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Article points
1. Low-carbohydrate diet has 

gained in popularity over recent 
years for people with type 2 
diabetes for weight loss and 
improved glycaemic control.

2. No diet exists that will work for 
everyone with diabetes and, 
hence, focus on one particular 
type of diet may not be helpful.

3.	Consuming a wide range 
of nutritious foods in 
recommended portion sizes 
to achieve optimal health 
and diabetes management 
is vital and can be achieved 
by seeking individualised 
nutrition care from an 
accredited practising dietitian.
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The following article aims to provide a brief summary of current dietary guidelines and 

research findings for the dietary management of type 2 diabetes and type 1 diabetes. Low-

carbohydrate, high-fat diets have recently become popular, and have caught the attention 

of some members of the scientific community and the public. The author will consider the 

current research and present the evidence demonstrating why we should be cautious of the 

low-carbohydrate diet, citing international guidelines to instead promote an individualised, 

balanced diet.
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The Australian Dietary Guidelines provide 
information for the general population on 
eating for health and wellbeing (National 

Health and Medical Research Council, 2013). 
The guidelines have a strong evidence-base 
and include the principles of achieving and 
maintaining a healthy weight, being physically 
active and choosing amounts of nutritious food 
and drinks to meet energy needs; enjoying a wide 
variety of nutritious foods from the five groups 
every day (Figure 1); and limiting intake of foods 
containing saturated fat, added salt, added sugars 
and alcohol.

Medical nutrition therapy in diabetes
Insulin responds directly to food ingested, 
so diet has always been an integral part of 
the management of diabetes and glycaemic 
control. People with diabetes are encouraged to 
follow the dietary guidelines and consume the 
recommended amounts of food from the five 
food groups (grains, vegetables, fruits, dairy and  
protein). 

Over recent years, the term “diet therapy” 
has been replaced with medical nutrition 
therapy (MNT) and encompasses individualised 
nutritional recommendations based on 
assessment and treatment goals and outcomes, 
with consideration to usual eating habits and 
lifestyle factors (Escott-Stump, 2008). MNT 

is considered the first line of treatment in the 
prevention and management of type 2 diabetes 
and is an essential part in the management of 
type 1 diabetes (Marsh et al, 2011).

In this article, current dietary guidelines for 
adults and children with diabetes are discussed, 
as is the evidence demonstrating why we should 
be cautious of the low-carbohydrate diet – a diet 
that has gained in popularity over recent years.

MNT guidelines for adults 
with diabetes
The American Diabetes Association (ADA) 
standards of medical care (ADA, 2016) identifies 
MNT as an integral component of diabetes 
prevention, management and self-management 
education, indicating that all individuals with 
diabetes should receive individualised MNT 
provided by a registered dietitian with the 
appropriate knowledge and skills in diabetes. 
The goals of MNT for adults with diabetes are 
the following:
l	Promote and support healthy eating patterns, 

acknowledging the inclusion of nutrient-dense 
foods in appropriate portion sizes.

l	Acknowledge nutritional needs based on 
individual and cultural preferences, health 
literacy and numeracy skills, access to foods 
and behavioural changes, and barriers to 
change.
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l	Provide non-judgmental messages about food 
so that individuals can continue to experience 
the pleasure of eating.

l	Provide practical tools for healthy eating 
patterns rather than focusing on individual 
macro- and micro-nutrients.

MNT guidelines for children 
with diabetes
The 2014 International Society for Pediatric 
and Adolescent Diabetes (ISPAD) clinical 
practice consensus guidelines for the nutritional 
management of children and adolescents with 
diabetes identify similar recommendations. The 
recommendations are based on healthy eating 
principles suitable for children and families with 
aims to improve diabetes outcomes and reduce 
cardiovascular risk (Smart et al, 2014):
l	Encourage appropriate eating behaviours.
l	Incorporate a variety of nutritious foods from 

all food groups that will supply essential 
nutrients, maintain a healthy weight and 
prevent bingeing.

l	Provide appropriate energy intake and 
nutrients for optimal growth, development 

and good health.
l	Achieve and maintain an appropriate BMI 

and waist circumference.
l	Achieve a balance between food intake, 

metabolic requirements, energy expenditure 
and insulin action to attain optimum 
glycaemic control.

l	Prevent and treat acute complications of 
diabetes.

l	Reduce the risk of micro and macro-vascular 
complications.

l	Maintain and preserve quality of life.
l	Develop a supportive relationship to facilitate 

behaviour change.

Effect of macronutrients on 
glycaemic control
National guidelines in Australia and Canada for 
adults and children with diabetes recommend 
that 40–60% of energy comes from carbohydrate 
intake, 30–35% of energy comes from fat, with 
less than 10% of energy from saturated fat, and 
15–20% of energy from protein based on an 
individualised assessment (Smart et al, 2014). 

Carbohydrate
Carbohydrate has been considered the 
predominant macronutrient affecting 
postprandial glucose levels; however, recent 
studies using continuous glucose monitoring 
systems have demonstrated the significant effect 
of fat, protein and glycaemic index (GI) on 
postprandial glucose excursion (Bell et al, 2015). 

Glycaemic index and glycaemic load
The glycaemic index (GI) is a ranking of 
carbohydrates on a scale of 0 to 100 according 
to the extent to which the carbohydrate raises 
blood glucose levels after eating. High-GI foods 
are rapidly digested and absorbed, and so result 
in fluctuations and spikes in blood glucose level. 
Low-GI foods are digested and absorbed slowly 
and result in gradual rises in blood glucose level 
and insulin levels. Low-GI foods have proven 
benefits for health (Greenwood et al, 2013). The 
“glycaemic load” (GL) combines the quantity 
and quality of carbohydrate to estimate the 
overall effect of ingested carbohydrate on blood 
glucose and insulin levels. GL can be used 

Page points
1.	International dietary guidelines 

for adults and children with 
diabetes recommend that 
individuals follow a balanced 
diet including elements from all 
food groups.

2.	Carbohydrate has been 
considered the predominant 
macronutrient affecting 
postprandial glucose levels.

3.	Choosing low glycaemic 
index foods or lowering the 
total carbohydrate content 
of the meal can decrease the 
glycaemic load of the meal and 
reduce postprandial glucose 
excursion. 

Figure 1. Australian guide to healthy eating (National Health and Medical 
Research Council, 2013).
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to compare different amounts of foods with 
different GIs and is calculated by multiplying 
the GI by the amount of carbohydrate per 
serving of food in grams. Choosing low GI 
foods or lowering the total carbohydrate content 
of the meal can decrease the GL of the meal and 
reduce postprandial glucose excursion. 

The effect of GI and the GL in people 
with diabetes is complex. Lower GI diets 
may assist in the management of type 1 and 
type 2 diabetes but are not associated with 
weight loss (Greenwood et al 2013; National 
Health and Medical Research Council, 2013). 
Individuals with diabetes are encouraged to 
replace refined carbohydrates and added sugars 
with whole grains, legumes, vegetables and 
fruit and consider avoiding low-fat, non-fat 
products with high amounts of added sugars 
(ADA, 2016). 

Fat
In a systematic review of the effect of fat 
on postprandial glycaemic control in 
type 1 diabetes, the evidence suggests that meals 
containing carbohydrates and that are high in 
dietary fat cause sustained late postprandial 
hyperglycaemia (Bell et al, 2015). 

The studies investigated added varying 
amounts of fat (6.6 to 52 g) to a test meal. 
A meal with a high fat content was found to 
delay gastric emptying for up to 2 hours and 
increase the risk of hypoglycaemia followed 
by substantial hyperglycaemia for several 
hours postprandially, which has an effect on 
glycaemic control. This observation may be 
attributed to the increased free fatty acids, 
which induce insulin resistance, and increased 
hepatic glucose output (Roden et al, 1996).

The ADA (2016) identifies inconclusive data 
on the effect of total fat intake and gives no 
tolerable upper level for intake. The type of 
fat consumed is considered to be of more 
significance than the total amount of fat, with 
meals rich in monounsaturated fat compared to 
saturated fat found to have a beneficial effect on 
glycaemic control and blood lipids. 

Protein
Meals rich in protein may result in delayed 

and sustained postprandial glucose excursions 
requiring increased insulin in people with 
type 1 diabetes (Paterson et al, 2016). It has 
been suggested that the addition of ≥28 g of 
protein to a mixed meal or consuming ≥75 g 
of protein alone is likely to result in significant 
and sustained postprandial hyperglycaemia 
commencing in the late postprandial period 
and continuing beyond 5 hours in people with 
type 1 diabetes (Paterson et al, 2015). It has 
been demonstrated that there is a continued 
rise in blood glucose levels over 5 hours for a 
75 g to 100 g protein intake compared to 20 g 
glucose (Paterson et al, 2016; see Figure 2).

Dietary fat and protein have been found 
to impact postprandial glycaemic control 
in people with type 1 diabetes long after 
consuming food, and the effect of protein and 
fat is found to be additive on postprandial 
glucose concentrations (Paterson et al, 2015). 
Insulin dosing algorithms based on the total 
meal composition compared to carbohydrate 
content alone requires further investigation 
(Bell et al, 2015).
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characteristics are presented as counts and percentages for

categorical variables and mean � sd for continuous vari-

ables. Effect sizes, such as differences in means, are presented

as the effect size of interest with 95% CI.

Results

Thirty-two participants were recruited, with 27 completing

the protocol. Three participants withdrew prior to com-

mencement and data from two further participants were

excluded due to illness or failure to follow protocol. Sensor

failure occurred on four occasions. On each occasion, the

sensor was replaced and the day repeated. Incomplete days

for hypoglycaemia, illness and failure to follow the protocol

were excluded and repeated where possible. Data from all

other days were included in the analysis. Recruitment and

analysis attrition is presented in Fig. 1. The baseline charac-

teristics of the 27 participants analysed are presented in

Table 1.

Postprandial glucose excursions

Figure 2 presents the mean postprandial glucose excursions

by meal type at each time point for the full 300–min study

period. There were no significant differences between start-

ing blood glucose values in all participants at the commence-

ment of the study (P > 0.05).

Mean differences in glycaemic excursions fromall testmeals

compared with control are presented in Table 2. The 20 g

glucose drink was the only test drink to produce a statistically

significant increased glycaemic excursion from 60 to 120 min

compared with control, 1.9 mmol/l (95% CI 1.42– 2.51)

higher (P < 0.001). The 25, 75 and 100 g protein drinks

resulted in significantly lowermean glucose responses between

60 and 120 min [–1.06 mmol/l (95% CI –1.57 to –0.54), –

1.10 mmol/l (95%CI –1.63 to –0.57), –1.22 mmol/l (95%CI

–1.74 to –0.71)] compared with control (all P < 0.001).

Significant differences in mean glucose excursions between

the 75 and 100 g protein drinks and control became apparent

from 180 min, with higher mean excursions of 0.71 (95% CI

0.01–1.41) (P = 0.045) and 1.06 mmol/l/l (95% CI 0.40–

1.73) (P = 0.002) during the 180–240–min time interval. The

glycaemic impact from 75 and 100 g protein was sustained

during the 240–300–min interval, with significantly higher

mean glycaemic excursions than control [1.65 mmol/l (95%

CI 0.93–2.36) for 75 g and 1.72 mmol/l (95% CI 1.04–2.41)

(both P < 0.001) for the 100 g protein load].

Glucose levels in the 180–240 and 240–300–min intervals

for 75 and 100 g protein were similar to that of 20 g glucose

(Fig. 1) (all P < 0.05); however, continuous glucose monitor-

ing profiles suggest an ongoing rise after 5 h for 75 and 100 g

protein compared with 20 g glucose. The glycaemic excur-

sions following 25 and 50 g protein did not differ significantly

from control over the 300–min study period (Fig. 1).

There was a statistically significant increase in the odds of

glucose levels exceeding 10 mmol/l following 12.5 g protein

[odds ratio (OR) = 2.70 (95% CI 2.19–3.34)], 50 g protein

[OR = 2.61 (95% CI 2.13–3.18)], 75 g protein [OR 1.91

(95% CI 1.55–2.37)], 100 g protein [OR 2.03 (CI 1.66–

2.49)] and 20 g of glucose [OR 1.48 (CI 1.19–1.84); all

P < 0.001] from 180 to 300 min.

Mean time to peak glucose rise

The postprandial glycaemic excursion from 20 g of glucose

peaked by 60 min and remained at the peak level until

300 min. By contrast, the glycaemic excursion following 75

and 100 g protein did not commence until 90 min, reaching

the same level as 20 g glucose close to 180 min. The

excursion from 75 and 100 g of protein continued for the

300–min study period and was statistically significantly

longer in the 100 g protein group compared with control

(P = 0.021). Time to peak blood glucose level over the

Table 1 Summary of clinical characteristics of participants (N = 27)

Demographics

Sex
Male, n 11
Female, n 16

Insulin pump therapy, n 14
Multiple daily injection therapy, n 12
Age, years 21.7 � 11.7
Duration of diabetes, years 7.8 � 6.8
HbA1c, mmol/mol (%) 52 � 9.1 (6.9 � 0.8)
BMI 21 � 3.1

Data are presented as means � SD.
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FIGURE 2 Mean postprandial glycaemic excursions for 27 participants

following consumption of 8 test drinks containing 0, 12.5, 25, 50, 75

and 100 g of protein; with two glucose (CHO) test drinks given for

comparison, in amounts of 10 and 20 g without insulin. Compared

with 0, 75 and 100 g protein loads produced significantly higher

glycaemic excursions from 180–240 min (P = 0.002) and 240–300 min

(P < 0.001). Glucose levels from 75 and 100 g protein were similar to

that of 20 g CHO given without insulin however the shape of the

response was different. CHO, carbohydrate.
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Figure 2. Mean postprandial glycaemic excursions (mmol/L) for 27 participants following 
consumption of 8 test drinks containing 0, 12.5, 25, 50, 75 and 100 g of protein; with two 
glucose (CHO) test drinks given for comparison, in amounts of 10 and 20 g without insulin. 
Compared with 0; protein loads of 75 g or 100 g produced significantly higher glycaemic 
excursions from 180–240 min (P=0.002) and 240–300 min (P<0.001). Glucose levels from 
75 and 100 g protein were similar to that of 20 g CHO given without insulin, although the 
shape of the response was different. CHO=carbohydrate. (Republished with permission from 
Paterson et al [2016] and John Wiley and Sons.)
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1.	In a systematic review of the 

effect of fat on postprandial 
glycaemic control in type 1 
diabetes, the evidence suggests 
that meals containing 
carbohydrates and are high in 
dietary fat cause sustained late 
postprandial hyperglycaemia.

2.	Meals rich in protein may 
result in delayed and sustained 
postprandial glucose excursions 
requiring increased insulin in 
people with type 1 diabetes.

3.	Dietary fat and protein have 
both been found to impact 
postprandial glycaemic control 
in people with type 1 diabetes 
long after consuming food, 
and the effect of protein and 
fat is found to be additive 
on postprandial glucose 
concentrations.
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For individuals with diabetes with normal 
kidney function, the ADA (2016) suggests 
that the evidence is inconclusive about 
recommending an ideal amount of protein 
for optimal glycaemic control. For those with 
diabetic kidney disease, dietary protein should 
be maintained at the recommended daily 
allowance of 0.8 g/kg body weight per day.

Low-carbohydrate, high-fat, high-
protein diet
In recent times, there has been an increasing trend 
towards following a low-carbohydrate, high-fat, 
high-protein diet for diabetes management to 
promote glycaemic control and encourage weight 
loss. It can be difficult to measure the success of the 
low-carbohydrate diet in studies as the definition 
of low carbohydrate can vary from study to study. 
Feinman et al (2015) suggested the following 
carbohydrate amounts for low, medium or high-
carbohydrate diets based on recommendations 
from the ADA and National Health and Nutrition 
Examination Survey.
l	Low-carbohydrate diet: <130 g/day of 

carbohydrate.
l	Moderate-carbohydrate diet: 130–230 g/day of 

carbohydrate.
l	High-carbohydrate diet: >230 g/day of 

carbohydrate (Feinman et al, 2015).

Dietitians Association of Australia (2015) 
recently released a summary of key conclusions 
regarding the use of low-carbohydrate, high-
fat, high-protein diets in diabetes management 
and identified that no diet exists that works for 
everyone with diabetes and, hence, focus on one 
particular type of diet may not be helpful.

Low-carbohydrate, high-fat, high-protein diet 
in type 2 diabetes
Tay et al (2015) recently conducted a randomised 
control trial in 115 obese individuals with 
type 2 diabetes comparing the effect of a very-
low carbohydrate, high-unsaturated fat diet 
(VLCHF) to a high-carbohydrate, low-fat diet 
(HCLF) for 52 weeks. The energy distribution 
in the LCHF diet was 14% of energy as 
carbohydrate, 28% energy as protein and 58% 
energy as fat, with less than 10% saturated fat. 

The HCLF diet comprised of 53% energy from 
carbohydrate, 17% energy from protein and 
30% of energy from fats, with less than 10% 
energy from saturated fat. Both study groups 
were involved in moderate-intensity aerobic and 
resistance exercises for diabetes management 
3 days a week with regular reviews throughout 
the study period. 

Results identified that both groups were 
able to achieve substantial weight loss and a 
reduction in HbA1c and fasting glucose levels. 
The VLCHF diet, high in unsaturated fat 
and low in saturated fat, achieved greater 
improvements in lipid profile and blood 
glucose levels, and a reduction in anti-diabetes 
medication. The weight loss observed in both 
groups was attributed to the intense lifestyle 
intervention of the study, which included a 
detailed diet and exercise prescription with 
regular professional support. 

The study had some limitations and excluded 
individuals with comorbidities commonly 
associated with diabetes, such as impaired 
renal function, cardiovascular disease and a 
history of smoking. Also, the long-term impacts 
of such diets on health parameters, as well as 
the potential impacts on overall nutritional 
intake in view of whole food groups being 
reduced, warrants further investigation prior to 
recommending this approach at a population 
level, such as a very-low carbohydrate ketogenic 
diet providing 20–50 g carbohydrate per day 
(Evert et al, 2014). Although some nutritional 
professionals may consider a low-carbohydrate, 
high-fat diet to achieve short-term health goals, 
the effectiveness and safety over an extended 
period of time have not been examined 
(Dietitians Association of Australia, 2015).

In order for similar results to those reported by 
Tay et al (2015) to be replicated in a community 
setting, it may be necessary for medical teams 
to consider a focused multidisciplinary lifestyle 
intervention prescription for the prevention 
and management of diabetes. Individuals with 
diabetes need support from an experienced, 
multidisciplinary healthcare team, and self-
management advice needs to be tailored to 
individual needs to help them manage their 
diabetes. 

Page points
1.	It can be difficult to measure the 

success of the low-carbohydrate 
diet in studies as the definition 
of low carbohydrate can vary 
from study to study.

2.	Although some nutritional 
professionals may consider 
a low-carbohydrate, high-fat 
diet to achieve short-term 
health goals, the effectiveness 
and safety over an extended 
period of time have not been 
examined.

3.	A diet high in total fat and 
saturated fat and low in 
carbohydrates can worsen 
diabetes control in individuals 
with type 1 diabetes.
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Low-carbohydrate, high-fat, high-protein diet 
in type 1 diabetes
A diet high in total fat and saturated fat and low 
in carbohydrates can worsen diabetes control 
in individuals with type 1 diabetes (Dworatzek 
et al, 2013). High-fat, high-protein meals 
require more insulin to control late postprandial 
hyperglycaemia than low-fat and protein meals 
with similar carbohydrate content (Bell et al, 
2015). It is anticipated that a low-carbohydrate, 
high-fat high-protein diet for individuals 
with type 1 diabetes will require insulin dose 
adjustments for excess protein to reduce the risk 
of unstable blood glucose levels (Paterson et al, 
2015). 

One of the challenging aspects of type 1 
diabetes management is carbohydrate counting. 
With high-fat, high-protein diets warranting 
quantification to determine insulin dosing, this 
may further create additional burden that few 
can overcome (Bell et al, 2015).

Low-carbohydrate, high-fat, high-protein diet 
in children and adolescents
Bearing in mind the recent popularity of the 
low-carbohydrate, high-fat, high-protein diet in 
diabetes, there is international agreement that 
carbohydrates should not be restricted in children 
and adolescents with type 1 diabetes as it may 
result in deleterious effects on growth (Smart 
et al, 2014) High-protein diets comprising of 
>25% energy are also not advised in children for 
similar reasons. Meals rich in protein may result 
in delayed and sustained postprandial glucose 
excursions requiring increased insulin in people 
with type 1 diabetes (Paterson et al, 2016).

Conclusion
Diabetes is a serious and complex condition, 
and there is no standard eating plan that works 
universally for all people with diabetes. Effective 
nutrition therapy is based on individualised 
health goals, awareness of cultural and personal 
preferences, health literacy and numeracy, access 
to healthy choices and a readiness, willingness 
and ability to change (Evert et al, 2014).

The evidence-based Australian Dietary 
Guidelines released in 2013 provide the most 

appropriate guide to healthy eating for the 
entire population (National Health and Medical 
Research Council, 2013). Consuming a wide 
range of nutritious foods in recommended 
portion sizes to achieve optimal health and 
diabetes management is vital and can be achieved 
by seeking individualised nutrition care from an 
accredited practising dietitian.� n
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“Consuming a wide 
range of nutritious 
foods in recommended 
portion sizes to 
achieve optimal 
health and diabetes 
management is vital 
and can be achieved by 
seeking individualised 
nutrition care from an 
accredited practising 
dietitian.”
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