
their matched controls (p < 0.05). Figure 2a illustrates that the 
percentage of energy intake from carbohydrate was significantly 
higher among patients with subclinical atherosclerosis in comparison 
with their matched controls and atherosclerotic patients (p < 0.0001). 
Conversely the percentage of energy intake from fat was significantly 
lower among patients with subclinical atherosclerosis in comparison 
with their matched controls and atherosclerotic patients (p < 0.0001). 
The percentage of energy intake from protein was significantly 
lower among controls in comparison with clinical and subclinical 
atherosclerotic patients (p < 0.0001). Figure 2b shows significantly 
higher percentage of energy intake from PUFA among controls in 
comparison with clinical and subclinical atherosclerotic patients (p < 
0.0001). The percentage of energy intake from SFA and MUFA were 

significantly lower among patients with subclinical atherosclerosis in 
comparison with their matched controls and atherosclerotic patients 
(p < 0.0001 in both).

Except for vitamin C and β-carotene, atherosclerotic patients 
reported the lowest consumption levels of all vitamins than 
patients with subclinical atherosclerosis and matching controls (p 
< 0.05). Concerning minerals, the lowest consumption levels were 
reported by patients with subclinical atherosclerosis as compared to 
atherosclerotic patients and matching controls except for calcium (p 
< 0.05).

Overall, levels of intake were below the recommended values for 
optimal health for energy, carbohydrates, vitamin D, vitamin E, calcium, 
selenium and zinc in all study groups. Conversely, intake levels of total 
fat, saturated fat and MUFA were above recommendations in all study 
groups. Figure 3a and Figure 3b display the percent of subjects in each 
study group with suspected micronutrients inadequacies as determined 
by consuming micronutrients in amounts below their corresponding 
EAR values. Inadequacy of dietary selenium was highly prevalent 
among 84%, 90% and 86% of the study groups: controls, subclinical 
atherosclerosis and clinical atherosclerosis respectively. Dietary calcium 
and zinc inadequacy was prevalent among almost half of the study 
participants. Finally, dietary copper inadequacy was prevalent among 
almost quarter of the study participants. With regards to vitamins, 
vitamin E inadequacy was highly prevalent among 77%, 85% and 84% 
of the study groups: controls, subclinical atherosclerosis and clinical 
atherosclerosis respectively. Vitamin D inadequacy was prevalent among 
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Figure (2b): Percentage of calories from fatty acids of the total daily energy intake of study subjects in the 3 groups. Box and whisker plots illustrate median and 
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Figure 3a: Frequency of study subjects within the 3 groups with minerals inadequacies as defined by dietary consumption levels below their corresponding 
estimated average requirement values and they are as follow: calcium < 769.2 mg/d, selenium < 57.7 μg/d, copper < 0.92 μg/d, zinc < 7.4 mg/d.
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Figure (3b): Frequency of study subjects within the 3 groups with vitamins inadequacies as defined by dietary consumption levels below their corresponding 
estimated average requirement values and they are as follow: vitamin E < 11.5 mg/d, vitamin C < 30.8 mg/d, vitamin D < 7.7 μg/d, vitamin B12 < 1.15 μg/d, folic 
acid < 153.9 μg/d.

two thirds of the study population followed by vitamin C inadequacy 
which was prevalent among one third of the study population whereas 
folic acid inadequacy was merely prevalent among one tenth of the study 
population.

Correlation between nutrients intakes and cardiovascular 
risk factors

Table 3 shows univariate associations between macro-and 
micronutrients intakes with obesity indices in the study population 
as categorized into obese and non-obese individuals. More significant 
relationships were documented by central obesity measures, namely 
waist circumference and WHR.

In addition, further testing for the relationship between nutrients 

intakes and blood pressure readings in the study population as 
categorized into hypertensive and pre-hypertensive patients are listed 
in table 4. Negative association between SBP and % of energy supplied 
by MUFA (r = -0.177, p < 0.05) was found in pre-hypertensive patients 
and negative correlations between SBP and both of % of energy 
supplied by PUFA (r = -0.168, p < 0.05) and vitamin C (r = -0.182, 
p < 0.01) among hypertensive patients. On the other hand, DBP was 
inversely correlated with % of energy supplied by MUFA (r= -0.172, 
p < 0.05) and with selenium (r=- 0.253, p < 0.01) in pre-hypertensive 
patients. DBP was negatively correlated with % of energy supplied by 
PUFA (r = -0.182, p < 0.01) in hypertensive patients.

Discussion
Although the prevalence of chronic diseases like CVD are on the 
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RNI
Controls

(n = 150)

Subclinical 
Atherosclerosis

(n = 150)

Clinical Atherosclerosis

(n = 150)

p

Energy (Kcal) 2550♂ 2110♀ (19-59)

2380♂ 1900♀ (60-74)

2100♂ 1810♀ (75 +)

1864.4 ± 49.9*† 1533.6 ± 50.8 1653.7 ± 49.7‡ < 0.05

Unadjusted carbohydrate (gm) 212.9 ± 5.9 191.5 ± 5.6 200.7 ± 5.3‡ < 0.05
Energy-adjusted carbohydrate 
(gm)

187.8 ± 2.0 200.2 ± 2.1‡ 197.2 ± 2.1† < 0.05

% of energy from carbohydrates 55% 45.8 ± 0.4 51.2 ± 0.6*‡ 49.7 ± 0.5† < 0.05
Unadjusted total fat (gm) 82.3 ± 2.3*† 63.0 ± 2.6 69.4 ± 2.5‡ < 0.05
Energy-adjusted fat (gm) 69.6 ± 0.9† 65.0 ± 0.8 65.7 ± 0.8‡ < 0.05
% of energy from fat 30% 40.3 ± 0.5† 36.0 ± 0.5 37.1 ± 0.4‡ < 0.05
Unadjusted protein (gm) 65.9 ± 2.2* 57.3 ± 1.9 63.2 ± 2.0‡ < 0.05
Energy-adjusted protein (gm) 55.2 ± 0.8 59.3 ± 0.7* 60.6 ± 0.6†‡ < 0.05
% of energy from protein 15% 13.9 ± 0.2 15.1 ± 0.2* 15.2 ± 0.1†‡ < 0.05
Unadjusted SFA (gm) 23.9 ± 0.8*‡ 21.1 ± 0.8 23.1 ± 0.8 < 0.05
Energy-adjusted SFA (gm) 19.4 ± 0.4 21.3 ± 0.3* 21.5 ± 0.4†‡ < 0.05
% of energy from SFA 10% 12.7 ± 0.2 13.8 ± 0.2* 13.9 ± 0.2†‡ < 0.05
Unadjusted MUFA (gm) 25.7 ± 0.8*† 19.8 ± 0.8 22.8 ± 0.9‡ < 0.05
Energy-adjusted MUFA (gm) 21.4 ± 0.3* 20.5 ± 0.3 21.7 ± 0.3‡ < 0.05
% of energy from MUFA 10% 13.8 ± 0.2*‡ 12.6 ± 0.2 13.4 ± 0.2 < 0.05
Unadjusted PUFA (gm) 25.6 ± 0.7† 15.9 ± 0.8 16.2 ± 0.7‡ < 0.05
Energy-adjusted PUFA (gm) 21.5 ± 0.5† 16.1 ± 0.4‡ 14.8 ± 0.3 < 0.05
% of energy from PUFA 10% 14.0 ± 0.3† 9.8 ± 0.3‡ 9.5 ± 0.2 < 0.05
Cholesterol (mg) 200 211.4 ± 12.9*‡ 172.1 ± 10.8 195.3 ± 8.9 < 0.05
Fiber (gm) 18 18.1 ± 0.5† 14.6 ± 0.5 15.4 ± 0.5‡ < 0.05
Vitamin D (μg) 10 (19-50 year)

15 (50 + year)

7.6 ± 0.4 7.6 ± 0.4 7.5 ± 0.2 NS

Vitamin E (mg) 20 9.48 ± 0.3† 6.98 ± 0.3 8.0 ± 0.4‡ < 0.05
Vitamin C (mg) 40 34.1 ± 1.3 40.6 ± 1.8* 45.2 ± 1.6†‡ < 0.05
Vitamin B12 (μg) 1.5 1.38 ± 0.07 1.31 ± 0.05 1.12 ± 0.05 NS
Folic acid (μg) 200 268.4 ± 8.7† 241.0 ± 7.5‡ 228.3 ± 7.8 < 0.05
β-carotene (μg) NA 5050.1 ± 264.9* 5720.3 ± 307.6 7530.4 ± 356.5‡ < 0.05
Calcium (mg) 1000 (19-50yr)

1200 (50 + yr)

780.7 ± 27.1† 693.6 ± 24.8‡ 685.4 ± 19.6 < 0.05

Selenium (μg) 75 ♂

60 ♀

40.5 ± 1.7* 35.7 ± 1.4 40.96 ± 1.4‡ < 0.05

Zinc (mg) 9.5 ♂

7 ♀

8.39 ± 0.3* 7.33 ± 0.3 8.03 ± 0.3‡ < 0.05

Copper (μg) 1.2 1.54 ± 0.1* 1.32 ± 0.0 1.45 ± 0.0‡ < 0.05

Table 2: Nutrients intake levels of the study population (N = 450).

Numeric data are presented as mean ± SEM. Categorical data were compared by χ2 test; continuous variables were compared by ANOVA test for normally distributed 
parameters or Kruskall-Wallis test for non-normally distributed parameter with Bonferroni adjustment for multiple testing. MUFA: Monounsaturated Fatty Acid, NA: 
Not Available, NS: Not Significant, PUFA: Polyunsaturated Fatty Acid, RNI: Reference Nutrient Intake, SFA:  Saturated Fatty Acid. *p < 0.05 controls vs. subclinical 
atherosclerosis group, †p < 0.05 controls vs. clinical atherosclerosis group, ‡p < 0.05 subclinical atherosclerosis vs. clinical atherosclerosis group.

Table 3: Correlation between indices of adiposity and nutrient intake levels. 
Significant relationships are shown in bold font Obesity is defined by BMI ≥ 30 
Kg/m2. Non-obesity is defined by 25-29.9 Kg/m2.

Non-obese 
subjects

(N = 40)

Obese 
subjects

(N = 273)
r p r p

BMI vs. % of energy from SFA 0.113 0.488 0.125 0.039
WHR vs. % of energy from fat 0.320 0.004 0.061 0.313

% of energy from MUFA -0.334 0.035 -0.046 0.447
% of energy from carbohydrates 0.367 0.02 0.042 0.488
β-carotene -0.350 0.027 -0.058 0.336

WC vs. Total caloric intake 0.071 0.665 0.159 0.009
% of energy from fat 0.316 0.047 0.069 0.256
% of energy from MUFA -0.318 0.046 0.067 0.270
% of energy from SFA -0.154 0.343 0.149 0.014
% of energy from carbohydrates 0.351 0.026 0.167 0.006
Fiber -0.060 0.711 -0.183 0.002
Vitamin E -0.103 0.526 -0.138 0.023
Selenium 0.055 0.735 -0.145 0.016
Copper -0.135 0.405 -0.142 0.019
Zinc -0.116 0.476 -0.174 0.004

Pre-hypertensive 
patients 

(N = 137)

Hypertensive 
patients

(N = 214)
r p r p

SBP vs. % of energy from MUFA -0.177 0.038 -0.069 0.318
% of energy from PUFA -0.135 0.115 -0.168 0.014
Vitamin C 0.022 0.797 -0.163 0.017

DBP vs. % of energy from MUFA -0.172 0.045 0.036 0.596
% of energy from PUFA 0.079 0.361 -0.182 0.007
Selenium -0.253 0.003 -0.048 0.581

Table 4: Correlation between blood pressure and nutrients intake levels. 
Significant relationships are shown in bold font.

Hypertension is defined as SBP ≥140 mmHg and/or DBP ≥ 90 mmHg, or both. 
Prehypertension is defined as SBP 120-139   mmHg and/or DBP 85-89 mmHg 
or both.

rise worldwide [25], the available information on sub-optimal dietary 
patterns among atherosclerotic Saudi population is relatively limited 
[26]. Dietary composition is likely to influence the development of 
atherosclerosis in a causal manner [27], yet investigators have failed 
to find concomitant associations with specific dietary measures.
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Thus, the aim of the current study was to assess dietary intake 
of Saudi population with various degrees of atherosclerosis, by 
pre-validated semi-quantitative food frequency questionnaire, and 
to examine the relationship between nutrients intakes with some 
classical cardiovascular risk factors. Considering the high prevalence 
of cardiovascular risk factors in our study sample and the influence 
of socio-demographic variables, it can be postulated that diet has a 
key role in developing CAD. Older age, female gender, adiposity, and 
physical inactivity are powerful determinants of atherosclerosis, and 
thus may alter the relations between diet and cardiovascular risk.

There are many epidemiological data showing the relationships 
between and unhealthy dietary habits, notably, low intake of fibers 
and anti-oxidants, high intake of animal fat and refined sugar [28-30].

It is noteworthy that the mean total energy intake in the 
control group was more than that in the other two case groups. The 
contrasting findings in this study could be the result of heart patients 
being aware of the effect of diet modification on their disease. Also, 
it could be due to underreporting as case-control study design relies 
on the respondents’ memory and their capabilities to interpret those 
questions.

Epidemiological studies and controlled trial data have long 
indicated that variations in the relative amounts of dietary fatty acids 
influence the risk of CVD in part by influencing lipid metabolism 
[31,32]. Indeed the amount of energy supplied by total fat and 
PUFA in the control group was more than that in the other two case 
groups, but energy contribution by SFA was lower than that in the 
other two case groups. Our study extends previous studies [33,34] by 
showing that increasing total fat and saturated fat consumption are 
directly associated with obesity among non-obese individuals while 
controlling for potential confounders (Table 3).

Indeed consumption of fish, a major source of dietary omega-3 
fats, was associated with significantly reduced progression of 
coronary atherosclerosis [11]. Nonetheless, omega-6 fats are largely 
consumed from vegetable oils such as corn, sunflower, safflower, and 
soybean oils and studies have shown inconsistent findings about their 
cardiovascular benefits.

Although several studies have observed protective associations 
of n-6 PUFA on progression of coronary atherosclerosis [35], others 
have found no association [36] or even trends toward higher risk 
[37]. Nevertheless, contribution to energy by dietary carbohydrates 
and protein intake in the control group was less than that in the other 
two case groups. In this respect, it should be noted that high levels of 
consumption of animal protein have been shown to increase the risk 
for heart disease. Health effects of high-carbohydrate and high-starch 
diets, whether beneficial or detrimental, vary due to various types 
and sources of carbohydrates consumed and have been discussed in 
literature [29,38]. It was not surprising to find an inverse correlation 
between dietary fiber level and waist circumference among obese 
subjects (Table 3). According to previous studies, the findings on the 
level of fiber intake were predictable [9,39,40].

Micronutrients are vitamins and minerals that are required in 
small quantities for specific functions such as essential coenzymes 
and cofactors for metabolic reactions and required to maintain energy 
production and life. The present study dietary vitamins showed 
diverse pattern, but essentially a negative correlation with obesity 
measures (Table 3) and blood pressure readings (Table 4). There is 
a substantial body of data supporting the biological plausibility of 
cardiovascular benefits of certain micronutrients [41]. Protective 
effects of micronutrients may impart anti-inflammatory and anti-
thrombotic characteristics to such a dietary pattern [42].

With the exception of vitamin C and copper, dietary levels of 
the remaining micronutrients were below recommended levels. 
Micronutrients inadequacy are long suspected to be involved in 
atherosclerotic lesions development and the protection provided by 
their supplementation are extensively studied [42]. Yet, the exact 
mechanism by which a particular micronutrient may affect heart 

disease risk are unclear, but it is likely that they involve effects on 
enzymes, hormones and messenger molecules.

Our current data and previous study results support the 
hypothesis that micronutrients inadequacy promotes atherosclerosis 
development, at least in part, through its influence on oxidant 
antioxidant balance [26]. It has been postulated that higher intakes 
of antioxidants may attenuate oxidative stress, an etiology common 
among CVD [43]. Despite these plausibly biological mechanisms, 
single nutrients have been inconsistently associated with disease 
outcomes. Some of this inconsistency may be due to differences in 
food sources of these nutrients across unique populations, particularly 
when predominant food sources of a single nutrient show opposite 
associations with disease. It is possible that some constituents of the 
food matrix interact with single nutrients, altering their bioavailability 
and influencing mechanisms that underlie disease development [44].

Although our study cannot be used to infer causality, but it 
might be safe to say that dietary modification and exercise are 
associated with lower prevalence of coronary atherosclerosis. 
Another potential limitation of the study was its retrospective 
design though this design is not uncommon in descriptive studies. 
Although FFQ is usually used to investigate long-term dietary 
intakes in epidemiological studies, this method has its limitations. 
As a result of its closed structure, the flexibility and the degree 
of between-person variation is limited compared with open 
methods like 24 hr dietary recalls. However, important strengths 
of FFQ are its low respondent burden and cost and the fact that 
it gives information about respondents’ usual or habitual dietary 
intake [45]. Moreover, FFQs have been shown to accurately rank 
the relative intake of micronutrients among individuals and are 
therefore an adequate, albeit not perfect, instrument for measuring 
relative dietary intake.

Conclusion
Our region has witnessed large changes in dietary patterns 

resulting from the marked shifts in socioeconomic status and 
demographics, as well as rapid urbanization and modernization 
during the last few decades [46]. Adopting the Western dietary 
pattern is known to be associated with cardiovascular risk factors, 
including an increased risk of obesity, hyperlipidemias, hypertension, 
diabetes and metabolic syndrome [47,48].

Therefore, increasing awareness of the high prevalence of 
cardiovascular risk factors among the public is crucial. In addition, 
there is an urgent need for nutrition education programs among 
all Saudi population to increase awareness regarding healthy diets 
and diet-related chronic diseases. This should be combined with 
encouragement of healthy lifestyle patterns, including increasing 
physical activity and a reduction in smoking, to enhance the 
prevention of CVD and associated risk factors.

Nevertheless, the influence of dietary components on oxidative 
status remains an active field of research, especially relating to age-
associated diseases. Further studies on the graded relationship 
between coronary severity and dietary pattern would enhance our 
understanding of the relationships described in the current study.
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