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1 | S U M M A R Y OF WH A T I S
NEW/DIFFERENT

improving diabetes outcomes and reducing cardiovascular
risk (E).
• A specialist pediatric dietician with experience in childhood diabe-

• The guide to the distribution of macronutrients has been updated
and re-enforces healthy eating patterns.
• The importance of meal-time routines with limitations on snacking has been emphasized in order to improve dietary quality and
optimize glycemic outcomes.

tes should be part of the multidisciplinary team and should be
available as soon as possible at diagnosis to develop a consistent
relationship (E).
• Energy intake and essential nutrients should aim to maintain ideal
body weight, optimize growth and development and help to pre-

• The impact of dietary fat and protein should be considered in the

vent acute and chronic complications. Regular monitoring of

calculation of the meal-time insulin dose and how it is delivered.

height and weight is required to identify both excessive weight

• Continuous glucose monitoring is a useful tool for educating both
the clinician and young person with diabetes on food related
behaviors and the impact of specific meals on glucose levels.

gain and failure to grow (C).
• The optimal macronutrient distribution varies depending on an individualized assessment of the young person. As a guide, carbohydrate should approximate 45% to 50% of energy, Fat <35% of

2 | E X E C U T I V E SU M M A R Y

energy (saturated fat <10%), and Protein 15% to 20% of energy (C).
• Matching of insulin dose to carbohydrate intake on intensive insu-

• Nutrition therapy is recommended for all children and adolescents

lin regimens allows greater flexibility in carbohydrate intake and

with diabetes. Nutritional advice should be adapted to cultural,

meal-times, with improvements in glycemic control and quality of

ethnic and family traditions, as well as the cognitive and psycho-

life (A). Meal-time routines and dietary quality are important for

social circumstances of the child and family (E).
• Implementation of an individualized meal plan with prandial insulin adjustments improves glycemic control (A).

optimal glycemic outcomes (B)
• Carbohydrate counting is best introduced at onset of type 1 diabetes (E)

• Dietary recommendations are based on healthy eating princi-

• There are several methods of quantifying carbohydrate (CHO)

ples suitable for all children and families with the aim of

intake (gram increments, 10-12 g CHO Portions and 15 g CHO
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Exchanges). There is no strong research evidence to suggest that
one particular method is superior to another (E)
• Preprandial insulin dosing should be encouraged from diabetes
onset for children of all ages (A)
• Fixed insulin regimens require consistency in carbohydrate
amount and timing to improve glycemic control and reduce the
risk of hypoglycemia (C).
• The use of the glycemic index provides additional benefit to glycemic control over that observed when total carbohydrate is considered alone (B).

• To enable appropriate matching of carbohydrate intake to the
insulin profile, carbohydrate may be measured in grams, portions
or exchanges. A variety of educational tools are available in many
countries to assist health professionals and families understand
healthy eating concepts, such as the healthy plate model and to
enable carbohydrate quantification.
• Prevention and management of hypoglycemia, particularly during
and after exercise should be discussed.
• Drinks high in sugar and foods with high amounts of saturated fat
should be generally avoided.

• Dietary fat and protein impact early and delayed postprandial gly-

• If financial constraints make food scare or erratic, this is an added

cemia (A). Changes to both the insulin dose and pattern of deliv-

burden that should be discussed openly and potential solutions

ery are needed for meals higher in protein and fat.

identified.

• Prevention of overweight and obesity in pediatric type 1 diabetes
is a key strategy of care and should involve a family based
approach (B).
• Repeated episodes of diabetic ketoacidosis or worsening glycemic
control may be a sign of disordered eating (C).
• Nutritional advice should be provided on how to successfully
manage both regular and unanticipated physical activity; and how
to meet individual goals in competitive sports (E).
• Nutritional management of type 2 diabetes requires a family and
community approach to address the fundamental problems of
excessive weight gain, lack of physical activity and the increased
risks of cardiovascular disease (E).

4 | INTRODUCTION
Nutritional management is one of the cornerstones of diabetes care
and education. Different countries and regions have widely varying
cultures and socio-economic status that influence and dominate dietary habits. Although there is strong evidence for nutritional requirements in young people the scientific evidence base for many aspects
of diabetes dietary management is still emerging and it is important to
individualize nutrition interventions and meal plans.
These consensus guidelines reflect national and international
pediatric position/consensus statements1–3 and evidence derived
from recommendations for adults with diabetes.4–6 Further research

3 | L I M I T E D CA R E SE T T I N G N U T R I T I O N
RECOMMENDATIONS
• Children and adolescents with diabetes should eat a variety of
healthy foods, including fruits, vegetables, dairy, whole grains,
legumes and lean meat in amounts appropriate for age, stage of
growth and energy requirements.
• Growth monitoring is an essential part of diabetes management.
Unexpected weight loss or failure to gain weight appropriately

is required in many areas of pediatric diabetes management and education, particularly in effective nutrition therapy interventions and
long-term outcomes.
Dietary recommendations for children with diabetes are based on
healthy eating recommendations suitable for all children and adults2,3
and therefore, the whole family. Nutritional advice must be adapted
to cultural, ethnic and family traditions and the psychosocial needs of
the individual child. Likewise, the choice of insulin regimen should
take into account the dietary habits and lifestyle of the child.
A specialist pediatric dietician with experience in childhood diabe-

may be a sign of (1) illness (infections, celiac disease), (2) insulin

tes should be available as part of a pediatric multidisciplinary diabetes

omission, (3) an eating disorder, or (4) issues with food security.

care team to provide education, monitoring and support to the child,

• An experienced pediatric dietitian should be available as part of

parents, carers, extended family, nursery, school teachers, and baby-

the diabetes team to provide education at diagnosis and at regular

sitters. Regularity in meal-times and routines where the child and fam-

review.

ily sit down and eat together, help to establish better eating practices

• Nutritional advice should be adapted to cultural, ethnic and family
traditions as well as the cognitive and psychosocial needs of the
individual child. Where possible all relevant family members
should be involved in education.

and monitoring of food intake. This has been shown to be associated
with better glycemic outcomes.7–9
Nutrition therapy, when used in combination with other components of diabetes care, can further improve clinical and metabolic out-

• Intensive education should be offered on the need to couple the

comes.10,11 The dietician should advise on planning, content and the

preprandial insulin dose with carbohydrate amount. Insulin should

timing of snacks/meals in the context of each child's individual circum-

be given before the meal. Alternatively, for those on fixed insulin

stances, lifestyle and the insulin action profiles. It is important that the

doses, a consistent day-to-day intake of carbohydrate should be

whole family is involved in making appropriate changes based on

consumed to match the timing and type of insulin injections. This

healthy eating principles. The impact of diabetes on eating behavior

advice should be regularly reviewed to accommodate changes in

must not be underestimated and may cause psychological disturbance.

appetite, food availability and physical activity.

Therefore, experienced professionals should facilitate dietary and life-

• Carbohydrate intake is often > than 50% energy in limited care settings due to food traditions and the cost of high-protein foods.

style changes. Education should include behavior change approaches,
motivational interviewing and/or counseling and should be regularly
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reviewed to meet the constantly changing needs and requirements of

• Energy intake varies greatly within subjects on a daily basis due to

the developing child. In order to be most effective, the dietician needs

age, growth rate, physical activity and important environmental

to develop a consistent, trusting and supportive relationship with the

factors such as the type and availability of food.

and also have clear agreed goals with the multi-

• Energy intake should be sufficient to achieve optimal growth and

Nutrition education and lifestyle counseling should be adapted to

• Flexibility in the advice about the amount of food to meet varying

individual needs and delivered in a patient-centered manner. Educa-

energy needs is necessary. Energy balance equations are a guide;

tion can be delivered both to the individual child and family and in

however, a limitation is that they can over-estimate energy

12

families concerned

disciplinary team.13

maintain an ideal body weight.

requirements.

small group settings.
These recommendations target healthy eating principles, glycemic

• Dietary advice/meal planning should be revised regularly to meet

control, the reduction of cardiovascular risk factors, the maintenance

changes in appetite and insulin regimens and to ensure optimal

of psychosocial well-being and family dynamics.

growth.1
• Insulin (amount and type) should be adapted where possible to
the child's appetite and eating pattern. Making a child eat or with-

4.1 | Aims of nutritional management

holding food in an effort to control blood glucose should be dis-

• Encourage appropriate eating behavior and healthy life long eating habits while preserving social, cultural and psychological wellbeing.
• Three meals a day incorporating a wide variety of nutritious foods
from

all

food

groups,

with

appropriate

healthy

snacks

(if necessary), will supply all essential nutrients, maintain a healthy
weight, prevent binge-eating and provides a framework for regular monitoring of blood glucose levels and supervision of insulin
doses (as required).
• Provide sufficient and appropriate energy intake and nutrients for

couraged as this may impact adversely on growth and
development.1
• During puberty, energy intake and nutritional demands increase
substantially along with significant increases in insulin dosage.
This is an important time to monitor for disordered eating and/or
excessive weight gain.

4.2.2 | Maintenance of healthy body weight
• Energy intake may be regulated by appetite, but when food is in
abundance excess energy intake contributes to obesity.

optimal growth, development and good health. Avoid restrictive

• The prevalence of childhood obesity is increasing worldwide.16

diets as they may result in poor growth, nutrient deficiencies and

Large multi-center studies in the US, Australia, and Germany and

increased psychosocial burden.
• Achieve and maintain an appropriate Body Mass Index and waist
circumference. This includes the strong recommendation for children and young people to undertake regular physical activity.
• Achieve a balance between food intake, metabolic requirements,
energy expenditure, and insulin action profiles to attain optimum
glycemic control.
• Reduce the risk of micro and macro-vascular complications, particularly cardiovascular disease.
• Develop a supportive relationship to facilitate behavior change
and positive dietary modifications.
• Tailor advice to individual goals, including weight loss and highlevel sports goals.

Austria have assessed the prevalence of overweight in children
and adolescents with type 1 diabetes and report prevalence rates
of overweight and obesity at least as high as the general
population.17–19
• Prevention and management of overweight/obesity are key strategies of care. Guidance on family food choices, appropriate portion sizes, energy density of foods, meal routines and physical
activity is essential.20 Regular review by the multidisciplinary team
to adjust insulin as weight is lost and for physical activity is necessary to prevent hypoglycemia.
• Important aspects of management in the prevention of overweight are:
○

ence every 3 months. Currently there are no international refer-

• Use diabetes technologies such as continuous glucose monitoring

ence ranges for waist circumference in children younger than

to aid dietary education and inform prandial insulin adjustments

16 years. Target reference values for young people aged 16 years

and dietary modifications.

and older are <80 cm for females and <94 cm for males.21
○

4.2 | Guidelines on energy balance, energy intake
and food components

○

Adjustment of insulin in preference to intake of additional car-

○

Consistent advice on the prevention and appropriate treatment

bohydrate for hypoglycemia prevention during physical activity
of hypoglycemia (to prevent overtreatment) by all team

when appropriate weight is restored.14 The first year following diabeand to promote maintenance of a healthy body weight.15

Promotion of regular moderate-vigorous physical activity for

○

ceding catabolic weight loss. It is vital that energy intake is reduced
tes onset is a critical period to ensure excessive weight is not gained

Regular review by a dietician
60 minutes a day, on a daily basis.22

4.2.1 | Energy balance
At diagnosis, appetite and energy intake are often high to restore pre-

Plotting the growth curve, BMI16 and if possible waist circumfer-

members
○

Review of the insulin regimen to minimize hypoglycemia and
the need for large snacks
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4.2.3 | Energy intake recommendations

cardiovascular risk metabolic profile and increase the risk of disor-

A guide to the distribution of macronutrients according to total daily

dered eating behaviors.26 There is evidence from ketogenic diets that

energy intake is as below. These reflect guidelines for healthy eating

low-carbohydrate diets can be nutritionally inadequate and result in

They are also based on food group

growth failure.32 Restricted carbohydrate diets may increase the risk

servings to meet vitamins, minerals and fiber recommendations for

of hypoglycemia or potentially impair the effect of glucagon in hypo-

age, without supplementation. An optimal percentage of energy from

glycemia treatment.33

23,24

for children without diabetes.

macronutrients has not been defined and individual and family prefer-

It is important to respectfully explore the family’s reasons for

ences should be taken into account.25 This may vary depending on

carbohydrate restriction. The meaning of a low-carbohydrate diet

meal patterns, cultural influences and metabolic priorities. Dietary pat-

may differ between individuals and it is important to understand

terns that restrict intake from one macronutrient may compromise

what it means to the individual family. If an individual child or family

growth and lead to nutritional deficiencies.26

chooses to routinely consume a diet <40% energy from carbohy-

National guidelines for adults and children with diabetes in

drate it is recommended that they discuss this with a dietitian to

Australia and Canada recommend a carbohydrate intake of at least

ensure the diet is nutritionally complete, particularly in regard to cal-

45% energy.2,6 Clinical consensus is that carbohydrate intakes in

cium, B vitamins, iron and fiber intakes.26 Dietary intake studies in

older, overweight or obese adolescents may be lower (40% energy)

children and adolescents using intensive insulin therapy have previ-

with higher protein intakes (25% energy). The quality of fats is

ously reported an association between lower total carbohydrate

more important than the quantity, with a need to replace saturated

intakes and poorer glycemic outcomes,34,35 although more evidence

fats with polyunsaturated and monounsaturated fats.27 In countries

is needed. An emphasis should be on maintaining positive relation-

where the Mediterranean diet is followed, up to 40% of the diet

ships between the family and treating team.

may be from monounsaturated fat with no adverse impact on meta-

Caregivers and children with diabetes require strategies to mini-

bolic outcomes. Of concern, dietary studies of children with diabe-

mize the postprandial excursions caused by carbohydrate. Early pre-

tes in many developed countries have found that as carbohydrate

prandial insulin administration up to 15 to 20 minutes before the

intake decreases, children tend to consume lower quality

meal36 or the addition of a moderate amount of protein to a meal

diets.

28–31

containing predominantly carbohydrate37 can assist in reducing
postprandial excursions. Substituting low-Glycemic Index (GI) for

A guide to the distribution of macronutrients
Carbohydrate 45% to 55% energy
Moderate sucrose intake (up to 10% total energy)
Fat 30% to 35% energy
<10% saturated fat + trans fatty acids
Protein 15% to 20% energy

High-GI carbohydrate38,39 and increasing dietary fiber intake35 are
other useful dietary options. A meal-time routine with limits on
snacking episodes can assist in preventing prolonged periods of
postprandial hyperglycemia.9

4.3.3 | Sucrose

4.3 | Food components
4.3.1 | Carbohydrates
Carbohydrate requirements in children and adolescents are individually determined based on age, gender, activity and previous intake.
The mean requirement for carbohydrate if a child is consuming 45%
energy from carbohydrate at age 10 years is approximately 170 g
and in adolescents aged 14 years approximately 213 g. However, it
is important that this is high-quality carbohydrate. Clinical evidence
suggests that individuals typically consume 45% to 50% energy

Sucrose and sucrose-containing food and fluids should be consumed
in the context of a healthy diet.4 Sucrose does not increase glycemia
more than isocaloric amounts of starch.40 However, consumption of
foods containing added sucrose should be minimized to avoid displacing nutrient-dense food choices and decreasing dietary quality.4 If
added, sucrose should be appropriately balanced against insulin doses.
Sucrose can provide up to 10% of total daily energy intake.6 Not all
countries have a specific recommendation on the percentage of sugar
or mono- or disaccharides in the diet.

from carbohydrate and can achieve optimal postprandial glycemic
control with appropriately matched insulin to carbohydrate ratios

• Sucrose sweetened beverage consumption has been linked to

and insulin delivery. Healthy sources of carbohydrate foods such as

excessive weight gain.41 Large quantities of sugary beverages

whole grain breads and cereals, legumes (peas, beans, and lentils),

cause high-postprandial glucose peaks and is difficult to ade-

fruit, vegetables and low-fat dairy products (full fat in children

quately cover with insulin. The consumption of sweetened

under 2 years) should be encouraged to minimize glycemic excur-

drinks, soft-drinks and cordials should be discouraged for the

sions and improve dietary quality.

whole family. Diet or light drinks can be recommended for children with diabetes instead of sugary drinks on special occasions.

4.3.2 | Low-carbohydrate diets
There is international agreement that carbohydrate should not be
excessively restricted in children and adolescents with type 1 diabetes
as it may result in deleterious effects on growth, a higher

Water should be encouraged on a daily basis instead of sugary
drinks for everyone.
• Sucrose may be used instead of glucose to prevent or treat hypoglycemia. See guideline on Hypoglycemia for more details.
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• Care should be taken when giving dietary education that methods

4.3.4 | Fiber

of quantifying carbohydrate do not increase total fat and/or satuAge

Fiber recommendations

Birth through 1 year

Not determined

1 year or greater

14 g/4184 kJ (1000 kcals)
3.3 g/MJ

rated fat intake.

4.3.6 | Saturated fat and trans fatty acids
• Recommendations for saturated and trans fatty acids should be in

Alternative formula
42

Children >2 years old

Age in years +5 = grams of fiber per day

line with those for the general population. No more than 10%
energy from saturated fat is recommended.49 Saturated fat is the

Intake of a variety of fiber containing foods such as legumes, fruit,
vegetables and wholegrain cereals should be encouraged. Soluble
fiber in vegetables, legumes and fruit may be particularly useful in

principal dietary determinant of plasma LDL cholesterol. Saturated fats are found in full fat dairy products, fatty meats and
high-fat snacks. Trans fatty acids, formed when vegetable oils are
processed and solidified (hydrogenation), are found in margarines,

43

helping to reduce lipid levels.

Dietary fiber intakes of children in many countries are lower than

deep-frying fat, cooking fat and manufactured products such as
cookies and cakes. Trans fat should be limited as much as

recommended.42

possible.
• High-fiber diets, especially from sources with insoluble fiber, are
associated with lower cardiovascular disease (CVD) and coronary
heart disease. In addition, greater intake of fiber from fruit is asso-

• Replace saturated fat with unsaturated fats by using lean meats,
fish, low-fat dairy products and changing to MUFA and PUFA
cooking oils and margarines.

ciated with lower CVD risk.44,45
• Dietary fiber is associated with digestive health and modulates
bowel function, fermentation and effects of gut microbiota.44

4.3.7 | Monounsaturated fatty acids and polyunsaturated
fatty acids

• Increasing fiber intake can assist in improving glycemic control35

• Unsaturated fatty acids are important components of lipid

• Dietary fiber aids in laxation and should be increased slowly in the

membranes.

diet to prevent abdominal discomfort and should be accompanied
by an increase in fluid intake.
• Diet high in whole grains may help to improve satiety, replace
more energy dense foods and prevent weight gain.46
• Processed foods tend to be lower in fiber therefore; unprocessed,
fresh whole foods should be encouraged.

• MUFA (particularly cis-configuration), found in olive, sesame and
rapeseed oils, and also in nuts and peanut butter may be beneficial in controlling lipid levels and convey some protection against
cardiovascular disease. They are recommended replacements for
saturated fats.27
• PUFA derived from vegetable origins such as corn, sunflower, saf-

4.3.5 | Fats

flower, and soybean or from oily marine fish may assist in the

Population based nutritional guidelines recommend a fat intake of no
greater than 30% to 35% total daily energy intake.47 A range of recommendations currently exist in adult diabetes guidelines, from no
specific recommendation for percentage total energy up to 35%
energy from fat.2,4,6 The American Heart Association Academy supports children consuming a healthy diet which limits saturated fat and
recommends replacement with polyunsaturated and monounsaturated fat to reduce cardiovascular risk in later life.27
High total fat intakes have been shown to increase the risk of
overweight and obesity.47 High saturated and trans-fat intakes have

reduction of lipid levels when substituted for saturated fat.
• Consumption of oily fish, which is rich in n-3 fatty acids, is recommended. Advice for children is to eat oily fish once or twice
weekly in amounts of 80 to 120 g.50,51
• n-3 supplements or an increase in the intake of oily fish should be
considered if triglyceride levels are elevated.
• The use of plant sterol and stanol esters (in margarine and dairy
products) may be considered for children 5 years and older if total
and/or LDL cholesterol remains elevated.52,53

been linked to an increased risk of cardiovascular disease.2,28 Studies
show children and young people with diabetes consume fat and satu28–31

rated fat above dietary recommendations.

The primary goal regarding dietary fat in clinical practice is to
ensure saturated fat, trans fatty acid and total fat intakes do not
exceed population recommendations. Monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA) can be used as substi5

tutes to improve the lipid profile. Eating patterns which resemble the
Mediterranean diet (based on monounsaturated fats, wholegrain car-

4.3.8 | Protein
• Intake decreases during childhood from approximately 2 g/kg/
day in early infancy to 1 g/kg/day for a 10-year-old and to 0.8 to
0.9 g/kg/day in later adolescence.54
• Worldwide intake of protein varies greatly depending on economy and availability.
• Protein promotes growth only when sufficient total energy is
available.

bohydrate, plant- based food choices with a reduced intake of red and

• High-protein drink and food supplements are generally unneces-

processed meats) are likely to be of benefit to long-term health and

sary for children with diabetes. Their use requires dietary review

reduction of CVD risk.48

with individualized advice.
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• Sources of vegetable protein such as legumes should be encouraged. Sources of animal protein also recommended include fish,
lean cuts of meat and low-fat dairy products.2

• Low carbohydrate or ‘diabetic’ beers should be viewed with caution as many do not have reduced alcohol content.
• Special care should be taken to prevent nocturnal hypoglycemia

• When persistent micro albuminuria or established nephropathy

by having a carbohydrate snack at bedtime and monitoring blood

occurs, excessive protein intake (>25% energy) should be avoided.

glucose (BG) levels more often than usual during the night and

It is prudent to advise that intake should be at the lower end of

the following day, at least until lunchtime.58 Continuous glucose

the recommended range for age.5 However, there is insufficient

monitoring can also be very helpful in preventing nocturnal

evidence to restrict protein intake. Any modifications to protein
intake in adolescence should not be allowed to interfere with normal growth and requires expert management by a dietician.

hypoglycemia.
• Young people should be encouraged to wear identification for
diabetes as symptoms of hypoglycemia can be mistaken for
intoxication.

4.3.9 | Vitamins, minerals, and antioxidants
Children with diabetes have the same vitamin and mineral require-

4.3.12 | Specially labeled diabetic foods

ments as other healthy children.2 There is no clear evidence of benefit

• International nutritional guidelines advise that a moderate amount

from vitamin or mineral supplementation in children with diabetes

of sucrose can be consumed2–6 and “diabetic foods” are not

who do not have underlying deficiencies.55

necessary.

Meal planning should optimize food choices to meet recom-

• “Diabetic” foods are also not recommended because they are

mended dietary allowance/dietary reference intake for all micronutri-

expensive, often high in fat and may contain sweeteners with lax-

ents. Medical nutrition therapy visits with a dietician is recommended

ative effects. These include the sugar alcohols such as sorbitol.

to ensure the child or adolescents' diet is nutritionally complete.

• Water should always be encouraged instead of drinks sweetened

4.3.10 | Sodium

• Saccharin,

with non-nutritive sweeteners.

Children with diabetes should limit their sodium intake to at least that

neotame, aspartame,

acesulfame

K,

cyclamates

(in some countries), alitame and sucralose are used in low sugar,

of recommendations for the general population. High-dietary sodium

“light” or “diet” products to improve sweetness and palatability.

intake in children with type 1 diabetes is common and relates to vas-

• Acceptable daily intakes (ADI) have been established in some

cular dysfunction.56

countries.
• There are no published scientific reports documenting harm from

4.3.11 | Alcohol

an intake of artificial sweeteners in doses not exceeding ADI.59

Young people with type 1 diabetes face more risks when drinking
alcohol than people without diabetes. Excess alcohol is more dangerous because of suppression of gluconeogenesis and the possibility this

4.4 | Guidelines for nutritional care, education and
meal planning

may induce prolonged hypoglycemia in young people with diabetes
(up to 10 to 12 or more hours after drinking, depending on the
amount ingested).57 Education on the following points should be
emphasized when a child or young person starts to include alcohol in

1. Initial dietary advice by a pediatric diabetes dietician should be
provided as soon as possible after diagnosis to promote a secure,
trusting and supportive relationship.3

their lifestyle or prior to transition to adult services.
A dietary history should be taken including:
• Alcohol is prohibited in many societies and age restricted in most,
but remains a potential problem from abuse.
• Alcohol intake in young people may lead to increased risk taking
behaviors and interfere with the ability to recognize hypoglycemia
symptoms.
• Many types of alcoholic drinks are available, some of which contain carbohydrate and can cause initial hyperglycemia, while still

• Preexisting family dietary habits, traditions and beliefs.
• The child's usual food intake including energy, carbohydrate
amount and distribution, fat intake, quality of food choices and
meal-times or patterns of food intake.
• The child's daily activities, including the impact of nursery/school/
work, physical activity and exercise schedules.

predisposing to later hypoglycemia. Education is needed on the

2. Advice should be given at diagnosis based on the dietician's

alcohol content of different drinks and what defines a standard

assessment and the individualized plan provided by the diabetes

drink.

team. Carbohydrate counting is best commenced at diagnosis for

• Carbohydrate should be eaten before and/or during and/or after

those using intensive insulin therapies.3 A series of follow-up

alcohol intake. It may be also necessary to decrease the insulin

appointments should be completed with the specialist pediatric

dose particularly if exercise is performed during or after drinking.

dietician within 3 to 6 months after diagnosis with the first review

• Advice should include avoidance of binge drinking (more than four

within a month after diagnosis11 . It is important that the initial or

standard drinks) and practical ways to reduce alcohol intake such

review assessment includes identification of any body image or

as the use of alcohol reduced beers.

weight concerns.
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3. Contacts thereafter depend on local arrangements, a minimum
should include 2 to 4 times in the first year and annual reassessment.11 These are necessary to keep pace with the child's growth,
diabetes management, lifestyle changes and the identification of
specific dietary problems such as dysfunctional eating habits, family issues around food, obesity and Eating Disorders.
4. Continuation of care, support and review by a dietician is essential
for optimal care.11
5. Circumstances such as changing insulin regimen, dyslipidemia,
poor dietary knowledge, excessive weight gain, and comorbidities such as celiac disease require extra education and dietary intervention with more frequent review.
6. Dietary education should be individualized and appropriate for
the age and maturity of the child to help engage the child in active
learning.60

4.5 | Education tools and methods
Education tools and methods are used to provide knowledge and skills
to optimize glycemic control, growth and cardiovascular outcomes.
Dietary quality must be promoted alongside all carbohydrate quantification tools.

Joslin Diabetes Center healthy plate. © 2017 by Joslin
Diabetes Center (www.joslin.org). All rights reserved. Reprinted with
permission

FIGURE 1

4.5.2 | Carbohydrate assessment and methods
• The amount of carbohydrate and available insulin is one of the

• Methods of healthy eating education and tools for carbohydrate
quantification are essential.

most

important

factors

influencing

postprandial

glycemic

control.4,63

• There are no high quality, long-term, randomized studies to support one particular method of carbohydrate counting compared

Other dietary variables such as glycemic index, fat, protein and
fiber impact postprandial glycemia and should be considered in inter-

with another.
• Blood glucose monitoring (pre- and post-prandial) or continuous

preting and optimizing postprandial glucose levels.64–67 However,

glucose monitoring systems (CGMS) provide essential information

most education tools are based upon the premise that carbohydrate

on postprandial glucose excursions and the need to improve car-

amount and type is recognized as the primary determinant of the

bohydrate counting accuracy, adjust the prandial insulin timing or

postprandial response and along with distribution of carbohydrate

amount, or alter the insulin delivery or dose for meals high in fat

form the basis of most education programs.

and protein.61

Extensive patient education materials are available in many coun-

• As families become more confident with managing diabetes, edu-

tries to help adolescents and families estimate the carbohydrate con-

cation should be responsive to their observations and education

tent of foods in grams, portions or exchanges. Dietary sessions

on glycemic index or insulin coverage of high fat, high-protein

involve educating patients on how to read and interpret food labels,

meals may be discussed.

assess the carbohydrate content of the snack/meal and understand

• As children grow and take more responsibility, regular reeducation is essential.

the nutrient content of foods in order to make healthy choices. Most
national diabetes associations also produce useful literature on how
to read food labels.

The following are examples of a range of tools ranging from simple to complex that can be used at various stages in education.
Basic dietary education should cover healthy eating with some
method of carbohydrate quantification.

4.6 | Carbohydrate counting
Carbohydrate counting is a meal planning approach that focuses on
carbohydrate as the primary nutrient affecting postprandial glycemic

4.5.1 | Healthy eating education tools

response. It aims to improve glycemic control and allow flexibility of

The Plate Model method (Figure 1) is useful in providing basic nutri-

food choices.68 It is essential that carbohydrate counting is incorpo-

tional information and healthy eating concepts. The plate can be

rated as part of team-based approach to management and healthy

thought of as a guide to both the individual meal and the day as a

eating principles and meal-time routines underlie all education. Infor-

whole. It also illustrates visually carbohydrate- containing foods in

mation about dietary quality and carbohydrate counting should be

relation to other food components and is an attractive visual aid for

provided together.69 International consensus is that carbohydrate

children. Regular meals and snacks (at least three balanced meals per

counting is best introduced at the onset of diabetes for those using

day) ensures that the range of nutrients are consumed to meet daily

intensive insulin therapy,70 however, no randomized studies exist on

62

recommended requirements.

the optimal timing of carbohydrate counting interventions.
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Two systematic reviews, based mainly on studies in adults, have
reported positive trends in glycemic and life-style benefits when car-

• Low-GI food sources include whole-grain breads, pasta, temperate fruits and dairy products.90

bohydrate counting is used as an intervention for people with type
1 diabetes.71,72 These benefits include improved glycemic control as

Glycemic load (GL) is another method of predicting the postpran-

measured by lower HbA1c levels73–76; improved diabetes-specific

dial blood glucose response, which takes into account both the GI of

quality of life73,74; and improved coping ability in daily life.73,75,76 Both

the food and the carbohydrate portion size.91 A small pilot study on

concluded carbohydrate counting was a useful method for insulin dos-

the feasibility of GL counting in nine adults with type 1 diabetes found

ing. Nutrition guidance recommendations for adults receiving MDI or

that GL counting is feasible in real-life for prandial insulin dose calcu-

insulin pump therapy state carbohydrate counting using insulin-to-

lations.92 Further studies are needed to investigate the efficacy of GL

carbohydrate ratios should be used to optimize glycemic outcomes.25

for calculating the meal-time insulin dose.

In a large study of children, adolescents and young adults carbohydrate counting was related to better diabetes specific health related
quality of life and optimal glycemic control.77
Methods of quantifying carbohydrate in common use include:

4.8 | Fat and protein
The meal-time insulin dose is typically calculated using an individualized insulin-to-carbohydrate ratio. However, there is evidence that

• Gram increments of carbohydrate

the impact of dietary fat and protein should be considered when

• 10 to 12 g carbohydrate portions

determining the insulin bolus dose and delivery.64,66,67,93 Pediatric

• 15 g carbohydrate exchanges

and adult studies have shown that meals high in either protein or fat
increase delayed hyperglycemia (up to 3-6 hours after the meal); and

Research has not demonstrated that one method of teaching car-

also reduce the early (1-2 hours) postprandial rise.37,67,93,94 These

bohydrate counting (grams, portions, or exchanges) is better than

studies highlight the limitations of current carbohydrate-based algo-

other methods.78 It has been shown that a single meal-time bolus of

rithms for insulin dosage calculations.

insulin may cover a range of carbohydrate intake without deteriora-

Clinical guidelines recommend meal-time insulin dose adjust-

tion in postprandial control.79 Therefore, it is not essential that people

ments to compensate for the delayed hyperglycemic excursions

using intensive insulin therapy count carbohydrate in grams and other

caused by fat and protein.95 Several methods of adjusting insulin

forms of carbohydrate quantification such as exchanges can be used

doses for fat and protein have been suggested. A systematic review

successfully.

recommended incremental dose increases up to 30% to 35% for meals

Accuracy in carbohydrate counting is important to optimize post-

high in fat and protein, accompanied by a combination or split bolus.36

prandial glycemia.80–82 There is no universal definition for accuracy.

Another study has suggested up to 65% more insulin for a high pro-

Research has shown children, adolescents and their parents can car-

tein, high-fat meal.96 However, substantial inter-individual differences

bohydrate count with a degree of accuracy, however, under and over-

exist in insulin dose requirements for fat and protein and individual-

estimation of foods remains a challenge.78,80,82,83 Regular review of

ized advice based on postprandial glucose monitoring up to 6 hours is

carbohydrate counting skills is necessary as children grow and new
foods are introduced.78

required.93,96 A conservative starting point for incremental bolus dose
increases is an additional 15% to 20% for high fat, high-protein meals.

Mobile applications (apps) and digital games are useful tools to
assist carbohydrate estimations.84 Bolus calculators, used in association with carbohydrate counting, can aid insulin dose calculations and
may further improve glycemic control.85

Novel algorithms have also been suggested to cover the postprandial excursions caused by high fat and protein meals. The calculation of fat and protein units has been proposed with the additional
insulin provided as an extended bolus.97 This has been trialed in a
number of studies, however, a higher rate of clinically significant

4.7 | Glycemic index and glycemic load

hypoglycemia was a limitation of this method.97–99 Another novel

The use of the glycemic index (GI) has been shown to provide addi-

insulin dosing algorithm based on the Food Insulin Index (FII), has also

tional benefit to glycemic control over that observed when total car-

been developed and trialed in adults.100 Its clinical applicability has

bohydrate is considered alone.86,87 In type 1 diabetes GI should not

been investigated in a randomized pilot trial in adults, which demon-

be used in isolation, but with a method of carbohydrate quantifica-

strated no significant difference in glycemic outcomes compared to

A controlled study in children substituting low GI for high-GI

carbohydrate counting.101 The Food Insulin Index has also been com-

foods found the lower GI diet improved glycemic control after

pared to carbohydrate counting in dosing for protein-only foods in a

88

tion.

89

12 months compared to prescriptive dietary advice.

In clinical practice GI is used as a tool to minimize postprandial
glucose rises and to improve the quality of the diet.

small acute postprandial study in adults.102 However, hypoglycemia
rates were high for both dosing methods (FII 48% vs CC 33%). Currently the optimal insulin bolus dose and delivery for meals high in fat
and protein is undefined with randomized controlled trials required.

• Low-GI foods may lower postprandial hyperglycemia when they

Insulin dosing software is emerging as an important tool to assist

are chosen to replace higher GI foods.6 This has been demon-

bolus insulin dose calculations. Pilot studies indicate insulin dosing

strated in a meal study with children using multiple daily

applications are useful tools to assist accuracy and replace manual

injections.38

methods of meal-bolus estimations.103,104 Evaluations of applications
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are needed, in addition to evaluating their acceptability to individuals

• The use of meal-time insulin bolus calculators in both multiple
daily injection therapy and insulin pump therapy has been shown

with diabetes.

to assist insulin dose calculations and potentially improve post-

4.9 | Dietary recommendations for specific insulin
regimes

prandial glycaemia.112,113
Rapid acting insulin analogues should be given in these regimens

4.9.1 | Prandial insulin dosing

up to 20 minutes before meals to diminish the postprandial blood glu-

Twice daily insulin regimens

cose excursion114 and to decrease the likelihood of being forgot-

• Twice daily insulin regimens of short and longer acting insulin

ten.115 Snacks without meal boluses result in deterioration in glycemic

require day-to-day consistency in carbohydrate intake (often as

control.116 “Grazing” or frequent snacking has also been shown to

three regular meals with snacks between) to balance the insulin

worsen glycemic control.9

action profile and prevent hypoglycemia during periods of peak
insulin action.105

4.10 | Timing and type of insulin boluses

• On twice daily insulin, the carbohydrate content consumed in the
meals eaten at the time of the insulin doses can be flexible if the
patient/family is taught to adjust the short/rapid acting insulin to
the carbohydrate eaten.106 Pre-and post-prandial blood glucose
testing or CGM can assist with determining the appropriateness
of insulin dosage changes. Prescription of carbohydrate in a fixed

The timing of the prandial bolus is important. Several studies have
shown that preprandial bolus insulin is preferable to insulin administered during or after the meal.38,117,118 Delivering a bolus dose 15 to
20 minutes before eating rather than immediately before additionally
improves postprandial glycemia.117,118
One of the advantages of insulin pump therapy is its ability to tai-

meal plan requires regular review in a growing child. Adherence is

lor prandial insulin delivery to the meal composition. This enables the

difficult to a fixed meal plan because of usual daily variability of

meal bolus to match the glycemic effect of the meal (low GI, high fat,

total energy and carbohydrate intake.

or high-protein content). For high fat, carbohydrate dense meals such

• Particular attention should be paid to the total energy/carbohy-

as pizza and battered fish and chips, the combination bolus has been

drate intake and timing of meals or snacks to optimize glycemic

shown to most effectively match the postprandial glycemic pro-

control and to prevent excessive weight gain.

file.119,120 A combination bolus prior to a low-GI meal is also helpful in

• Most twice daily insulin regimens require carbohydrate intake

matching the postprandial glucose excursion.39 The combination bolus

before bed to help in the prevention of nocturnal hypoglycemia.

has similarly been used efficaciously for high protein, high-fat meals,
combined

with

additional

insulin

for

the

fat

and

protein

components.99

Intensive insulin regimens
A more flexible approach using individualized insulin to carbohydrate

A systematic review concluded differences in the duration and

ratios (ICR), which enables the preprandial insulin dose to be matched

split of bolus types across studies make it difficult to recommend a

to carbohydrate intake, should be used for children and adolescents

specific duration and split for all meal types.36 Studies indicate intra-

on intensive insulin therapy. The ICR is individualized for each child

individual variation in the pattern of insulin delivery required for

according to age, sex, pubertal status, duration of diagnosis and activ-

meals.96,119,121 A study in children and adolescents found the opti-

ity. This approach has been endorsed by a number of international
1–4,6,25

clinical consensus guidelines.

In order to assess the accuracy of

the insulin to carbohydrate ratio pre- and 2 to 3 hours post-prandial
BGL testing is required. Although this method increases flexibility of
the meal timing and the carbohydrate amount, meal-time routines and
dietary quality remain important.
Studies in adults using MDI with insulin-to-carbohydrate ratios
have shown improvements in dietary freedom, glycemic control and
quality of life,74 particularly if delivered as part of a comprehensive
education package. Insulin-to-carbohydrate ratios have also been
evaluated in children and adolescents using MDI, often as part of
structured education programs.60,107–111 Results in adults have indicated the use of insulin-to-carbohydrate ratios resulted in significant
decreases in HbA1c of 0.4% to 1.6% and significant increases in quality of life.25

mum combination bolus split to maintain postprandial glycemia with a
high-fat and high-protein meal was a 60/40% or 70/30% split delivered over 3 hours.122 However, a study in adults demonstrated the
mean optimal pattern of delivery for a high protein, high-fat meal was
a 30/70% split delivered over 2.4 hours, with a range from 10%/90%
to 50%/50% and a delivery duration from 2 to 3 hours.96 Studies have
confirmed that the standard bolus is not as effective as the combination bolus for high fat and high-protein meals.120,123 In clinical practice, use of the combination bolus with sufficient insulin upfront to
control the initial postprandial rise is needed. Further studies are
required to determine the appropriate insulin bolus delivery pattern
for high fat or high-protein meals.
For those on MDI, clinical experience at some centers suggests
short-acting (regular/soluble) insulin may be given when a prolonged
insulin effect is desired to match certain meals, for example high fat,
carbohydrate dense foods. Split insulin doses have also been recommended by some centers, however, there is only one published study

• Care should be taken when an insulin to carbohydrate ratio is

that has investigated this.124 This study found that for a high fat, high-

used in MDI and pump therapy, that the overall quality of the diet

carbohydrate meal administration of 130% of the prandial insulin dose

is not reduced.69

as a split bolus (100%: 30%), 3 hours postmeal consumption produced
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a glycemic response similar to the low-fat (5 g) control condition with

• Advice on healthy food choices, food portion size, and physical

no increase in hypoglycemic episodes. When this dose was delivered

activity to reduce the risks of inappropriate weight gain and car-

as a normal bolus, however, the incidence of hypoglycemia signifi-

diovascular disease is important.

cantly increased. Pre- and post-prandial blood glucose testing at 3, 5

• Sleepover and party advice should be discussed.

and 7 hours or continuous glucose monitoring systems can be useful

• School personnel need understanding and training in diabetes

in guiding insulin adjustments and evaluating the outcomes of changes

management.

to the insulin dose or timing.121

4.11.3 | Adolescents
Challenging behaviors may include staying out late, sleeping in, skip-

4.11 | Age group specific advice

ping insulin, missing meals and in some cultures, drinking alcohol.
The challenges of nutrition education for children and adolescents
with diabetes are often age-related and reflect the nutritional and
developmental needs of different age groups. Family functioning and
interactions at meal-times have been demonstrated to impact on eating behavior and glycemic control in younger children125,126 and adolescents.127

Adolescence

represents

a

critical

stage

in

the

development of self-management of food intake and diabetes, accom-

Emphasis should be placed on the importance of healthy, routine
meals particularly during periods of rapid growth to prevent excessive
afternoon or evening snacking.
The insulin and meal timing may need to be adapted to suit variable schedules, including school, exercise and work commitments.
Weight monitoring is recommended for early recognition of either
weight loss or inappropriate weight gain.

panied by independent decisions about lifestyle choices, and education should be revised at this time.
Below is a summary of the specific characteristics to consider
when working with different age groups. See chapter on Managing
Diabetes in Preschool Children70 for more detailed information on the
nutritional management of toddlers and preschool-aged children with
type 1 diabetes.

4.11.1 | Toddler and preschool children

• Excessive weight gain requires careful review of insulin dosage,
food intake, glycemic control and physical activity.
• Weight loss or failure to gain weight may be associated with insulin omission for weight control and may be indicative of a disordered eating behavior or an Eating Disorder (see later). In those
with high HbA1c, irrespective of weight profile, further assessment of disordered eating thoughts and behaviors should be
considered.

• Toddlers have variable appetites. Routine, small meals over the

• Parties, vacations, peer pressure to eat inappropriately and

day promote improvements in glycemic control and nutritional

healthy lifestyle advice all require discussion, problem solving and

adequacy. Grazing on small food quantities should be discouraged
as this may contribute to food refusal issues at meal-times and
can result in postprandial hyperglycemia.
• Insulin pump therapy may help manage toddler-eating behaviors.8,128 It is preferable that preprandial insulin doses are given,

target setting.
• Advice on the safe consumption of alcohol and the risks of prolonged hypoglycemia is important in some societies.
• Information on the nutritional content of snack and takeaways
with appropriate healthier alternatives is important.

although the dose can be split to preprandial and during the meal
when eating is erratic or new foods are offered.

4.11.4 | Festivities and special events

• Positive parental role models and early participation in family

Celebrations and festivities specific to culture and religion will need

meals may promote improved cooperation regarding food and

individual advice and planning according to insulin regimen. Both

healthy food choices. Discourage the re-introduction of a bottle

feasting and fasting occur in many religions. Special dispensation is

of milk or juice for “easy” carbohydrate intake.

usually given to children with diabetes during fasts such as Ramadan,

• Parental anxiety regarding food intake is common in this age

however, children and adolescents may wish to fast and may from the

group and strategies should be provided for preprandial dosing

age of 8 years start to participate in fasting for short periods. In these

(See Managing Diabetes in Preschool Children70).

situations, education on carbohydrate and insulin adjustment needs to

• Daycare providers and babysitters need instruction on diabetes
management

4.11.2 | School aged children

be provided alongside risk assessment as fasting is associated with a
higher risk of hypoglycemia. Detailed guidance on assessment and
management of fasting and Ramadan can be accessed from the
IDF.129

Meal and snack routine should be incorporated into the usual school
timetable, where possible.
The child should start to acquire an understanding of carbohydrate amounts in foods with supervision and support.78

4.12 | Nutritional management of exercise and
physical activity
Children and adolescents with diabetes should be encouraged to par-

• Individual advice should be provided regarding carbohydrate

ticipate in regular physical activity because it promotes cardiovascular

intake to prevent hypoglycemia particularly for school events

health and aids weight management. Physical activity which may be

such as sports days, excursions and camps. This should not be

planned or unplanned is one of the commonest causes of hypoglyce-

needed for the child's usual active play.

mia in young people with type 1 diabetes. However, intense exercise
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can cause hyperglycemia during the activity, with potential for

carbohydrate may also require additional bolus insulin.134 Food con-

delayed hypoglycemia. See Guideline on Exercise for more details on

sumed prior to competitive sports may require increased insulin doses

glycemic management, hypoglycemia prevention and insulin adjust-

compared to training situations.

ment for all types of physical activity and exercise.

The need for carbohydrate immediately prior to exercise will also

Children and young people undertaking regular physical activity

be related to pre-exercise blood glucose and timing of the last meal/

and training have the same nutritional requirements as their peers with-

snack. If blood glucose level is below 5 mmol/L, an additional 10 to

out diabetes. Evidence for sports nutrition in child and adolescent com-

15 g carbohydrate will be needed prior to starting the activity. Glu-

petitors is limited and based on adult guidelines. Within adult literature

cose trends can be used to identify the need for additional carbohy-

there is insufficient evidence relating to athletes with type 1 diabetes to

drate for hypoglycemia prevention.135 This type of nutritional

make diabetes specific nutrition recommendations as most studies

adjustment is easier to make in the presence of continuous glucose

address hypoglycemia prevention rather than sports nutrition needs. An

monitoring (see Exercise chapter).

international consensus statement on exercise management in type

Aerobic exercise lasting 60 minutes or longer may require addi-

1 diabetes provides guidance regarding nutritional requirements for

tional carbohydrate to maintain performance. Additional carbohydrate

exercise performance and hypoglycemia prevention.130

needed during activity should be distributed across the activity. An iso-

Dietary intake needs to be appropriate to support growth and the

tonic sports drink containing 6% to 8% carbohydrate may be useful dur-

demands of the specific sport.131 Adequate total nutrition is important

ing prolonged activity (>1 hour) to address both increased fluid and

to ensure that increased energy needs of the sport do not impair

carbohydrate needs.136 Examples of suitable carbohydrate sources for

growth. In many countries energy intake recommendations take into

exercise include carbohydrate gels, isotonic sports drinks, fruit and fruit

account activity levels. When estimating requirements for young

juices. Additional carbohydrate during exercise can cause gastrointesti-

sports people with type 1 diabetes the additional energy cost of the

nal upset, so advice should be adapted to suit the individual. Carbohy-

activity should be accounted for.
The nutritional demands of exercise vary with the type, intensity
and duration of exercise, as well as the age, sex and fitness level so an
individual approach to advice is required. In addition, nutritional strategies contribute to the prevention of hypoglycemic and hyperglycemic episodes during and post-exercise. Exercise management plans
should emphasize the importance of careful planning, individual attention to detail (blood glucose monitoring, food intake and insulin
adjustment) and incorporate the personal experiences of the young
person. Advice on overall nutritional intake with a focus on carbohydrate, protein, fluid and micronutrient intake should be provided to
meet the needs of the sport. Adequate nutrition and fluid intake
coupled with appropriate insulin adjustment are essential for optimal
performance.132

4.12.1 | Carbohydrate
The primary fuel for muscles for most types of activity is carbohydrate.

drate ingestion during exercise should be practiced in training.
Postexercise carbohydrate intake needs to be sufficient to ensure
replacement of both muscle and hepatic glycogen stores, and prevent
post-exercise hypoglycemia caused by increased insulin sensitivity during muscle recovery.137 To ensure muscle recovery it is sensible to consume a low fat, protein and carbohydrate containing meal or snack after
training. Consuming carbohydrate mixed with protein may be beneficial
in the prevention of post-exercise hypoglycemia.138 Post-exercise carbohydrate needs will vary with the intensity and duration of exercise
but may be as high as 1.5 g/kg bodyweight. Post-exercise carbohydrate
will require carefully adjusted insulin doses to reduce glycemic
excursions.

4.12.2 | Protein
Protein is needed for muscle protein synthesis and when consumed
with carbohydrate post-exercise may enhance muscle glycogen re-

Adequate amounts of carbohydrate are vital for optimal sports perfor-

synthesis. The amounts of protein needed to support and enhance

mance. About 50% to 60% of total energy as carbohydrate is recom-

sports performance for both resistance and endurance exercise is

mended.133 Advice on carbohydrate intake for sports performance

debated in the literature. For the child/adolescent with type 1 diabetes

should be distinguished from advice on carbohydrate intake for hypo-

it is unlikely that total protein intake will be inadequate or that

glycemia prevention. Dependent on exercise type, additional carbohy-

requirements are as high as those stated in adult recommendations.

drate may require insulin to enhance utilization and sports performance.

Distribution and timing of protein intake is important and advice

Carbohydrate intake should be distributed across the day, to meet

about suitable foods to be eaten before and after exercise and before

the demands of training and recovery. Specific nutrition advice should

sleep should be given. Adult literature suggests that 25 to 30 g pro-

cover the pre- and post-exercise periods. Prior to exercise (1-3 hours),

tein per meal is optimal to enhance muscle protein synthesis.139

a low-fat, carbohydrate containing meal should be consumed to maxi-

Ensuring protein is included in the meal prior to exercise may help

mize glycogen stores and availability of carbohydrate for exercise.

reduce the risk of hypoglycemia during exercise.140 Co-ingestion of

Amounts of carbohydrate required will also be impacted by insulin

carbohydrate and protein post-exercise may help attenuate the risk of

adjustment. Where insulin is not adjusted prior to exercise, additional

late onset hypoglycemia. One study using milk as a post-exercise drink

carbohydrate may be needed over and above the needs for sports

in T1D demonstrated reduced nocturnal hypoglycemia when com-

performance. Requirements may be as high as 1 to 1.5 g/kg/body

pared with carbohydrate only drinks.138 Milk based drinks are recom-

weight for aerobic exercise without prior insulin adjustment.134 For

mended as appropriate sources of protein and carbohydrate for

some high-intensity strenuous or anaerobic activities, pre-exercise

enhancing muscle protein synthesis n sports nutrition literature. A
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further advantage of milk is its leucine content as this has been specif139

ically associated with the ability to train, compete and recover.

• Evidence suggests that there is no ideal macronutrient distribution for weight loss and plans should be individualized.25 There is
some evidence that calorie controlled, lower carbohydrate diets

4.12.3 | Fluid

may achieve greater reductions in lipid profiles and diabetes medi-

Fluid intake should be maintained at a level appropriate to the activity to

cations; and are therefore an effective strategy for the optimiza-

maintain optimal hydration.141 A 1% decrease in body mass has been

tion of type 2 management.149

Fluid requirements in children during

• Most children with type 2 diabetes are overweight or obese,

strenuous exercise are of the magnitude 13 mL/kg/hour. The fluid

therefore treatment should be centered on education and lifestyle

142

shown to impair performance.
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should be consumed throughout the activity.

Nutrition counseling

should include advice about drinking appropriate amounts of fluid across

interventions to prevent further weight gain or achieve weight
loss with normal linear growth.

the day for both health and sports performance. Water is suitable for

• The entire family should be included in the lifestyle intervention,

most activities up to 60 minutes duration; however, drinks containing

because parents and family members influence the child's food

6% to 8% carbohydrate are useful when additional carbohydrate is

intake and physical activity, and they are often overweight or

required either for sports performance or hypoglycemia prevention.130

obese and have diabetes as well. Studies indicate that a family
approach to treatment of overweight is likely to be most effec-

4.12.4 | Micronutrients

tive.150,151 Interventions have shown improved outcomes from

Young athletes are at risk of micronutrient deficiency particularly iron

including parents as positive role models in encouraging healthy

(especially females), calcium and vitamin D.144 Advice on dietary qual-

food choices and changing behaviors to increase physical activity.

ity needs to ensure that recommended intakes of these nutrients are

• Families should be counseled to decrease energy intake by focusing

achieved. Monitoring of Vitamin D status is recommended due to

on healthy eating, strategies to decrease portion sizes of foods, and

increased risk in the adolescent athlete. Correction of Vitamin D defi-

lower the intake of high energy, fat and sugar containing foods.

ciency may be needed for optimal sports performance. Risk of low

Simply eliminating beverages such as soft drinks and juices can

intakes is likely to be higher when there is relative energy deficiency

accomplish improvement in blood glucose and weight.152

which is more likely in sports where low-body weight is desired.

• Increasing energy expenditure by increasing daily physical activity
to 60 minutes daily is an important component of treatment.148

4.12.5 | Supplements

Limiting sedentary behaviors, such as television viewing and com-

Nutritional counseling should address the use of supplements. Evi-

puter use, have been shown to be an effective way to increase

dence from child/adolescent sports competitors demonstrates a high

daily physical activity and help maintain or achieve a healthy

145

use of sports supplements

and it is likely that young people with

type 1 diabetes will display similar behaviors. In most cases supple-

weight in children.153 Physical activity may also help lower lipids
in adolescents with diabetes.154

ments are unnecessary. Counseling on how to use food to maximize

• An interdisciplinary approach, including a physician, diabetes

training adaptions is essential. Advice on the risks of supplement use

nurse educator, dietician, mental health provider, and exercise

should be provided along with guidance on anti-doping according to
the sport and level of competition (See exercise chapter).

physiologist (if possible) is recommended.
• Children on MDI or pump therapy should be taught to adjust insulin
to carbohydrate intake using an insulin: carbohydrate ratio.155 This

4.13 | Nutritional management of type 2 diabetes in
children and young people
In young people with type 2 diabetes and insulin resistance, the presence of multiple cardiovascular risk factors is likely to be associated
with earlier severe complications.146
Aims of nutritional management:
• Achieve normal glycemia and HbA1c.11,17
• Prevent further weight gain in those with BMI at 85th to 95th

may be helpful in reducing the need for snacks and large meals.
• Medical nutrition therapy should be provided to treat comorbidities including obesity, dyslipidemia, hypertension and
microvascular complications.55 Regular follow-up is essential to
monitor weight, glycemic control and adherence to the meal plan.
• Very low-calorie-ketogenic (VLCK) diets can be safely and effectively used in the management of young adults with type 2 diabetes.156 Clinical experience suggests obese older adolescents with
type 2 diabetes may also benefit from a carefully monitored VLCK
weight loss program.

percentile or achieve weight loss for those with BMI > 95th percentile while maintaining normal linear growth.147
• Address co-morbidities, such as hypertension and dyslipidemia.148

4.14 | Management of co-morbidities
4.14.1 | Dyslipidemia
Management

4.13.1 | Treatment recommendations

of

dyslipidemia

requires

a

comprehensive

approach. 55,157

There is little evidence regarding the nutritional treatment of type
2 diabetes in children. Therefore, recommendations are derived from

• Initial therapy should be to optimize glucose control.

the treatment of overweight and obese children, type 2 diabetes in

• Medical nutrition therapy (MNT) should address the following:

adults and type 1 diabetes in children.

• Reduce saturated fat intake to less than 7%
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• Reduce total dietary fat 25% to 35% of energy

a complication in subjects with untreated celiac disease which

• Include a diet rich in fruits and vegetables (>5 servings a day)

increases cardiovascular risk.176 Monitoring of cholesterol levels and

• Increase dietary sources of both soluble fiber and anti-oxidants

frequent supportive dietetic contacts are needed to enhance gluten-

• Lifestyle changes should be addressed as necessary including

free diet adherence.

healthy weight maintenance and increased physical activity. If

4.14.3 | Disordered eating and eating disorders

applicable, discontinue tobacco use.
• If dyslipidemia persists despite these measures, pharmacological
treatment should be considered.

A range of screening questionnaires and structured clinical interviews
are available to help identify disordered eating and eating disorders
(ED) in children and young people with type 1 diabetes.177,178 The

4.14.2 | Celiac disease

Diabetes Eating Problem Survey -Revised is a 16-item diabetes-

Celiac disease is more common in children with type 1 diabetes than

specific self-report screening tool for disordered eating that can be

in the general population. Worldwide prevalence ranges from 1.6% to

completed in <10 minutes during a routine clinical appointment.177

16.4%. This variability may be partly explained by differences in

Disordered eating and disturbed eating behavior are more com-

Celiac disease

mon in young people with diabetes than their peers.179 Diabetes is

is often diagnosed after diabetes and may be asymptomatic.160 Celiac

unique in making it possible for weight and body shape control with-

disease is more common in girls and those diagnosed with type 1 dia-

out overt avoidance of food by means of insulin restriction. Insulin

158,159

screening, as well as environmental differences.

161

It may be associated with poor growth,

omission for weight control has been reported in preteens, adoles-

delayed puberty, nutritional deficiencies, reduced bone density, hypo-

cents and young adults.180–182 Eating Disorders are usually associated

betes at an early age.

162

glycemia and hyperglycemia.

A gluten-free diet (GFD) is the only

with deteriorating glycemic control and may be associated with diabetic ketoacidosis. These act as warning signs and should prompt

accepted treatment for celiac disease.
The GFD requires elimination of wheat, rye, barley, triticale, possibly

careful and urgent screening.

oats, and products derived from these grains. Alternatives such as potato,

The risk for ED increases with diabetes duration and/or

rice, soy, tapioca, maize, buckwheat and products derived from these

age.183,184 This is of clinical importance as adolescents transition into

and other gluten-free grains must be used as substitutes. The recommen-

adulthood and require continuity of care, often across two treating

dation to exclude oats varies between countries. Short and long-term

teams.

studies involving children and adults suggest that oats can be safely
163–165
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However, a small minority of

are associated with short-term and long-term diabetic complications

people with Celiac Disease have been found to react to oats.166

such as abnormal lipid profiles, ketoacidosis, retinopathy and neuropa-

Research supports the view that contamination free (meaning oats not

thy.183 Early identification of disordered eating is important in addres-

contaminated with gluten) oats may be acceptable for the majority but

sing body weight concerns and to enable timely referral for mental

included for the majority of people.

167

not all children with celiac disease.

In addition to advice on foods

health support.

allowed or to avoid, emphasis should be placed on the nutritional quality
of the GFD, particularly iron, calcium, fiber, and B vitamin intakes.168

Interventions

It is accepted in Europe and some other countries such as Canada

Clinicians working with young people with diabetes and eating disor-

and USA that foods containing less than 20 ppm gluten are suitable

ders need to consider the following in planning interventions: insulin

for a GFD (even if gluten is detectable) in accordance with Codex Ali-

regimen and potential for omission, metabolic control, energy require-

169

Wheat starch is used in some European countries as

ments, potential for food and insulin manipulation, body dissatisfac-

part of a GFD. However, wheat starch is not recommended for inclu-

tion, family functioning, exercise type and frequency, binge eating

sion in other countries such as Australia and New Zealand. Food laws

behaviors, potential laxative abuse and sleeping patterns. An individu-

in these countries require that foods must not contain any detectable

alized meal plan with supportive contacts at meals is required.

mentarius.

gluten (less than 3 ppm) if labeled as gluten-free.170 There are no pub-

An interdisciplinary approach to treatment is considered the stan-

lished studies to determine if there are differences in short- and long-

dard of care for both eating disorders and diabetes. Close liaison with

term outcomes with the more stringent levels of gluten restriction.

the Specialist Eating Disorder team is required185 with a clear com-

It is common for people with diabetes who develop celiac disease

mon weight goal for the person with diabetes. It is important that

to have challenges with adherence to the GFD. Improved understand-

insulin adjustments by the Diabetes team do not support binge eating

ing of the diet as well as access to a dietitian and regular follow up

or food avoidance behaviors. Supervision of insulin doses and family-

171

Asymptomatic children have not shown

based interventions are helpful strategies in treatment of disordered

reduced adherence to a GFD.172 The additional diagnosis in children

eating.186 More research is needed for interventions to prevent and

with type 1 diabetes may have a minimal effect on the quality of life

treat disordered eating in diabetes.

may assist adherence.

of the child, although non-adherence may negatively influence quality

Obesity

of life as well as metabolic control.173
Children and adolescents with both type 1 diabetes and celiac dis-

Obesity contributes to the challenges in optimizing glycemic control

174,175

and increases the already higher risk of cardiovascular disease in the

Adverse lipid profile, including low-HDL levels and high-LDL values is

type 1 population. Contributing factors identified for all children are

ease are at increased risk for microvascular complications.
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over nutrition and insufficient physical activity. For children with diabetes other possible causes include over-insulinization, excess energy
intake to avoid or treat hypoglycemia and additional carbohydrate
consumed for exercise.
Despite urgent clinical need, there are limited published
evidence-based interventions targeted specifically at children and
adolescents with diabetes for the prevention and treatment of overweight and obesity. Very low carbohydrate or ketogenic diets have
been used in the short-term successfully in the management of obesity in adolescents. These require specialist team input including careful monitoring of blood glucose levels, insulin adjustments, weight loss
and ketones.
Psychological counseling should be given to young people with
obesity and they should be screened for binge eating disorders.

4.15 | Research
• There is a lack of high quality, randomized controlled trials in
many aspects of nutritional management.
• Metabolic, quality of life outcomes, and the effectiveness of educational methods in relation to dietetic interventions need to be
rigorously examined.

4.16 | Summary
The nutritional care of children with diabetes is complex. Diabetes
management is set within the context of the family, a surrounding
social system, issues of non-adherence, peer pressure, emerging independence and the ultimate aim of maintaining quality of life. It
requires a deep understanding of the relationship between treatment
regimens and changing physiological requirements, including growth,
fluctuations in appetite associated with changes in growth velocity,
varying nutritional requirement and physical activity.
Evidence suggests that it is possible to improve diabetes outcomes through attention to nutritional management and an individualized approach to education. This requires a clear focus on dietary
goals in relation to glycemic control and the reduction in
cardiovascular risk.
The fundamental premise of successful dietary outcomes is the
development of a trusting relationship between the health professional, child and care providers, which facilitates behavior change during the challenges of childhood and adolescent development.

ACKNOWLEDGEMEN TS
The authors would like to thank Sheridan Waldron, Ellen AslanderVan Vliet, Peter Swift, Luciana Bruno, and Alexandra Marlow.

Conflicts of interest
The authors have declared no conflicts of interest.
ORCID
Carmel E. Smart
Carlo L. Acerini

http://orcid.org/0000-0003-3104-8800
http://orcid.org/0000-0003-2121-5871

RE FE RE NC ES
1. American Diabetes Association. Care of children and adolescents
with type 1 diabetes: a statement of the American Diabetes Association. Diabetes Care. 2005;28:186-212.
2. Craig ME, Twigg SM, Donaghue K, Cheung NW, et al. for the Australian
Type 1 Diabetes Guidelines Expert Advisory Group. National
Evidence-Based Clinical Care Guidelines for Type 1 Diabetes in Children,
Adolescents and Adults. Canberra: Australian Government Department
of Health and Aging; 2011.
3. National Institute for Clinical Excellence. Diabetes (Type 1 and Type 2)
in Children and Young People: Diagnosis and Management (NG18).
2015. http://nice.org.uk/guidance/ng18
4. Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy recommendations for the management of adults with diabetes. Diabetes Care.
2014;37(Suppl 1):S120-S143.
5. Mann J, De Leeuw I, Hermansen K, et al. on behalf of the Diabetes
and Nutrition Study Group of the European Association for the Study
of Diabetes. Evidence based nutritional approaches to the treatment
and prevention of diabetes mellitus. Nutr Metab Cardiovas Dis. 2004;
14:373-394.
6. Canadian Diabetes Association Clinical Practice Guidelines Expert
Committee. Clinical practice guidelines. Nutrition Therapy Can J Diabetes. 2013;37:S45-S55.
7. Delahanty LM, Halford BN. The role of diet behaviors in achieving
improved glycemic control in intensively treated patients in the diabetes control and complications trial. Diabetes Care. 1993;16:
1453-1458.
8. Patton S, Williams L, Dolan L, Chen M, Powers S. Feeding problems
reported by parents of young children with type 1 diabetes on insulin
pump therapy and their associations with children's glycemic control.
Pediatr Diabetes. 2009;10:455-460.
9. verby N, Margeirsdottir H, Brunborg C, Andersen L,
Dahl-Jørgensen K. The influence of dietary intake and meal pattern
on blood glucose control in children and adolescents using intensive
insulin treatment. Diabetologia. 2007;50:2044-2051.
10. Delahanty LM, Nathan DM, Lachin JM, et al. Diabetes Control and
Complications Trial/Epidemiology of Diabetes. Association of diet
with glycated hemoglobin during intensive treatment of type 1 diabetes in the diabetes control and complications trial. Am J Clin Nutr.
2009;89:518-524.
11. Franz MJ, MacLeod J, Evert A, et al. Academy of nutrition and dietetics nutrition practice guideline for type 1 and type 2 diabetes in
adults: systematic review of evidence for medical nutrition therapy
effectiveness and recommendations for integration into the nutrition
care process. J Acad Nutr Diet. 2017;117(10):1659-1679.
12. Funnell MM, Anderson RM. Empowerment and self-management of
diabetes. Clin Diabetes. 2004;22:123-127.
13. Cameron FJ, de Beaufort C, Aanstoot H-J, et al. the Hvidoere International Study Group. Lessons from the Hvidoere International Study
Group on childhood diabetes: be dogmatic about outcome and flexible in approach. Pediatr Diabetes. 2013;14:473-480.
14. Newfield RS, Cohen D, Capparelli EV, Shragg P. Rapid weight gain in
children soon after diagnosis of type 1 diabetes: is there room for
concern? Pediatr Diabetes. 2009;10:310-315.
15. Davis NL, Bursell JDH, Evans WD, Warner JT, Gregory JW. Body
composition in children with type 1 diabetes in the first year after
diagnosis: relationship to glycaemic control and cardiovascular risk.
Arch Dis Child. 2012;97:312-315.
16. Cole T, Bellizzi M, Flegal K, Dietz W. Establishing a standard definition for child overweight and obesity worldwide: international survey. BMJ. 2000;320:1240-1243.
17. Phelan H, Clapin H, Bruns L, et al. The Australasian diabetes data network: first national audit of children and adolescents with type 1 diabetes. Med J Aust. 2017;206(3):121-125.
18. Baskaran C, Volkening LK, Diaz M, Laffel LM. A decade of temporal
trends in overweight/obesity in youth with type 1 diabetes after the
diabetes control and complications trial. Pediatr Diabetes. 2015;16(4):
263-270.

150

19. DuBose S, Hermann JM, Tamborlane WV, et al. Obesity in youth
with type 1 diabetes in Germany, Austria, and the United States. J
Pediatr. 2015;167(3):627-32.e1-4.
20. Minges K, Whittemore R, Grey M. Overweight and obesity in youth
with type 1 diabetes. Annu Rev Nurs Res. 2013;31:47-69.
21. World Health Organization (WHO). Obesity: preventing and managing the global epidemic World Health Org Tech Rep Ser; 894:2000.
22. World Health Organization (WHO) 2010. Global recommendations
for physical activity and health. http://whqlibdocwhoint/
publications/2010/9789241599979_engpdf?ua=1. Accessed May,
2018.
23. Scientific Advisory Committee on Nutrition Carbohydrates and
Health London 2015. www.tsoshop.co.uk. Accessed October, 2017.
24. Nordic Nutrition Recommendations Integrating nutrition and physical
activity 2012. http://dx.doi.org/10.6027/Nord2014-002. Accessed
October, 2017.
25. MacLeod J, Franz M, Handu D, et al. Academy of nutrition and dietetics nutrition practice guideline for type 1 and type 2 diabetes in
adults: nutrition intervention evidence reviews and recommendations. J Acad Nutr Diet. 2017; 117(10):1637-1658.
26. De Bock M, Lobley K, Anderson D, et al. Endocrine and metabolic
consequences due to restrictive carbohydrate diets in children with
type 1 diabetes: an illustrative case series. Pediatr Diabetes. 2017.
19(1):129-137. https://doi.org/10.1111/pedi.12527.
27. Sacks FM, Lichtenstein AH, Wu JHY, et al. Dietary fats and cardiovascular disease: a presidential advisory from the American Heart
Association. Circulation. 2017;136:e1-e23.
28. Margeirsdottir HDLJ, Brunborg C, Overby NC, Dahl-Jørgensen K.
High prevalence of cardiovascular risk factors in children and adolescents with type 1 diabetes: a population-based study. Diabetologia.
2008;51(4):554-561.
29. Helgeson V, Viccaro L, Becker D, Escobar O, Siminerio L. Diet of adolescents with and without diabetes: trading candy for potato chips?
Diabetes Care. 2006;29:982-987.
30. Mayer-Davis EJ, Nichols M, Liese AD, et al. SEARCH for Diabetes in
Youth Study Group. Dietary intake among youth with diabetes: the
SEARCH for diabetes in youth study. J Am Diet Assoc. 2006;106:
689-697.
31. verby N, Flaaten V, Veierød M, et al. Children and adolescents with
type 1 diabetes eat a more atherosclerosis-prone diet than healthy
control subjects. Diabetologia. 2007;50:307-316.
32. Tallian K, Nahata M, Tsao C. Role of the ketogenic diet in children
with intractable seizures. Ann Pharmacother. 1998;32(3):349-361.
Review. Erratum in: Ann Pharmacother. 1998; 32(12):1373.
33. Ranjan A, Schmidt S, Damm-Frydenberg C, et al. Low-carbohydrate
diet impairs the effect of glucagon in the treatment of
insulin-induced mild hypoglycemia: a randomized crossover study.
Diabetes Care. 2017;40(1):132-135.
34. Katz ML, Mehta S, Nansel T, Quinn H, Lipsky LM, Laffel LM. Associations of nutrient intake with glycemic control in youth with type
1 diabetes: differences by insulin regimen. Diabetes Technol Ther.
2014;16(8):512-518.
35. Nansel TR, Lipsky LM, Liu A. Greater diet quality is associated with
more optimal glycemic control in youth with type 1 diabetes.
Am J Clin Nutr. 2016;104(1):81-87.
36. Bell KJ, Smart CE, Steil GM, Brand-Miller JC, King B, Wolpert HA.
Impact of fat, protein, and glycemic index on postprandial glucose
control in type 1 diabetes: implications for intensive diabetes management in the continuous glucose monitoring era. Diabetes Care.
2015;38(6):1008-1015.
37. Paterson MA, Smart CEM, Lopez PE, et al. Increasing the protein
quantity in a meal results in dose-dependent effects on postprandial
glucose levels in individuals with type 1 diabetes mellitus. Diabet
Med. 2017;34(6):851-854.
38. Ryan R, King BR, Anderson D, Attia J, Collins CE, Smart CE. Influence
of and optimal insulin therapy for a low-Glycemic Index meal in children with Type 1 Diabetes receiving intensive insulin therapy. Diabetes Care. 2008;31:1485-1490.
39. O'Connell M, Gilbertson H, Donath S, Cameron F. Optimizing postprandial glycemia in pediatric patients with Type 1 Diabetes using

SMART ET AL.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

insulin pump therapy: impact of glycemic index and prandial bolus
type. Diabetes Care. 2008;31:1491-1495.
Rickard KA, Cleveland JL, Loghmani ES, Fineberg NS,
Freidenberg GR. Similar glycemic responses to high versus moderate
sucrose-containing foods in test meals for adolescents with type
1 diabetes and fasting euglycemia. J Am Diet Assoc. 2001;101:
1202-1205.
Ebbeling CB, Feldman HA, Chomitz VR, et al. A randomized trial of
sugar-sweetened beverages and adolescent body weight. N Engl J
Med. 2012;367:1407-1416.
Williams CL. Dietary fiber in childhood. J Pediatr. 2006;149:
S121-S130.
Wheeler ML, Dunbar SA, Jaacks LM, et al. Macronutrients, food
groups, and eating patterns in the management of diabetes: a systematic review of the literature. Diabetes Care. 2010;35:434-445.
Dahl WJ, Stewart ML. Position of the academy of nutrition and dietetics: health implications of dietary fiber. J Acad Nutr Diet. 2015;
115(11):1861-1870.
Threapleton DE, Greenwood DC, Evans CE, et al. Dietary fibre intake
and risk of cardiovascular disease: systematic review and
meta-analysis. BMJ. 2013;347:f6879.
Ye EQ, Chacko SA, Chou EL, Kugizaki M, Liu S. Greater whole-grain
intake is associated with lower risk of type 2 diabetes, cardiovascular
disease, and weight gain. J Nutr. 2012;142(7):1304-1313.
National Health and Medical Research Council. Australian Dietary
Guidelines. Canberra: National Health and Medical Research Council;
2013.
Cadario F, Prodam F, Pasqualicchio S, et al. Lipid profile and nutritional intake in children and adolescents with type 1 diabetes
improve after a structured dietician training to a Mediterranean-style
diet. J Endocrinol Invest. 2012;35:160-168.
Dyson PAKT, Deakin T, Duncan A, Frost G, Harrison Z,
et al. Diabetes UK evidence-based nutrition guidelines for the prevention and management of diabetes. Diabetic Med. 2011;28(11):
1282-1288.
Friedberg CE, Janssen MJ, Heine RJ, et al. Fish oil and glycemic control in diabetes: a meta-analysis. Diabetes Care. 1998;21:494-500.
Hooper L, Thompson R, Harrison RA, et al. Risks and benefits of
omega3 fats for mortality, cardiovascular disease, and cancer:systematic review. BMJ. 2006;332:752-760.
Ketomaki AM et al. Red cell and plasma plant sterols are related during consumption of plant stanol and sterol ester spreads in children
with hypercholesterolemia. J Pediatr. 2003;142:524-531.
Amundsen AL et al. Longterm compliance and changes in plasma
lipids,plant sterols and carotenoids in children and parents with familial hypercholesterolaemia consuming plant sterol ester-enriched
spread. Eur J Clin Nutr. 2004;58:1612-1620.
Dewey K et al. Protein requirements of infants and children. Eur J
Clin Nutr. 1996;50:S119-S150.
American Diabetes Association. Position Statement. Children and
adolescents, sec 12 in standards of medical Care in Diabetes - 2017.
Diabetes Care. 2017;40(Suppl. 1):S105-S113.
Anderson J, Couper J, Toome S, et al. Dietary sodium intake relates
to vascular health in children with type 1 diabetes. Pediatr Diabetes.
2018 Feb;19(1):138–142.
Turner BC, Jenkin E, Kerr D, Sherwin RS, Cavan DA. The effect of
evening alcohol consumption on next-morning glucose control in
type 1 diabetes. Diab Care. 2001;24:1888-1893.
Turner B, Jenkins E, Kerr D, Swerwin R, Cavan D. The effect of evening alcohol consumption on next-morning glucose control in type
1 diabetes. Diabetes Care. 2001;24(11):1888–93.
Evaluation of certain food additives and contaminants
(Seventy-seventh report of the Joint FAO/WHO Expert Committee
on Food Additives). WHO Technical Report Series No. 983; 2013
Knowles J, Waller H, Eiser C, et al. The development of an innovative
education curriculum for 11-16 yr old children with type 1 diabetes
mellitus. Pediatr Diabetes. 2006;7:322-328.
Paterson MA, Bell KJ, O'Connell SM, Smart CE, Shafat A, King B. The
role of dietary protein and fat in glycaemic control in type 1 diabetes:
implications for intensive diabetes management. Curr Diab Rep.
2015;15:61.

SMART ET AL.

62. U.S.Department of Agriculture and U.S.Department of Health and
Human Services. Dietary Guidelines for Americans. 7th ed. Washington
D.C.: U.S. Government Printing Office; 2010.
63. Rabasa-Lhoret R, Garon J, Langelier H, Poisson D, Chiasson JL.
Effects of meal carbohydrate content on insulin requirements in type
1 diabetic patients treated intensively with the basal-bolus (ultralente-regular) insulin regimen. Diabetes Care. 1999;22:667-673.
64. Lodefalk M, Åman J, Bang P. Effects of fat supplementation on glycaemic response and gastric emptying in adolescents with type 1 diabetes. Diabet Med. 2008;25:1030-1035.
65. Thomas DE, Elliott EJ. The use of low-glycaemic index diets in diabetes control. Br J Nutr. 2010;104:797-802.
66. Panowska E, Blazik M, Groele L. Does the fat-protein meal increase
postprandial glucose level in type 1 diabetes patients on insulin
pump: the conclusion of a randomised study. Diabetes Technol Ther.
2011;14:1-8.
67. Smart C, Evans M, O'Connell S, et al. Both dietary protein and fat
increase postprandial glucose excursions in children with type 1 diabetes, and the effect is additive. Diabetes Care. 2013;36:3897-3902.
68. Kawamura T. The importance of carbohydrate counting in the treatment of children with diabetes. Pediatr Diabetes. 2007;8:57-62.
69. Mehta SN, Haynie DL, Higgins LA, et al. Emphasis on carbohydrates
may negatively influence dietary patterns in youth with type 1 diabetes. Diabetes Care. 2009;32:2174-2176.
70. Sundberg F, Barnard K, Cato A, et al. Managing diabetes in preschool
children. Pediatr Diabates. 2017;18(7):499-517.
71. Bell KJ, Barclay AW, Petocz P, Colagiuri S, Brand-Miller JC. Efficacy
of carbohydrate counting in type 1 diabetes: a systematic review and
meta-analysis. Lancet Diabetes Endocrinol. 2014;2(2):133-140.
72. Schmidt S, Schelde B, Nørgaard K. Effects of advanced carbohydrate
counting in patients with type 1 diabetes: a systematic review. Diabet
Med. 2014;31(8):886-896.
73. Lowe J, Linjawi S, Mensch M, James K, Attia J. Flexible eating and
flexible insulin dosing in patients with diabetes: results of an intensive self-management course. Diabetes Res Clin Pract. 2008;80:
439-443.
74. DAFNE Study Group. Training in flexible, intensive insulin management to enable dietary freedom in people with type 1 diabetes: dose
adjustment for normal eating (DAFNE) randomised controlled trial. Br
Med J. 2002;325:746-749.
75. Trento M, Borgo E, Kucich C, et al. Quality of life, coping ability, and
metabolic control in patients with type 1 diabetes managed by group
care and a carbohydrate counting program. Diabetes Care. 2009;32:
e134.
76. Ulahannan T, Ross W, Davies F. Carbohydrate counting in type 1 diabetes: time to REACCT. Practical Diabetes Int. 2007;24:134-136.
77. Anderson B, Laffel L, Domenger C, et al. Factors associated with
diabetes-specific health-related quality of life in youth with type
1 diabetes: the global TEENs study. Diabetes Care. 2017;40(8):
1002-1009.
78. Smart CE, Ross K, Edge JA, King BR, McElduff P, Collins CE. Can children with type 1 diabetes and their caregivers estimate the carbohydrate content of meals and snacks? Diabet Med. 2010;27:348-353.
79. Smart CE, Ross K, Edge JA, Collins CE, Colyvas K, King BR. Children
and adolescents on intensive insulin therapy maintain postprandial
glycaemic control without precise carbohydrate counting. Diabet
Med. 2009;26:279-285.
80. Mehta S, Quinn N, Volkening L, Laffel L. Impact of carbohydrate
counting on glycemic control in children with type 1 diabetes. Diabetes Care. 2009;32:1014-1016.
81. Smart CE, King BR, McElduff P, Collins CE. In children using intensive
insulin therapy, a 20-g variation in carbohydrate amount significantly
impacts on postprandial glycaemia. Diabet Med. 2012;29:e21-e24.
82. Deeb A, Hajeri A, Alhmoudi I. Nagelkerke Accurate Carbohydrate
Counting is an important determinant of postprandial glycemia in
children and adolescents with Type 1 Diabetes on insulin pump therapy. J Diabetes Sci Technol. 2017;11(4):753-758.
83. Bishop F, Maahs DM, Spiegel G, et al. The carbohydrate counting in
adolescents with type 1 diabetes (CCAT) study. Diabetes Spectrum.
2009;22:56-62.

151

84. Trawley S, Browne J, Hagger V, et al. The use of mobile applications
among adolescents with type 1 diabetes: Results from diabetes
MILES youth—Australia. Diabetes Technol Ther. 2016;18(12):
813-819.
85. Hommel E, Schmidt S, Vistisen D, et al. Effects of advanced carbohydrate counting guided by an automated bolus calculator in type 1 diabetes mellitus (StenoABC): a 12-month, randomized clinical trial.
Diabet Med. 2017;34(5):708-715.
86. Thomas D, Elliott E. Low glycaemic index, or low glycaemic loads,
diets for diabetes mellitus. Cochrane Database Syst Rev. 2009.
https://doi.org/10.1002/14651858.CD006296.pub2.
87. Brand-Miller J, Hayne S, Petocz P, Colagiuri S. Low-glycemic index
diets in the management of diabetes: a meta-analysis of randomized
controlled trials. Diabetes Care. 2003;26:2261-2267.
88. Craig ME, Twigg SM, Donaghue KC, et al. National Evidence-Based
Clinical Care Guidelines for Type 1 Diabetes in Children, Adolescents
and Adults. Canberra: Australian Government Department of Health
and Ageing; 2011.
89. Gilbertson HR, Brand-Miller JC, Thorburn AW, Evans S, Chondros P,
Werther GA. The effect of flexible low glycemic index dietary advice
versus measured carbohydrate exchange diets on glycemic control in
children with type 1 diabetes. Diabetes Care. 2001;24:1137-1143.
90. Foster-Powell K, Holt SH, Brand-Miller J. International table of glycemic index and glycemic load values: 2002. Am J Clin Nutr. 2002;
76:5-56.
91. Barclay AW, Petocz P, McMillan-Price J, et al. Glycemic index, glycemic load, and chronic disease risk—a meta-analysis of observational
studies. Am J Clin Nutr. 2008;87:627-637.
92. Bozzetto L, Giorgini M, Alderisio A, et al. Glycaemicload versus carbohydrate counting for insulin bolus calculation in patients with type
1 diabetes on insulin pump. Acta Diabetol. 2015;52(5):865-871.
93. Wolpert HA, Atakov-Castillo A, Smith SA, Steil GM. Dietary fat
acutely increases glucose concentrations and insulin requirements in
patients with type 1 diabetes: implications for carbohydrate-based
bolus dose calculation and intensive diabetes management. Diab
Care. 2013;36:810-816.
94. Paterson MA, Smart CE, Lopez PE, et al. Influence of dietary protein
on postprandial blood glucose levels in individuals with type 1 diabetes mellitus using intensive insulin therapy. Diabet Med. 2016;33(5):
592-598.
95. American Diabetes Association. Position statement. Lifestyle management, sec 4 in standards of medical care in diabetes—2017. Diabetes Care. 2017;40(Suppl. 1):S33-S43.
96. Bell KJ, Toschi E, Steil GM, Wolpert HA. Optimized mealtime insulin
dosing for fat and protein in type 1 diabetes: application of a
model-based approach to derive insulin doses for open-loop diabetes
management. Diabetes Care. 2016;39(9):1631-1634.
97. Pankowska E, Szypowska A, Lipka M, Szpotaska M, Bazik M,
Groele L. Application of novel dual wave meal bolus and its impact
on glycated hemoglobin A1c level in children with type 1 diabetes.
Pediatr Diabetes. 2009;10:298-303.
98. Kordonouri O, Hartmann R, Remus K, Blasig S, Sadeghian E,
Danne T. Benefit of supplementary fat plus protein counting as compared with conventional carbohydrate counting for insulin bolus calculation in children with pump therapy. Pediatr Diabetes. 2012;13:
540-544.
99. Piechowiak K, Dżygało K, Szypowska A. The additional dose of insulin for high-protein mixed meal provides better glycemic control in
children with type 1 diabetes on insulin pumps: randomized
cross-over study. Pediatr Diabetes. 2017;18(8):861-868.
100. Bao J, Gilbertson H, Gray R, et al. Improving the estimation of
meal-time insulin dose in adults with type 1 diabetes. Diabetes Care.
2011;34:2146-2151.
101. Bell K, Gray R, Munns D, et al. Clinical application of the food insulin
index for mealtime insulin dosing in adults with type 1 diabetes: a
randomized controlled trial. Diabetes Technol Ther. 2016;18(4):
218-225.
102. Bell KJ, Gray R, Munns D, et al. Estimating insulin demand for
protein-containing foods using the food insulin index. Eur J Clin Nutr.
2014;68(9):1055-1059.

152

kowska E, Ładyżyn
ski P, Foltyn
ski P, Mazurczak K. A randomized
103. Pan
controlled study of an insulin dosing application that uses recognition and meal bolus estimations. J Diabetes Sci Technol. 2017;11(1):
43-49.
104. Boiroux D, Björk Aradóttir T, Nørgaard K, Poulsen N, Madsen H,
Jørgensen J. An adaptive nonlinear basal-bolus calculator for patients
with type 1 diabetes. J Diabetes Sci Technol. 2017;11(1):29-36.
105. Wolever TM, Hamad S, Chiasson JL, et al. Day-to-day consistency in
amount and source of carbohydrate associated with improved blood
glucose control in type 1 diabetes. J Am Coll Nutr. 1999;18:242-247.
106. Dorchy H. Dietary management for children and adolescents with
diabetes mellitus: personal experience and recommendations. J
Pediatr Endocrinol Metab. 2003;16:131-148.
107. Price K, Knowles J, Freeman J, Wales J, KICk-OFF Study Group.
Improving outcomes for adolescents with type 1 diabetes: results
from the kids in control OF food (KICk-OFF) trial. Pediatr Diabetes.
2013;14:19-49.
108. von Sengbusch S, Muller-Godeffroy E, Hager S, Reintjes R, Hiort O,
Wagner V. Mobile diabetes education and care: intervention for children and young people with type 1 diabetes in rural areas of northern Germany. Diabet Med. 2006;23:122-127.
109. Anderson DG. Multiple daily injections in young patients using the
ezy-BICC bolus insulin calculation card, compared to mixed insulin
and CSII. Pediatr Diabetes. 2009;10:304-309.
110. Campbell MS, Schatz DA, Chen V, et al. for the T1D Exchange Clinic
Network. A contrast between children and adolescents with excellent and poor control: the T1D exchange clinic registry experience.
Pediatr Diabetes. 2014;15:110-117.
111. Hayes RL, Garnett SP, Clarke SL, Harkin NM, Chan AK, Ambler GR. A
flexible diet using an insulin to carbohydrate ratio for adolescents
with type 1 diabetes—a pilot study. Clin Nutr. 2012;31:705-709.
112. Enander R, Gundevall C, Stromgren A, Chaplin J, Hanas R. Carbohydrate counting with a bolus calculator improves post-prandial blood
glucose levels in children and adolescents with type 1 diabetes using
insulin pumps. Pediatr Diabetes. 2012;13:545-551.
113. Barnard K, Parkin C, Young A, Ashraf M. Use of an automated bolus
calculator reduces fear of hypoglycemia and improves confidence in
dosage accuracy in patients with type 1 diabetes mellitus treated
with multiple daily insulin injections. J Diabetes Sci Technol. 2012;6:
144-149.
114. Deeb LC, Holcombe JH, Brunelle R, et al. Insulin Lispro lowers postprandial glucose in Prepubertal children with diabetes. Pediatrics.
2001;108:1175-1179.
115. Burdick J, Chase HP, Slover RH, et al. Missed insulin meal boluses
and elevated hemoglobin A1c levels in children receiving insulin
pump therapy. Pediatrics. 2004;113:613-616.
116. VanderWel B, Messer L, Horton L, et al. Missed insulin boluses for
snacks in youth with type 1 diabetes. Diabetes Care. 2010;33:
507-508.
117. Cobry E, McFann K, Messer L, et al. Timing of meal insulin boluses to
achieve optimal postprandial glycemic control in patients with type
1 diabetes. Diabetes Technol Ther. 2010;12:173-177.
118. De Palma A, Giani E, Iafusco D, et al. Lowering postprandial glycemia
in children with type 1 diabetes after Italian pizza “margherita”
(TyBoDi2 Study). Diabetes Technol Ther. 2011;13:483-487.
119. Chase HP, Saib SZ, MacKenzie T, Hansen MM, Garg SK.
Post-prandial glucose excursions following four methods of bolus
insulin administration in subjects with type 1 diabetes. Diabet Med.
2002;19:317-321.
120. Lee SW, Cao M, Sajid S, et al. The dual- wave bolus feature in continuous subcutaneous insulin infusion pumps controls post-prandial
hyperglycemia better than standard bolus in type 1 diabetes. Diab
Nutr Metab. 2004;17:211-216.
121. Jones SM, Quarry JL, Caldwell-MCmillan M, Mauger DT, Gabbay RA.
Optimal insulin pump dosing and postprandial glycemia following a
pizza meal using the continuous glucose montoring system. Diab
Tech Therapeutics. 2005;7:233-240.
122. Lopez P, Smart CE, McElduff P, et al. Optimising the combination
insulin bolus split for a high fat, high protein meal in children and
adolescents using insulin pump therapy. Diabet Med. 2017;34(10):
1380-1384.

SMART ET AL.

123. Lopez P, Smart CE, Morbey C, McElduff P, Paterson M, King BR.
Extended insulin boluses cannot control postprandial glycemia as
well as a standard bolus in children and adults using insulin pump
therapy. BMJ Open Diabetes Res Care. 2014;2(1):e000050. https://
doi.org/10.1136/bmjdrc-2014-000050.
124. Campbell MD, Walker M, King D, et al. Carbohydrate counting at
meal time followed by a small secondary postprandial bolus injection
at 3 hours prevents late hyperglycemia, without hypoglycemia, after
a high-carbohydrate, high-fat meal in type 1 diabetes. Diabetes Care.
2016;39(9):e141-e142.
125. Patton SR, Dolan LM, Powers SW. Mealtime interactions relate to
dietary adherence and glycemic control in young children with type
1 diabetes. Diabetes Care. 2006;29:1002-1006.
126. Rovner AJ, Mehta SN, Haynie DL, et al. Perceived benefits, barriers,
and strategies of family meals among children with type 1 diabetes
mellitus and their parents: focus-group findings. J Am Diet Assoc.
2010;110:1302-1306.
127. Nansel TR, Laffel LM, Haynie DL, et al. Improving dietary quality in
youth with type 1 diabetes: randomized clinical trial of a
family-based behavioral intervention. Int J Behav Nutr Phys Act.
2015;12:58.
128. Phillip M, Battelino T, Rodriguez H, Danne T, Kaufman F. Use of
insulin pump therapy in the pediatric age-group: consensus statement from the European Society for Paediatric Endocrinology, the
Lawson Wilkins pediatric Endocrine Society, and the International
Society for Pediatric and Adolescent Diabetes, endorsed by the
American Diabetes Association and the European Association for the
Study of Diabetes. Diabetes Care. 2007;30:1653-1662.
129. https://www.idf.org/our-activities/advocacy-awareness/resourcesand-tools/87:diabetes-and-ramadan-practical-25.html.
Accessed
March, 2018.
130. Riddell M, Gallen I, Smart CE, et al. Exercise management in type
1 diabetes: a consensus statement. Lancet Diabetes Endocrinol. 2017;
5(5):377-390.
131. Meyer F, O'Connor H, Shirreffs SM. Nutrition for the young athlete.
J Sports Sci. 2007;25:S73-S82.
132. Gallen I. Type 1 Diabetes Clinical Management of the Athlete.
Springer-Verlag London Limited; 2012.
133. LK Purcell for the Canadian Paediatric Society. Sport nutrition for
young athletes. Paediatr Sports Exercise Med Sec. 2013;18:200-202.
134. Riddell MC, Iscoe K. Physical activity,sport and pediatric diabetes.
Pediatr Diabetes. 2006;7:60-70.
135. Riddell MC, Milliken J. Preventing exercise-induced hypoglycemia in
type 1 diabetes using real-time continuous glucose monitoring and a
new carbohydrate intake algorithm: an observational field study. Diabetes Technol Ther. 2011;13:819-825.
136. Perone C, Laitano O, Meyer F. Effect of carbohydrate ingestion on
the glycemic response of type 1 diabetic adolescents during exercise.
Diabetes Care. 2005;28:2537-2538.
137. Chu L, Hamilton J, Riddell MC. Clinical management of the physically
active patient with type 1 diabetes. Phys Sportsmed. 2011;39(2):
64-77.
138. Hernandez JM, Moccia T, Fluckey JD, Ulbrecht JS, Farrell PA. Fluid
snacks to help persons with type 1 diabetes avoid late onset postexercise hypoglycemia. Med Sci Sports Exerc. 2000;32:904-910.
139. Jäger R, Kerksick C, Campbell BJ. International Society of Sports
Nutrition Position Stand: protein and exercise. Int Soc Sports Nutr.
2017;14:20.
140. Dube M-C, Lavoie C, Galibois I, Weisnagel SJ. Nutritional strategies
to prevent hypoglycemia at exercise in diabetic adolescents. Med Sci
Sports Exerc. 2012;44:1427-1432.
141. Coyle EF. Fluid and fuel intake during exercise. J Sports Sci. 2004;22:
39-55.
142. Wilk B, Yuxia H, Bar-Or O. Effect of body hypohydration on aerobic
performance of boys who exercise in the heat. Med Sci Sports Exercise. 2002;34(Suppl. 1).
143. Rowland T. Fluid replacement requirements for child athletes. Sports
Med. 2011;41:279-288.
144. Desbrow B, McCormack J, Burke L, et al. Sports dietitians Australia
position statement: sports nutrition for the adolescent athlete. Int J
Sport Nutr Exercise Metab. 2014;24(5):570-584.

SMART ET AL.

145. Nieper A. Nutritional supplement practices in UK junior
national track and field athletes. Br J Sports Med. 2005;39:
645-649.
146. TODAY Study Group. Lipid and inflammatory cardiovascular risk
worsens over 3 years in youth with type 2 diabetes: the TODAY clinical trial. Diabetes Care. 2013;36:1758-1764.
147. Bloomgarden ZT. Type 2 diabetes in the young: the evolving epidemic. Diabetes Care. 2004;27:998-1010.
148. Rosenbloom AL, Silverstein JH, Amemiya S, Zeitler P,
Klingensmith GJ. Type 2 diabetes in children and adolescents. Pediatr
Diabetes. 2009;10:17-32.
149. Tay J, Luscombe-Marsh N, Thompson C, et al. Comparison of lowand high-carbohydrate diets for type 2 diabetes management: a randomized trial. Am J Clin Nutr. 2015;102:780-790.
150. Hoelscher DM, Kirk S, Ritchie L, Cunningham-Sabo L. Position of the
academy of nutrition and dietetics: interventions for the prevention
and treatment of pediatric overweight and obesity. J Acad Nutr Diet.
2013;113:1375-1394.
151. Sung-Chan P, Sung YW, Zhao X, Brownson RC. Family-based models
for childhood-obesity intervention: a systematic review of randomized controlled trials. Obes Rev. 2013;14(4):265-278.
152. Ebbeling CB, Feldman HA, Osganian SK, Chomitz VR, Ellenbogen SJ,
Ludwig DS. Effects of decreasing sugar-sweetened beverage consumption on body weight in adolescents: a randomized, controlled
pilot study. Pediatrics. 2006;117:673-680.
153. Robinson TN. Reducing children's television viewing to prevent
obesity: a randomized controlled trial. JAMA. 1999;282:
1561-1567.
154. McGavock J, Sellers E, Dean H. Physical activity for the prevention and management of youth-onset type 2 diabetes mellitus:
focus on cardiovascular complications. Diab Vasc Dis Res. 2007;4:
305-310.
155. Copeland KC, Silverstein J, Moore KR, et al. Management of newly
diagnosed type 2 diabetes mellitus (T2DM) in children and adolescents. Pediatrics. 2013;131:364-382.
156. Goday A, Bellido D, Sajoux I, et al. Short-term safety, tolerability and
efficacy of a very low calorie-ketogenic diet interventional weight
loss program versus hypocaloric diet in patients with type 2 diabetes
mellitus. Nutr Diabetes. 2016;6:e230. https://doi.org/10.1038/nutd.
2016.36.
157. Jellinger PS, Handelsman Y, Rosenblit PD, et al. American Association of Clinical Endocrinologists and American College of
endocrinology guidelines for management of dyslipidemia and
prevention of cardiovascular disease. Endocr Pract. 2017;23
(Suppl 2):1-87.
158. Craig ME, Prinz N, Boyle CT, et al. on behalf of the Australasian
Diabetes Data Network (ADDN), the T1D Exchange Clinic Network
(T1DX), the National Paediatric Diabetes Audit (NPDA) and
the Royal College of Paediatrics and Child Health, the Prospective
Diabetes Follow-up Registry (DPV) initiative. Prevalence of celiac
disease in 52,721 youth with type 1 diabetes: international comparison across three continents. Diabetes Care. 2017;40(8):
1034-1040.
159. Weiss B, Pinhas-Hamiel O. Celiac disease and diabetes: when to test
and treat. J Pediatr Gastroenterol Nutr. 2017;64(2):175-179.
160. Not T, Tommasini A, Tonini G, et al. Undiagnosed celiac disease and
risk of autoimmune disorders in subjects with type 1 diabetes mellitus. Diabetologia. 2001;44:151-155.
161. Pham-Short A, Donaghue KC, Ambler G, Chan AK, Craig ME. Coeliac
disease in type 1 diabetes from 1990 to 2009: higher incidence in
young children after longer diabetes duration. Diabet Med. 2012;
29(9):e286-e289.
162. Camarca M, Mozzillo E, Nugnes R, et al. Celiac disease in type 1 diabetes mellitus. Ital J Pediatr. 2012;38:1-7.
163. Hoffenberg EJ, Haas J, Drescher A, et al. A trial of oats in children with newly diagnosed celiac disease. J Pediatr. 2000;137:
361-366.
164. Hogberg L, Laurin P, Faith-Magnusson K, et al. Oats to children with
newly diagnosed celiac disease: a randomised double-blind study.
Gut. 2004;53:649-654.

153

165. Janatuinen EK, Kemppainen TA, Julkunen RJ, et al. No harm from
5-year ingestion of oats in celiac disease. Gut. 2002;50:332-335.
166. Murch S, Jenkins H, Auth M, et al. Joint BSPGHAN and Coeliac UK
guidelines for the diagnosis and management of coeliac disease in
children. Arch Dis Child. 2013;98:806-811.
167. Lundin KE, Nilsen EM, Scott HG, et al. Oats induced villous atrophy
in celiac disease. Gut. 2003;52:1649-1652.
168. Thompson T, Dennis M, Higgins L, et al. Gluten-free diet survey: are
Americans with celiac disease consuming recommended amounts of
fibre, iron, calcium and grain foods? J Hum Nutr Diet. 2005;18:
163-169.
169. World Health Organization Codex Alimentarius International Food
Standards Standard for foods for Special Dietary use for persons
intolerant to Gluten; 2015.
170. Food Standards Australia New Zealand (FZANZ). http://www.
foodstandards.gov.au/code. Accessed October, 2017.
171. Leffler DA, Edwards-George J, Dennise M, et al. Factors that influence adherence to a gluten-free diet in adults with celiac disease. Dig
Dis Sci. 2008;53:1573-1581.
172. Kivelä L, Kaukinen K, Huhtala H, Lähdeaho ML, Mäki M, Kurppa KJ.
At-risk screened children with celiac disease are comparable in disease severity and dietary adherence to those found because of clinical suspicion: a large cohort study. Pediatrics. 2017;183:
115-121.e2.
173. Pham-Short A, Donaghue K, Ambler G, Garnett S, Craig M. Quality
of life in type 1 diabetes and celiac disease: role of the gluten-free
diet. J Pediatr. 2016;179:131-138.
174. Rohrer TR, Wolf J, Liptay S, et al. DPV Initiative and the German
BMBF Competence Network Diabetes Mellitus. Microvascular
complications in childhood-onset type 1 diabetes and celiac disease: a multicenter longitudinal analysis of 56,514 patients from
the German-Austrian DPV database. Diabetes Care. 2015;38(5):
801-807.
175. Warncke K, Liptay S, Fröhlich-Reiterer E, et al. Vascular risk factors
in children, adolescents, and young adults with type 1 diabetes complicated by celiac disease: results from the DPV initiative. Pediatr Diabetes. 2016;17(3):191-198.
176. Salardi S, Maltoni G, Zucchini S, et al. for the Diabetes Study Group
of the Italian Society of Pediatric Endocrinology and Diabetology
(ISPED). Whole lipid profile and not only HDL cholesterol is impaired
in children with coexisting type 1 diabetes and untreated celiac disease. Acta Diabetol. 2017;54:889-894.
177. Markowitz J, Butler D, Volkening L, Antisdel J, Anderson B,
Laffel L. Brief screening tool for disordered eating in diabetes:
internal consistency and external validity in a contemporary sample
of pediatric patients with type 1 diabetes. Diabetes Care. 2010;33:
495-500.
178. d'Emden H, Holden L, McDermott B, et al. Concurrent validity of
self-report measures of eating disorders in adolescents with type
1 diabetes. Acta Paediatr. 2012;101:973-978.
179. Jones J, Lawson M, Daneman D, Olmsted M, Rodin G. Eating disorders in adolescent females with and without type 1 diabetes:
cross-sectional study. Br Med J. 2000;320:1563-1566.
180. Colton P, Olmsted M, Daneman D, Rydall R, Rodin G. Disturbed eating behavior and eating disorders in preteen and early teenage girls
with type 1 diabetes: a case-controlled study. Diabetes Care. 2004;
27:1654-1659.
181. Rydall AC, Rodin GM, Olmsted MP, Devenyi RG, Daneman D. Disordered eating behavior and microvascular complications in young
women with insulin-dependent diabetes mellitus. N Engl J Med.
1997;336:1849-1854.
182. Bächle C, Stahl-Pehe A, Rosenbauer J. Disordered eating and insulin
restriction in youths receiving intensified insulin treatment: results
from a nationwide population-based study. Int J Eat Disord. 2016;
49(2):191-196.
183. Colton PA, Olmsted MP, Daneman D, et al. Eating disorders in girls
and women with type 1 diabetes: a longitudinal study of prevalence,
onset, remission, and recurrence. Diabetes Care. 2015;38(7):
1212-1217.

154

184. Gagnon C, Aimé A, Bélanger C. Predictors of comorbid eating disorders and diabetes in people with type 1 and type 2 diabetes. Can J
Diabetes. 2017;41(1):52-57.
185. Goebel-Fabbri A, Uplinger M, Gerken S, Mangham D, Criego A,
Perkin C. Outpatient management of eating disorders in type 1 diabetes. Diabetes Spectr. 2009;22:147-152.
186. Toni G, Berioli MG, Cerquiglini L, et al. Eating disorders and disordered eating symptoms in adolescents with type 1 diabetes. Nutrients. 2017;19:9.

SMART ET AL.

How to cite this article: Smart CE, Annan F, Higgins LA,
Jelleryd E, Lopez M, Acerini CL. ISPAD Clinical Practice Consensus Guidelines 2018: Nutritional management in children
and adolescents with diabetes. Pediatr Diabetes. 2018;19
(Suppl. 27):136–154. https://doi.org/10.1111/pedi.12738

