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Abstract

Background: The carbohydrate-to-fiber ratio is a recommended measure
of carbohydrate quality; however, its relation to incident coronary heart
disease (CHD) is currently well known but, the fast changes of the life
styles done some modification in relation between the heart disease and
carbohydrates, so this relation an important and need contentious

investigation to functionalize this relation in improving our health.

Aim of study: To assess the relation between various measures of
carbohydrate quality and incident cardiovascular disease and investigate

the role of others parameters which can be affect this relation.

Key words: Carbohydrates, carbohydrate quality, diet quality, whole
grains, type 2 diabetes, starch, fiber.

Introduction

Carbohydrates represent a broad group of substances that include the
sugars, starches, gums and celluloses. The common attributes of
carbohydrates are which contain only the elements carbon, hydrogen and
oxygen, and that their combustion will yield carbon dioxide plus one or

more molecules of water.

Carbohydrates are the primary source of energy in one's diet. As long as
the physical activity equals the intake of carbohydrates, the metabolism is
balanced. But, more often than not, it is not the case. Excess
carbohydrates get stored or converted into lipids and definitely pose a

threat to cardiovascular health.




Cardiovascular disease (CVD) is a general term for conditions affecting
the heart or blood vessels. It's usually associated with a build-up of fatty
deposits inside the arteries (atherosclerosis) and an increased risk of
blood clot.

Despite significant advances in cardiovascular medicine over the past 50
y, heart disease remains the leading cause of death for both men and
women in the United States . While data from NHANES indicate a
decline in the prevalence of major coronary heart disease (CHD) risk
factors such as hypertension, dyslipidemia, and tobacco use @, other
factors such as overweight and obesity, diabetes, and the metabolic
syndrome remain highly prevalent ©*. Many of the chronic conditions
which predispose to CHD are largely driven by unhealthy behaviors, such
as poor dietary habits and physical inactivity. In fact, <80% of the risk for
CHD events could be attributable to a lack of adherence to a healthy

lifestyle © 7.

While diet has always been a major focus in the prevention of CHD,
guidelines have historically emphasized a low-fat (and in particular low—
saturated fat) diet ® ?. This has had important clinical implications as
many individuals have adopted low-fat, high-carbohydrate diets in an
attempt to reduce their risk for CHD. Compared with total carbohydrates,
saturated fat intake was not significantly associated with CHD or
cardiovascular disease outcomes. However, saturated fat was associated
with increased risk of CHD compared with high-quality carbohydrates
such whole grains or unsaturated fats. Although the associations between

total daily carbohydrate consumption and CHD have been inconsistent,




certain sources of carbohydrates such as refined grains and added sugars

have been found to be associated with CHD.

Cardiovascular disease (CVD) and diabetes are health conditions that are
strongly influenced by a person's diet. Although the best diet to prevent
CVD and diabetes is uncertain, reducing intake of saturated and trans
unsaturated fats is known to help lower cardiovascular risk. However,
even diets low in these fats can vary widely in other energy providing
nutrients, particularly carbohydrates. This study will determine the effects
of a higher versus lower carbohydrate diet, each with a high or low

glycemic index (GI) composition, on risk factors for CVD and diabetes.

Literature review

In 2010, the American Heart Association defined an ideal diet as part of
its 2020 Impact Goals. One component of the ideal diet was fiber-rich
whole grains, defined as having a carbohydrate-to-fiber ratio of <10:1 “?,
Research suggests that the measure of carbohydrate quality appears to be
superior to other consumer-oriented methods for identifying a restricted
set of grain foods commonly consumed in Boston-area markets *. In
addition to that, a recent study indicated that this ratio can also be useful
in evaluating the overall carbohydrate quality of the diet where it was
positively associated with risk of type 2 diabetes among women %
However, its relation to CHD outcomes has not been defined. Therefore,
the purpose of the present study was to examine the association between
the carbohydrate-to-fiber ratio and other measures of carbohydrate quality

and quantity and incident CHD in a large cohort of US men and women.




Early prospective studies done by Morris, Garcia et al, reported the
cardioprotective effect of total carbohydrate intakes and intake of dietary
fiber “**%) They were relatively underpowered and confounding of
results by a range of factors certainly could not be excluded. During the
past 20 years, results have been published from a substantial number of
prospective studies involving cohorts of sufficient size to enable
examination of potentially confounding factors. There has been particular
emphasis on the cardioprotective role of cereal grains and dietary fiber.
Most studies define wholegrain as either intact or milled grain with bran,
germ and endosperm in the same proportion as the unmilled grain.
Wholegrain foods have generally been arbitrarily defined as those foods
with more than 25% wholegrain or bran content by weight “®. Other
studies have been systematically reviewed (for example Liu, 2002;
Truswell, 2002; Hu, 2003; Slavin, 2003; Flight and Clifton, 2006) ©'*®
and meta-analysed (Anderson, 2002, 2003) “?. Despite the use of
different instruments for assessing dietary intake, the results of the studies
show a remarkably consistent trend. Meta-analysis, involving four of the
largest published studies, suggested a 28% reduction in risk of CHD
when comparing individuals in the highest and lowest quintiles of intake
of wholegrains (relative risk 0.72, 95% confidence intervals: 0.48, 0.94)
(Anderson 2003) “?. The size of the most recent cohort studies has
enabled analyses to examine the extent to which these findings might be
confounded by other cardioprotective factors. While residual confounding
cannot be excluded with absolute certainty, such analyses provide
reasonable evidence that wholegrains protect against CHD regardless of
the degree of adiposity and other measured variables associated with
healthy lifestyles and eating habits.




However, it is acknowledged that people who consistently eat wholegrain
breads do indeed have different lifestyles from those who do not, and it
may not be possible in epidemiological studies to measure all attributes of

lifestyle.

During the 1960s, Yudkin (1964) and co-workers reported strong
associations between high sugar intakes and CHD. The data were cross-
sectional and flawed (Keys, 1971; Truswell, 1987) “. The lowa
Women's Health Study found no relationship between intake of sweets
and desserts and CHD in over 30 000 women followed for 9 years
(Jacobs et al., 1998) “?. The glycaemic index (GI; and more recently the
glycaemic load, GL) has provided a means of determining the extent to
which carbohydrate-containing foods may determine cardiovascular risk
through their potential to raise blood glucose. Liu et al. (2000b) reported
from the Nurses' Health Study that women who consumed diets with a
high-glycaemic load (that is high in rapidly digested starches) were at
increased risk of CHD compared with those with a lower consumption; a
twofold increase in risk over a 10-year follow-up was observed when
comparing those in the highest and lowest quintiles of intake. The effect
appeared to be independent of total energy intake and other

cardiovascular risk factors %%,

The joint WHO/FAO Expert Consultation on Diet, Nutrition and the
Prevention of Chronic Disease (WHO Technical Report Series 916, 2003)
considered that the evidence suggesting a cardio-protective effect of fruits
and vegetables was ‘convincing’ and that relating to wholegrain cereals
and NSP was ‘probable’. The evidence that high intakes of total
carbohydrate might increase the risk of cardiovascular diseases was

considered to be ‘insufficient” ¥,




In the Nurses’ Health Study and the Health Professionals Follow-up
Study, a statistically significant relative risk of about 1.4 was observed
when comparing diabetes rates in the highest and lowest quintiles of
dietary glycaemic load, after adjusting for potentially confounding factors
(Salmeron et al., 1997a, 1997b). A high dietary glycaemic index was also
found to be associated with an increased risk of type Il diabetes in the
Melbourne Collaboration Cohort Study (Hodge et al., 2004) >,

Women who developed gestational diabetes in the Nurses’ Health Study
had lower intakes of dietary fibre and higher dietary glycaemic load than
those who did not (Zhang et al., 2006) “®,

Results

During 1905,049 person-years of follow-up in the NHS there were a total
of 3267 CHD events, and during 921,975 person-years of follow-up in
the HPFS there were 4053 CHD events. The age-adjusted baseline
characteristics of the study participants, according to quintiles of
carbohydrate, starch, and cereal fiber intake. In general, men and women
with higher intakes of carbohydrate and starch had higher glycemic index
and glycemic load values, were more likely to have hypercholesterolemia
but, were less likely to smoke, and had similar family histories of CHD to
those with lower intakes of carbohydrate and starch. Men and women
with higher intakes of cereal fiber were more likely to be physically

active, and consumed less saturated fat and alcohol.
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Significant correlations were noted in both study populations between
baseline intakes of carbohydrate, starch, total fiber, cereal fiber, starch-
to—total fiber ratio, starch-to—cereal fiber ratio, glycemic index, and
glycemic load, with correlation coefficients ranging from —0.69 (total
fiber and carbohydrate-to—total fiber ratio) to 0.95 (carbohydrates and

glycemic load).

After 1,905,047 (NHS) and 921,975 (HPFS) person-years of follow-up,
the study identified 7,320 cases of incident CHD. In models adjusted for
age, lifestyle behaviors, and dietary variables, the highest quintile of
carbohydrate intake was not associated with incident CHD (pooled-RR =
1.04; 95% CI: 0.96, 1.14; P-trend = 0.31). Total fiber intake was not
associated with risk of CHD (pooled-RR = 0.94; 95% CI: 0.85, 1.03; P-
trend = 0.72), while cereal fiber was associated with a lower risk for
incident CHD (pooled-RR = 0.80; 95% CI: 0.74, 0.87; P-trend < 0.0001).
In fully adjusted models, the carbohydrate-to—total fiber ratio was not
associated with incident CHD (pooled-RR = 1.04; 95% CI: 0.96, 1.13; P-
trend = 0.46). However, the carbohydrate-to—cereal fiber ratio and the
starch-to—cereal fiber ratio were associated with an increased risk for
incident CHD (pooled-RR =1.20; 95% CI: 1.11, 1.29; P-trend < 0.0001

~11 ~




Discussion

A growing body of literature relates various measures of carbohydrate
quality to important health outcomes, including diabetes, CHD, and
mortality. In this prospective cohort study, it was found the carbohydrate-
to—cereal fiber ratio and the starch-to—cereal fiber ratio, but not the
carbohydrate-to-fiber ratio, to be important measures of carbohydrate
quality that were associated with a 20% and 17% increased risk for
incident CHD, respectively. These findings were largely driven by the
strong and consistent inverse association between cereal fiber intake and

CHD outcomes.

There is no evidence that total daily carbohydrate or starch intake was
associated with an increased risk for incident CHD. Data from the
Framingham Offspring study showed an evidence for the association
between the highest quintile of daily carbohydrate consumption and low
HDL and high triglycerides, known risk factors for CHD “”. Similarly,
data from the Shanghai Men's and Women's Health Study showed that the
highest quartile of daily carbohydrate intake was associated with a nearly
3-fold increase in risk for incident CHD “®. Conversely, and consistent
with our findings, the Singapore Chinese Health Study showed no
evidence of increased risk for CHD according to total daily carbohydrate
and starch intake. The Prospective Urban Rural Epidemiology (PURE)
study, a prospective cohort study with 135,335 participants from 18
countries, has found that participants with the highest carbohydrate intake
(77% of daily energy intake) did not have a higher risk of cardiovascular
disease than did those at the lowest quintile of intake (46% of daily
energy intake). However, this study and the PURE study cannot be

compared because most participants of the PURE study were in low-
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income countries where the diet was heavily composed of carbohydrates
from refined sources such as white rice—a characteristic of poverty diets,
which are also high in sodium and low in animal fat and vegetable oils,
and therefore the individual effects of diet and poverty cannot be
separated. The inconsistent findings between carbohydrate intake and
CHD risk may reflect the dietary fiber and whole-grain content of the diet

in the aforementioned study populations.

In the NHS, its found that total daily fiber and cereal fiber were
associated with an 18% and 33% reduced risk for CHD, respectively. In
the HPFS, only cereal fiber was significantly and inversely associated
with CHD risk. These findings are consistent with a recent meta-analysis
of 17 cohort studies involving >900,000 participants where the highest
tertial of dietary fiber intake was associated with a 16% reduced risk of

all-cause mortality

. Fruit and vegetable fiber, however, were not
associated with a significantly reduced risk for CHD in our combined
populations. These findings are similar to prior published data from the
HPFS, where fruit and vegetable fiber were not associated with a reduced
risk of CHD. The lack of association between fruit and vegetable fiber
and risk of CHD could be because fiber in fruits and vegetables works
synergistically with the other components of the whole foods, which
could explain the limited benefit of isolated or synthetic fiber compared

with whole foods such as fruits and vegetables.

In addition to the inverse association of daily fiber intake and CHD, and
in particular cereal fiber, we found the carbohydrate-to—cereal fiber ratio
and the starch-to—cereal fiber ratio to be important measures of
carbohydrate quality as it relates to CHD. These ratios likely reflect the
extent to which fiber and whole grains are present in the diet. This is

consistent with a large body of evidence linking whole-grain
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consumption with important health outcomes ©°.

Recently, the
Scandinavian HELGA cohort observed a 32% reduction in all-cause
mortality for women and a 25% reduction in all-cause mortality for men
in the highest compared with the lowest quartile of whole-grain product
consumption. Similar associations between whole-grain intake and all-
cause mortality were noted in prior publications involving the HPFS, and
with CHD events in the NHS. A recent meta-analysis of 18 studies
involving >14,000 patients also found whole-grain consumption to be
associated with a 21% reduced risk for CHD. Much of the benefits from
some whole grains could be completely attributable to the cereal content,
but more detailed feeding studies with exact measures of intake may be
necessary to tease out the factors most responsible for the beneficial

effect of cereal whole grains.

Other measures of carbohydrate quality also have strong associations
with CHD risk. Prior data from the NHS suggest that diets with a high
glycemic load are associated with a nearly 2-fold increased risk for
incident CHD ©%. Similarly, in a meta-analysis of 37 prospective cohort
studies, diets with a high glycemic index and glycemic load were both
associated with an increased risk for a number of chronic diseases
including diabetes and CHD. Taken together, these findings suggest a

robust relation between measures of carbohydrate quality and CHD.

A number of potential mechanisms explain how carbohydrate quality
measures, such as the carbohydrate-to—cereal fiber ratio and the starch-
to—cereal fiber ratio, are associated with CHD risk. First, low ratios are
consistent with a diet rich in fiber and whole grains. Such diets have been
shown to improve postprandial glucose and insulin responses, enhance

satiety, and reduce overall energy intake. In related work, data from the
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Multi-Ethnic Study of atherosclerosis (MESA) study showed that diets
rich in whole grains were inversely associated with obesity, insulin
resistance, inflammatory markers, elevated fasting glucose, and incident
diabetes. Conversely, when diets are lacking adequate fiber and whole
grains, there is an increased risk for diabetes. Recent work involving
>70,000 participants in the NHS found that diets high in refined grains
(defined by high carbohydrate-to—cereal fiber and starch to cereal fiber
ratios) were associated with a 28% and 39% increased risk of incident
type 2 diabetes mellitus, respectively. Cardiometabolic risk related to a
diet high in refined grains has also been associated with other potent risk
factors for CHD, including hypertension, dyslipidemia, and impaired

fibrinolysis ©?.

So, the previous studies confirm the consistent association between
dietary fiber, especially cereal fiber and risk for CHD. Furthermore,
although the positive association between the carbohydrate-to—cereal
fiber ratio and the starch-to—cereal fiber ratio and risk of CHD was
mainly driven by cereal fiber, the ratios were predictive of risk of type 2
diabetes in a previous study and warrant further research in relation to
health endpoints in diverse populations. Given these associations, future
work should focus on how these global measures of carbohydrate quality

are related to the primary and secondary prevention of CHD.
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Conclusion

Dietary cereal fiber appears to be an important component of
carbohydrate quality. The carbohydrate-to—cereal fiber ratio and the
starch-to—cereal fiber ratio, but not the carbohydrate-to-fiber ratio, was
associated with an increased risk for incident CHD. This trial was
registered at clinicaltrials.gov as NCT03214861. Am J Clin Nutr
2018;107:257-267.

These cross-sectional findings support the hypothesis that a high Gl diet
unfavorably affects CVD risk factors and therefore, substitution of high

with low Gl dietary carbohydrates may have reduce the risk of CVD.

Whole grains, fruits, and vegetables and an overall low GL diet appear to
reduce the risk of CVD and type 2 diabetes in men and women of all
ages. Dietary approaches to risk reduction may be particularly effective
among the most susceptible individuals—those who are overweight and
insulin resistant. The recommendation to follow a diet that includes an
abundance of fiber rich foods in order to prevent CVD and diabetes is

based on a wealth of consistent scientific evidence.

Low glycaemic index foods may confer benefits in terms of lowering
total cholesterol and improving glycaemic control in people with
diabetes. However, it is not clear whether these benefits are independent
of the effects of dietary fibre or the fact that low glycaemic index foods
tend to have intact plant cell walls. Furthermore, it is uncertain whether
functional and manufactured foods with a low glycaemic index confer the
same long-term benefits as low glycaemic index predominantly plant-

based foods.
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Recently reported that a high dietary GI was associated with a higher
prevalence of the metabolic syndrome in the Framingham Offspring
Cohort, while neither total carbohydrate intake nor dietary GL were

associated with this syndrome.
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