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ABSTRACT: Accumulating evidence suggests that consumption of whole grains and legumes is associated with reduced
risk of cardiovascular disease (CVD), whereas the risk is increased by consuming refined grains and cereals. This study
aimed to investigate the association between grain and legume consumption and the risk of CVD. The study was con-
ducted using a convenient sampling method with a total of 399 participants who underwent coronary angiography. Cases
and controls were matched by age with a 1:1 ratio. Standardized and validated questionnaires were used to collect socio-
demographic, health, lifestyle, and dietary data. Intake of more than 1 serving/d of white bread increased the risk of CVD
significantly with an adjusted odds ratio (AOR) of 3.06 [95% confidence interval (CI): 1.37~6.84], while consuming
more than 1 serving/d of wholegrain bread reduced the risk significantly to approximately 53% (AOR: 0.47, 95% CI: 0.24
~0.93). Similar trends between consuming white bread on daily basis and increased risk of CVD, and consuming whole-
grain bread and reduced risk of CVD were also observed. In addition, consuming unsweetened cornflakes on a weekly ba-
sis had a protective effect against CVD (AOR: 0.15, 95% CI: 0.03 ~0.96). Intake of legumes reduced the risk of CVD, al-
though only insignificantly for all the tested legumes. The present study calls for consideration of consuming wholegrain
bread prevent CVD in the Jordanian population.
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INTRODUCTION

The incidences of many non-communicable diseases
(NCD), including diabetes mellitus (DM), hypertension,
and cardiovascular diseases (CVDs), are increasing glob-
ally (GBD 2015 Mortality and Causes of Death Collabo-
rators, 2016). CVDs are major contributors to the global
burden of NCD, with an estimated 17.9 million people
having died from CVDs in 2016, which represents 31%
of all global deaths [World Health Organization (WHO),
2017]. In 2018, the WHO attributed 37% of premature
death in Jordan to CVDs (WHO, 2018). Age, sex, smok-
ing, weight, the atherogenic diet, dyslipidaemia, physical
inactivity, and diabetes are common risk factors for CVDs
(Al-Shudifat et al., 2017).

Grains are the staple food for humankind worldwide
and the primary constituent of many people’s daily eat-
ing practice. Grains may provide 56% of daily energy in-
take and half of daily protein intake. The predominant
types of grains consumed are wheat, corn, rice, oats, and
rye. Wholegrains encompass endosperm, germ and bran;
however refined grains do not contain the germ and bran,
which are expelled during the processing procedure (Ye
et al., 2012). Wholegrains and legumes are rich sources
of fibre, vitamin B, and some trace minerals, including
iron, magnesium, and zinc, which are condensed in the
external bran layer (Oghbaei and Prakash, 2016).

In 2017, a meta-analysis demonstrated that wholegrain
intake is related to a noteworthy decrease in the risks of
coronary heart diseases (CHDs), CVDs, total cancer, and
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mortality from all causes (Aune et al., 2016). The meta-
analysis showed that per 90 g/d of wholegrains (three
servings), the relative risk was 0.81 [95% confidence in-
terval (CI): 0.75~0.87; n=7 studies] for CHD, 0.88 (95%
CI: 0.75~1.03, n=6) for stroke, and 0.78 (95% CI:
0.73~0.85; n=10) for CVD (Aune et al., 2016).

Although there is a converse relationship between high
vs. low consumption of wholegrains and CVD, these
amount have not been quantified (Flight and Clifton,
2006; Priebe and McMonagle, 2016). Subsequently, cross-
sectional studies cannot determine the amounts of whole-
grains that should be consumed to protect against CVDs
(Flight and Clifton, 2006; Priebe and McMonagle, 2016),
and there may be a few reasons for conflicting dietary
recommendations for wholegrain consumption. It is im-
portant to elucidate and give progressively more detailed
and predictable dietary suggestions about the amounts
and types of wholegrains that should be consumed to di-
minish the risk of chronic disease and premature mortal-
ity (Aune et al., 2016).

In addition, many studies have revealed that intake of
legumes is inversely associated with CVD, myocardial in-
farction, cardiovascular mortality and non-cardiovascular
mortality (Blekkenhorst et al., 2018; Papandreou et al.,
2019).

Jordan is a developing country in the Middle East that
has experienced changes in food consumption patterns
among recent decades due to westernization (Alkurd et
al., 2019). Despite these changes in food consumption
patterns and practices, the most predominant source of
energy is Jordan remains grains followed by legumes.
Intake of grains and legumes in Jordan was reported as
174.1 and 5.96 kg/capita respectively, in a Household
Expenditures and Income Survey conducted in 2010
[Department of Statistics (DOS), 2012]. The change in
grains and legumes consumption from 1992 to 2010 was
—7.77% and —30.25%, respectively (DOS, 2012).

This case-control study was conducted to provide a
comprehensive evaluation of the association between
grains and legumes consumption and the risk of CVD.

MATERIALS AND METHODS

Study participants and setting

Participants were enrolled from the Catheterization Sec-
tion of the Cardiology Department, Prince Hamzah Hos-
pital (Amman, Jordan). A total of 399 patients who had
undergone coronary angiography were recruited between
January 2015 and December 2015. Cases and controls [n=
205 vs. n=194 (ratio 1:1), 160 females and 239 males]
were matched by age (mean age of 52 years). All eligible
patients were above 18 years of age, mentally and clin-
ically stable, and underwent coronary angiography. The

exclusion criteria included suffering from kidney, liver,
or gastrointestinal diseases, and a previous diagnosis of
CVD before angiography. Before collecting the data, in-
structions were given to participants about the study,
and participants provided informed consent. This study
was conducted according to the guidelines laid down in
the Declaration of Helsinki and all procedures involving
research study participants were approved by the IRB at
Prince Hamza Hospital (IRB no. MH/32/2285). Written
informed consent was obtained from all subjects/patients.

Data collection

Trained research assistants were responsible for record-
ing information on participant’s socio-demographic fac-
tors, previous health status (hypertension, DM, and dys-
lipidemia), smoking status, and family history of CVDs.
Prior to the study, research assistants were selected,
trained and given the standardized questionnaires (Tay-
yem et al., 2014). The data were collected before the par-
ticipants underwent coronary angiography.

Coronary angiography: Coronary angiography was performed
by a specialized cardiologist. The Seldinger technique was
used to insert a catheter into the radial artery, whereby
the tip was advanced to the aortic sinus cusp. To enable
visualization of the arterial tree, a radio-contrast medium
was passed through the coronary arteries and X-rays were
taken. To determine the area of narrowing, the degree of
obstruction was estimated by comparing the arterial lu-
men to the adjacent normal artery and the value recorded
in percentage. Participants with no stenosis (0%) were
enrolled as controls.

Dietary assessment: Intake of wholegrains and legumes was
assessed for a year before the interview using validated
Food Frequency Questionnaires (FFQs) (Tayyem et al.,
2014), conducted by a trained dietitian. Most of the par-
ticipants showed constant dietary patterns over the pre-
vious five years. Participants were asked to record their
average frequently of consuming one standard serving of
specific food items in nine categories below (<1/month,
2~3/month, 1~2/wk, 3~4/wk, 5~6/wk, 1/d, 2~3/d,
4~5/d, or 6/d) during the last year. The food groups
were classified as grains (cooked rice, white bread, whole
wheat bread, macaroni, bulgur, and unsweetened corn
flakes) and legumes {cooked beans, falafel [a deep-fried
ball or a flat or doughnut-shaped patty made from ground
chickpeas or fava beans (or both), herbs, spices, and on-
ion], hummus, and legumes soup}. To estimate portion
size, food models, and standard measuring tools were
used.

7-Day physical activity recall (PAR): A 7-day PAR validated
questionnaire was used to calculate a participants’ recall
of time spent doing exercise over seven days (Sallis et al.,
1985). This questionnaire helps to ascertain physical ac-
tivity levels into 3 categories.
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Anthropometric measurements: Anthropometric (body weight,
height, and waist circumference) measurements were
taken by trained dietitians according to Lee and Nieman
(2012). Body mass index (BMI) was calculated afterward
by dividing weight in kilograms by the square of height in
meters, and was categorized as normal body weight (18.5
~24.9), overweight (25.0~29.9) and obese (>30.0) ac-
cording to the National Institutes of Health.

Statistical analysis

SPSS version 20.0 software (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. Mean=+standard
error of the mean and percentages were used for descrip-
tive statistics, with the significance level set at P<0.05.
The 95% CI and the P-values for trends and adjusted
odds ratios (AORs) were calculated using the multino-
mial logistic regression models and linear logistic regres-
sion models, respectively. Finally, based on reported
CVDs risk factors, potential confounders (age, sex, BMI,
smoking, physical activity, total energy intake, occupa-
tion, education level, marital status, and family history)
were identified (Kerver et al., 2003).

RESULTS

A total of 399 participants who underwent elective coro-
nary angiography were included in the study. The char-
acteristics of study participants are summarized in a pre-
viously published article (Al-Shudifat et al., 2019). The
majority of participants were male (n=239, 59.9%), and
participants had a median age of 51 years. Mean fasting
blood glucose levels in both male and female were high-
er in cases than controls. Additionally, blood triglyceride
(TG) levels were higher in cases than controls, although
this was only statistically significant for male. Significant
differences in physical activity measured as metabolic
equivalent (min/wk) were detected among the two
groups; overall, cases were less active than controls, and
reported more previous health problems than controls
(Al-Shudifa et al., 2019). Intakes of white bread of over
two servings/d significantly increased the risk of CVD
with an AOR of 3.06 (95%, CI: 1.37 ~6.84), whereas in-
takes of over two servings/d of wholegrain bread signifi-
cantly reduced the risk to approximately 53% (AOR: 0.47,
95% CI: 0.24~0.93, Table 1). The same trends of in-
creased risk of CVD with daily white bread consumption
and reduced risk with daily wholegrain bread consump-
tion is depicted in Table 2. However, no significant differ-
ences were detected for risk of CVD with the other tested
grains and legumes except for the cornflakes. Consum-
ing cornflakes on a weekly basis had a protective effect
against CVD (OR: 0.15, 95% CI: 0.03~0.96). However,
consumption trends of all these foods were insignificant

even within the white and wholegrain bread categories.

DISCUSSION

There is great interest in identifying the optimal diet for
cardiovascular health. The global burden of disease stud-
ies considers diet as a crucial element behind the increas-
ing number of people with diabetes, obesity, hyperten-
sion, and CVD. The present study aimed to examine the
possible association between grains and legumes and the
risk of CVD.

This results highlighted that higher consumption of
white bread is associated with higher CVD risk. More-
over, it indicated that increased intake of wholegrain bread
is associated with lower risk of developing CVD. These
two findings are consistent with results reported in previ-
ous studies (Grundy et al., 2004; Holleender et al., 2015).
In a meta-analysis, Holleender et al. (2015) showed that
wholegrains lower the risk of developing CVD. Indeed,
wholegrains lowered low density lipoprotein-cholesterol
(LDL-C; weighted difference: 20.09 mmol/L, 95% CI:
20.15~20.03 mmol/L, P-1vend=0.01) and total cholesterol
(TC; weighted difference: 20.12 mmol/L, 95% CI: 20.19
~20.05 mmol/L, P-1rend=0.001) compared with controls
(Hollaender et al., 2015). Furthermore, McKeown et al.,
(2002) conducted a cross-sectional study of 2,941 in-
dividuals aged 26 to 82 years to examine the association
between diets rich in whole- and refined-grain and se-
rum lipid profiles. The wholegrain intakes from the low-
est to the highest quintile were inversely associated with
TC levels (5.21, 5.14, 5.25, 5.18, and 5.08 mmol/L, re-
spectively; P-rrena=0.02), LDL-C levels (3.17, 3.14, 3.22,
3.17, and 3.04 mmol/L, respectively; P-trend=0.006), and
TG levels (1.70, 1.60, 1.61, 1.66, and 1.56 mmol/L, re-
spectively; P-rrend=0.02). In addition, in a double-blind,
randomized, and controlled crossover trial, 40 overweight
or obese male and female aged <50 years without a his-
tory of CVD consumed wholegrain and refined grain diets
for two 8-week periods. The authors reported significant
reductions in systolic blood pressure, TC, LDL-C, body
fat, and body weight following wholegrain consumption
(Kirwan et al., 2016).

A meta-analysis of 10 prospective cohort studies (24
reports) was conducted by Mirrahimi et al. (2012) to in-
vestigate the potential associations between glycemic in-
dex (GI) or glycemic load (GL) with the incidence of CHD
(Mirrahimi et al., 2012). The analysis indicated that the
highest quantile had an increased risk of CHD vs. the
lowest quantile for GI [relative risk (RR): 1.11, 95% CI:
0.99~1.24] and GL (RR: 1.27; 95% CI: 1.09~1.49). The
higher dietary fiber content of wholegrains, especially of
viscous soluble fiber (B-glucans), contributes to these
beneficial effects (Tighe et al., 2010).
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Table 1. Association between the consumed servings of cereals and legumes and CVD among the study participants

Number of grain and legume servings consumed

Food consumed <1W22'|;V|;/ng 1~6 servings weekly >1 serving daily Frvalue
White bread 0.071
Case 17 3 185
Control 25 7 162
AOR (95% CI) 1 1.34 (0.25~7.05) 3.06 (1.37~6.84)
Whole wheat bread 0.342
Case 168 10 27
Control 153 8 33
AOR (95% CI) 1 0.879 (0.31~2.62) 0.47 (0.24~0.93)
Cooked rice 0.501
Case 10 81 114
Control 4 95 95
AOR (95% CI) 1 0.56 (0.14~2.32) 1.22 (0.29~5.18)
Macaroni 0.354
Case 157 48 -
Control 156 38 -
AOR (95% CI) 1 1.33 (0.75~2.35) -
Bulgur 0.780
Case 161 40 4
Control 150 40 4
AOR (95% CI) 1 0.96 (0.53~1.72) 1.01 (0.22~4.67)
Cooked beans 0.390
Case 177 28 —
Control 173 21 -
AOR (95% CI) 1 1.13 (0.54~2.37) -
Falafel 0.539
Case 66 106 33
Control 60 97 37
AOR (95% CI) 1 0.85 (0.50~1.44) 0.64 (0.31~1.36)
Hummus 0.196
Case 62 117 26
Control 50 112 32
AOR (95% CI) 1 0.83 (0.48~1.43) 0.56 (0.25~1.28)
Legumes coup (at winter) 0.171
Case 32 94 77
Control 19 95 80
AOR (95% CI) 1 0.64 (0.30~1.40) 0.65 (0.28~1.52)

AOR was adjusted for age, sex, total energy, physical activity, body mass index, education level, income level, marital status, family
history of CVD, existence of health problem, and number of diseases.
CVD, cardiovascular disease; AOR, adjusted odds ratio: CI, confidence interval: —, not significant.

A meta-analysis of 22 prospective cohort studies showed
that total dietary fiber consumption was inversely asso-
ciated with risk of CVD (RR: 0.91, 95% CI: 0.88~0.94)
(Threapleton et al., 2013). Furthermore, in a cohort study
conducted to assess the association between long-term
dietary fiber intake and CHD, higher dietary fiber con-
sumption was associated with lower risk of CHD. Indeed,
each additional 10 g of recent dietary fiber intake was in-
versely associated with CHD [hazard ratio (HR): 0.83,
95% CI: 0.70~0.98] (Streppel et al., 2008). The degree
of cereal processing in addition to the fiber content may
play a crucial role in the ability of wholegrains to aid pre-
vention of CVD by modifying the impact of grain intake

on the risk of CVD (Streppel et al., 2008). The refining
process reduces the amount of dietary fiber due to remov-
al of the bran and the germ, which leads to loss of their
nutritional benefits, including reductions in blood pres-
sure and blood cholesterol levels (Whelton et al., 2005).
Moreover, this process enhances the bioavailability and ac-
celerates the digestion of starch in the endosperm, which
increases rapid glycemic responses (Ludwig, 2002). In ad-
dition, higher contents of minerals, phytochemicals, and
fatty acids in wholegrains are likely to have major roles
in explaining these inverse associations. The high con-
tents of antioxidants in the wholegrains also clarifies the
reversal effects on CVD (Cilinoiu and Vodnar, 2018;
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Table 2. Association between the frequency of cereal and legume consumption and CVD among the study participants

Food item Rarely Monthly Weekly Daily P-value
White bread 0.123
Case 16 - - 186
Control 22 - — 164
AOR (95% CI) 1 — — 0.89 (1.16~4.87)
Whole wheat bread 0.322
Case 162 - 29
Control 144 — 34
AOR (95% CI) 1 — 1.02 (0.41~2.50)
Cooked rice 0.969
Case 6 - 46 152
Control 3 — 53 138
AOR (95% CI) 1 — 0.41 (0.08~2.04) 0.66 (0.14~3.12)
Macaroni 0.716
Case 63 34 106 -
Control 68 20 106 —
AOR (95% CI) 1 2.49 (1.06~5.89) 1.36 (0.81~2.30) -
Bulgur 0.888
Case 28 50 118 9
Control 33 36 117 8
AOR (95% CI) 1 1.95 (0.88~3.32) 1.61 (0.81~3.22) 1.53 (0.44~5.34)
Unsweetened cornflakes 0.115
Case 194 7 4 -
Control 179 3 12 -
AOR (95% CI) 1 3.10 (0.68~14.07) 0.15 (0.03~0.96) -
Cooked beans 0.468
Case 64 108 31 -
Control 64 107 21 -
AOR (95% CI) 1 0.97 (0.58~1.64) 1.44 (0.65~3.18) -
Falafel 0.654
Case 35 4 104 62
Control 26 3 113 52
AOR (95% CI) 1 1.97 (0.31~12.34) 0.74 (0.38~1.43) 0.94 (0.44~2.05)
Hummus 0.801
Case 30 4 117 54
Control 25 3 118 48
AOR (95% CI) 1 1.47 (0.22~9.67) 0.86 (0.43~1.69) 0.95 (0.43~2.10)
Legumes soup 0.086
Case 45 90 12 22
Control 28 94 13 27
AOR (95% CI) 1 0.66 (0.33~1.31) 0.73 (0.25~2.18) 0.45 (0.17~1.20)

AOR was adjusted for age, sex, total energy, physical activity, body mass index, education level, income level, marital status, family
history of CVD, existence of health problems, and number of disease.
CVD, cardiovascular disease; AOR, adjusted odds ratio; CI, confidence interval; —, not significant.

Francavilla and Joye, 2020). A previous study showed that
phenolic compounds in wholegrains may inhibit LDL-C
oxidation and platelet aggregation, two known risks for
the incidence of CVD (Kris-Etherton et al., 2002). Also,
wholegrains contain crucial minerals such as iron, zinc,
copper, and selenium, which are considered indirect an-
tioxidants that play key roles as cofactors of radical scav-
engers such as vitamin E and other antioxidant com-
pounds that can stop chain reactions that lead to produc-
tion of oxidative free radicals (Fardet, 2010). One of the
proposed mechanisms for protective effects of whole-
grains against hypertension is its ability to decrease gene

expression of inflammatory markers while enhancing ex-
pression of anti-inflammatory markers (Borneo and Ledn,
2012). Moreover, many other minerals present in whole-
grains such as magnesium and potassium may help low-
er blood pressure (Lee et al., 2008).

No significant associations were detected between CVD
and the other tested grains and legumes, except for the
unsweetened cornflakes. Consuming cornflakes on a
weekly basis had a protective effect against CVD (AOR:
0.20, 95% CI: 0.04~0.97). From a nutritional point of
view, legumes are considered an important source of an-
tioxidants (such as vitamins and polyphenols), fiber, n-3
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fatty acids, bioactive compounds, and vegetable proteins
(Bouchenak and Lamri-Senhadji, 2013). The results of
our study showed that higher consumption of legumes
such as falafel, hummus, and legumes soup is associated
(but not significantly) with a lower risk of CVD develop-
ment. These results are consistent with previous studies
(Flock and Kris-Etherton, 2011). Indeed, Li et al. (2017)
conducted a meta-analysis of six prospective cohort stud-
ies to explore the association between legume consump-
tion and risk of CVD-associated mortality (Li et al., 2017).
They did not find a statistically significant association
between legume consumption and risk of CVD mortality.
Through comparing the highest vs. lowest category, the
pooled RR was 0.96 (95% CI: 0.86~ 1.06, I*=38%; P-trend
=0.42) for CVD mortality (Li et al., 2017).

However, Marventano et al. (2017) conducted a system-
atic review and meta-analysis of prospective cohort stud-
ies showing high legume intake was associated with de-
creased risk of 10% for both CVD and CHD (RR: 0.90,
95% CI: 0.84~0.97) (Marventano et al., 2017). The pool-
ed analysis showed null results with no substantial de-
crease in the risk of stroke with increased intake of le-
gumes (RR: 1.01, 95% CI: 0.89~1.14). Marventano et
al. (2017) stated that the impact of legumes on the risk
of CVD and CHD may arise due to their intrinsic charac-
teristics or because they are a substitute for unhealthy
sources of protein. In contrast, Papandreou et al. (2019)
documented that higher intake of legumes (chickpeas,
lentils, and fresh peas) and dry beans was significantly
associated with higher risk of CVD mortality, with HRs
of 1.52 (95% CI: 1.02~2.89, P1end=0.034), 2.23 (95%
CL: 1.32~3.78, P-1rena=0.002), respectively (Papandreou
etal, 2019).

One surprising result of our study was that frequent
consumption of cornflakes had a protective trend against
CVD development. In general, cornflakes are classified
as a food with a high GI (Atkinson et al., 2008), which
has been documented in previous randomized control
trials and intervention studies to increase the risk of CVD
in male and female with different outcomes (Yadav et
al., 2016). Previous studies that support or contradict our
finding are limited, although a recent study showed a
different effect of cornflakes on lipid profiles. In the dou-
ble-blind randomized study the effect of different types
of flakes on serum lipid profiles of humans (n=40) suf-
fering from moderately raised serum cholesterol was in-
vestigated (Trinidad et al., 2004). The authors found that
serum TC and LDL-C levels were significantly reduction
following consumption of all types of flakes, except for
cornflakes. Although cornflakes did not lower serum TC
and LDL-C, they reduced serum TGs by 14.5%, an effect
that was comparable to other kinds of flakes. A possible
explanation is that most consumed type of cornflakes is
unsweetened with dried fruits cornflakes (as reported by

our study participants). This type of cornflake can add
nutritional value to the total fiber and antioxidants con-
sumed by controls.

A main strength of this study is use of a validated Ar-
abic FFQ, which was modified to reflect food consump-
tion pattern in Arab countries, especially Jordan. Further-
more, use of food models and measuring tools to esti-
mate portion sizes may have improved the accuracy of
the collected data. A major limitation of this study was
use of a dietary assessment tool that depends on memory
recall. The one-year dietary recall period, which is what
is usually used in FFQs, may not represent a sufficient
amount of time to conclude an association between grain
and legume consumption and CVD risk. The association
between grain and legume consumption and CVD may
have been developing for several years. However, we be-
lieve that the recall period of one year is likely represen-
tative of previous years. Another limitation was difficulty
of matching females in case and control groups by age.
However, we attenuated the effect possible differences in
age by adjusting for age in all statistical analyses. Group-
ing as cases and controls was dependent on the results
of the coronary angiography, which is not generally con-
ducted for normal subjects. Even though sample sizes
were relatively small, we calculated the required sample
size to be approximately 385 subjects, which took one
year to achieve.

In general, the findings of our study support the rec-
ommendation of increasing consumption of wholegrain
bread as a protective factor against CVD. Daily whole-
grain bread consumption was significantly correlated with
reduced risk of developing CVD. However, daily consump-
tion of refined bread was significantly associated with
risk of CVD. The unexpected finding was the protective
effect of unsweetened cornflakes against CVD.
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