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Meal planning is a cornerstone of diabetes man-
agement, and nutrition education is an essential 
component of a comprehensive program of dia-
betes education for patients and their families.1,2 
Recommendations for medical nutrition therapy 
(MNT) of diabetes mellitus have changed repeat-
edly since the advent of insulin therapy in 1922. 
In this chapter, we briefl y review the history of 
MNT, the scientifi c basis upon which the general 
principles are founded, and recent investigations 
that implicate dietary factors in the etiology of 
immune-mediated or type 1a diabetes mellitus. 
Finally, we discuss the goals of treatment, prin-
ciples of meal planning, and formulation of an 
individualized meal plan based on current evi-
dence as recommended by the Food and Nutri-
tion Committee of the American Diabetes 
Association (ADA).3

PREVALENCE, DEFINITION, CLINICAL 
DESCRIPTION OF DIABETES MELLITUS

Diabetes mellitus is not a single entity but a 
group of metabolic diseases characterized by 
hyperglycemia that is caused by defects in insu-
lin secretion, insulin action, or both.4,5 Most 
cases of diabetes fall into two broad etiologic 
categories: Type 1 diabetes, caused by an abso-
lute defi ciency of insulin secretion, is the most 
common form in children and adolescents,6 
whereas type 2 diabetes is the most common 
form of diabetes worldwide, comprising 80 to 
90% of the overall diabetic population, and is 
caused by a combination of resistance to insulin 
action and impaired insulin secretion.7,8 Type 
2 diabetes usually has its onset in middle life and 
is often associated with abdominal (visceral) 
obesity and hypertension. Until relatively 
recently, immune-mediated or type 1a diabetes 
was the only type of diabetes prevalent among 
children in the United States, and 1 to 2% of 
children had type 2 or other rare forms of diabe-
tes. Throughout the developed world, however, 
the prevalence of type 2 diabetes in youth has 
increased at an alarming rate9–13 and recent 
reports indicate that 8 to 45% of children with 
newly diagnosed diabetes have nonimmune-
mediated diabetes.14 The variation in incidence 
appears to depend on race/ethnicity and sampling 
strategy. Most of these children have type 2 dia-
betes, but other types, especially maturity-onset 

diabetes of youth (MODY) or monogenic diabe-
tes, are being increasingly identifi ed in adoles-
cents and young adults.15

Changes in energy intake and expenditure 
have resulted in an epidemic of obesity in chil-
dren and adolescents in the United States,16 which 
has been temporally associated with an alarming 
increase in the prevalence of type 2 diabetes in 
children and adolescents, especially in minority 
populations, in the past decade. Almost 95% of 
patients are either overweight or frankly obese.14

Simple obesity, even in the absence of glu-
cose intolerance, is associated with impaired 
insulin action on target tissues.17–19 In children, 
body composition is also a major determinant of 
insulin sensitivity. Adiposity accounts for 55% of 
the variance in insulin sensitivity in white chil-
dren.20 An inverse relationship between increas-
ing adiposity and insulin sensitivity also has been 
demonstrated in black children. As body mass 
index (BMI) and percent adiposity increase, insu-
lin sensitivity decreases and serum insulin levels 
increase.21

The incidence of type 1 diabetes varies widely 
among geographic regions, from 0.1 per 100,000 
per year in China and Venezuela to 54 per 100,000 
per year in Finland.22,23 In 2001, there were 
approximately 155,000 youth with diagnosed 
diabetes in the United States.6 The estimated 
crude prevalence rate was 1.82 cases per 1,000 
youth, being lower for children 0 to 9 years of 
age (0.79 cases per 1,000 youth) than for those 
10 to 19 years of age (2.80 cases per 1,000 youth). 
Among younger children, type 1 diabetes 
accounted for at least 80% of diabetes, whereas 
among older youth the proportion of type 2 dia-
betes ranged from 6% for non-Hispanic white 
youth to 76% for American Indian youth.6

Type 1a diabetes occurs in genetically predis-
posed individuals as a consequence of immune-
mediated destruction of the insulin secreting � 
cells of the pancreatic islet.24 The onset of clini-
cally overt diabetes represents a late stage in the 
process of chronic progressive immune-mediated 
�-cell destruction and occurs when the majority 
of �-cells have been destroyed.25 The disease typ-
ically presents with the rapid onset of polyuria, 
polydipsia, and weight loss. The cardinal features 
are attributable to an absolute defi ciency of insu-
lin, which leads to hyperglycemia (the result of 
decreased uptake and utilization of glucose by 

liver, muscle, and adipose tissue and uncontrolled 
hepatic gluconeogenesis), unregulated release of 
free fatty acids from adipose tissue, and increased 
ketogenesis.

Patients with type 1 diabetes depend on exog-
enous insulin to survive. Insulin normally is 
secreted in an oscillatory fashion at a low basal 
rate upon which are superimposed periodic 
increases in secretion in response to ingestion of 
food. In contrast, when insulin is injected subcu-
taneously, it is absorbed from the injection site 
in a somewhat predictable fashion depending on 
the specifi c type and combination of insulins 
used. Each type of insulin has a characteristic 
time of onset of action and maximum effect, 
duration of peak effect, and total duration of 
action (Table 1). When short- or intermediate-
acting insulins are used, meals and snacks have 
to be timed to match the pharmacodynamics of 
insulin. Rapid-acting insulin analogs, delivered 
by injection or via continuous subcutaneous 
insulin infusion (CSII, insulin pump therapy), 
signifi cantly reduce the variation in absorption 

Table 1 Insulin Preparations Classifi ed According 
to their Pharmacodynamic Profi les

Onset of  Peak  Duration of

Action (h) Action (h) Action (h)

Rapid-acting *

 Insulin lispro  0.25–0.5 0.5–2.5 � 5
  (Humalog® )†

 Insulin aspart  �0.25 1–3 3–5
  (Novolog® )† 
 Insulin glulisine  �0.25 0.5–1.5 3–4
  (Apidra® )† 

Short-acting*

 Regular (soluble)  0.5–1 2–4 5–8

Intermediate-acting*

 NPH (isophane) 1–2 2–8 14–24

Long-acting*

 Insulin glargine  2–4 Peakless 20–24
  (Lantus ® )†  
 Insulin detemir 2–4 6–8 6–23
  (Levemir ® )†

*Premixed combinations of intermediate-acting and either 

rapid- or short-acting insulins are available whose pharma-

codynamic profi les have a bimodal pattern refl ecting the two 

insulin components.
†Insulin analog developed by modifying the amino acid 

sequence of the human insulin molecule.
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of insulin and permits greater fl exibility in 
matching insulin delivery to glucose absorption 
after meals and snacks.

Children with idiopathic or nonimmune-
mediated type 1 diabetes may be diffi cult to distin-
guish from those with immune-mediated diabetes. 
In the United States, most patients with idiopathic 
type 1 diabetes are African-American and have so 
called atypical diabetes mellitus or Flatbush 
 diabetes.26,27 They typically have a positive family 
history of early-onset diabetes in several relatives 
and in multiple generations. Although insulin may 
not be required for survival after the episode of 
acute metabolic deterioration has resolved, blood 
glucose control usually is poor without insulin 
therapy and ketoacidosis may recur.

MODY is a form of diabetes caused by mono-
genic defects in �-cell function inherited in an 
autosomal dominant pattern.15 The clinical spec-
trum of MODY is broad ranging from asymp-
tomatic hyperglycemia to a severe acute 
presentation. MODY occurs in all racial and eth-
nic groups, and molecular diagnostic testing is 
required for specifi c classifi cation.15

Individuals with nonimmune-mediated diabe-
tes may have clinical presentations indistinguish-
able from those of patients with immune-mediated 
type 1 diabetes. This is especially relevant because 
as the number of children with type 2 diabetes 
increases, it is important to classify correctly the 
cause of the child’s diabetes to be able to institute 
appropriate therapy.

Acute, life-threatening consequences of dia-
betes are hyperglycemia with ketoacidosis or the 
hyperosmolar nonketotic syndrome.28 Long-term 
complications of chronic hyperglycemia include: 
retinopathy with potential loss of vision, nephrop-
athy leading to hypertension and renal failure, 
and peripheral and autonomic neuropathy with 
associated risk of foot ulcers and limb amputa-
tion, gastrointestinal, genitourinary, and cardio-
vascular symptoms.29 Glycation of tissue proteins 
and other macromolecules and excess production 
of polyol compounds from glucose are among the 
mechanisms thought to produce tissue damage 
from chronic hyperglycemia.30

The initial classifi cation usually is based on 
the clinical picture at presentation. Children with 
immune-mediated type 1 diabetes are typically 
not overweight, have a short duration of symp-
toms, frequently have ketosis, and approximately 
15 to 70% of new onset patients in North America 
and Europe present with ketoacidosis.31 As the 
childhood population in the United States has 
become increasingly overweight, the percentage 
of children with immune-mediated type 1 diabe-
tes who are coincidentally overweight, if not 
obese, has increased.32 After metabolic stabiliza-
tion, they may have an initial period of diminished 
insulin requirement (the honeymoon period) after 
which they require daily insulin replacement for 
survival and are always at risk for ketoacidosis. In 
contrast, approximately 95% of children with type 
2 diabetes are either overweight or obese at the 
time of diagnosis and typically present with glu-
cosuria, absent or mild polyuria and polydipsia, 

and a little or no weight loss. Up to 33% have 
ketonuria at diagnosis, and 5 to 25% of patients 
classifi ed as having type 2 diabetes present with 
ketoacidosis. Children with type 2 diabetes usu-
ally are more than 10 years old and are in middle 
to late puberty, 45 to 80% have at least one parent 
with diabetes and 74 to 100% have a fi rst- or sec-
ond-degree relative with type 2 diabetes. Children 
and adolescents of African-American, Hispanic, 
Asian, American Indian, and Pacifi c Islander 
descent are disproportionately represented.6,33

HISTORY OF MNT FOR TYPE 1 
DIABETES MELLITUS

Until the advent of insulin therapy in 1922, the 
only available treatment was diet and exercise. 
Meal plans severely restricted the total intake of 
energy and were low in carbohydrate and high in 
fat.34 Nutrition recommendations were often 
based on dogma and a limited understanding of 
the metabolic derangements. After the introduc-
tion of insulin, nutrition recommendations 
changed, but generally involved restriction of 
carbohydrate to a maximum of 40% of total 
energy because this was thought to reduce the 
severity of hyperglycemia.35,36 By early in the 
twentieth century, several studies had shown that 
a high-carbohydrate meal plan, provided it was 
restricted in total energy, had benefi cial meta-
bolic effects.37–39 Change was slow and despite 
evidence to the contrary, patients continued to be 
indoctrinated to use a low-carbohydrate, high-fat 
meal plan until 1971 when the Committee on 
Food and Nutrition of the ADA formally recom-
mended liberalizing the consumption of carbohy-
drate.40 Sucrose had not been permitted in the 
meal plans of people with diabetes mellitus; how-
ever, considerable scientifi c evidence has shown 
that sucrose as part of the meal plan does not 
impair blood glucose control in people with either 
type 1 or type 2 diabetes (vide infra).

In 1950, the ADA, the American Dietetic 
Association, and the United States Public Health 
Service introduced the exchange system for meal 
planning to assist patients to choose foods consis-
tent with current nutrition recommendations.41 
The exchange system established portion sizes 
and grouped foods with similar macronutrient 
contents. The goal of the system was to enable 
individuals with diabetes to exchange foods within 
a group and still receive comparable amounts of 
macro- and micronutrients. The exchange system 
was an important advance because it antedated the 
widespread availability of standardized food com-
position analysis. Legislation mandating food 
labeling was not introduced in the United States 
until 1974. The exchange system has undergone 
four revisions. The 1976 revision improved the 
accuracy of the calorie content of foods within 
the lists and stratifi ed foods by their fat content. 
The 1986 revision developed a database for nutri-
ent composition and increased the carbohydrate 
content of fruits from 10 to 15 g, which is closer 
to their actual carbohydrate content. The 1995 

revision grouped carbohydrate-containing foods 
into a single category, which allowed for greater 
fl exibility in meal planning. This revision also 
added many new food items (eg, fat-modifi ed, 
vegetarian, and fast foods) to refl ect the US popu-
lation’s changing dietary habits and food choices. 
The most recent revision, in 2003, liberalized the 
use of sugar in the diet by establishing a food list 
titled “Sweets, Desserts and Other Carbohydrates 
that could be exchanged for Grains, Fruits and 
Dairy.” Another new category, “Combination 
foods,” was added in response to the increased 
availability of processed foods.

Modifi cations to the exchange system refl ect 
societal changes in dietary habits, including the 
increased marketing and consumption of prepared 
foods, frequency of eating outside the home, and 
the modifi cation of natural foods to lower their fat 
and carbohydrate content. The 2003 revision of 
the exchange system also includes the nutrient 
profi les of food items refl ecting their increasing 
use by the general public. It is important, how-
ever, to recognize that the portion size on food 
labels may differ from the portion size and carbo-
hydrate content listed in the exchange system. 
Although some food manufacturers list diabetes 
exchanges on their products, most do not. Since 
the introduction of mandatory food labeling, the 
general public is becoming more accustomed to 
reading nutrition facts provided on food labels. It 
is no longer essential, therefore, for people with 
diabetes to rely on the exchange system as the 
sole source of information regarding macronutri-
ents for dietary planning.42

Increasingly widespread use of intensive insu-
lin therapy (either multiple daily injections, 
referred to as basal–bolus or fl exible insulin ther-
apy, or CSII using an insulin pump) in combina-
tion with carbohydrate counting (utilizing 
item-specifi c nutrient content from food labels, 
readily available reference books and software) 
allows patients with type 1 diabetes to have con-
siderably more dietary choices and to live more 
normal lifestyles without compromising glyce-
mic control. Carbohydrate counting is discussed 
in more detail later in this chapter.

DIETARY FACTORS IN THE 
PATHOGENESIS OF TYPE 1a 
DIABETES MELLITUS

The nature of the interaction among genetic, 
environmental, and immunologic factors in the 
etiology of type 1a diabetes remains poorly 
understood. The genetic predisposition to diabe-
tes is associated with specifi c DQ and DR alleles 
in the HLA region of chromosome 6, but the 
observation of less than 50% concordance for 
type 1 diabetes in identical twins indicates that 
environmental factors are also involved. The role 
of diet, particularly cow’s milk protein, in the 
pathogenesis of human type 1a diabetes is con-
troversial.43 Changes in food, particularly its pro-
tein content, infl uence the onset of diabetes in 
rodent models of autoimmune diabetes. These 
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observations have been invoked as evidence that 
complex natural ingredients in standard human 
and rodent diets may be involved in the autoim-
mune-mediated destruction of ß cells. It has been 
suggested that a dietary antigen may play a role 
as the factor driving the disease process toward 
clinical type 1 diabetes, and bovine insulin is 
thought to be an attractive candidate because an 
immune response, initially induced by bovine 
insulin, cross-reacts with and may target human 
insulin in the �-cell.43

Antibodies reactive against a peptide sequence 
contained within bovine serum albumin (BSA) 
occur in humans, BB rats, and NOD mice, which 
cross-react with an islet antigen designated p69. 
Together with suggestive epidemiological data, 
these observations have given rise to the controver-
sial theory that dietary cow’s milk may contribute 
to the pathogenesis of type 1a diabetes in suscepti-
ble individuals.44 Removal of bovine proteins from 
the diet prevents diabetes in NOD mice.45 Some 
investigators have shown that diets containing 
cow’s milk are diabetogenic in the BB rat; how-
ever, this has not been confi rmed by others.46 Diet 
clearly has a major diabetogenic effect in BB rats47,48 
and NOD mice,48 but the exact chemical identity of 
the food diabetogen(s) is still not clear.

Insulin is a crucial autoantigen in type 1 dia-
betes and is the only �-cell-specifi c autoantigen 
in postnatal life.49 Insulin autoantigens (IAAs) 
are the fi rst or among the fi rst autoantibodies to 
appear when the disease process leading to type 
1 diabetes is initiated in young children.50,51 
Because cow’s milk formulas are generally the 
fi rst and most common dietary source of foreign 
complex proteins to which infants are exposed 
in developed countries, the question has been 
asked whether early exposure to cow’s milk for-
mula results in an immune response to bovine 
insulin (which differs from human insulin in 
3 amino acids) present in formulas. Infants who 
were exclusively breastfed, at least up to the age 
of 3 months, had substantially lower IgG class 
antibodies to bovine insulin than those who were 
exposed to formula before 3 months of age.52 
Follow-up demonstrated that the IgG class insu-
lin antibodies started to decrease slowly after 
the age of 3 months as a sign of the development 
of oral tolerance in those infants who were given 
formula before the age of 3 months, whereas in 
those exclusively breastfed, at least to the age of 
3 months, the antibody levels increased up to 
the age of 12 months before titers leveled off. It 
has been suggested that young children who 
present with early signs of �-cell autoimmunity 
lack the capacity to develop oral tolerance to 
bovine insulin.43 Accordingly, the initial immune 
response to bovine insulin may be diverted 
into a response targeting human insulin in such 
individuals.

Data from three population-based case-control 
studies on cow’s milk intake before the diagnosis 
of type 1 diabetes have yielded confl icting results. 
In New South Wales, Australia, cow’s milk intake 
was higher in prediabetic children than in control 
children,53 and in Finland, a high consumption of 

cow’s milk in childhood was associated with a 
more frequent appearance of diabetes-associated 
autoantibodies and type 1 diabetes in a prospec-
tive cohort of initially unaffected siblings of chil-
dren with type 1 diabetes.54 In contrast, a Swedish 
retrospective survey indicated that the frequency 
of milk consumption had been lower among chil-
dren who presented with type 1 diabetes than 
among unaffected children.55

Gluten or other cereal-derived proteins
have also been implicated as potential driving 
antigens in type 1 diabetes. In small intervention 
studies performed in family members positive for 
diabetes-associated pancreatic autoantibodies, 
elimination of gluten from the diet did not signifi -
cantly affect autoantibody titers, nor did titers 
change when gluten was reintroduced into the 
diet.56,57 These trials indicated that a gluten-free 
diet has no effect on the signs of ß-cell autoimmu-
nity in fi rst-degree relatives of affected patients.

Early exposure to cereals may increase the 
risk of seroconversion to positivity for diabetes-
associated autoantibodies.58,59 Both early (before 
the age of 4 months) and late (at the age of 
�7 months) exposures to cereals (either gluten- 
or nongluten-containing) were associated with 
increased risk of �-cell autoimmunity,58 whereas 
another study implied that an increased risk was 
related to exposure to cereals before the age of 3 
months.59 It has been speculated that dietary glia-
din may trigger intestinal infl ammation in sub-
jects with type 1 diabetes (because of the HLA 
DQ2/DQ8 genotype capable of binding gliadin-
derived peptides).60 Wheat gliadin could thus 
affect the immune activation stage of the gut 
immune system in individuals at genetic risk for 
type 1 diabetes and modify the autoimmune 
process involved in �-cell destruction.43

There is seasonal variation in the appearance 
of the fi rst pancreatic autoantibodies in young 
children with increased HLA-conferred suscepti-
bility to type 1 diabetes.51 In addition to seasonal 
variation in viral infections, there is a marked 
seasonal variation in the amount of daylight and 
sunshine hours, especially in Northern Europe, 
which has the highest incidence of type 1 diabe-
tes in the world.22 Without oral supplementation, 
sunlight-dependent synthesis of vitamin D in the 
skin is the most important source of this immuno-
logically active prohormone. The lack of oral 
vitamin D supplementation in infancy may 
increase the subsequent risk of type 1 diabetes61 
and vitamin D supplementation during infancy 
confers partial protection against type 1 diabetes. 
There is countervailing evidence, however, argu-
ing against the role of vitamin D defi ciency as a 
trigger of �-cell autoimmunity.

A pilot intervention study conducted mainly in 
Finland has sought to determine whether weaning 
to hydrolyzed formula over the fi rst 6 to 8 months 
of life decreases the cumulative incidence of dia-
betes-associated autoantibodies. Preliminary evi-
dence indicates that such a dietary intervention 
results in a decreased frequency of positivity for islet 
cell antibodies and at least one diabetes-associated 
autoantibody by the age of 6 years62 On the basis 

of these pilot data, in 2002 a randomized double-
blind trial (Trial to Reduce IDDM in the Geneti-
cally at Risk, TRIGR) was initiated to determine 
whether it is possible to reduce the frequency of 
diabetes-associated autoantibodies and/or clinical 
type 1 diabetes by the age of 6 years and the cumu-
lative incidence of type 1 diabetes by the age of 10 
years by weaning to a highly hydrolyzed formula 
over the fi rst 6 to 8 months of life.

Increased weight gain in infancy is a risk fac-
tor for type 1 diabetes later in childhood.63 Chil-
dren with type 1 diabetes are both heavier and 
taller in infancy64 and increased height and weight 
later in childhood are also a risk factor for type 1 
diabetes.65 Accelerated linear growth and weight 
gain result in an enhanced �-cell load and increas-
ing insulin resistance. Rapid growth and weight 
gain may induce �-cell stress; and active �-cells, 
as compared to resting �-cells, are more prone to 
cytokine-induced damage.

At present, no defi nitive nutrition recommen-
dations can be made for preventing type 1 
diabetes; however, increasing BMI is associated 
with a younger age at diagnosis of type 1 diabe-
tes among those US youth with reduced �-cell 
function.66 Avoiding excessive weight gain dur-
ing childhood is clearly a desirable goal for many 
reasons.

GOALS OF MEDICAL NUTRITION 
THERAPY (MNT)

MNT is the process by which the nutrition pre-
scription is individually tailored for the patient 
with diabetes based on medical, lifestyle, and 
personal factors and is an integral component of 
diabetes management and diabetes self-manage-
ment education.3 The goals of MNT for children 
and adolescents are shown in Table 2.

The Diabetes Control and Complications Trial 
(DCCT) and the succeeding observational follow-
up of the DCCT cohort in the Epidemiology of 
Diabetes Interventions and Complications (EDIC) 
study confi rmed that long-term maintenance of 
blood glucose levels near to normal delays or pre-
vents the microvascular complications of type 1 
diabetes,67 and the benefi ts of intensive treatment 
extend well beyond the period of its most vigorous 
implementation.68 The DCCT also demonstrated 
that intensive management of type 1 diabetes is 
associated with an increased risk of severe hypo-
glycemia69 and a tendency to gain weight.70 Obe-
sity (greater than 120% of ideal body weight or 
BMI �95th percentile) was more common in 
intensively treated patients.70 Weight gain in inten-
sively treated patients with type 1 diabetes has 
been primarily attributed to the elimination of glu-
cosuria (70% of the weight gain) and a 5% reduc-
tion in daily energy expenditure (30% of the 
weight gain).71 Recurrent symptomatic hypogly-
cemia requiring oral carbohydrate to restore eug-
lycemia also contributes to the tendency to gain 
weight in some intensively treated patients.

Our ability to help patients achieve these objec-
tives is still limited by the imperfection of insulin 
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replacement, which does not precisely mimic nor-
mal physiology, the lack of methods to continuously 
monitor blood glucose concentrations, and the risk 
of severe hypoglycemia when glucose levels are 
near to normal but insulin delivery is not regulated 
by a closed-loop feedback system.72 Target blood 
glucose and hemoglobin A1c goals vary by age, 
primarily because young children are frequently 
unable to recognize hypoglycemia and are at greater 
risk for severe hypoglycemia (Table 3).2

The child with diabetes and his or her family 
must assume primary responsibility for daily man-
agement, whereas the role of the healthcare profes-
sional is that of educator, advisor, and motivator. 
Even modest objectives are not achievable in all 
patients because educational, psychosocial, and 
economic factors make it impossible for some chil-
dren and their families to perform daily all the tasks 
that comprise a comprehensive treatment pro-
gram.73,74 The goals of therapy can, however, be 
accomplished in most patients most of the time by 
the use of fl exible insulin regimens and dosage 
algorithms, frequent self-monitoring of blood glu-
cose, individualized meal planning, and by educat-
ing older children and adolescents leading to patient 
empowerment and independent decision-making.

GENERAL PRINCIPLES OF NUTRITION 
MANAGEMENT 

There is a little or no research on the nutrient 
requirements of children and adolescents with 
either type 1 or type 2 diabetes nor is there 

evidence that their nutritional needs differ from 
those of healthy children. Therefore, nutrient 
 recommendations are based on the requirements 
of healthy children and adolescents.75–79 Meal 
plans for children with diabetes should begin with 
the key recommendations outlined in The Dietary 
Guidelines for Healthy Americans 2005.80 This 
important document provides guidelines that 
should serve as the foundation for nutrition man-
agement within each of the following areas: ade-
quate nutrients within calorie needs, weight 
management, physical activity, food groups that 
should be encouraged, fats, carbohydrates, 
sodium and potassium, alcoholic beverages, and 
food safety. The guidelines address issues spe-
cifi c to children and may require further defi ni-
tion as they relate to diabetes management. For 
example, the guidelines suggest that carbohydrate 
choices should include fi ber-rich fruits, vegeta-
bles and whole grains, and added sugar should be 
minimized.80 People with diabetes treated with 
insulin or insulin secretagogues must be aware of 
the total amount of carbohydrate eaten at a meal. 

Energy

Clinical dietitians frequently use equations such 
as the Schofi eld, WHO, Harris–Benedict, or RDA 
for age to calculate energy requirements (see 
Appendix II, “Nutritional Requirements”. The 
following simpler equation can be used to pro-
vide a crude approximation for children up to 12 
years of age:

Basal daily needs for all children � 1,000 kcal;  
 for boys add to the basal needs 
 125 kcal � age in years, 
 and for girls add 100 kcal � age in years.

Add up to 20% more kilocalories for very active 
children.

It is important to assess a child’s usual 
dietary intake before the onset of symptomatic 
hyperglycemia to assist with the formulation of 
the initial meal plan. Because energy require-
ments change with age, physical activity, and 
growth rate, an assessment of height, weight, and 
energy intake is recommended every 3 to 6 
months.81 Good metabolic control is essential 
for normal growth and development.82

Growth is an excellent indicator of the ade-
quacy of energy intake, which should be evalu-
ated by regularly plotting weight and stature on 
the Centers for Disease Control and Prevention 
(CDC) pediatric growth charts (http://www.cdc.
gov/growthcharts). If growth is not optimal, the 
diet should be reviewed and, in patients with type 
1 diabetes, screening for symptoms and signs of 
inadequate insulin delivery,83 hypo- or hyperthy-
roidism, celiac disease, and adrenal insuffi ciency 
is warranted.

For overweight and obese children and adoles-
cents with either type 1 or type 2 diabetes, energy 
is reduced to arrest weight gain while supporting 
normal linear growth and physical development.

Distribution of Macronutrients 

Many studies have attempted to determine the 
optimal mix of macronutrients that should com-
prise total energy intake. The general consensus 
is that a single prescription does not exist.3 The 
Dietary Reference Intake (DRI) is cited as a 
guideline that should be used to formulate the 
initial prescription. The DRI reports suggest a 
mix of 45 to 65% of calories from carbohydrate, 
20 to 35% from fat, and 10 to 35% from protein. 
Once the nutrition prescription has been deter-
mined, the proportion of macronutrients can be 
modifi ed, as necessary, according to blood glu-
cose and plasma lipid goals and requirements for 
growth and development.

Carbohydrate

Control of blood glucose in an effort to achieve 
normal or near-normal levels is the primary goal 
of diabetes management. Because dietary carbo-
hydrate is the major determinant of postprandial 
glucose levels, food and nutrition interventions 
that reduce postprandial blood glucose excur-
sions are important.84 Blood glucose concentra-
tions after a meal are primarily determined by the 
rate of appearance of glucose in the blood (diges-
tion and absorption) and its disappearance from 
the circulation. The normal insulin secretory 
response maintains blood glucose in a narrow 
range; however, in patients with diabetes, defects 
in insulin secretion, insulin action, or both impair 
regulation of postprandial blood glucose concen-
trations in response to dietary carbohydrate. The 

Table 2 Goals of Medical Nutrition Therapy for Diabetes Mellitus

Goals that apply to all persons   1. Attain and maintain optimal metabolic outcomes including
 with diabetes  a.  Blood glucose levels in the normal range or as close to normal as is safely 

possible.
  b. A lipid and lipoprotein profi le that reduces the risk for vascular disease
  c.  Blood pressure levels in the normal range or as close to normal as is safely 

possible
 2.  To prevent, or at least slow, the rate of development of the chronic complications 

of diabetes by modifying nutrient intake and lifestyle.
 3.  To address individual nutrition needs, taking into account personal and  cultural 

preferences and willingness to change
 4.  To maintain the pleasure of eating by only limiting food choices when  

indicated by scientifi c evidence

Goals specifi c to type 1 diabetes  To provide adequate energy to ensure normal growth and development,  integrate 
 insulin regimens into usual eating and physical activity habits

Goals specifi c to type 2 diabetes  To facilitate changes in eating and physical activity habits that reduce insulin 
 resistance and improve metabolic control 

Goals specifi c to patients  To provide self-management education for treatment and prevention of hypogly-
 on insulin or insulin secretagogs  cemia, acute illnesses, and exercise-related blood glucose problems 

Adapted from reference 3.

Table 3 American Diabetes Association Recommended Glycemic Targets2

Blood Glucose Goal Range (mg/dL) 

Preprandial Bedtime HbA1c %

Toddlers and preschool age children (�6 yr)  100–180 110–200 �8.5
School age children (6–12 yr)  90–180 100–180 �8%
Adolescents and young adults  90–130 90–150 �7.5%*

*Ideal is �7% if this can be achieved safely without frequent or severe hypoglycemia.
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amount, type, and source of carbohydrates in 
foods, as well as the dose and time interval 
between administration of rapid- or short-acting 
insulin and consumption of the meal infl uence 
postprandial glucose levels.

The diet should include carbohydrates from 
fruits, vegetables, whole grains, legumes, and 
low-fat dairy products.3 Dietary dogma in diabe-
tes had been to avoid simple sugars and replace 
them with complex carbohydrates. This belief 
was based on the assumption that simple sugars 
are more rapidly digested and absorbed than 
starches and would lead to more pronounced 
hyperglycemia. During the past two decades, the 
blood glucose responses to various carbohydrate-
containing foods have been extensively investi-
gated and there is little scientifi c evidence to 
support this notion. Although insulin and glu-
cose-lowering medications for type 2 diabetes 
can adequately control the glycemic impact of 
added sucrose and other sugars, their impact on 
total caloric intake suggests that moderation in 
the use of added sugars is still warranted.

Numerous factors infl uence the glycemic 
response to food, including the amount of carbo-
hydrate,85 the type of sugar (glucose, fructose, 
sucrose, lactose),86 the nature of the starch (amy-
lose, amylopectin, resistant starch),87 cooking and 
food processing (degree of starch gelatinization, 
particle size, cellular form),88 and food struc-
ture,89 as well as other food components (fat and 
natural substances that slow digestion—lectins, 
phytates, tannins, fi ber, and starch-protein and 
starch-lipid combinations).90,91 Furthermore, the 
glycemic response to a particular carbohydrate 
food is dependent on whether it is eaten alone or 
as part of a mixed meal.92 Fasting and preprandial 
blood glucose concentrations,93–96 the severity of 
glucose intolerance,97 and the second meal 
effect98 are other factors that can affect the glyce-
mic response to foods.

The glycemic index (GI), proposed in 1981 as 
an alternative system for classifying carbohydrate-
containing food, measures the glycemic response 
after ingestion of carbohydrate. Carbohydrates 
were previously classifi ed only on the basis of their 
chemical structure: sugars, starches, or fi ber. GI is 
defi ned as the incremental area under the plasma 
glucose response curve over 2 hours after consump-
tion of a standard amount (usually a 50 g portion) 
of carbohydrate from a test food relative to that of a 
control food, either white bread or  glucose.99 The 
glycemic and hormonal responses to a large num-
ber of ingested carbohydrates have been systemati-
cally examined and their GIs defi ned.99–105 As a 
result of these studies, the validity of the dogma 
that ingestion of simple  sugars causes a rapid and 
pronounced rise in blood glucose, whereas com-
plex carbohydrates produce only modest incre-
ments in blood glucose concentration began to be 
disputed.106 It is now clear that there is a wide spec-
trum of biologic responses to different complex 
and simple carbohydrates, with so much overlap 
that they cannot be simply classifi ed into two dis-
tinct groups. Even a single food produces a sub-
stantially different glycemic response when it is 

prepared in different ways. For example, a pureed 
apple causes a greater increment in blood glucose 
than does an apple eaten whole.107 Similarly, 
ground rice or rice fl our causes a greater glycemic 
and insulinemic response than does whole cooked 
rice,103 and cooking increases the glycemic response 
to starch.108 Blood glucose levels after ingesting 
wheat fl our in the form of pasta are lower than after 
an equal amount of wheat fl our in bread.109 Thus, 
the form of a carbohydrate-containing food, in 
addition to its chemical composition, infl uences its 
glycemic effect. The effect of food form alters the 
rate of digestion and absorption and, therefore, 
affects postprandial glycemia. Fruits (eg, apples GI 
40, Sunkist oranges GI 48, peaches GI 42, pears GI 
38 vs. watermelon GI 72) and milk (eg, whole milk 
GI 27, skim milk GI 32)110–112 cause a lower glyce-
mic response than most starches, and sucrose 
causes a glycemic response similar to that of bread, 
rice, and potatoes. In general, most refi ned starchy 
foods eaten in the United States have a high GI, 
whereas nonstarchy vegetables, fruits, and legumes 
tend to have a low GI (Table 4).

Use of the GI of a food alone ignores the glyce-
mic response if the portion is other than 50 g. The 
concept of glycemic load was introduced to describe 
more accurately the postprandial glycemic response 
to a food when eaten in a realistic portion size. The 
glycemic load is determined by multiplying the GI 
of a food by the amount (grams) of carbohydrate in 
the portion size actually consumed. For example, 
12 medium carrots contain 50 g of carbohydrate. 
Whereas carrots have a high GI, a usual portion 

would not signifi cantly increase the glycemic load 
of the meal. The glycemic load of a meal refl ects the 
sum of the contributions of each food that is eaten.

The practical usefulness of low-GI diets in 
type 1 diabetes is controversial and there are lim-
ited data available in children. A meta-analysis of 
randomized controlled trials (virtually all adult 
studies) shows that choosing low-GI foods in 
preference to conventional or high-GI foods has a 
small (0.4% decrement in HbA1c) but clinically 
benefi cial effect on medium-term glycemic con-
trol in patients with diabetes.113

Using a low-GI diet as the only approach to 
nutrition management is not recommended, but 
substituting lower-GI foods of approximately equal 
carbohydrate and nutritional value is a  useful 
approach to improve glycemic control, especially 
in patients with pronounced postprandial hypergly-
cemia. When making recommendations regarding 
GI and glycemic load, it is important to focus on 
encouraging low- and moderate-GI foods from the 
food groups recommended in the Dietary Guide-
lines for Americans 2005 report: grains, fruits, veg-
etables, and low-fat dairy products.80 For example, 
a chocolate bar (moderate GI) would not be a suit-
able substitute for French fries (high GI); whereas 
oven “fried” sweet potato (low GI) would be an 
appropriate substitute. A food with a low GI and 
glycemic load that is high in fat and low in vitamins 
and minerals is not a healthy substitute unless it is 
replacing an item of equally poor nutritional value.

Concerns about the acceptance of lower-GI 
foods have been expressed as a reason not to 
introduce a low-GI diet. At a diabetes summer 
camp for 7- to 16-year-old children, satisfaction 
ratings were equal when dinner and snacks con-
taining lower-GI foods replaced standard food 
choices; however, they were lower (although 
within the acceptable range) at breakfast and 
lunch.114 Children 8 to 13 years old who received 
low-GI dietary advice did not report more limited 
food choices or compromise their macronutrient 
intake as compared to children who continued to 
use a traditional carbohydrate-exchange diet.115

Once patients have mastered the concept of 
matching carbohydrate intake to insulin, or distrib-
uting carbohydrate throughout the day to optimize 
glycemic control, we recommend providing addi-
tional guidance on how to lower the GI of the diet.

Fiber

Fiber refers to the portion of a plant that is not 
digestible in the human small intestine. It was 
thought to have no nutritive value and in the past 
century, the quantity of fi ber in the American diet 
has declined. During the last two decades, how-
ever, considerable attention has been focused on 
the various plant fi bers because of their infl uence 
on gastrointestinal physiology. It is now known 
that fi ber markedly infl uences the digestion, 
absorption, and metabolism of many nutrients.116–119 
Cellulose, lignins, and certain hemicelluloses, the 
fi bers present in vegetables and grains are usually 
insoluble in water. Many fruits and certain 
legumes are rich in water-soluble fi bers such as 

Table 4 Glycemic Indexes of Common Foods

Low GI (�55) Moderate GI (55–70) High GI (�70)

Apples, Pineapple, Watermelon
 apple juice,  raisins,
 bananas,  cantaloupe,
 grapefruit,  cranberry
 kiwi,   juice cocktail
 mango,
 oranges,
 peaches,
 pears,
 plums,
 grapes,
 strawberries

Whole-grain  Hamburger bun, Bagel,
 pumpernickel  whole wheat   white bread
  pita bread, 
  stoned wheat 
  thins, oatmeal
  cookies, plain

Sourdough   Saltines,
 wheat bread,   rice cakes
 sourdough rye 
 bread, 100% 
 stone-ground 
 wheat bread

Sweet potato   Mashed potato,
 or yam   baked potato
Corn

Oatmeal, from steel-cut oats,   Rice Krispies,
 milk, yogurt   Cheerios 
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pectins, guar, and storage polysaccharides. When 
carbohydrate is ingested together with soluble 
fi ber, the resulting increase in blood glucose con-
centration is less than when carbohydrate is 
ingested alone.120 A large test meal containing 
carbohydrate, protein, and fat normally causes 
signifi cantly less postprandial glycemia when the 
meal is supplemented with guar.121 The  attenuated 
increment in blood glucose concentration that 
occurs when guar is added to ingested carbohy-
drate is due to delayed rather than incomplete 
absorption of carbohydrate.122

Short-term studies using large amounts of fi ber 
(�30 g/d) in small numbers of suboptimally con-
trolled type 1 diabetic subjects suggested a positive 
effect of fi ber on glycemia.123–126 However, in 
 subjects using intensive insulin therapy, 56 g of 
fi ber had no benefi cial effect on glycemic con-
trol.127 Subjects receiving � 2 injections per day 
and with baseline HbA1c levels of 7 to 10% were 
randomized to either a high-fi ber (50 g/d) low-
GI diet, or a low-fi ber (15 g/d) high-GI diet for 
24 weeks. The high-fi ber diet signifi cantly decreased 
mean daily blood glucose concentrations, number 
of  hypoglycemic events, and, in the subgroup of 
patients compliant with diet, HbA1c levels, but had 
no benefi cial effect on cholesterol, HDL cholesterol, 
or triglyceride concentrations.128 Conversely, a 
cross-sectional analysis of dietary fi ber in type 1 dia-
betes patients enrolled in EURODIAB IDDM 
showed that a higher intake of fi ber was indepen-
dently associated with higher levels of HDL choles-
terol in both men and women, and lower LDL 
cholesterol levels in men but not in women.129 No 
substantial differences were observed between 
soluble- and insoluble-fi ber intakes.

These observations suggest that inclusion of 
plant fi ber in the diet may benefi t patients with 
diabetes by diminishing postprandial hyperglyce-
mia. Furthermore, certain soluble plant fi bers sig-
nifi cantly reduce serum cholesterol concentrations 
and decrease fasting serum triglyceride levels in 
diabetics with hypertriglyceridemia.118 The 
mechanism responsible for the effects on choles-
terol and triglycerides is not known.

People with diabetes are encouraged to choose 
a variety of fiber-containing foods such as 
legumes, fi ber-rich cereals (�5 g fi ber per serv-
ing), fruits, vegetables, and whole grain products 
because they provide vitamins, minerals, and 
other substances important for good health.3 
Patients should be encouraged to achieve the fi ber 
intake goals set for the general population of 14 g 
per 1,000 kcal.75 Dietary fi ber recommendations 
for children with diabetes are the same as for 
nondiabetic children. Children older than 2 years 
should have an amount of dietary fi ber equal to or 
greater than their age plus 5 g/d.130

Protein

Protein requirements are not increased when dia-
betes is well controlled; therefore, children with 
diabetes should follow the RDA guidelines sug-
gested for children without diabetes. The physio-
logic requirement, determined by the amount of 

protein necessary to sustain normal growth, is 
based on ideal weight-for-height and varies with 
age, being highest in infancy and early childhood. 
The protein requirement (per kilogram body 
weight) of infants, children, and adolescents is 
higher than that of adults. It is recommended that 
for individuals with diabetes and normal renal 
function, the protein content of the diet should be 
the same as for nondiabetic children and adoles-
cents. The 2005 DRIs for children 1 to 3 years 
old is 5 to 20% and for children 4 to 18 years of 
age 10 to 30%, respectively, of total energy 
intake. The recommendation for adults with dia-
betes is to maintain protein intake at less than 
20% of energy needs. Any ingested protein that 
exceeds the body’s requirement for new protein 
synthesis enters the carbon pool and is converted 
into either glucose or fat.

Dietary protein should be derived from both 
animal and vegetable sources; however, the source 
of protein is not especially important provided that 
all the essential amino acids are available in ade-
quate amounts. Good quality protein sources 
include meat, poultry, fi sh, eggs, milk, cheese, and 
soy. To lower the consumption of saturated fat, less 
protein should be derived from red meat, whole 
milk, and high-fat dairy foods than is customary in 
the United States. With the onset of nephropathy, 
lower intakes of protein should be considered. A 
protein intake similar to the adult RDA (0.8 g/kg 
body weight per day), �10% of daily energy, is 
suffi ciently restrictive and is recommended for indi-
viduals with evidence of nephropathy. With protein 
intake of 0.6 g per kg per day, evidence of protein 
under-nutrition has been reported.131

Fat

Cardiovascular disease (CVD) is more prevalent 
among patients with type 1 and type 2 diabetes 
than among those without diabetes.132,133 Type 1 
diabetes is associated with at least a 10-fold 
increase in CVD as compared with an age-
matched nondiabetic population.133,134 Its major 
clinical consequences are atherosclerosis of the 
coronary, cerebral, and lower extremity large 
arteries. In Westernized populations, atheroscle-
rotic vascular disease is the major cause of mor-
tality and morbidity in patients with diabetes. 
About 75% of patients with diabetes in Europe 
and North America die of coronary heart disease. 
This terrible toll is not inevitable. In other parts 
of the world, patients with diabetes who escape 
atherosclerosis have low serum cholesterol levels 
and live on diets that are usually high in starch 
and have a low content of saturated fat. Cogni-
zance of these facts compels us to focus attention 
on the amount and type of fat consumed by per-
sons with diabetes.  The recent DCCT/EDIC report 
on the effect of intensive diabetes therapy on 
CVD in type 1 diabetes showed that higher total 
and LDL cholesterol levels at baseline were sig-
nifi cantly associated with the occurrence of CVD 
independent of treatment assignment.135

To reduce the risk for CVD, the goal is to 
limit the consumption of saturated fatty acids, 

trans fatty acids, and cholesterol, and to increase 
intake of omega-3 fatty acids and unsaturated fat. 
These recommendations are consistent with those 
of the Dietary Guidelines for Americans 2005, 
the American Academy of Pediatrics, and the 
American Heart Association.136 Saturated and 
trans fatty acids are the principal dietary determi-
nants of plasma LDL cholesterol. In nondiabetic 
individuals, reducing the consumption of satu-
rated and trans fatty acids, and cholesterol 
decreases plasma total and LDL cholesterol lev-
els. Reducing saturated fatty acids may also 
reduce HDL cholesterol and, importantly, the 
ratio of LDL cholesterol to HDL cholesterol is 
not adversely affected (Table 5).

Children and adolescents with well-controlled 
type 1 diabetes are not at high risk for developing 
lipid abnormalities, but should be screened and 
monitored according to guidelines issued by the 
National Cholesterol Education Program (NCEP) 
and by the American Academy of Pediatrics.137 
For children and adolescents who are growing 
and developing normally and have normal plasma 
lipid levels, it is recommended that less than 10% 
of energy comes from saturated fat, the daily 
intake of cholesterol should be less than 300 mg 
per day, and consumption of trans fatty acids 
should be minimal. Total fat should be reduced in 
the obese child to reduce total energy consump-
tion. The consumption of saturated fat can be 
reduced by drinking less whole milk and more 
low-fat milk and eating less red meat and high-fat 
dairy foods, and by eating more poultry, fi sh, and 
vegetable proteins.

The NCEP Step II diet guidelines should be 
implemented in the patient with elevated LDL 
cholesterol (�100 mg/dL).138 The guidelines rec-
ommend that total fat represent no more than 30% 

Table 5 Practical Guidelines for Implementing 
the American Heart Association Dietary 
Guidelines

•  Reduce added sugars, including sugar-sweetened 
drinks and juices

•  Use canola, soybean, corn, saffl ower oil, or other 
 unsaturated oil in place of solid fats during food 
preparation

•  Use fresh, frozen, and canned vegetables and fruits 
 and serve at every meal; be careful with added sauces 
and sugar

• Introduce and regularly serve fi sh as an entrée
• Remove the skin from poultry before eating
•  Use only lean cuts of meat and reduced-fat meat 

products
•  Limit high-calorie sauces such as Alfredo, cream 

sauces, cheese sauces, and hollandaise
•  Eat whole-grain breads and cereals rather than refi ned 

 products, read labels and ensure that “whole grain” 
is the fi rst ingredient on the food label of these 
products

•  Eat more legumes (beans) and tofu in place of meat 
for some entrees

•  Breads, breakfast cereals, and prepared foods, 
 including soups, may be high in salt and sodium 
and/or sugar; read food labels for content and choose 
high-fi ber, low-salt/low-sugar alternatives
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of total calories, less than 7% of calories are from 
saturated fat, and dietary cholesterol is 200 mg/d.

Recent survey data of a representative sam-
ple of US youth with diabetes (89% with type 1) 
show that percent consumption of energy from 
total fat is 37 to 38% across subgroups of age 
(10 to 14 years, �15 years). Only 6.5% of the 
cohort met ADA recommendations of �10% of 
energy from saturated fat and less than 50% met 
recommendations for total fat, vitamin E, fi ber, 
fruits, vegetables, and grains. It is evident that 
there is a critical need for improvement in 
dietary intake in youth with diabetes.139

Sodium

The average consumption of salt in populations 
correlates well with the prevalence of hyperten-
sion140 and a high intake of sodium causes high 
blood pressure in susceptible individuals. Most 
processed foods contain considerably more sodium 
than similar foods prepared from raw ingredients. 
Sodium is present in the form of sodium chloride; 
it may also be present as sodium glutamate, added 
to enhance fl avor, or as sodium nitrite included as 
a preservative. The leaders in sodium content are 
take-out or “fast foods,” which account for an 
ever-increasing proportion of the US diet. It has 
been estimated that 70% of the sodium in the US 
diet is derived from prepared foods.

Sodium consumption in persons with diabe-
tes should be the same as for the general popula-
tion, between 2,400 mg141 and 3,000 mg daily.142 
A reduction in salt intake lowers blood pressure 
in both normotensive and hypertensive individu-
als. In nondiabetic adults, a reduction in salt 
consumption lowers systolic blood pressure by 
4 to 5 mm Hg143,144; therefore, for diabetic 
patients with hypertension (in children and ado-
lescents defi ned as the average of three separate 
systolic and/or diastolic blood pressures �95th 
percentile for age, sex, and height), a reduction 
in salt intake to 2,400 mg daily is recommended. 
Note, however, that sodium restriction has not 
been tested in the diabetic population in con-
trolled clinical trials.145 To achieve these goals, 
patients should be taught to reduce their use of 
table salt and decrease their consumption of con-
venience foods.

MEDICAL NUTRITIONAL THERAPY 

A registered dietitian skilled in MNT is the diabetes 
team member who plays the leading role in provid-
ing nutrition care; however, it is important that all 
members of the diabetes team, including physicians 
and diabetes nurse educators, be knowledgeable 
about MNT and help to support its implementation.3

MNT begins with a nutrition history and 
assessment, taking heed of the ethnic, religious, 
and economic factors that pertain to the individ-
ual patient and his or her family. Family eating 
patterns, meal preparation methods, and nutrition 
beliefs must be identifi ed. The initial evaluation 
of eating styles and nutrition beliefs within the 
family assist the dietitian to determine how best 

to begin educating the patient and family to 
achieve nutrition guidelines for optimal manage-
ment of the disease. The fi rst priority is to teach 
families how diet and insulin (or other medica-
tions) affect blood glucose levels. Thereafter, it is 
important to teach dietary habits that will help 
patients reduce their risk of CVD.

The way meals are planned should be under-
standable to the patient and family. A great deal of 
lay literature about diet is available to the general 
public; some accurately describes evidence-based 
research, but much does not. Families that have 
received and applied advice consistent with the 
recommendations of the American Heart Associa-
tion, American Academy of Pediatrics, and Dietary 
guidelines for Americans 2005 will benefi t by an 
approach that builds on their current practices.

Changing how we think about our food and 
beverage selections on a day-to-day basis is, per-
haps, the most diffi cult aspect of diabetes man-
agement. Before discovering that a member of 
the family has diabetes, families may give signifi -
cant thought to their food purchases, but planning 
when and the precise amount to be eaten at a meal 
are not common in the general population.

Patients with both type 1 and type 2 diabetes 
have the same goals; namely, to achieve and 
maintain target blood glucose and glycated hemo-
globin levels (Table 2). The initial focus of MNT, 
however, differs between the two major types of 
diabetes.14 Children with type 2 diabetes typically 
are obese at presentation and there is great empha-
sis on weight loss, limiting caloric intake, and dis-
tributing meals evenly throughout the day. Even 
modest weight reduction alone increases sensitiv-
ity to insulin and improves fasting and postpran-
dial plasma glucose levels.18 Similarly, moderate 
calorie reduction decreases plasma glucose levels 
in type 2 diabetes.146,147 Studies in adults provide 
evidence that structured, intensive lifestyle pro-

grams involving participant education, individu-
alized counseling, reduced energy and fat intake 
(�30% of total energy), regular physical activity, 
and frequent participant contact are necessary to 
produce long-term weight loss of 5 to 7% of start-
ing weight.148 Accordingly, lifestyle changes that 
lead to weight loss are the cornerstone of therapy 
in patients with type 2 diabetes. In contrast, in the 
child with type 1 diabetes, the primary goal is to 
match insulin delivery and carbohydrate con-
sumption to achieve blood glucose levels in the 
age-specifi c target range.

Considerations When Formulating a Meal 
Plan For Type 1 Diabetes

Newly diagnosed children usually present with 
weight loss and are hungry for the fi rst few days 
to weeks after starting insulin therapy. Therefore, 
the child’s initial dietary allowance is determined 
by appetite. The meal plan should be formulated 
to restore and then maintain an appropriate body 
weight and allow for normal growth and develop-
ment. Energy requirements vary with age, height, 
weight, and gender, as well as with physical 
activity, season of the year, and stage of puberty. 
If the child’s usual food intake cannot be ade-
quately determined, the nutrition prescription can 
be based on a formula for estimating energy and 
protein allowances (see above under Energy).

The daily eating patterns of young children 
generally include three meals and two or three 
snacks, depending on the length of time between 
meals, the age of the child, and level of physical 
activity. Although their daily energy intake is rel-
atively constant over time, young children adjust 
their energy intake at successive meals.149,150

Dietary strategies principally are determined 
by the patient’s insulin replacement regimen 
(Table 6). Rapid-acting insulin combined with 

Table 6  General Approaches to Meal Management

Type 1 diabetes  • Three meals and 2 or 3 snacks daily
 Split-mixed insulin regimen • Meals and snacks spaced 2–3 hours apart
  • Consistent carbohydrate intake
  • Snack before bed to decrease risk of overnight hypoglycemia
  • Meal times consistent from day-to-day
  •  Continued education and assessment of readiness to change lifestyle 

to achieve Heart Healthy diet

 Basal–bolus or   • Carbohydrate content can vary
  insulin pump therapy •  Must accurately count carbohydrate and match insulin dose to 

predetermined insulin:carbohydrate ratio
  • Should eat at least 3 meals daily
  • Snack before bed to decrease risk of overnight hypoglycemia
  •  Should not eat less than a predetermined amount of carbohydrate 

per day
  •  Continued education and assessment of readiness to change lifestyle 

to achieve Heart Healthy diet 

Type 2 diabetes  •  Meal plan to assist with evenly spaced carbohydrate intake and 
 increased emphasis on reducing calories to promote weight loss 

Age related issues: Children’s activities often differ on weekdays compared to weekends and holidays, and appropriate 
allowance must be made for these differences.
The meal plan must take into account the child’s school schedule, early or late lunches, gym classes, and after-school 
physical activity.
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intermediate-acting (neutal protamine Hagedorn, 
NPH) insulin is often used at the outset because 
glycemia can be controlled with two or three daily 
injections: typically at breakfast,  dinner, and/or 
bedtime. Rapid-acting insulin and intermediate-
acting insulin are released from the subcutaneous 
injection site into the circulation reaching peak 
effects 1 to 2 hours and 4 to 10 hours after injec-
tion, respectively. A meal plan is formulated to 
provide a consistent carbohydrate intake because 
the breakfast dose of NPH will have its peak effect 
between lunch and dinner and the dose is based on 
the glycemic load provided by lunch and a mid-
afternoon snack. Therefore, over- or undereating 
carbohydrate will result in hyper- or hypoglyce-
mia, respectively. The use of fi xed doses of rapid- 
or short-acting together with intermediate-acting 
insulin is not ideal for families whose lifestyles do 
not allow for consistent meal times. Similarly, very 
young children whose appetites are highly variable 
present signifi cant challenges when rigid meal tim-
ing and constant carbohydrate intake are required 
to match a fi xed dose of insulin. Using are insulin 
regimen that includes administering rapid-acting 
insulin after the meal provides a practical solution 
to this problem.151

Because the energy needs of children con-
tinuously change, food intake should be re-eval-
uated at 3- to 6-month intervals depending on 
the age of the child.152,153 Whenever the quantity 
of carbohydrate in the meal plan is changed, the 
insulin dose must be reviewed. If a pattern of 
premeal hyperglycemia is identifi ed, it should 
be treated by adjusting the insulin dose and not 
by withholding food. Trends in hunger and sati-
ety should be tracked. Additional servings of 
protein- and fat-rich foods should not be rou-
tinely offered to satisfy hunger, and force-feed-
ing carbohydrate to achieve meal plan goals is 
discouraged. Instead, the meal plan should be 
adjusted when an abnormal trend in growth is 
observed, when the child frequently complains 
of being too full to eat the prescribed meal, or 
frequently complains of being hungry after 
meals. Occasional hunger between meals need 
not lead to a major dietary change.

In general, more physiologic and fl exible 
insulin-replacement strategies are preferred. 
These employ CSII using an insulin pump or 
multiple daily doses of rapid-acting insulin in 
conjunction with a long-acting (basal) insulin. 
Meal plans need not be rigid with respect to the 
time meals are eaten or the amount of carbohy-
drate that has to be consumed at each meal. 
Patients adjust the premeal insulin dose of rapid-
acting insulin to match (“cover”) the carbohy-
drate content of the meal. There is a strong 
relationship between the premeal insulin dose 
and the postprandial response154; therefore, 
patients who use these regimens are encouraged 
to perform pre- and postprandial blood glucose 
monitoring to optimize prandial insulin doses. 
Variation in the carbohydrate content of meals 
does not modify the patient’s basal insulin 
requirement. The patient’s blood glucose level 
prior to the meal and the carbohydrate content of 

the meal are used to determine the mealtime 
insulin dose. In contrast to patients receiving 
intermediate-acting insulin, patients who use 
basal–bolus insulin therapy or an insulin pump 
should not have excessive insulin action between 
meals and, therefore, are not obliged to eat 
snacks, unless they engage in strenuous or pro-
longed physical activity. They must, however, 
inject rapid-acting insulin or give a bolus of 
insulin via the pump each time they consume 
carbohydrate.

The concept of total carbohydrate intake 
determining the premeal insulin dosage is sup-
ported by data from the DCCT. Individuals who 
adjusted their premeal insulin dosages based on 
the carbohydrate content of their meals had a 
0.5% lower HbA1c level than those who did not 
adjust premeal insulin doses.155 It should, also, be 
noted that day-to-day consistency in the amount 
and source of carbohydrate is associated with 
lower HbA1c levels in individuals who receive 
fi xed doses of short-acting (or rapid-acting) and 
intermediate-acting insulin.156

Formulation of a Meal Plan 
for Type 2 Diabetes

Treatment aims for type 2 diabetes are to normal-
ize fasting and postprandial blood glucose and 
hemoglobin A1c values, to identify and treat 
associated comorbidities such as hypertension 
and hyperlipidemia,1 and to minimize the risk of 
acute and chronic complications associated with 
diabetes. Early onset of type 2 diabetes is associ-
ated with a high incidence of diabetic nephropa-
thy157 and vascular disease may already be present 
at diagnosis.158,159 The early age of onset of type 
2 diabetes in children can be expected to increase 
the risk of microvascular complications, which 
are directly related to the duration of diabetes and 
hyperglycemia.

MNT for patients with type 2 diabetes 
emphasizes healthy eating to support optimal 
growth and weight management. A careful his-
tory of an individual’s usual eating and physical 
exercise habits can assist in determining the 
best approach to formulating a meal plan. 
Patients and their family members should be 
encouraged to adopt healthy eating habits. Guid-
ance should be offered on behavior-modifi ca-
tion strategies to change their lifestyle, decrease 
their consumption of high-energy, high-fat 
foods,160 and incorporation of daily aerobic 
physical activity in their lives. In order to 
increase children’s physical activity, the amount 
of time devoted to sedentary activities such as 
viewing television, playing video games, and 
sitting in front of a computer, must be strictly 
limited.161,162 Recommendations outlined by the 
American Heart Association (Table 5) that 
include but are not limited to simple sugges-
tions such as eliminating sugar-containing sodas 
and juices, and decreasing consumption of calo-
rie-dense “fast foods” and high-fat snacks, can 
improve blood glucose levels and achieve 
weight loss. Patients who have no regularly 

scheduled meals and eat large amounts of food 
toward the end of the day can also see improve-
ments in glycemic control when carbohydrate 
intake is more evenly distributed throughout the 
day. If weight loss is not achieved by targeting 
identifi ed eating habits and food selections, a 
more structured approach such as a low-glyce-
mic load diet or a diet with defi ned portions and 
calories is warranted. These diets are based on 
energy requirements calculated from resting 
energy expenditure equations and modifi ed 
based on weight change. Younger children can 
achieve weight loss and better glycemic control 
when weight is maintained or the rate of weight 
gain is slowed so that over time with linear 
growth their weight-for-height gradually returns 
toward normal. A child whose BMI exceeds the 
95th percentile, however, should be encouraged 
to lose weight. When the diet is implemented 
linear growth should be monitored to assure that 
the decrease in calories does not adversely 
affect linear growth velocity.

Individuals with type 2 diabetes who do not 
achieve satisfactory glycemic control with a com-
bination of weight loss, portion control, and opti-
mal meal spacing require drug therapy. The meal 
plan then needs to be formulated based on the 
prescribed medical regimen.

Teaching Individual Nutrition 
and Meal Plans

The dietitian has the important task of evaluating 
the patient’s and family’s understanding of basic 
principles of nutrition and then providing suffi -
cient knowledge to help clients implement their 
individualized meal plan. The aim is to lay a 
foundation for lifelong, healthy eating habits for 
the child and family. Even the most intensive 
regimens of insulin administration are not suc-
cessful without careful attention to meal plan-
ning.155 Nutrition education, like all aspects of 
diabetes education, has to be an ongoing process, 
with periodic review and revision of the meal 
plan. The child’s and parents’ levels of compre-
hension, ability to solve problems, and adherence 
to the nutrition goals should be regularly re-
assessed. Teaching should be followed by sys-
tematic assessment of the patients’ ability to 
perform in an environment that approximates as 
closely as possible the behaviors expected in the 
natural environment.163

Healthcare professionals need to communi-
cate recommendations in practical terms and 
teach clients how to minimize the daily burden of 
food calculations, maintain the pleasure of eating, 
and enjoy a wide variety of food choices whose 
use is supported by scientifi c evidence. A suc-
cessful nutrition plan is effective only when it 
enables patients to achieve their healthcare goals. 
When implementing a nutrition plan, the use of 
commonly used educational materials and 
approaches will help a client’s other healthcare 
providers assist in evaluating their patient’s 
understanding of and adherence to the plan. 
Appreciation of a patient’s or family’s learning 
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style, math and reading skills, and attention to 
detail is important when devising and implement-
ing the plan.

Several commonly employed meal planning 
approaches are available. These include: exchange 
or carbohydrate choices, carbohydrate counting, 
experience-based estimation,164 low-GI diet,115 
and a method based on the food guide pyramid. 
Although it is well accepted that diet is integral to 
successful diabetes care, methods of dietary edu-
cation remain controversial and poorly evaluated 
and there is little evidence to support the superi-
ority of one method over another.164,165

Exchange System and Carbohydrate Choices

The exchange system approach for meal plan-
ning has been most widely used. It was originally 
developed in 1950 by a joint committee of the 
ADA, the American Dietetic Association, and 
the Diabetes–Arthritis Program of the US Public 
Health Service, and was last updated in 2003.166 
The system was based on six exchange lists: 
milk, fruit, vegetable, starch, meat, and fat. Each 
list indicates the appropriate size or volume of 
each food exchange. Each portion of food within 
a group was exchangeable because it contained 
approximately the same nutritional value in 
terms of calories, carbohydrate, protein, and fat. 
The food groups have been more recently cate-

gorized into three groups to simplify the teach-
ing of carbohydrate consistency concepts (Table 
7). Thus, by prescribing the meal plan in terms 
of a number of exchanges for each meal, consis-
tency of total calories and the proportions of 
nutrients can be maintained, while allowing the 
patient to choose among numerous foods (Table 
8). Accurate measurement of portion sizes has to 
be learned, and weighing and measuring foods 
help to achieve familiarity with the sizes of food 
portions specifi ed in the exchange list. Weighing 
food is an educational exercise to train the eye 
and need not be continued indefi nitely. If blood 
glucose control appears inexplicably to deterio-
rate, however, it is useful to resume weighing 
and measuring food portions to ensure that 
amounts are not excessive. The exchange system 
should not be used in isolation; rather, it should 
be one component of a nutritional program 
directed by a trained dietitian.

An example of how this system is applied to an 
individual patient is illustrated below. An 11-year-
old girl’s height is 144 cm (50th percentile on the 
CDC growth chart) and weight is 37.4 kg (50th 
percentile). Her daily energy requirement based on 
the RDA to support growth in the 50th percentile 
is 1,756 kcal. An appropriate distribution of mac-
ronutrients could be 50% of the total calories from 
carbohydrate, 20% as protein, and 30% as fat.

 kcal g

50% carbohydrate 878 219
20% protein 351 88
30% fat 527 59

Total  1,756

Table 7 shows how this patient’s daily food 
allowance is distributed among the six food groups.

Recognizing that added sugar in the diet is not 
deleterious to glycemic control, the food 
exchanges have been modifi ed to include foods 
that contain simple sugars. Exchanges that pro-
vide 15 g of carbohydrate per serving have been 
combined and are currently referred to as Carbo-
hydrate Choices (Table 7). This allows for more 
fl exibility in the patient’s food choices while 
maintaining a constant carbohydrate intake. For 
example, a patient who wishes to substitute a 
serving of milk for a cookie cannot do so, because 
while the carbohydrate content will remain con-
stant, other nutrients will be affected (eg, calcium 
intake will decrease) (Table 7).

Dietitians face new challenges when instruct-
ing patients how to use the exchange system. 
Food selections have become more numerous, 
patients are eating more meals outside the home, 
and manufacturers are altering the usual compo-
sition of food items in response to the public’s 
interest in low-fat and low-carbohydrate diets. 
Foods previously assumed to have a uniform 
composition now can markedly vary in their car-
bohydrate content. For example, according to 
the exchange system a 1 ounce slice of bread 
provides 15 g (1 exchange) of carbohydrate; how-
ever, a 1 ounce slice of “low carb bread” provides 
only 8 to 10 g of carbohydrate. Therefore, it 
would be incorrect to count a slice of “low carb 
bread” as 1 exchange. To avoid errors in calculat-
ing exchanges, patients should be instructed to 
use the nutrition facts on a product’s food label. 
Taking the example above, two slices of “low 
carb bread” could be considered 1 exchange. 
Patients may fi nd it easier to count grams of car-
bohydrate rather than exchanges, by looking at 
food labels and pocket reference books, since this 
allows for a wider selection of foods. Most food 
labels do not provide diabetic exchange values, 
but all provide carbohydrate values.

Carbohydrate Counting

Carbohydrate counting is a meal planning method 
based on determining the amount (grams) of car-
bohydrate eaten during a meal (Tables 9 and 10). 
When educating patients and their families about 
this approach, the process begins by describing 
the primary sources of carbohydrate in the diet. It 
is also important to describe foods that provide 
little carbohydrate. An introduction to carbohy-
drate counting utilizes the “carbohydrate choice” 
defined as 15 g of carbohydrate. The food 
exchanges groups, milk, starch, fruit, and starchy 
vegetables have been merged and are referred to 
as Carbohydrate Choices (Table 7). In addition to 
the basic exchange groups, desserts and sweets 
have been added. A typical breakfast of 2 starch 

Table 7 Calorie and Macronutrient Content of Exchange Lists

Groups/Lists Carbohydrate (g) Protein (g) Fat (g) Calories

Carbohydrate choices
 Starch 15 3 0–1 80
 Fruit 15 0 0 60
 Milk    90–150
  Fat-free, low fat 12 8 0–3 90
  Reduced Fat 12 8 5 120
  Whole 12 8 8 150
 Other carbohydrates 15 Varies Varies Varies

Nonstarchy vegetable 5 2 0 25
 (when using carbohydrate choices, 
 a single serving is  “free”; 3 servings = 
 1 carbohydrate choice) 

Meat and meat substitutes
 Very lean 0 7 0–1 35
 Lean 0 7 3 55
 Medium fat 0 7 5 75
 High fat 0 7 8 100

Fats 0 0 5 45

Table 8 Distribution of Daily Food Allowance among Six Food Groups for the Child Described in Text

Group Exchanges Carbohydrate Protein Fat

Starch 8 120 16
Fruit 4 60 
Milk 3 low-fat (1%) 36 24 9
Vegetables 1 5 2 
Meat 6 medium-fat  42 30
Fat 4    20
Grams  221 84 59
Calories (%)  884 (50.5) 336 (19.2) 531 (30.3)
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Facts on food labels and nutrition composition 
reference guides are then used to determine the 
carbohydrate content of the portion eaten. The 
total carbohydrate should be adjusted for fi ber and 
sugar alcohol content to account for their decreased 
impact on glycemic response. General guidelines 
are to subtract fi ber if it accounts for more than 
5 g of the total carbohydrate in the meal, and half 
that from sugar alcohols. For practical purposes, 
it may be easier and provide a clearer message to 
subtract the entire amount of fi ber, especially if 
a patient usually maintains a high-fi ber diet. 
 Currently, insulin doses are not adjusted for GI or 
glycemic load. Although fat intake does not 
 contribute to glycemic load, a high-fat diet pro-
longs hyperglycemia due to delayed digestion and 
absorption of the meal.

Patients should be encouraged to keep records 
of food, medication, physical activity, and blood 
sugar levels to facilitate recognition of glycemic 
patterns. In individuals using intensive insulin 
therapy, if the premeal insulin is correctly 
adjusted to the carbohydrate content of the meal, 
the glycemic response 2 to 4 hours after the meal 
should be within 40 to 80 mg/dL of the premeal 
blood glucose value. Advanced features avail-
able on insulin pumps (eg, dual wave and 
extended bolus) should be exploited to optimize 
postprandial blood glucose control when macro-
nutrient distribution is skewed. Diets with lim-
ited food choices are inconvenient and diffi cult 
to maintain. The broader the understanding of 
the relationship between food and exercise-
related glycemic responses and cardiovascular 
health, the greater the likelihood that preferred 
foods can be included in the diet. By measuring 
pre- and postprandial glucose levels, many indi-
viduals use experience to evaluate and achieve 
postprandial glucose goals with a variety of 
foods. Reviewing these data with the clinical 

Table 9 Sample Menu Based on the Daily Food Allowance*

Foods Exchanges Carbohydrate Choices Carbohydrate (g)

Breakfast

   3 __ 4   cup cornfl akes � 1 slice toast 2 starches 3  1 __ 2   32

   1 __ 2   cup 1% fat milk   1 __ 2   low-fat milk  6 

 1 small banana (6 inch) 1 fruit  23
 1 tsp margarine 1 fat
Snack
 1 oz. Granola bar 1 starch 1 20
Lunch
 2 slices bread 2 starches 4 30 
 1 cup 1% fat milk 1 low-fat milk  12 

 1 small apple (2  1 __ 2   inches diameter) 1 fruit  15 

 Lettuce � tomato “free vegetable”
 Mustard “free food”
 1 slice turkey, 1 slice cheese 2 meat
Snack
 17 grapes 1 fruit 2 15 
 3 cups low-fat popcorn 1 starch  12 
Supper

   1 __ 2   cup mashed potatoes 1 starch 4 15 
 1 cup 1% low-fat milk 1 low-fat milk  12 

 1 small orange (2  3 __ 8   inch diameter) 1 fruit  11

 1  1 __ 2   cup % broccoloi 3 vegetable  15

 3 oz chicken 3 meat
 1 teaspoon margarine 1 fat 
Snack
 3 graham cracker squares 1 starch 1  1 __ 2   15 
   1 __ 2   cup 1% fat milk   1 __ 2   cup low-fat milk  6
 2 Tbsp. peanut butter 1 meat � 2 fats  6

*For child described in text.

Table 10 Constant Carbohydrate Plan and Basal–Bolus Insulin Plan

(A) Constant Carbohydrate Plan

 Day 1 Day 2

(B) Basal–Bolus Insulin Plan

 Day 1 Day 2

Breakfast         
 Time: 7:30 am
 Carbohydrate
 Grams 45 or
 Choices  3

                           Grams   Choices
1 cup 1% milk 12 1
  1 __ 2   cup oatmeal 12 1
1 (6 inch) banana 23 1
 47 3 

                                 Grams   Choices
1 cup 1% milk 12 1
1 slice wheat bread 15 1    
1 egg 0 0
1  1 __ 4   cup strawberries 15 1
 42 3

Insulin:carbohydrate ratio 
 is 1:10

 Grams   Choices

1 cup 1% milk 12 1
  1 __ 2   cup oatmeal 12 1
1 (6 inch) banana 23 1
 47 3
The patient would take 5 units of 
 rapid-acting insulin  

 Grams   Choices

  1 __ 2   cup 1% milk 6 0.5
1 slice wheat bread 15 1
1 egg 0 0
 21 1.5
The patient would take 2 units of 
 rapid-acting insulin  

A. Foods are selected in amounts that provide approximately equal amounts of carbohydrate from day-to-day.

B. An insulin:carbohydrate ratio is individually determined for each patient and evaluated by measurement of premeal and 2–3 hour 

postprandial blood glucose levels.

exchanges, 1 fruit exchange, and 1 milk exchange 
is equal to 4 carbohydrate choices or 60 g of car-
bohydrate (Table 9). Patients are taught to evalu-
ate food labels. The “Nutrition Facts” on food 
labels show the portion size and the total amount 
of carbohydrate measured in grams per serving. 
Foods not included in the exchange lists may be 
more easily incorporated into a meal plan. Table 
9 shows a sample menu that includes exchange 
servings, carbohydrate choices, and grams of car-
bohydrate for the child described in the text.

Although food labels are available to deter-
mine the carbohydrate content of foods, it is 
important that sample food labels be reviewed and 
that patients demonstrate profi ciency in utilizing 
the Nutrition Facts to determine portions per con-
tainer and the amount of carbohydrate in the por-
tion that they actually consume. Among 200 adult 
participants recruited from a primary care setting, 
89% reported regularly using nutrition facts, but 
only 37% accurately calculated the carbohydrate 
content of a 20-fl uid ounce soda when 2.5 serv-
ings was indicated as the number of servings per 
container. Ninth grade or greater reading skills 
were identifi ed in 77% of the participants and 
ninth grade math skill or greater in 37%.167

Advanced Carbohydrate Counting

Advanced carbohydrate counting is encouraged 
for patients on basal–bolus insulin regimens or 
those utilizing insulin pump therapy (Table 10). 

This approach attempts to more precisely count 
carbohydrates, and insulin doses are titrated to 
match anticipated or consumed carbohydrate 
intake. Portion sizes should fi rst be determined by 
weighing or measuring foods to help to develop 
excellent visual estimation skills. The Nutrition 
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dietitian experienced in MNT of diabetes can 
assist patients to optimize glycemic control and 
consume preferred foods.

Nutrition education is an ongoing process with 
periodic review of the meal plan and assessment 
of accuracy of carbohydrate counting. The patient 
with newly diagnosed diabetes and his or her par-
ents should meet a dietitian several times during 
the fi rst several weeks after diagnosis. Within a 
few weeks of the child resuming his or her usual 
schedule, the patient and family should review the 
meal plan with a dietitian who should also be 
available to patients and their families for tele-
phone consultation. Because children’s energy 
needs change with growth and variations in physi-
cal activity, food intake should be re-assessed 
every 3 to 6 months in young children.153

Once the family is able to accurately apply the 
principles of nutrition management directed toward 
glycemic control, focus should turn to identifying 
food choices and cooking methods that will be 
consistent with guidelines aimed at lowering the 
risk of CVD. If the patient’s glycemic control is 
poor, growth is failing, weight gain is excessive, or 
the insulin regimen is changed, the dietitian should 
be reconsulted to review the meal plan and to make 
any necessary dietary recommendations.

The use of individually applied imaginative 
teaching methods and materials will engage the 
attention and co-operation of children and par-
ents more effectively than abstract concepts of 
nutritional principles and detailed diet sheets that 
list the composition of individual foodstuffs. 
Incorporating visual demonstrations with exer-
cises such as sorting pictures, fi rst for their carbo-
hydrate content and then according to healthier 
carbohydrate choices, will keep the patient and 
family engaged. This approach also provides the 
dietitian with an opportunity to assess the patient’s 
understanding of the topic.

Exercise

Regular exercise improves blood glucose control, 
reduces cardiovascular risk factors, and helps to 
reach and maintain a healthy weight.168 School 
age children should participate daily in at least 60 
minutes of moderate to vigorous physical activity 
that is developmentally appropriate, enjoyable, 
and involves a variety of activities.169

Patients with type 1 diabetes should measure 
their blood glucose levels before exercise to 
determine whether additional carbohydrate is 
needed to prevent exercise-induced hypoglyce-
mia. The amount of supplemental carbohydrate 
depends on the intensity and duration of exercise. 
If blood glucose is �100 mg/dL before exercise, 
added carbohydrate is required. If exercise is 
planned and the individual is familiar with his 
glycemic response to exercise, the insulin dose at 
the meal preceding exercise can be decreased in 
preference to increasing carbohydrate intake. 
This approach is especially appropriate for over-
weight patients, attempting to lose weight, who 
do not want added calories to offset the energy 
expenditure from exercise.

Adherence

Adherence to a meal plan is one of the behaviors 
patients must maintain for optimal management 
of type 1 diabetes and strongly correlates with 
blood glucose control in children less than 16 
years old and in adults. 155 For many patients this 
is the most diffi cult aspect of diabetes manage-
ment.170–173 Patients frequently do not adhere to 
their prescribed meal plan73,74,174,175 and parents 
often have diffi culty helping their young child to 
follow a meal plan.173 Furthermore, many chil-
dren (and their parents) do not possess the knowl-
edge and skill required for good dietary adherence 
regardless of motivation.163,176 Approximately 
60% of Finnish adolescents reported at least a sat-
isfactory level of adherence to their meal plans.177 
In the Unites States, a self-report survey of 144 
adolescents who attended a tertiary care diabetes 
program showed that 15% took extra insulin to 
cover inappropriate food intake, 73% ate inappro-
priate foods, and 50% missed meals and snacks.178 
A recent survey of usual dietary intake among a 
large ethnically diverse cohort of youth with dia-
betes aged 10 years or older (89% type 1) showed 
that only 6.5% of the cohort met ADA recommen-
dations of �10% of energy from saturated fat and 
40% of youth with diabetes had a BMI of �85th 
percentile. Less than 50% met recommendations 
for total fat, vitamin E, fi ber, fruits, vegetables, 
and grains.139 There clearly is a critical need for 
improvement in dietary intake in youth with dia-
betes in the United States. In contrast, in Northern 
Italy, where the national diet is already low in 
total fat, high in monounsaturated fat, and the 
intake of fruits and vegetables is consistent with 
recommended allowances, dietary recommenda-
tions and good glycemic control can be 
achieved.179

Management of diabetes is diffi cult for children 
and adolescents and, as children progress through 
adolescence and into young adulthood, satisfac-
tory adherence to therapy and optimal glycemic 
control become increasingly diffi cult to achieve 
and maintain.180 To achieve better diabetes out-
comes, families must remain actively involved in 
their youngster’s diabetes management, regard-
less of the child’s age, even as the primary 
responsibility for diabetes care shifts from parent 
to adolescent.181–183

Eating disorders are a signifi cant health prob-
lem among adolescents. Although there has been 
variation in the reported magnitude of the problem 
in type 1 diabetes, the combination of an eating 
disorder and type 1 diabetes has major adverse 
health consequences.184 Adolescent girls and young 
women with type 1 diabetes frequently decrease or 
omit insulin doses to maintain or lose weight.185,186 
Family meals are an important defense against dis-
ordered eating in adolescents with diabetes.187

An important role of healthcare professionals 
involved in the care of children with diabetes is to 
motivate their patients to overcome the barriers to 
adherence so that they will be able to enjoy the 
benefi ts of good diabetes control.67,188 Empirical 
research shows that adherence to the meal plan can 

be improved by psychosocial factors such as pro-
moting a positive attitude toward the illness and its 
treatment, and fostering supportive relationships 
with family, peers, and the healthcare team.177 Fre-
quent follow-up and ongoing education aims to 
individualize the meal plan and set attainable goals 
are necessary to teach the patient and his or her 
family how to match insulin to exercise and 
food.189,190 Self-monitoring of blood glucose and 
carbohydrate counting provides patients with a 
greater degree of dietary fl exibility and enables 
adolescents to take a more active and informed role 
in their diabetes nutritional management.183,191,192

SUMMARY

Nutrition recommendations for treatment of dia-
betes have repeatedly changed since the preinsu-
lin era, in which a starvation diet with negligible 
carbohydrate and 70% of calories from fat was 
the recommended treatment. Today, there is no 
one “diabetic diet.” The recommended diet can 
only be defi ned as a meal plan based on a nutri-
tion assessment and mutually accepted treatment 
goals and desired outcomes. Nutrition therapy 
should be individualized and consideration given 
to usual eating habits and other lifestyle factors. 
Monitoring clinical and metabolic parameters 
including blood glucose, glycated hemoglobin, 
lipids, blood pressure, and body weight, as well 
as quality of life, is crucial to ensure successful 
outcomes. Modern diabetes management, com-
bining frequent self-monitoring of blood glucose 
with multiple-dose insulin regimens, or insulin 
pump therapy, and mastery of carbohydrate 
counting, has made it possible for children and 
adolescents with diabetes to have considerable 
dietary fl exibility while maintaining near normal 
glycemic control.193

Although, the introduction of insulin analogs, 
fl exible insulin regimens, and insulin pump therapy 
has permitted greater fl exibility in carbohydrate 
intake, timing of meals, variety of food choices, 
and overall quality of life, these therapeutic innova-
tions may also have encouraged unhealthy food 
choices. Education must continue to emphasize 
dietary recommendations that maintain normal 
body weight and improve cardiovascular risk fac-
tors, including reduction of total fat, and especially 
saturated and trans fats, and promote consumption 
of cardioprotective foods such as those containing 
monounsaturated fats and antioxidants.164
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