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Abstract: Dietary strategies are fundamental in the management of diabetes. Historically, strict
dietary control with a low carbohydrate diet was the only treatment option. With increasingly
effective medications, the importance of dietary change decreased. Recommendations focused on
reducing dietary fat to prevent atherosclerotic disease, with decreasing emphasis on the amount
and quality of carbohydrate. As the prevalence of obesity and diabetes escalates, attention has
returned to the macronutrient composition of the diet. Very low carbohydrate diets (VLCD’s)
have demonstrated effective initial weight loss and improvement in glycemic control, but difficult
long-term acceptability and worsening lipid profile. Modifications to the very low carbohydrate
(VLC) have included limiting saturated fat and increasing carbohydrate (CHO) and protein.
Reducing saturated fat appears pivotal in reducing low-density lipoprotein (LDL) cholesterol and
may mitigate adverse effects of traditional VLCD’s. Increased dietary protein enhances satiety,
reduces energy intake, and improves glycemic homeostasis, but without sustained improvements
in glycemic control or cardiovascular risk over and above the effect of weight loss. Additionally,
recent studies in type 1 diabetes mellitus suggest promising benefits to diabetes control with low
carbohydrate diets, without concerning effects on ketosis or hypoglycemia. Dietary patterns may
highlight pertinent associations. For example, Mediterranean-style and paleolithic-type diets,
low in fat and carbohydrate, are associated with reduced body weight and improved glycemic
and cardiovascular outcomes in type 2 diabetes mellitus (T2DM). A feature of these dietary
patterns is low refined CHO and sugar and higher fiber, and it is possible that increasing sugar
consumption is having a substantial effect on global escalations in obesity and T2DM. Dietary
recommendations in type 1 diabetes and T2DM are changing. Dietary CHO is unquestionably
important, but long-term acceptability of any diet is critical to sustain improvements in health
benefits. Personalized dietary management, using a variety of dietary approaches, may be the
key to optimal diabetes outcomes.
Keywords: low carbohydrate diets, type 2 diabetes, dietary intervention studies, type 1 diabetes,
paleo nutrition
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Effective dietary strategies to prevent the onset of diabetes or manage its associated
complications are critical to address the continuous rise in obesity and T2DM. Despite
current recommendations for diet and lifestyle approaches, obesity and T2DM have
reached epidemic proportions worldwide with major implications for individual health
outcomes and health care resources.1 The development of obesity and its associated
complications is a result of complex multifactorial interactions between the environment and the individual, with dietary factors underpinning these interactions. Dietary
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strategies remain the key to the treatment of diabetes and
management of glucose homeostasis and risk factors for
cardiovascular disease. Recent debate has focused on appropriate dietary advice and whether current dietary recommendations are optimal for prevention and management of
T2DM, particularly with respect to a focus on macronutrient
composition or dietary pattern.

Historical dietary management
of diabetes
Prior to the discovery of insulin, type 1 diabetes was managed
with low carbohydrate, low energy diets.2 Once discovered,
insulin was found to be so effective that the importance of
diet waned and patients were medically treated in preference
to modifying diet and exercise. Despite the use of insulin,
the composition of the diet still favored a reduction in carbohydrate with fairly equal proportions of daily energy intake
coming from carbohydrate, protein, and fat.
In the 1950s, the relationship between plasma lipoprotein
and atherosclerotic heart disease was identified and a report
to the American Heart Association in 1957 suggested that
dietary fat, particularly the ratio between saturated and
unsaturated fat, may be an important determinant in the
pathogenesis of atherosclerosis.3,4 In response to this suggestion, and subsequent epidemiological data, by 1977 the
dietary guidelines for the US recommended an increase in
carbohydrate consumption to 55%–60% of energy, a decrease
in fat to 30% of energy with a reduction in saturated fat and
cholesterol consumption, and a decrease in sugar consumption to 15% of total energy intake. Recognizing that T2DM
was an additional risk factor for atherosclerotic heart disease,
these recommendations were adopted for the management
of diabetes. Randomized controlled trials at this time suggested a benefit for blood glucose control and a reduction
in total cholesterol when high carbohydrate–low fat diets
were adopted in people with T2DM.5–7 Notably, these diets
emphasized complex unrefined carbohydrates which were
high in fiber, and were comprised of larger proportions of
mono and polyunsaturated fats relative to saturated fat. For
many years, this has been the standard dietary recommendation for those with T2DM.
As the incidence of obesity and T2DM continues
to rise, there has been renewed debate and the appearance of numerous alternative diets in the search for the
optimal diet to prevent and manage obesity and diabetes.
Additionally, the actual composition and consumption of
the high carbohydrate–low fat diet has changed substantially
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from that originally recommended. The availability of caloric
sweeteners increased by 23% from 1984 to 2000.8 Sugar
intake has increased and average fiber consumption has
decreased, and these shifts have paralleled the rise in T2DM
during the 20th century.9

Optimal diet in T2DM
The three fundamental components of managing diabetes
are promoting weight loss or weight maintenance, improving glycemic control, and preventing or reducing the risk of
microvascular and macrovascular complications. Dietary
composition is integral to overall diabetes management and
recommendations for a particular diet must consider all these
components.

Diet and weight regulation
Determining the relationship between specific dietary components and obesity is limited by the complexity of eating
behavior and food intake in humans. If food consumption
is under-reported, nutrient intake will be underestimated or
inaccurate so that identifying a nutrient-specific role in the
development and therefore the management of obesity is
difficult. Moreover, it is recognized that under-reporting of
total energy and fat intake is a greater problem in overweight
and obese individuals.10,11 Dietary patterns have therefore been
explored to investigate whether a broader group of food or
nutrients may be more closely associated with obesity. Diets
high in fat or sugar and low in fiber have been associated
with obesity, while a change to a diet lower in fat and sugar
and high in fiber over 10 years resulted in a reduction in
Body Mass Index (BMI) in obese women and less increase
in BMI in lean women.12 In children, high fat, low fiber, and
energy dense dietary patterns are associated with an increase
in fat mass and linked to excess gain in body mass.13 The
Mediterranean-style diet, a classic dietary pattern characterized by a high consumption of vegetables, monounsaturated
fatty acids, primarily from olive oil, fruits, cereals, and
legumes, a low consumption of red or processed meat, and a
low to moderate consumption of red wine during meals, has
been associated with lower body weight, improved glycemic
outcomes, and improved cardiovascular risk in people with
T2DM.14 These diets suggest that, among other factors, lower
sugar intake and less refined carbohydrate may be beneficial
in obesity and T2DM and therefore promoting such diets may
be advantageous.15
One mechanism by which dietary patterns may influence
body weight is the effect of macronutrients on satiety and
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energy intake. Satiety and subsequent energy intake appear
to be linked to the ability to store or utilize dietary energy and
so macronutrients that are tightly regulated, protein and carbohydrate, have more effect on subsequent energy intake and
energy balance.16–18 There is limited ability to store protein,
and protein oxidation is closely linked to protein intake.17,19
Conversely, the ability to store fat is large, and there appears to
be almost no autoregulation between fat intake and fat oxidation, leading to fat storage when intake is in excess.20 Excess
total energy consumption leads to excess body weight. However, numerous studies using a meal preload design have suggested that increasing the proportion of energy from protein,
and reducing carbohydrate, increases satiety and decreases
subsequent energy intake.21–27 Additionally, weight regain is
less after weight loss in free-living individuals.16,28

Very low carbohydrate diets
Weight loss

The widespread interest in popular low carbohydrate diets,
particularly the Atkins diet,29 among people with obesity and
metabolic disease led to randomized controlled intervention
studies aiming to determine their efficacy and safety.
When the Atkins diet was adopted by communitybased free-living obese subjects with either minimal
dietary advice (n=63) 30 or regular dietary instruction
(n=132),31 weight loss was greater in the Atkins group after
6 months (−7.0%±0.8% vs -3.2%±0.7%, minimal advice
and -4.5%±0.8% vs 1.44%±0.2%, regular advice), but was
not sustained at 12 months.32
In patients with T2DM, an “Atkins”-type diet results
in significant weight loss up to 24 weeks.33 The primary
reduction in carbohydrate produces only a small reciprocal
increase in protein and fat and therefore a reduction in total
energy intake.34,35 A systematic review demonstrated that
low carbohydrate, Atkins-type diets were more effective at
reducing weight than low fat, low energy diets over 6 months.
Additionally, low carbohydrate, high protein diets were at least
as effective as low fat diets up to 1 year.36 There are substantial
limitations to these data. Studies in those with diabetes are
limited and no studies have demonstrated long-term sustained
weight loss in obesity or T2DM beyond 12 months.37

Glycemic control
The acute response to a substantial reduction in dietary
carbohydrate is a significant effect on glucose metabolism.
Reduced glucose and insulin concentration and improved
glycemic control have been demonstrated in several small
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and very short studies ranging from 7 days to 5 weeks38–40
with postprandial glucose curves normalizing in at least one
study.35 In short-term studies, people with T2DM require
less antidiabetic agents to control glucose levels and achieve
improvements in glycated hemoglobin (HbA1c).33,34,37 In
some studies, these improvements are greater with a very
low carbohydrate diet compared with other approaches,41 but
data are not consistent and there are no long-term studies convincingly demonstrating any greater benefit on HbA1c from
VLCD’s. Davis et al demonstrated similar modest weight
loss but no significant improvement in glycemic control
in those with T2DM on a low fat or low carbohydrate diet
after 1 year.42 In the longest very low carbohydrate diet trial
currently reported, a −0.9% reduction in HbA1c at 2 years
was achieved compared with −0.5% in a Mediterranean diet
and −0.4% in a low fat diet; however, the difference between
groups was not significant. Only a small proportion of the
study group had diabetes, limiting the power of this conclusion.43 Recently, Tay et al reported on a randomized controlled
study investigating hypocaloric low carbohydrate versus high
carbohydrate diets over 24 weeks and 1 year, respectively, in
obese adults with T2DM.44,45 Saturated fat intake was limited
to ,10% despite total fat intake being 58% and carbohydrate
14% of the total energy intake in the low carbohydrate group.
Intensive dietary counseling and a physical activity plan were
included. With weight loss being the same in both groups,
analysis focused on the intrinsic differences in the diets per
se. There was a suggestion of improved glycemic control with
reduced glycemic variability and a reduction in medication
requirement, but no difference in HbA1c was observed. This
suggests great interindividual variability and the glycemic
effect of the very low carbohydrate diet are undoubtedly
influenced by the ability to maintain the diet on a daily basis
over the long-term.

Cardiovascular disease risk
Long-term consumption of a VLCD has raised concerns
of the potential for increased dietary saturated fat to detrimentally affect the lipid profile and therefore cardiovascular
risk. The initial change in lipid profile observed when these
diets are adopted is a dramatic decrease in triglyceride
concentration with some increase in LDL cholesterol. In
the setting of weight loss, a beneficial reduction in LDL
cholesterol has been demonstrated alongside a reduction
in triglycerides and an increase in high density lipoprotein
(HDL) cholesterol over 24 weeks.33 A systematic review
demonstrated that low carbohydrate, Atkins-type diets
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improved cardiovascular disease risk factors, assessed by
favorable effects on high-density lipoprotein cholesterol,
triacylglycerols, and systolic blood pressure, to a greater
degree than low fat, low energy diets over 6 months. 36
However, the effect was diminished after 1 year when
weight change was equivalent, highlighting the importance
of weight loss per se to improve lipid profiles, perhaps
irrespective of the diet composition. 36 Of concern are
recent data suggesting that increasing LDL cholesterol in
the Atkins diet may have detrimental effects on vascular
function.44 Additionally, it is questionable whether the
increase in HDL provides any meaningful benefit, further
compounding the adverse effect of a VLCD in obesity and
T2DM. However, these adverse effects may be overcome.
Tay et al demonstrated that maintaining saturated fat to the
recommended level below 10% prevents increases in LDL
cholesterol seen with traditional low carbohydrate high fat
diets.45 Intensive dietary counseling was required to sustain
the study diets but this study suggests that VLCD’s may be
possible in T2DM without worsening cardiovascular risk.
Some of these factors are present in the “paleolithic diet”,
which is discussed later.

Lower carbohydrate, higher
protein diets
The acceptability and feasibility of maintaining a very low
carbohydrate diet and the underlying concern about the high
consumption of saturated fat have drawn many researchers
to focus on increasing protein in the diet, with a reciprocal
reduction in carbohydrate, while maintaining fat at a relatively low level.

Weight loss
Adopting a diet moderately low in carbohydrate (35%–45%
of energy), moderately high in protein (25%–35% of energy),
and maintaining fat at 30% of energy in overweight and obese
adults produces an initial greater weight loss compared to
a high carbohydrate diet,46,47 which is not sustained in the
long-term48 and has not been demonstrated in T2DM.49–52 It
has been observed that a greater number of people are able
to achieve weight loss of more than 10% of body weight48
with diets moderately low in carbohydrate (eg, the South
Beach diet) and during weight maintenance after weight loss
these diets are more acceptable.52,53 These studies suggest that
maintenance of a reduction in energy intake remains the most
critical factor in inducing weight loss but lower carbohydrate,
higher protein diets may confer some advantage in improving
compliance in the long-term.
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Glycemic control
Glucose and insulin curves are significantly lower after a high
protein, low carbohydrate meal than after a carbohydrate-rich
meal, which is sustained over a 24-hour period in a highly
controlled setting.54 In a short-term intervention study in
eight men with T2DM, a diet high in protein (30% protein,
20% carbohydrate, 50% fat) compared to a control diet (15%
protein, 55% carbohydrate, 30% fat) produced a significant
reduction in mean 24 hours serum glucose and glycosylated hemoglobin.38 As all three macronutrients differed
between diet groups, interpretation of these data is difficult.
Improvement in glycemic control has not been demonstrated
in other short-term studies55 or after 1 year.42 In the Diabetes
Excess Weight Loss (DEWL) randomized controlled trial,
there was no difference in glycemic control in subjects with
T2DM over 2 years when the dietary intervention was implemented in a manner similar to standard clinical practice.51
Initial changes in intake as prescribed returned to habitual
consumption over time. Therefore, whilst experimental
investigations suggest a benefit of lowering carbohydrate on
glucose homeostasis, sustained improvements in glycemic
control require a dietary change that is acceptable and able
to be maintained in the long-term.

Cardiovascular disease risk
There are no dietary intervention studies which have
reported on long-term cardiovascular outcomes such as
myocardial infarction or stroke. Therefore, we are limited
to evidence on the effects on cardiovascular disease risk
factors. Consistent reductions in triacylglycerols have been
observed in low carbohydrate diets during short interventions.46,53,56 Triacylglycerols are associated with cardiovascular events and the promotion of atherosclerosis; therefore,
the reduction in levels observed in high protein diets may
have positive long-term effects on cardiovascular disease.57,58
Improvements in LDL cholesterol have not been seen in
similar studies56 or in T2DM.59,60 However, beneficial effects
on HDL may occur when higher proportions of protein and
fat are derived from plant-based sources.59
Blood pressure is intrinsically related to weight loss and
specific beneficial effects of lowering carbohydrate in T2DM
have not been consistently reported in long-term studies.51,52,59
Two 8-week studies with low carbohydrate diets, including
people with T2DM, demonstrated a 5–10 mmHg reduction
in systolic blood pressure compared to control diets, suggesting that in a more controlled setting, lowering carbohydrate
may confer some advantages on blood pressure, which are
difficult to translate in the long-term.55,61
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Adiposity, particularly intra-abdominal adiposity, is
associated with an increased risk of cardiovascular disease
and is essential to the diagnosis of the metabolic syndrome.62
Altering the ratio of lean-to-adipose tissue during weight loss
or weight maintenance may therefore have long-term health
benefits. An improvement in body composition, by reducing
the proportion of adipose mass and/or muscle sparing, has
been shown in human studies with lower carbohydrate and
additional dietary protein in energy restricted diets63,64 during
ad libitum eating47,48,52,65 and is seen in habitual consumers
of high protein diets.66

Low carbohydrate paleolithictype diets
Paleolithic-type diets, comprising lean meat, fish, fruit,
vegetables, root vegetables, eggs, and nuts, have recently
increased in popularity, stimulated in part by popular press
and the portrayal that these diets will improve health and
vitality and promote weight loss. The concept is based on
the hypothesis that in evolutionary terms our deviation from
a hunter-gatherer diet has occurred too rapidly for adequate
genetic adaptation, and that the resulting mismatch helps to
cause some common chronic diseases.67–69 The exact composition of the paleolithic diet has been the subject of much
research and therefore the manner that it has been adopted
into popular diets has varied. When Konner and Eaton
reflected on their initial presentation of the diet, they argued
that based on archaeological and paleontological evidence
they had overestimated some proportions of macronutrients
in the diet and underestimated others.67,68 Notably, they concluded that the paleolithic diet was low in fat, particularly
saturated fat, was higher in protein, particularly marine protein as opposed to wild animals, had very low energy density,
and substantially higher fiber. The proportion of carbohydrate
in the diet varied by location and accessibility to grains but
overall the carbohydrate source was predominantly fruit
and vegetables, some honey, and no added sugars or refined
carbohydrate. Alluded to in these articles is the considerable
amount of physical activity that hunter-gatherer populations
performed compared to modern day levels, and its potential
for independently improving health outcomes, which has
rarely been factored into overall consideration of this diet.
Short to longer term, weeks to 2-year intervention studies have demonstrated beneficial effects on blood pressure,
cholesterol, waist circumference, and satiety. 70,71 A randomized controlled trial in 29 patients with ischemic heart
disease and glucose intolerance or T2DM demonstrated
improved glucose tolerance in a paleolithic diet compared
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to a Mediterranean diet.72 To identify the mechanistic basis
of paleolithic diets, Bligh et al investigated the effects of
a paleolithic meal and a World Health Organization reference meal in a crossover design on blood glucose control,
gut hormone response, and appetite regulation in healthy
subjects.73 Over 180 minutes, satiety scores were higher in the
paleolithic diet, as were glucagon-like peptide 1 and peptide
YY concentrations independent of energy or protein content
of the meal. In contrast, glucose and insulin curves did not
differ between the diets.73
It is certainly conceivable that a diet based on less
processed, fresh food may have considerable benefits,
depending perhaps on the way that the diet is interpreted.
The observed effects on satiety may lead to changes in total
daily energy intake and ultimately in weight loss, possibly
mediated through gut hormones. With potential benefits on
other cardiovascular risk factors, adopting a paleolithic-type
diet may be a useful alternative for people with diabetes;
however, further research is required in this area before
these health claims can be clearly attributable to features of
a paleolithic diet.

Dietary sugar
There has been growing interest in the impact of refined
carbohydrate and sugar specifically. The intake of sugar
has been steadily increasing globally with epidemiological
evidence linking this with obesity and T2DM. Consequently,
the World Health Organization reviewed its advice on dietary
free sugar intake in 2014, and concluded that it would continue its recommendation of less than 10% of total energy
considering this a strong recommendation to prevent obesity
and tooth decay.74 However, it did add a second recommendation that a free sugar intake of 5% (25 g/day for an adult)
was associated with additional health benefits. Free sugars
include “all monosaccharides and disaccharides added to
foods and beverages by the manufacturer, cook or consumer,
and sugars naturally present in honey, syrups, fruit juices and
fruit juice concentrates”.74 There have been several recent
reviews concluding that sugar is positively associated with
body weight, and increasing sugar consumption resulted in
a weight gain of ∼0.75 kg in a meta-analysis.75–77 High sugar
intake has also been associated with higher blood pressure
(mean difference 6.9 mmHg [95% confidence interval (CI):
3.4, 10.3 mmHg; P,0.001 compared with low sugar intake]
for systolic blood pressure and 5.6 mmHg [95% CI: 2.5,
8.8 mmHg; P=0.0005] for diastolic blood pressure).78 The
other notable effect of a high sugar intake is on triglycerides
(mean difference: 0.11 mmol/L; 95% CI: 0.07, 0.15 mmol/L;
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P,0.0001) and LDL cholesterol (0.12 mmol/L; 95% CI:
0.05, 0.19 mmol/L; P=0.0001) when compared with a low
sugar intake.78
There is also evidence that sugar intake directly influences
development of T2DM. In women consuming one or more
sugar-sweetened beverages per day, the diabetes relative risk
was 1.83 when compared with those who had one drink per
month.79 Similarly, in African-American women, the incidence rate ratio for two or more soft drinks per day was 1.24
(95% CI: 1.06–1.45). For fruit drinks, the incidence rate ratio
was 1.31 (95% CI: 1.13–1.52). The association of diabetes
with soft drink consumption was strongly mediated by BMI,
whereas the association with fruit drink consumption was
independent.80 In men, the hazard ratio was 1.24 (95% CI:
1.09, 1.40; P,0.01) for those in the top quartile of intake.81
While the World Health Organization recommendation only
specifically addresses obesity, restricting free sugars to less
than 10% of total energy intake is likely to prevent diabetes
for a portion of the at-risk population. Reducing dietary
carbohydrate is likely to have the added effect of reducing
free sugars, which will benefit weight, cardiovascular risk,
and glucose metabolism.

Type 1 diabetes
Low carbohydrate diets in the
management of type 1 diabetes
Low carbohydrate diets were once the conventional treatment for type 1 diabetes, but with the increasing availability
of human insulin, and new research around risk factors for
heart disease, low carbohydrate diets were replaced in the
early 1980s with higher carbohydrate/higher fiber patterns of
eating. Some people with type 1 diabetes however continued
to do well on a low carbohydrate diet, even when compared
with a high carbohydrate/high fiber diet.82,83
While low carbohydrate diets have received a lot of attention recently in T2DM, there have only been two studies
recently considering this type of diet in type 1 diabetes. One
was an audit of a diabetes service education class on low
carbohydrate eating. It then followed 48 patients who selfreported to have chosen to follow a low carbohydrate diet.
Mean HbA1c dropped from 7.7% to 6.4% after 3 months and
stayed at this level for 4 years.84,85 The second was a small
study comparing a low carbohydrate diet with carbohydrate
counting. The low carbohydrate group had significant reductions in HbA1c (63 to 55 mmol/mol [8.9% to 8.2%], P,0.05)
and daily insulin use (64.4 to 44.2 units/day, P,0.05).86
The gold standard for type 1 diabetes care worldwide
has moved to flexible intensive insulin therapy (“FIIT”),
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developed in the 1970s and delivered through large scale
education programs such as Dose Adjustment For Normal
Eating (DAFNE).87 The cornerstone of this approach is
carbohydrate counting, giving people the skills to match
insulin boluses with desired carbohydrate intake. When done
well, this can give a large amount of freedom – to have no
carbohydrate at one meal and then 60 g at the next, the freedom any person without diabetes enjoys. For those who find
carbohydrate counting too difficult, there is still the option of
“pattern adjusting” where relatively fixed stable amounts of
carbohydrate are consumed at each meal with a set dose
of insulin, and the type of carbohydrate can be exchanged
within quantity limits. Research has shown that carbohydrate
counting is effective for people with type 1 diabetes88 and
that people can be taught to estimate carbohydrate reasonably accurately.89,90
In a recent qualitative review of participants who had
undergone the DAFNE course, it was revealed that flexible
insulin therapy had led some patients to severely restrict
carbohydrate as they found that large amounts of carbohydrate coupled with large insulin doses led to unpredictable
blood glucose results.91 Many of the participants reported
finding FIIT to be very difficult in practice due to the challenge of estimating the carbohydrate contents of different
foods. This led them to limit their intake to a diet that they
could control, thus not utilizing the potential freedom FIIT
could give them. This real world experience highlights the
need to continue to find alternatives so that people with
type 1 diabetes have choice over their treatment. If some
individuals are naturally tending toward a low carbohydrate
diet despite such tools as FIIT, studies must be conducted
to assess the effect of this.
Practically, a low carbohydrate diet for people with
type 1 diabetes could be relatively easy to follow for those
who are already carbohydrate “counting”; however, the
transition may require intensive monitoring with a diabetes
health professional to ensure insulin adjustments are accurate. People may also find they must give an insulin bolus for
protein intake, as gluconeogenesis from protein occurs in the
absence of carbohydrate. The starting point for this has been
suggested as half that of the insulin to carbohydrate ratio, for
example, if the insulin to carbohydrate ratio is 1 unit for 10 g,
then the insulin to protein ratio would be 1 unit per 20 g.92
Ketosis, or the use of ketone bodies for energy instead
of glucose, usually occurs when consuming less than 52 g
carbohydrate per day, in a VLCD.93 This could then be a risk
factor for ketoacidosis in people with type 1 diabetes, when
inadequate insulin is supplied and ketones accumulate to a

Nutrition and Dietary Supplements 2016:8

Nutrition and Dietary Supplements downloaded from https://www.dovepress.com/ by 35.153.73.72 on 22-Jul-2019
For personal use only.

Dovepress

Importance of low carbohydrate diets in diabetes management

dangerous level. However, there is no evidence that ketoacidosis would occur given the usual amounts of insulin. Consuming
between 75 and 130 g of carbohydrate per day, as the definition of a low carbohydrate diet, means ketosis is unlikely and
therefore any risk of ketoacidosis is minimal. This is further
reinforced by ensuring the correct amount of insulin is given,
hence the reason why working with a diabetes health care
team is paramount.

Macronutrient quality
To identify beneficial effects for T2DM of diets based on
macronutrient manipulation requires consistent evidence
derived from well-designed studies. The difficulty with
obtaining this evidence is that the composition of the diets
used varies in quality and proportion of carbohydrate, protein, and fat.94 For example, high carbohydrate diets in T2DM
initially showed significant benefits on glucose metabolism
and lipid profiles contrary to the data reported above. 95
However, the focus of the high carbohydrate diet was a high
fiber intake, which has not been consistently repeated in later
studies. The acute effect of dietary fiber is seen in combination with a low glycemic index meal in a recent study in
people with T2DM where improvements in postprandial
glucose and insulin responses were most prominent in the
meals high in fiber and low in glycemic index.94
In a similar manner to carbohydrates, protein-type
appears to influence lipids and glucose metabolism in differing ways.96 Meat protein is associated with weight gain
and an increased risk of heart disease. In the Nurses Health
study, animal low carbohydrate diets were associated with
a 23% increase in all cause mortality while a vegetable low
carbohydrate diet was associated with a 20% reduction in all
cause mortality and cardiovascular mortality.97

Current recommendations
As discussed, recommendations for a healthy diet in
diabetes have followed the high carbohydrate, low fat
approach since the first association of saturated fat and
cardiovascular disease. In keeping with the substantial
body of evidence that a variety of different diets may produce beneficial effects on weight loss and cardiovascular
risk, these recommendations are changing. It is becoming
more apparent that the most important features of a dietary
approach in diabetes is a diet which can be followed in
the long-term with sustained effects on weight, glucose
control, and cardiovascular risk factors. 98 Additionally,
consideration must be given to the economic sustainability
of any dietary recommendations. Reducing carbohydrate
intake with reciprocal increases in protein, particularly
animal protein, may have significant implications on
farming practices, environmental consequences of ongoing deforestation required for farmland, and increased
greenhouse gas production. Additionally, higher protein
diets tend to be more costly for the individual and, given
the high prevalence of diabetes in low socioeconomic
areas, are unlikely to be a feasible option for the wider
diabetes population.
Dietary recommendations from both the American
D iabetes Association 99 (Figure 1) and Diabetes UK 100
(Figure 2) have become much less prescriptive in macronutrient composition, recognizing that a number of different
dietary approaches may be beneficial. There is unquestionably an importance in considering dietary carbohydrate, but
whether this is to promote high quality, low glycemic index,
high fiber carbohydrate, consistent daily carbohydrate intake
for ease of management or to replace some carbohydrate with
protein is more open to individual choice.

MNT
• The ADA acknowledges that there is no one-size-fits-all eating pattern for individuals
with type 2 diabetes
• MNT is recommended for all patients with type 1 and type 2 diabetes as part of an
overall treatment plan, preferably provided by a registered dietitian skilled in
diabetes MNT

Goals
•
•
•
•

Healthful eating pattern to improve overall health
Attain individualized glycemic, BP, and lipid goals
Achieve and maintain body weight goals
Delay or prevent diabetes complications

Figure 1 ADA dietary recommendations.
Notes: Copyright © 2016 American Diabetes Association. From Diabetes Care®, Vol. 38, Suppl. 1, 2016; S21–S30. Modified with permission from The American Diabetes Association.99
Abbreviations: MNT, medical nutrition therapy; ADA, American Diabetes Association; BP, blood pressure.
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Glycemic control and type 2 diabetes
• Weight management should be the primary nutritional strategy in managing
glucose control in type 2 diabetes for people who are overweight or obese*
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• Regular, moderate physical activity can reduce HbA1c by 0.45%–0.65%
independent of weight loss*
• Focus should be on total energy intake rather than the source of energy in
the diet (macronutrient composition) for optimal glycemic control*
• The total amount of carbohydrate consumed is a strong predictor of
glycemic response and monitoring total carbohydrate intake whether by use
of exchanges, portions, or experience-based estimation remains a key
strategy in achieving glycemic control*
• Low GI diets have been shown to reduce HbA1c up to 0.5%*

Figure 2 Diabetes UK evidence-based nutrition guidelines for the prevention and management of diabetes.
Notes: *Based on category 1 evidence from randomized controlled trials or meta-analyses of randomized controlled trials. Reproduced from Diabetes UK Evidence-Based
Nutrition Guidelines. 2011 [cited June 30, 2015]. Available from: https://www.diabetes.org.uk/nutrition-guidelines.100
Abbreviation: GI, glycemic index; HbA1c, glycated hemoglobin.

Conclusion
Due to the complex nature of eating behavior and the reciprocal nature of macronutrient proportion in an isoenergetic diet,
defining the optimal diet for T2DM is extremely difficult.
Decades of research into the impact of various macronutrient manipulation have finally concluded that a variety of
dietary approaches produce similarly beneficial effects on
weight, glycemic control, and cardiovascular risk dependent
on the ability to maintain a diet in the long-term. There are
some specific dietary elements that confer increased health
risk such as saturated fat and sugar, with some beneficial
elements such as fiber and mono and polyunsaturated fat.
It is probable that there are genetic or ethnic determinants
which favor one diet over another. This gene–environment
interaction is an important area for further research with the
possibility of being able to personalize and optimize dietary
management in diabetes.
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