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Abstract
In the past decades, dietary guidelines focused on reducing saturated fat as the primary strategy for cardiovascular disease
prevention, neglecting the many other potential effects of diet on health, in particular the harmful effects of sugar. A greater
intake of soft drinks (sugar-sweetened beverages), for example, is associated with a 44% increased prevalence of metabolic
syndrome, a higher risk of obesity, and a 26% increased risk of developing diabetes mellitus. Carbohydrates comprise
around 55% of the typical western diet, ranging from 200 to 350 g/day in relation to a person’s overall caloric intake. For
long-term weight gain, food rich in refined grains, starches, and sugar appear to be major culprits. Low-carbohydrate diets
restrict daily carbohydrates between 20 and 50 g, as in clinical ketogenic diets. The results of controlled trials show that
people on ketogenic diets (a diet with no more than 50 g carbohydrates/day) tend to lose more weight than people on low-fat
diets. Moreover, there is no good evidence for recommending low-fat diets, as low-carbohydrate diets lead to significantly
greater weight loss (1.15 kg) than did low-fat interventions. However, the magnitude of such a benefit is small. As the quality
of ingested carbohydrates seems more important than the quantity for health outcomes, people with metabolic disorders
should avoid or substantially reduce low-fiber, rapidly digested, refined grains, starches, and added sugars. So, the
consumption of the right carbohydrates (high-fiber, slowly digested, and whole grains), in a moderately lower amount
(between 40 and 50% of daily energy content), is compatible with a state of good health and may represent a scientifically-
based and palatable choice for people with metabolic disorders.
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Introduction

“Too much of a good thing” may be toxic
(Anonymous)

In the last decades, dietary recommendations have
mainly focused on dietary fat, blood cholesterol, or total

calories, hiding the many other potential effects of diet on
health. We now know that diet can influence not only
glucose and lipid levels, but also other cardiometabolic risk
factors, such as oxidative stress, inflammation, and endo-
thelial health, hardly considered before to be diet-linked
[1, 2]. We also know that diets focused on isolated nutrient
targets, such as low-fat diets, produce little clinical benefit
on cardiovascular (CV) disease, diabetes mellitus, or insulin
resistance [3]. By contrast, healthy dietary patterns, such as
Mediterranean diet patterns, are consistently associated with
lower risk of clinical events [4–7]. And finally, we know
that the quality of foods affect weight homeostasis in the
long-term, in such a way that all calories are not equal for
long-term adiposity.

The carbohydrates are not all the same

By 1967, both sugar and saturated fat were identified as
mortality risk factors [8]. Mortality rates in the US at that
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time were one of the highest in the world, with about 820
deaths per 100,000 persons per year, and were the same for
both sugar consumption (130 pounds per year) and saturated
fat (33% of total daily calories). In Italy, mortality rates were
eight-fold lower (about 100 per 100,000 persons per year)
and were associated with a saturated fat consumption of 10%
of total daily calories, and sugar consumption of 40 pounds
per year. Despite this evidence, for decades following those
data, dietary guidelines focused on reducing saturated fat as
the primary strategy for CV disease prevention.

When consumed in excess, both sugars and saturated fat
are markers of Western dietary patterns associated with
increased chronic disease risk [9]. Carbohydrate-rich foods
bring about half or more of all calories in most diets.
However, it has become clear that not all carbohydrates
are the same and that the quality of carbohydrate-rich
foods is linked to risk. Foods rich in dietary fiber and
whole grain contents (such as fruits, legumes, vegetables,
and whole grains) are protective, whereas foods rich in
refined grains (such as white bread, white rice, cereal,
crackers, and bakery desserts), starches (potatoes), and
added sugars (sugar-sweetened beverages, candy) are
harmful. As it happens for total fat, the cardiometabolic
effects of total carbohydrate are modified by the quality of
the carbohydrate.

The added sugar: a threaten to
cardiometabolic health

Despite decades of dietary guidelines promoting low-fat
eating, obesity has continued to strike at an alarming rate. A
greater intake of soft drinks (sugar-sweetened beverages,
SSBs) is associated with a 44% increased prevalence of
metabolic syndrome [10], a higher risk of obesity [11], and
a 26% increased risk of developing diabetes mellitus [12].
The association of soft drink consumption with obesity and
higher insulin resistance has been attributed to multiple
factors, including greater caloric intake, its high fructose
content, less satiety, and a positive general effect of con-
suming refined carbohydrates [13].

In order to limit their consumption, it has been proposed
adding taxes to processed foods that contain any form of
added sugars, defined as any sweetener containing the
molecule fructose added to food in processing. This would
include carbonated soft drinks, sports drinks, and energy
drinks. Currently, a US citizen consumes an average of
216 L of soda per year, of which 58% contains sugar:
translating in calories, this means about >600 calories per
person per day [14]. The US does not have a nationwide
soda tax, but a few of its cities have passed their own tax.
The first US sugar tax on SSBs introduced in Berkeley,
California, has been associated with soft drink sales fall by

almost 10% [15]. Whether these taxes ultimately improve
health outcomes remains unknown. However, when the
consumption of harmful foods has been prohibited or
regulated by law, there has been an improvement of health
outcome.

For example, New York City was the first large metro-
politan area in the US to restrict transfatty acids, recognized
as non-safe by FDA on June 16 2015, in eateries (restau-
rants, bakeries, cafeterias, senior-meal programs, mobile
food-vending units, soup kitchens, park concessions, street-
fair food booths). A retrospective observational pre-post
study [16] of residents in counties with trans-fatty acids
restrictions versus counties without restrictions demon-
strated a 4.5% reduction in CV mortality in counties within
1 year after restrictions, which translated to 13 fewer CV
deaths per 100,000 persons per year.

Obesity, metabolic syndrome, and type 2
diabetes

The results from the Global Burden of Disease obtained in
195 Countries over 25 years show that a total of 107.7
million children and 603.7 million adults were obese [17].
Around 40% of US adults and 19% of US children are now
obese; moreover, more than half of today’s children are
expected to be obese by age 35 years [18]. More than 29
million US adults have diabetes [19]; without major chan-
ges, as many as 1 in 3 US adults could have diabetes by
2050. By 2012, more than one-third (34–35%) of all US
adults met the criteria for metabolic syndrome, with the
highest burden being among adults with low socioeconomic
status [20]. Metabolic syndrome is not driven solely by the
rising prevalence of obesity among US adults, as its pre-
valence was constant over time even among the nonobese
people. Prevalence of metabolic syndrome increases with
age: given the demographic trend in the western population
of increasing age, a further increase in metabolic syndrome
prevalence is to be expected, associated with a concomitant
increase in related chronic diseases and conditions.

Low-carbohydrate (carb) diets

Carbohydrates comprise around 55% of the typical western
diet, ranging from 200 to 350 g/day in relation to a person’s
overall caloric intake. Low-carb diets restrict daily carbs
between 20 and 50 g, as in clinical ketogenic diets. Given
the variable reduction of sugars and starches, the body
reduces insulin secretion and switches to burning fat, and
this happens primarily on the very low-carb diet. In this
metabolic state—i.e., nutritional ketosis— the liver converts
fatty acids into ketone bodies that provide fuel to the body’s
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tissues; moreover, ketone bodies can penetrate the blood-
brain barrier and are used by the brain as a fuel.

Confirming the results of earlier systematic reviews
[21, 22], a more recent meta-analysis [23] of 13 randomized
controlled trials show that people on ketogenic diets (a diet
with no more than 50 g carbohydrates/day) tend to lose
more weight than people on low-fat diets. Tobias et al. [24]
did a systematic review and meta-analysis of randomized
trials comparing the long-term effect (≥1 year) of dietary
interventions on weight loss. According to their main con-
clusion, there is no good evidence for recommending low-
fat diets, as the difference in weight loss was just 0.36 kg
when low-fat weight loss diets were compared with various
other higher-fat weight loss diets. In fact, low-carbohydrate
diets led to significantly greater weight loss than did low-fat
interventions.

However, the magnitude of such a benefit is small: par-
ticipants prescribed low-carbohydrate diets lost only about
1 kg (1.15 kg) of additional weight after 1 year compared
with those advised to consume low-fat diets. Although
statistically significant, this difference is likely without
clinical meaning [25]. Furthermore, irrespective of the diet
prescription, the overall average weight loss in trials testing
interventions designed to reduce body weight is limited
(about 3.75 kg). This is in line with the results of large
randomized clinical trials with long-term dietary interven-
tions for weight loss showing that individuals under inten-
sive lifestyle interventions can lose about 4.8 kg [26].

One calorie is not always one calorie

The supposed beneficial effect of a low or very-low carb
diets on body weight may be due to the modulation of
resting energy expenditure. Under isoenergetic conditions,
Ebbeling et al. [27] found that a carbohydrate-restricted diet
is better than a low-fat diet for retaining an individual’s
basal metabolic rate. In other words, the quality of calories
consumed may affect the number of calories burned:
metabolism slowed by more than 400 kcal/day on a low-fat
diet while there was no significant decline in metabolic rate
on a very low-carb diet. On the other hand, long-term diet
adherence is low, irrespective of whether low-fat or other
diets, such as low-carbohydrate diets, are prescribed [28].

Extra-weight effects

Individuals with metabolic syndrome, insulin resistance
associated with obesity, and type 2 diabetes (all diseases of
carbohydrate intolerance) are likely to see improvements in
biomarkers of disease risk with well-formulated low or
very-low carbohydrate diet. Glucose control improves [29]

as a consequence of both less glucose introduction, and
improved insulin sensitivity. Beyond reducing weight and
insulin resistance, low-carb diets may also affect lipid
levels, and associate with improvements in triglycerides and
high-density lipoprotein (HDL) cholesterol levels, as well as
a shift from more harmful small, dense LDL particles to
less-harmful large, nondense particles; however, low-
density lipoprotein (LDL) cholesterol levels may show an
increase on the diet [30].

Dietary factors and cardiometabolic deaths

In the US, an estimated 45.4% of all cardiometabolic deaths
(n= 318,656 due to heart disease, stroke, and type 2 dia-
betes) were associated with suboptimal intakes of 10 dietary
factors in 2012 [31]. Among individual dietary components,
the largest estimated mortality was associated with high
sodium (9.5%), followed by low nuts/seeds (8.5%), high
processed meats (8.2%), low seafood omega-3 fats (7.8%),
low vegetables 7.6%), low fruits (7.5%), and high sugar-
sweetened beverages (7.4%), while the lowest estimated
mortality burdens were associated with low polyunsaturated
fats (2.3%) and high unprocessed red meats (0.4%).
Between 2002 and 2012, the total number of US cardio-
metabolic deaths associated with BBSs declined by 14.5%.
In addition to direct harms, low-quality carbohydrates such
as refined grains, certain potatoes, SSBs, and sweets may
increase cardiometabolic risk by displacing other, healthier
foods in the diet, e.g., fruits, vegetables, nuts, legumes, and
minimally processed whole grains.

The optimal diet for metabolic disorders

Meal planning should be individualized for individuals with
metabolic disorders, as it has been suggested for the diabetic
patient [32]. Moreover, the ideal percentage of calories from
macronutrients (carbohydrate, protein, and fat) may be not
the same for all people. A variety of eating patterns are
acceptable [33, 34], including Mediterranean [35, 36], dietary
approaches to stop hypertension (DASH) [37, 38], and plant-
based diets [39, 40]. All they are examples of healthful eating
patterns, although individualized meal planning should focus
on personal preferences, needs, and goals.

Dietary patterns that have demonstrated beneficial out-
comes share many characteristics, including increased con-
sumption of minimally processed foods such as fruits, nuts/
seeds, vegetables (excluding potatoes), legumes, whole
grains, seafood, yogurt, and vegetable oils (olive oil in the
Mediterranean diet); and fewer consumption of red meats,
processed (sodium-preserved) meats, and foods rich in
refined grains, starches, and added sugars. Such diets are
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higher in natural antioxidants, fiber, vitamins, minerals,
phenolics, and unsaturated (monounsaturated and poly-
unsaturated) fats, and lower in glycemic load, glycemic
index, salt, and trans fat.

Mediterranean diet produces significant cardiometabolic
benefits in people with metabolic disturbances [41, 42].
Increased consumption of high-quality foods cools down
inflammation, ameliorates endothelial dysfunction, and
reduces oxidative stress [43]. This in turn may improve
insulin sensitivity in the peripheral tissues, acting as a
barrier to the metabolic syndrome and type 2 diabetes.

Conclusions

The optimal percentages of carbohydrates in a daily diet
should be individualized for people with metabolic dis-
orders, such as obesity, metabolic syndrome, and type 2
diabetes. As the quality of ingested carbohydrates seems
more important than the quantity for health outcomes,
people with metabolic disorders should avoid or sub-
stantially reduce low-fiber, rapidly digested, refined grains,
starches, and added sugars. For long-term weight gain,
foods rich in such carbohydrates appear to be major culprits.
In a more general sense, the dietary patterns that have
demonstrated cardiovascular [4, 5, 44, 45] or metabolic [35,
36] benefits in people at higher risk for cardiovascular
disease, including the diabetic patient, present a carbohy-
drate content lower than 50% of daily energy content. So,
the consumption of the right carbohydrates (high-fiber,
slowly digested, and whole grains), in a moderately lower
amount (between 40 and 50% of daily energy content) is
compatible with a state of good health and may represent a
scientifically-based and palatable choice for people with
metabolic disorders. Reducing refined grains, starches, and
added sugars is a major dietary priority for cardiometabolic
health [46, 47]. However, patient education remains a cor-
nerstone of therapy, to improve long-term adherence and
hence to magnify the beneficial effects of diet [48].
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