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KEY MESSAGES

People with diabetes should receive nutrition counselling by a registered
dietitian.

Nutrition therapy can reduce glycated hemoglobin (A1C) by 1.0% to 2.0%
and, when used with other components of diabetes care, can further improve
clinical and metabolic outcomes.

Reduced caloric intake to achieve and maintain a healthier body weight
should be a treatment goal for people with diabetes with overweight or
obesity.

The macronutrient distribution is flexible within recommended ranges and
will depend on individual treatment goals and preferences.

Replacing high-glycemic-index carbohydrates with low-glycemic-index car-
bohydrates in mixed meals has a clinically significant benefit for glyce-
mic control in people with type 1 and type 2 diabetes.

Consistency in spacing and intake of carbohydrate intake and in spacing
and regularity in meal consumption may help control blood glucose and
weight.

Intensive healthy behaviour interventions in people with type 2 diabetes
can produce improvements in weight management, fitness, glycemic control
and cardiovascular risk factors.

A variety of dietary patterns and specific foods have been shown to be of
benefit in people with type 1 and type 2 diabetes.

People with diabetes should be encouraged to choose the dietary
pattern that best aligns with their values, preferences and treatment goals,
allowing them to achieve the greatest adherence over the long term.

KEY MESSAGES FOR PEOPLE WITH DIABETES

It is natural to have questions about what food to eat. A registered dieti-
tian can help you develop a personalized meal plan that considers your
culture and nutritional preferences to help you achieve your blood glucose
and weight management goals.

Food is key in the management of diabetes and reducing the risk of heart
attack and stroke.

Try to prepare more of your meals at home and use fresh unprocessed
ingredients.

Try to prepare meals and eat together as a family. This is a good way to
model healthy food behaviours to children and teenagers, which could help
reduce their risk of becoming overweight or developing diabetes.

With prediabetes and recently diagnosed type 2 diabetes, weight loss is
the most important and effective dietary strategy if you have overweight
or obesity. A weight loss of 5% to 10% of your body weight may help nor-
malize blood glucose levels.

There are many strategies that can help with weight loss. The best strat-
egy is one that you are able to maintain long term.

e Adoption of diabetes-friendly eating habits can help manage
your blood glucose levels as well as reduce your risk for developing heart
and blood vessel disease for those with either type 1 or type 2 diabetes.

o Select whole and less refined foods instead of processed foods, such
as sugar-sweetened beverages, fast foods and refined grain products.

Pay attention to both carbohydrate quality and quantity.

Include low-glycemic-index foods, such as legumes, whole grains, and

fruit and vegetables. These foods can help control blood glucose and

cholesterol levels.

Consider learning how to count carbohydrates as the quantity of car-

bohydrate eaten at one time is usually important in managing diabetes.

o Select unsaturated oils and nuts as the preferred dietary fats.

o Choose lean animal proteins. Select more vegetable protein.

The style of eating that works well for diabetes may be described as

a Mediterranean style diet, Nordic style diet, DASH diet or vegetar-

ian style diet. All of these diets are rich in protective foods and have

been shown to help manage diabetes and cardiovascular disease. They
all contain the key elements of a diabetes-friendly diet.

o

o

o

o

Introduction

Nutrition therapy and counselling are an integral part of the treat-
ment and self-management of diabetes. The goals of nutrition
therapy are to maintain or improve quality of life and nutritional
and physiological health; and to prevent and treat acute- and long-
term complications of diabetes, associated comorbid conditions and
concomitant disorders. It is well documented that nutrition therapy
can improve glycemic control (1) by reducing glycated hemoglo-
bin (A1C) by 1.0% to 2.0% (2-5) and, when used with other com-
ponents of diabetes care, can further improve clinical and metabolic
outcomes (3,4,6,7), resulting in reduced hospitalization rates (8).

Ethnocultural Diversity

Canada is a country rich in ethnocultural diversity. More than
200 ethnic origins were reported in Canada in the 2011 census. The
most common ethnic origins with populations in excess of 1 million
from highest to lowest include Canadian, English, French, Scot-
tish, Irish, German, Italian, Chinese, Aboriginal, Ukrainian, East Indian,
Dutch and Polish. The largest visible minorities include South Asians,
Chinese and Blacks, followed by Filipinos, Latin Americans, Arabs,
Southeast Asians, West Asians, Koreans and Japanese (9). These
different ethnocultural groups have distinct and shared foods, food
preparation techniques, dining habits, dietary patterns, and lifestyles
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“transcultural” approach to nutrition therapy that takes into account
these issues has been proposed and has the goal of providing cul-
turally congruent nutrition counselling (10).

Approach to Nutrition Therapy

Nutrition therapy should be individualized, regularly evalu-
ated, reinforced in an intensive manner (11,12), and should incor-
porate self-management education (13). A registered dietitian (RD)
should be involved in the delivery of care wherever possible. Coun-
selling provided by an RD with expertise in diabetes management
(14,15), delivered in either a small group and/or an individual setting
(16-18), has demonstrated benefits for those with, or at risk for,
diabetes. Frequent follow up (i.e. every 3 months) with an RD has
also been associated with better dietary adherence in people with
type 2 diabetes (7). Individual counselling may be preferable for
people of lower socioeconomic status (8), while group education
has been shown to be more effective than individual counselling
when it incorporates principles of adult education (19). Addition-
ally, in people with type 2 diabetes, culturally sensitive peer edu-
cation has been shown to improve A1C, nutrition knowledge and
diabetes self-management (20), and web-based care manage-
ment has been shown to improve glycemic control (21). Diabetes
education programs serving vulnerable populations should evalu-
ate the presence of barriers to healthy eating (e.g. cost of healthy
food, stress-related overeating) (22) and work toward solutions to
facilitate behaviour change.

The starting point of nutrition therapy is to follow the healthy
diet recommended for the general population based on Eating Well
With Canada’s Food Guide (22). As the Food Guide is in the process
of being updated, specific recommendations are subject to change
based on the evidence review and public consultation by Health
Canada (https://www.foodguideconsultation.ca/professionals-and-
organizations). Current dietary advice is to consume a variety of foods
from the 4 food groups (vegetables and fruits; grain products; milk
and alternatives; meat and alternatives), with an emphasis on foods
that are low in energy density and high in volume to optimize satiety
and discourage overconsumption. Following this advice may help
a person attain and maintain a healthy body weight while ensur-
ing an adequate intake of carbohydrate (CHO), fibre, fat, protein, vita-
mins and minerals.

There is evidence to support a number of other macronutrient-,
food- and dietary pattern-based approaches. As evidence is limited
for the rigid adherence to any single dietary approach (23,24), nutri-
tion therapy and meal planning should be individualized to accom-
modate the individual’s values and preferences, which take into
account age, culture, type and duration of diabetes, concurrent
medical therapies, nutritional requirements, lifestyle, economic status
(25), activity level, readiness to change, abilities, food intoler-
ances, concurrent medical therapies and treatment goals. This indi-
vidualized approach harmonizes with that of other clinical practice
guidelines for diabetes and for dyslipidemia (10,26).

Figures 1 and 2, and Table 1 present an algorithm that summa-
rizes the approach to nutrition therapy for diabetes, applying the
evidence from the sections that follow, and allowing for the indi-
vidualization of therapy in an evidence-based framework.

Energy

Because an estimated 80% to 90% of people with type 2 diabe-
tes have overweight or obesity, strategies that include energy
restriction to achieve weight loss are a primary consideration (27).
A modest weight loss of 5% to 10% of initial body weight can
substantially improve insulin sensitivity, glycemic control,

Clinical assessment

Healthy behaviour interventions by Registered Dietitian

l

Initiate intensive healthy behaviour interventions or
energy restriction and increased physical activity to
achieve/maintain a healthy body weight

|

Provide counseling on a diet best suited to the individual
based on values, preferences, and treatment goals using
the advantages/disadvantages in Table 1

l

[ If not at target ]

l

Continue healthy behaviour interventions and add
pharmacotherapy

|

Timely adjustments to healthy behaviour
interventions and/or pharmacotherapy should be
made to attain target A1C within 2 to 3 months for
healthy behaviour interventions alone or 3 to 6
months for any combination with pharmacotherapy

Figure 1. Nutritional management of hyperglycemia in type 2 diabetes.
A1C, glycated hemoglobin.

hypertension and dyslipidemia in people with type 2 diabetes and
those at risk for type 2 diabetes (28-30). Total calories should reflect
the weight management goals for people with diabetes and over-
weight or obesity (i.e. to prevent further weight gain, to attain and
maintain a healthy or lower body weight for the long term or to
prevent weight regain).

Macronutrients

The ideal macronutrient distribution for the management of dia-
betes may vary, depending on the quality of the various macronu-
trients, the goals of the dietary treatment regimen and the
individual’s values and preferences.

Carbohydrate

CHO broadly include available CHO from starches and sugars and
unavailable CHO from fibre. The dietary reference intakes (DRIs)
specify a recommended dietary allowance (RDA) for available CHO
of no less than 130 g/day for adult women and men >18 years of
age, to provide glucose to the brain (31). The DRIs also recom-
mended that the percentage of total daily energy from CHO should
be >45% to prevent high intake of saturated fatty acids as it has been
associated with reduced risk of chronic disease for adults (31). If
CHO is derived from low glycemic index (GI) and high-fibre foods,
it may contribute up to 60% of total energy, with improvements in
glycemic and lipid control in adults with type 2 diabetes (32).

Systematic reviews and meta-analyses of controlled trials of CHO-
restricted diets (mean CHO of 4% to 45% of total energy per day)
for people with type 2 diabetes have not shown consistent improve-
ments in A1C compared to control diets (33-35). Similarly, incon-
sistent improvements in lipids and blood pressure (BP) have been
reported when comparing low-CHO to higher-CHO diets (33-35).
As for weight loss, low-CHO diets for people with type 2 diabetes
have not shown significant advantages for weight loss over the short
term (33,34). There also do not appear to be any longer-term
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Table 1
Properties of dietary interventions™i
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Properties of dietary interventions (listed in the order they are presented in the text)

Dietary interventions A1C CV benefit Other advantages Disadvantages
Macronutrient-based approaches
Low-glycemic-index diets 1(32,44,46,47) 1CVD (52) JLDL-C, LCRP, Lhypoglycemia, ldiabetes Rx None
High-fibre diets d (viscous fibre) (57) LCVD (69) JLDL-C, Inon-HDL-C, lapo B (viscous fibre) (54,57,59) Gl side effects (transient)
High-MUFA diets © lcvd IWeight, TG, |BP None
Low-carbohydrate diets TS - ITG IMicronutrients, Trenal load
High-protein diets 1 - UTG, IBP, preserve lean mass IMicronutrients, Trenal load
Mediterranean dietary pattern | (50,139) 1CVD (143) lretinopathy (144), |BP, LCRP, THDL-C (139,140) None
Alternate dietary patterns
Vegetarian 1(145,251) LCHD (152) IWeight (148), |LDL-C (149) Jvitamin B12
DASH 1(159) LCHD (161) IWeight (159), JLDL-C (159), LBP (159), LCRP (160)  None
Portfolio - lCvD (162,163) JLDL-C (162,163), LCRP (162), LBP (163) None
Nordic - - JLDL-C+, {non-HDL-C (169-171) None
Popular weight loss diets
Atkins o - IWeight, \TG, THDL-C, LCRP TLDL-C, {micronutrients, ladherence
Protein Power Plan ) - IWeight, \TG, THDL-C IMicronutrients, ladherence, Trenal load
Ornish - - IWeight, |LDL-C, LCRP « FPG, ladherence
Weight Watchers - - IWeight, |LDL-C, THDL-C, |CRP & FPG, ladherence
Zone - - JWeight, |LDL-C, {TG, THDL-C « FPG, ladherence
Dietary patterns of specific foods
Dietary pulses/legumes 1(176) lCvD (181) IWeight (179), {LDL-C (177), LBP (178) Gl side effects (transient)
Fruit and vegetables (183,184 lCvD (79) IBP (186,187) None
Nuts 1(188) dCVD (143,181) LLDL-C (190), LTG, LFPG (189) Nut allergies (some individuals)
Whole grains | (oats) (194) JLCHD (99) JLDL-C, FPG (oats, barley) (57,193) Gl side effects (transient)
Dairy o dCVD (199,200) IBP, TG (when replacing SSBs) (197) Lactose intolerance (some individuals)
Meal replacements 1 - IWeight Temporary intervention

* 1 =<1% decrease in A1C.
T Adjusted for medication changes.

1 References are for the evidence used to support accompanying recommendations.
AIC, glycated hemoglobin; apo B, apolipoprotein B; BMI, body mass index; BP, blood pressure; CHD, coronary heart disease; CHO, carbohydrate; CRP, C reactive protein; CV,
cardiovascular; CVD, cardiovascular disease; DASH, Dietary Approaches to Stop Hypertension; FPG, fasting plasma glucose; GI, gastrointestinal; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; MUFA, monounsaturated fatty acid; SSBs, sugar-sweetened beverages; TC, total cholesterol; TG, triglycerides.

Stage-Targeted Nutrition and Other Healthy Behaviour Intervention Strategies for Type 2 Diabetes

Prediabetes

« Weight loss or
maintenance™

« Portion control

« Guidance to include

low-GI CHO and reduce

refined CHO
« Physical activity

*As appropriate.

fDietary patterns include Mediterranean, vegetarian, DASH, Portfolio, and Nordic dietary patterns, as well as diets
emphasizing specific foods (i.e., dietary pulses, fruit and vegetables, nuts, whole grains and dairy products) which

Early type 2 diabetes

» Weight loss or

Type 2 diabetes not
on insulin

maintenance* » Weight loss or
* Portion control maintenance*
» Low-GI CHO * Portion control
« High fibre * CHO distribution
 CHO distribution * Low-GI CHO
« Dietary pattern of * High fibre

choicef « Dietary pattern of
« Physical activity choicef

* Physical activity

have evidence of benefit for people with diabetes.

Type 2 diabetes on
basal insulin only

« Portion control

» Weight loss or
maintenance®

« CHO consistency

* Low-GI CHO

« High fibre

« Dietary pattern of
choicef

« Physical activity

Type 2 diabetes on
basal-bolus therapy

« Portion control

* Weight loss or
maintenance®

« CHO consistency
initially then learn
CHO counting

» Low-GI CHO

« High fibre

« Dietary pattern of
choicet

« Physical activity

Figure 2. Stage-targeted nutrition and other healthy behaviour strategies for people with type 2 diabetes.
CHO, carbohydrate; GI, glycemic index; NPH, neutral protamine Hagedorn.
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advantages. Although a network systematic review and meta-
analysis of randomized controlled trials of popular weight loss diets
showed that low-CHO diets (defined as <40% energy from CHO)
resulted in greater weight loss compared with high-CHO, low-fat
diets (defined as >60% energy from CHO) at 6 months, there was
no difference at 12 months in individuals with overweight or obesity
with a range of metabolic phenotypes, including type 2 diabetes
(36). Of note, very-low-CHO diets have ketogenic effects that may
be a concern for those at risk of diabetic ketoacidosis taking insulin
or SGLT2 inhibitors (37) (see Pharmacologic Glycemic Manage-
ment of Type 2 Diabetes in Adults chapter, p. S88).

A limited number of small, short-term studies conducted on the
use of low-CHO diets (target <75 g/day) in people with type 1 dia-
betes have demonstrated modest adherence to the prescribed diets
with improved A1C for those who can adhere. This style of diet can
be an option for those motivated to be so restrictive (38,39). Of
concern for those following a low-CHO diet is the effectiveness of
glucagon in the treatment of hypoglycemia. In a small study, people
with type 1 diabetes treated with continuous subcutaneous insulin
infusion (CSII) therapy following a low-CHO diet for 1 week had a
blunted response to a glucagon bolus (40,41). The long-term
sustainability and safety of these diets remains uncertain.

Glycemic Index

The glycemic index (GI) provides an assessment of the quality
of CHO-containing foods based on their ability to raise blood glucose
(BG) (42). To decrease the glycemic response to dietary intake, low-GI
CHO foods are exchanged for high-GI CHO foods. Detailed lists can
be found in the International Tables of Glycemic Index and Glycemic
Load Values (43).

Systematic reviews and meta-analyses of randomized trials and
large individual randomized trials of interventions replacing high-GI
foods with low-GI foods have shown clinically significant improve-
ments in glycemic control over 2 weeks to 6 months in people with
type 1 or type 2 diabetes (44-51). This dietary strategy has also been
shown to improve postprandial glycemia and reduce high-sensitivity
C-reactive protein (hsCRP) over 1 year in people with type 2 dia-
betes (48), reduce the number of hypoglycemic events over 24 to
52 weeks in adults and children with type 1 diabetes (47) and
improve total cholesterol (TC) over 2 to 24 weeks in people with
and without diabetes (46). Irrespective of the comparator, recent
systematic reviews and meta-analyses have confirmed the benefi-
cial effect of low-GI diets on glycemic control and blood lipids in
people with diabetes (49-51). Other lines of evidence extend these
benefits. A systematic review and meta-analysis of prospective cohort
studies inclusive of people with diabetes showed that high GI and
high glycemic load (GL) diets are associated with increased inci-
dence of cardiovascular disease (CVD), when comparing the highest
with the lowest exposures of Gl and GL in women more than men
over 6 to 25 years (52).

Dietary fibre

Dietary fibre includes the edible components of plant material
that are resistant to digestion by human enzymes (nonstarch poly-
saccharides and lignin, as well as associated substances). They include
fibres from commonly consumed foods as well as accepted novel
fibres that have been synthesized or derived from agricultural
by-products (53). DRIs specify an adequate intake (Al) for total fibre
of 25 g/day and 38 g/day for women and men 19-50 years of age,
respectively, and 21 g/day and 30 g/day for women and men
>51 years of age, respectively (31). Although these recommenda-
tions do not differentiate between insoluble and soluble fibres or
viscous and nonviscous fibres within soluble fibre, the evidence
supporting metabolic benefit is greatest for viscous soluble fibre from

different plant sources (e.g. beta-glucan from oats and barley, muci-
lage from psyllium, glucomannan from konjac mannan, pectin from
dietary pulses, eggplant, okra and temperate climate fruits (apples,
citrus fruits, berries, etc.). The addition of viscous soluble fibre has
been shown to slow gastric emptying and delay the absorption of
glucose in the small intestine, thereby improving postprandial gly-
cemic control (54,55).

Systematic reviews, meta-analyses of randomized controlled trials
and individual randomized controlled trials have shown that dif-
ferent sources of viscous soluble fibre result in improvements in
glycemic control assessed as A1C or fasting blood glucose (FBG)
(56-58) and blood lipids (59-61). A lipid-lowering advantage is sup-
ported by Health Canada-approved cholesterol-lowering health
claims for the viscous soluble fibres from oats, barley and psyllium
(62-64).

Despite contributing to stool bulking (65), insoluble fibre has
failed to show similar metabolic advantages in randomized con-
trolled trials in people with diabetes (56,66,67). These differences
between soluble and insoluble fibre are reflected in the EURODIAB
prospective complications study, which demonstrated a protec-
tive association of soluble fibre that was stronger than that for
insoluble fibre in relation to nonfatal CVD, cardiovascular (CV) mor-
tality and all-cause mortality in people with type 1 diabetes (68).
However, this difference in the metabolic effects between soluble
and insoluble fibre is not a consistent finding. A recent systematic
review and meta-analysis of prospective cohort studies in people
with and without diabetes did not show a difference in risk reduc-
tion between fibre types (insoluble, soluble) or fibre source (cereal,
fruit, vegetable) (69). Given this inconsistency, mixed sources of fibre
may be the ideal strategy. Interventions emphasizing high intakes
of dietary fibre (=20 g/1,000 kcal per day) from a combination of
types and sources with a third or more provided by viscous soluble
fibre (10 to 20 g/day) have shown important advantages for post-
prandial BG control and blood lipids, including the established thera-
peutic lipid target low-density lipoprotein cholesterol (LDL-C)
(54,58,70) and, therefore, emphasizing fibre from mixed sources may
help to ensure benefit.

Sugars

Added sugars, especially from fructose-containing sugars (high
fructose corn syrup [HFCS], sucrose and fructose), have become a
focus of intense public health concern. The main metabolic distur-
bance of fructose and sucrose in people with diabetes is an eleva-
tion of fasting triglycerides (TG) at doses >10% of total daily energy.
A systematic review and meta-analysis of randomized controlled
trials >2-weeks duration showed that added sugars from sucrose,
fructose and honey in isocaloric substitution for starch have a modest
fasting TG-raising effect in people with diabetes, which was not seen
at doses <10% of total energy (71). Fructose-containing sugars either
in isocaloric substitution for starch or under ad libitum conditions
have not demonstrated an adverse effect on lipoproteins (LDL-C, TC,
high-density lipoprotein cholesterol [HDL-C]), body weight or
markers of glycemic control (A1C, FBG or fasting blood insulin)
(71-73). Similar results have been seen for added fructose. Con-
sumption of added fructose alone, in place of equal amounts of other
sources of CHO (mainly starch), does not have adverse effects on
body weight (74,75), BP (76), fasting TG (77,78), postprandial TG
(79), markers of fatty liver (80) or uric acid (75,81). In fact, it may
even lower A1C (75,82,83) in most people with diabetes. Although
HFCS has not been formally tested in controlled trials involving
people with diabetes, there is no reason to expect that it would give
different results than sucrose. Randomized controlled trials of head-
to-head comparisons of HFCS vs. sucrose at doses from the 5th to
95th percentile of United States population intake have shown no
differences between HFCS and sucrose over a wide range of
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cardiometabolic outcomes in participants with overweight or obesity
without diabetes (84-87).

Food sources of sugars may be a more important consideration
than the type of sugar per se. A wide range of studies including
people with and without diabetes have shown an adverse association
of sugar-sweetened beverages (SSBs) with risk of hypertension and
coronary heart disease when comparing the highest with the lowest
levels of intake (88,89). These differences are most apparent when
SSBs account for more than 10% of total energy and are likely medi-
ated by the excess calories (88,89). This adverse relationship may
be specific to SSBs as the same adverse relationship has not been
shown for total sugars, sucrose, or fructose (90-97), fructose-
containing sugars from fruit (79,98) or food sources of added sugars,
such as whole grains and dairy products (yogurt) (98-101).

Fat

The DRIs do not specify an Al or RDA for total fat, monounsatu-
rated fatty acids (MUFA), saturated fatty acids (SFA), or dietary cho-
lesterol. Als have only been set for the essential polyunsaturated
fatty acids (PUFA): 12 g and 11 g per day for women and 17 g and
14 g per day for men aged 19-50 years and >51 years, respec-
tively, for the n-6 PUFA linoleic acid and 1.1 g per day for women
and 1.6 g per day for men aged >18 years for the n-3 PUFA alpha-
linolenic acid (31). The quality of fat (type of fatty acids) has been
shown to be a more important consideration than the quantity of
fat for CV risk reduction. Dietary strategies have tended to focus on
the reduction of saturated fatty acids (SFA) and dietary choles-
terol. The prototypical diets are the United States National Choles-
terol Education Program (NCEP) Step I (<30% total energy as fat, <10%
of energy as SFA) and Step II (<7% of energy as SFA, dietary cho-
lesterol <200 mg/day) diets (102). These diets have shown improve-
ments in lipids and other CV risk factors compared with higher SFA
and cholesterol control diets (103).

More recent analyses have assessed the relation of different fatty
acids with CV outcomes. A systematic review and meta-analysis of
prospective cohort studies inclusive of people with diabetes showed
that diets low in trans fatty acids (TFA) are associated with less coro-
nary heart disease (CHD) (104). Another systematic review and meta-
analysis of randomized controlled clinical outcome trials involving
people with and without diabetes showed that diets low in SFA
decrease combined CV events (105). The benefit, however, was
restricted to intakes of SFA <9% total energy and to the replace-
ment of SFA with polyunsaturated fatty acids (PUFA) (105). Other
analyses of the available clinical outcome trials suggest that the food
sources of PUFA may even be more relevant with CV benefit
restricted to mixed omega-3/omega-6 PUFA sources, such as soybean
oil and canola oil (106). Pooled analyses of prospective cohort studies
and large individual cohort studies also suggest that replacement
of saturated fatty acids with high quality sources of monounsatu-
rated fatty acids (MUFA) from olive oil, canola oil, avocado, nuts and
seeds, and high quality sources of carbohydrates from whole grains
and low GI index carbohydrate foods is associated with decreased
incidence of CHD (107,108).

The food source of the saturated fatty acids being replaced,
however, is another important consideration. Whereas adverse asso-
ciations have been reliably established for meat as a food source
of saturated fatty acids, the same has not been shown for some other
food sources of saturated fatty acids (e.g. such as dairy products and
plant fats from palm and coconut) (109).

A comprehensive review of long-chain omega-3 fatty acids (LC-
PUFAs) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
from fish oils did not show an effect on glycemic control (110). Large
randomized clinical outcome trials of supplementation with omega-3
LC-PUFAs do not support their use in people with diabetes
(111-113). The Outcome Reduction with Initial Glargine Intervention

(ORIGIN) trial failed to show a CV or mortality benefit of supple-
mentation with omega-3 LC-PUFA in 12,536 people with predia-
betes or type 2 diabetes (112). Subsequent systematic reviews and
meta-analyses of randomized trials involving more than 75,000 par-
ticipants with and without diabetes have failed to show a CV benefit
of supplementation with long chain omega-3 PUFAs (114). The Study
of Cardiovascular Events in Diabetes (ASCEND) in 15,480 people with
diabetes free of CV disease (clinicaltrials.gov registration number
NCT00135226) will provide more data on the outcomes of supple-
mentation with omega-3 LC-PUFA in people with diabetes.

Although supplementation with omega-3 LC-PUFA has not been
shown to be beneficial, consumption of fish may be. Prospective
cohort analyses have shown higher consumption of fish, ranging
from 1 to 3 servings per month to >2 servings/week of oily fish, was
associated with reductions in coronary artery disease (CAD) (115),
diabetic chronic kidney disease (CKD) in type 2 diabetes (116) and
less albuminuria in type 1 diabetes (117).

Protein

The DRIs specify a recommended dietary allowance (RDA) for
protein of 0.8 g per kg body weight for adult men and women >18
years of age (31). There is no evidence that the usual protein intake
for most individuals (1 to 1.5 g per kg body weight per day), rep-
resenting 15% to 20% of total energy intake, needs to be modified
for people with diabetes (118). However, this intake in grams per
kg per day should be maintained or increased with energy-reduced
diets.

Protein quality has been shown to be another important con-
sideration. A systematic review and meta-analysis of randomized
controlled trials showed that replacement of animal protein with
sources of plant protein improved A1C, FPG and fasting insulin in
people with type 1 and type 2 diabetes over a median follow up
of 8 weeks (119).

People with diabetes who have CKD should target a level of intake
that does not exceed the RDA of 0.8 g per kilogram body weight per
day (31), which has been shown to reduce end stage renal disease
and mortality in people with type 1 diabetes and CKD (120) and
improve albuminuria and A1C in people with CKD in diabetes (121).
When using a low-protein diet, harm due to malnutrition should
not be ignored (122). Both the quantity and quality (high biologi-
cal value) of protein intake must be optimized to meet require-
ments for essential amino acids, necessitating adequate clinical and
laboratory monitoring of nutritional status in the individual with
diabetes and CKD. Greater incorporation of plant sources of protein
may also require closer monitoring of potassium as CKD progresses.

Macronutrient substitutions

The ideal macronutrient distribution for the management of dia-
betes can be individualized. Based on evidence for chronic disease
prevention and adequacy of essential nutrients, the DRIs recom-
mend acceptable macronutrient distribution ranges (AMDRs) for
macronutrients as a percentage of total energy. These include 45%
to 65% energy for CHO, 10% to 35% energy for protein and 20% to
35% energy for fat, with 5% to 10% energy derived from linoleic acid
and 0.6% to 1.2% energy derived from alpha linolenic acid (31).

There may be a benefit of substituting fat as MUFA for carbo-
hydrate (123). A systematic review and meta-analysis of random-
ized controlled trials found that MUFA in isocaloric substitution for
CHO (mean replacement of ~14% energy with a dietary macronu-
trient composition of 40% energy CHO, 33% energy fat, and 17%
energy protein) did not reduce A1C but did improve FPG, body
weight, systolic BP, TG and HDL-C in people with type 2 diabetes
over an average follow up of 19 weeks (123). Similarly, the
replacement of refined high-GI CHO with MUFA (14.5% total energy)
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or nuts (5% total energy) to affect a low glycemic load has been
shown to improve A1C and lipids, including the established
therapeutic lipid target LDL-C in people with type 2 diabetes over
3 months (124).

The effect of the replacement of fat with CHO depends on the
quality of the CHO and the fat. Whereas the replacement of fat with
refined high-GI CHO results in worsening of metabolic param-
eters in people with type 2 diabetes (125), the replacement of satu-
rated fatty acids with low-GI CHO or whole grain sources is
associated with decreased incident CHD in people with and without
diabetes (107,108).

When protein is used to replace CHO, as in a high-protein diet,
benefit has only been demonstrated when high-GI CHO are replaced.
A 12-month randomized controlled trial in individuals with
type 2 diabetes showed improved CV risk profile with a high-
protein diet (30% energy protein, 40% energy CHO, 30% energy fat)
vs. a high-CHO diet (15% energy protein, 55% energy CHO, 30% energy
fat), in which the CHO were high GI. These differences were seen
despite similar weight loss with normal renal function being main-
tained (126). In contrast, a 12-month randomized controlled trial
comparing a high-protein diet (30% energy protein, 40% energy CHO,
30% energy fat) vs. a high-CHO low-GlI diet (15% energy protein, 55%
energy CHO, 30% energy fat) failed to show a difference between
the diets (127). Rather, it was adherence to any 1 diet and the degree
of energy restriction, not the variation in diet macronutrient com-
position, that was associated with the long-term improvement in
glycemic control and cardiometabolic risk factors (127).

Adjustments in medication type and dosage may be required
when embarking on a different macronutrient distribution (128) or
energy reduction (129) to avoid hypoglycemia.

Intensive Lifestyle Intervention

Intensive lifestyle intervention (ILI) programs in diabetes usually
consist of behavioural interventions combining dietary modifica-
tion and increased physical activity. An interprofessional team,
including registered dietitians, nurses and kinesiologists, usually leads
the ILI programs, with the intensity of follow up varying from weekly
to every 3 months with gradually decreasing contact as programs
progress. Large, randomized clinical trials have shown benefit of ILI
programs using different lifestyle approaches in diabetes. Twenty-
year follow up of the China Da Qing Diabetes Prevention Outcome
Study showed that 6 years of an ILI program targeting an increase
in vegetable intake, decrease in alcohol and simple sugar intake,
weight loss through energy restriction in participants with over-
weight or obesity, and an increase in leisure time physical activity
(e.g. 30 minutes walking per day) reduced severe retinopathy by
47%, whereas nephropathy and neuropathy outcomes were not
affected compared with usual care in high-risk people with impaired
glucose tolerance (IGT) (130). After 23 years of follow up, the inter-
vention group had a 41% reduction in CV mortality, 29% reduction
in all cause-mortality and 45% reduction in progression to type 2
diabetes (131).

Analyses of the Look Action for Health in Diabetes (AHEAD) trial
have shown that an ILI program targeting at least a 7% weight loss
through a restriction in energy (1,200 to 1,800 total kcal/day based
on initial weight), a reduction in fat (<30% of energy as total fat and
<10% as saturated fat), an increase in protein (>15% of energy) and
an increase in physical activity (175 min/week with an intensity
similar to brisk walking) produced sustained weight loss during
10 years follow up compared with diabetes support and educa-
tion in persons with overweight and type 2 diabetes (132). However,
it should be noted that analysis after 8 years showed that initial
weight loss was attributable to reduction in both fat and lean mass,
whereas weight regain was attributable only to fat mass, with

continued decline in lean mass (133). Improvements in glycemic
control and CV risk factors (BP, TG and HDL-C) were greatest at
1 year and diminished over time with the most sustainable reduc-
tions being in A1C, fitness and systolic BP (132). In 2012, the Look
AHEAD trial was stopped early as it was determined that 11 years
of an ILI did not decrease the occurrence of CV events compared
to the control group and further intervention was unlikely to change
this result. It was noted, however, that both groups had a lower
number of CV events compared to previous studies of people with
diabetes. Other studies of ILI have shown similar results (134,135).

Although the available trials suggest an overall short-term benefit
of different ILI programs in people with diabetes, the feasibility of
implementing an ILlI program will depend on the availability of
resources and access to an interprofessional team. Effects attenu-
ate within 8 years and do not appear to provide lasting CV protection.

Dietary Patterns

A variety of dietary patterns have been studied for people with
prediabetes and diabetes. An individual’s values, preferences and
treatment goals will influence the decision to use these dietary
patterns.

Mediterranean dietary patterns

A Mediterranean diet primarily refers to a plant-based diet first
described in the 1960s (136). General features include high con-
sumption of fruits, vegetables, legumes, nuts, seeds, cereals and
whole grains; moderate-to-high consumption of olive oil (as the
principal source of fat); low-to-moderate consumption of dairy prod-
ucts, fish and poultry; low consumption of red meat; and low-to-
moderate consumption of wine, mainly during meals (136,137).
Systematic reviews and meta-analyses of randomized controlled
feeding trials have shown that a Mediterranean-style dietary pattern
improves glycemic control (50,138), and improves systolic BP, TC,
HDL-C, TC:HDL-C ratio and TG in type 2 diabetes (139,140).

A low-CHO Mediterranean-style diet reduced A1C, delayed the
need for antihyperglycemic drug therapy and increased rates of dia-
betes remission compared with a low-fat diet in overweight indi-
viduals with newly diagnosed type 2 diabetes at 8 years (141).
Compared with a diet based on the American Diabetes Association
recommendations, both traditional and low-CHO Mediterranean-
style diets were shown to decrease A1C and TG, whereas only the
low-CHO Mediterranean-style diet improved LDL-C and HDL-C at
1 year in persons with overweight and type 2 diabetes (142).

The Prevencion con Dieta Mediterranea (PREDIMED) study, a
Spanish multicentre randomized trial of the effect of a Mediterra-
nean diet supplemented with extra-virgin olive oil or mixed nuts
compared with a low-fat American Heart Association (AHA) control
diet, was stopped early due to significant benefit with reduction in
major CV events in 7,447 participants at high CV risk (including 3,614
participants [49%] with type 2 diabetes) (143). Both types of Medi-
terranean diets were shown to reduce the incidence of major CV
events by approximately 30% without any subgroup differences
between participants with and without diabetes over a median
follow up of 4.8 years (143) (see Cardiovascular Protection in People
with Diabetes chapter, p. S162). Both the extra-virgin olive oil and
mixed nuts arms of the PREDIMED trial also reduced risk of inci-
dent retinopathy. No effect on nephropathy was detected (144).

Vegetarian dietary patterns
Vegetarian dietary patterns include lacto-ovovegetarian, lacto-

vegetarian, ovovegetarian and vegan dietary patterns. A low-fat, ad
libitum vegan diet has been shown to be just as beneficial as
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conventional American Diabetes Association dietary guidelines in
promoting weight loss and improving fasting BG and lipids over 74
weeks in adults with type 2 diabetes and, when taking medica-
tion changes into account, the vegan diet improved glycemia and
plasma lipids more than the conventional diet (145). On both diets,
weekly or biweekly nutrition and cooking instruction was pro-
vided by a dietitian or cooking instructor (145). Similarly, a calorie-
restricted vegetarian diet was shown to improve BMI and LDL-C more
than a conventional diet in people with type 2 diabetes (139). While
both diets were effective in reducing A1C, more participants on the
vegetarian diet had a decrease in antihyperglycemic medications
compared to those on the conventional diet (43% vs. 5%, respec-
tively). Subsequent systematic reviews and meta-analyses of the
available randomized controlled trials have shown that vegetar-
ian and vegan dietary patterns resulted in clinically meaningful
improvements in A1C and FBG in people with type 1 and type 2
diabetes over 4 to 74 weeks (146,147), as well as body weight (148)
and blood lipids (149) in people with and without diabetes over 3
to 74 weeks. Although most of these effects have been seen on high-
CHO, low-fat vegetarian and vegan dietary patterns, there is evi-
dence from the Eco-Atkins trial that these apply equally to low-
CHO vegetarian dietary patterns (130 g/day [26% energy] CHO, 31%
energy protein and 43% energy fat) for up to 6 months in individu-
als with overweight but without diabetes (150,151). A systematic
review and meta-analysis of prospective cohort and cross-sectional
observational studies showed a protective association between veg-
etarian dietary patterns and incident fatal and nonfatal CHD (152).

DASH and low-sodium dietary patterns

Dietary approaches to reducing BP have focused on sodium
reduction and the Dietary Approaches to Stop Hypertension (DASH)
dietary pattern. Although advice to the general population over
1 year of age is to achieve a sodium intake that meets the adequate
intake (Al) target of 1,000 to 1,500 mg/day (depending on age, sex,
pregnancy and lactation) (153), there is recent concern from pro-
spective cohort studies that low-sodium intakes may be associ-
ated with increased mortality in people with type 1 (154) and
type 2 diabetes (155).

The DASH dietary pattern does not target sodium reduction but
rather emphasizes vegetables, fruits and low-fat dairy products, and
includes whole grains, poultry, fish and nuts. It contains smaller
amounts of red and processed meat, sweets, sugar-containing bev-
erages, total and saturated fat, and cholesterol, and larger amounts
of potassium, calcium, magnesium, dietary fibre and protein than
typical Western diets (156,157). The DASH dietary pattern has been
shown to lower systolic and diastolic BP compared with a typical
American diet matched for sodium intake in people with and without
hypertension, inclusive of people with well-controlled diabetes
(156,157). These improvements in BP have been shown to hold at
high (3,220 mg), medium (2,300 mg), and low (1,495 mg) levels of
matched sodium intake (157). In addition to BP-lowering benefit,
a systematic review and meta-analysis of randomized controlled
trials showed that a DASH dietary pattern lowered lipids, includ-
ing LDL-C in people with and without hypertension, some of whom
had metabolic syndrome or diabetes (158).

In the only randomized controlled trial done exclusively in people
with type 2 diabetes, a DASH dietary pattern compared with control
diet for a moderate sodium intake (2,400 mg) was shown to decrease
systolic and diastolic BP, A1C, FPG, weight, waist circumference, LDL-C
and C-reactive protein (CRP) and to increase HDL-C over 8 weeks
(159,160). A systematic review and meta-analysis of prospective
cohort studies that included people with diabetes showed that
adherence to a DASH dietary pattern was associated with a reduc-
tion in incident CVD (161).

Portfolio dietary pattern

The Portfolio Diet was conceived as a dietary portfolio of
cholesterol-lowering foods, each with Federal Drug Administra-
tion (FDA) and/or Health Canada-approved health claims for cho-
lesterol lowering or CV risk reduction. The 4 pillars of the Portfolio
Diet include 2 g/day plant sterols (plant-sterol-containing marga-
rines, supplements), 20 g/day viscous soluble fibres (gel-forming
fibres from oats, barley, psyllium, konjac mannan, legumes, tem-
perate climate fruits, eggplant, okra, etc.), 45 g/day plant protein (soy
and pulses) and 45 g/day nuts (peanuts and tree nuts). Added to a
low saturated fat NCEP Step Il diet (<7% saturated fat, <200 mg cho-
lesterol), which reduces cholesterol by 5% to 10%, each compo-
nent of the Portfolio Diet provides an additional 5% to 10% of LDL-C
lowering. These small effects combine to provide a meaningful overall
reduction in LDL-C lowering. The Portfolio Diet under conditions
where all foods were provided has been shown to reduce LDL-C
(~30%), hs-CRP (~30%) and calculated 10-year CVD risk by the Fram-
ingham Risk Score (~25%) in participants with hypercholesterol-
emia over 4 weeks (162). The reductions fell to 10% to 15% for LDL-C
and 11% for 10-year CVD risk by the Framingham Risk Score (with
greater effects in those who were more adherent) in a multicentre
Canadian randomized controlled trial of effectiveness in which the
Portfolio Diet was administered as dietary advice in participants with
hypercholesterolemia over 6 months (163).

Although the Portfolio dietary pattern has not been formally
tested in people with diabetes, each component has been shown
individually to lower LDL-C in systematic reviews and meta-
analyses of randomized controlled trials inclusive of people with
diabetes (57,59-61,164-167). The results of the Combined Portfo-
lio Diet and Exercise Study (PortfolioEx trial), a 3-year multicentre
randomized controlled trial of the effect of the Portfolio Diet plus
exercise on atherosclerosis, assessed by magnetic resonance imaging
(MRI) in high CV risk people (ClinicalTrials.gov Identifier,
NCT02481466), will provide important new data in people with dia-
betes, as approximately one-half of the participants will have type 2
diabetes.

Nordic dietary patterns

The Nordic Diet was developed as a Nordic translation of the
Mediterranean, Portfolio, DASH and NCEP dietary patterns, using
foods typically consumed as part of a traditional Nordic diet in the
context of Nordic Nutrition Recommendations (168). It empha-
sizes >25% energy as whole-grain products, >175 g/day temperate
fruits (apples and pears), 2150 to 200 g/day berries (lingonberries
and blueberry jam), 2175 g/day vegetables, legumes (beans, peas,
chickpeas and lentils), canola oil, >3 servings/week fatty fish (salmon,
herring and mackerel), >2 servings/day low-fat dairy products, as
well as several of the LDL-C-lowering foods common to the Port-
folio Diet, including nuts (almonds), viscous fibres (oats, barley, psyl-
lium), and vegetable protein (soy). The Nordic Diet has not been
studied in people with diabetes; however, 3 high-quality random-
ized controlled trials have studied the effect of a Nordic Diet on gly-
cemic control and other relevant cardiometabolic outcomes in people
with central obesity or metabolic syndrome. These have shown
improvements in body weight, insulin resistance, and lipids, includ-
ing the therapeutically relevant LDL-C and non-HDL-C (169-171).

Popular weight-loss diets

Numerous popular weight-loss diets providing a range of
macronutrient profiles are available to people with diabetes.
Several of these diets, including the Atkins™, Zone™, Ornish™,
Weight Watchers™ and Protein Power Lifeplan™ diets, have been
subjected to investigation in longer-term, randomized controlled
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trials in participants with overweight or obesity that included some
people with diabetes, although no available trials have been con-
ducted exclusively in people with diabetes. A systematic review and
meta-analysis of 4 trials of the Atkins™ diet and 1 trial of the Protein
Power Lifeplan™ diet (a diet with a similar extreme CHO restric-
tion) showed that these diets were no more effective than conven-
tional energy-restricted, low-fat diets in inducing weight loss with
improvements in TG and HDL-C offset by increases in TC and LDL-C
for up to 1 year (172). The Protein Power Lifeplan™ diet, however,
did show improved A1C compared with an energy-reduced, low-
fat diet at 1 year in the subgroup with type 2 diabetes (173). The
Dietary Intervention Randomized Controlled Trial (DIRECT) showed
that the Atkins™ diet produced weight loss and improvements in
the lipid profile compared with a calorie-restricted, low-fat con-
ventional diet; however, its effects were not different from that of
a calorie-restricted Mediterranean-style diet at 2 years (174). Fur-
thermore, the Mediterranean-style diet had a more favourable
effect on FPG at 2 years in the subgroup of participants with type 2
diabetes (174). Another trial comparing the Atkins™, Ornish™,
Weight Watchers™ and Zone™ diets showed similar weight loss
and improvements in the LDL-C:HDL-C ratio without effects on FPG
at 1 year in participants with overweight or obesity, of whom 28%
had diabetes (175). A network systematic review and meta-
analysis comparing all available trials of popular diets that were
>3 months found that weight loss differences between individual
diets was minimal at 12 months in individuals with overweight or
obesity with a range of metabolic phenotypes, including type 2 dia-
betes (36).

Diets Emphasizing Specific Foods
Dietary pulses and legumes

Dietary pulses, the dried seeds of nonoil seed legumes, include
beans, peas, chickpeas, and lentils. This taxonomy does not include
the oil-seed legumes (soy, peanuts) or fresh legumes (peas, beans).
Systematic reviews and meta-analyses of randomized controlled
trials found that diets high in dietary pulses, either alone or as
part of low-GI or high-fibre diets, lowered fasting BG and/or glycated
blood proteins, including A1C (176) and improved LDL-C, BP and
body weight in people with and without diabetes (177-179). In
people with type 2 diabetes, a small randomized crossover trial
not captured in the census of these meta-analyses, found that sub-
stituting pulse-based foods for red meat (average increase of 5
servings/week of pulses vs. a decrease of 7 servings/week red meat)
in the context of a NCEP diet resulted in reductions in FBG, fasting
insulin, TG and LDL-C without significant change in body weight
(180). A systematic review and meta-analysis of prospective cohort
studies, inclusive of people with diabetes, showed that the intake
of 4 weekly 100 g servings of legumes is associated with decreased
incident total CHD (181).

Fruit and vegetables

Eating Well with Canada’s Food Guide recommends up to 7 to 10
servings of fruit and vegetables per day (182). Individual random-
ized controlled trials have shown that supplementation with fresh
or freeze dried fruits improves A1C over 6 to 8 weeks in individu-
als with type 2 diabetes (183,184). A novel and simple technique
of encouraging intake of vegetables first and other CHOs last at each
meal was successful in achieving better glycemic control (A1C) than
an exchange-based meal plan after 24 months of follow up in people
with type 2 diabetes (185). A systematic review and meta-analysis
of randomized controlled trials also showed that fruit and veg-
etables (provided as either foods or supplements) improved

diastolic BP over 6 weeks to 6 months in individuals with the meta-
bolic syndrome, some of whom had prediabetes (186). In people
with type 1 and type 2 diabetes, an intervention to increase the
intake of fruit, vegetables and dairy that only succeeded in increas-
ing the intake of fruits and vegetables, led to a similar improve-
ment in diastolic blood pressure and to a clinically meaningful
regression in carotid intima medial thickness over 1 year (187). Sys-
tematic reviews and meta-analyses of prospective cohort studies
inclusive of people with diabetes have shown that higher intakes
of fruit and vegetables (>5 servings/day), fruit alone (>3 servings/
day) or vegetables alone (>4 servings/day) is associated with a
decreased risk of CV and all-cause mortality (79). Although there
is a need to understand better the advantages of different fruit and
vegetables in people with diabetes, higher intake of total fruit and
vegetables remains an important part of all healthy dietary patterns.

Nuts

Nuts include both peanuts (a legume) and tree nuts, such as
almonds, walnuts, pistachios, pecans, Brazil nuts, cashews, hazel-
nuts, macadamia nuts and pine nuts. A systematic review and meta-
analysis of 12 randomized controlled trials of at least 3 weeks duration
found that diets enriched with nuts at a median dose of 56 g/day
resulted in a small yet significant reduction in A1C and FPG in people
with diabetes (188). Another systematic review and meta-analysis
of 49 randomized controlled trials of the effect of nuts on meta-
bolic syndrome criteria found that diets emphasizing nuts at a median
dose of ~50 g/day decreased FPG and TG over a median follow up
of 8 weeks in people with and without diabetes (189). An indi-
vidual patient-level meta-analysis of 25 nut intervention
trials of the effect of nuts on lipid outcomes in people with
normolipidemia or hypercholesterolemia (including 1 trial in people
with type 2 diabetes) also showed a dose-dependent reduction in
blood lipids, including the established therapeutic target LDL-C (190).

The PREDIMED trial showed that the provision of mixed nuts
(30 g/day) added to a Mediterranean diet compared with a low-fat
control diet decreased major CV events by 30% over a median follow
up of 4.8 years in high-CV risk participants, half of whom had type 2
diabetes (143). A systematic review and meta-analysis of prospec-
tive cohort studies in people with and without diabetes also showed
that the intake of 4 weekly 28.4 g servings of nuts was associated
with comparable reductions in fatal and nonfatal CHD (181).

Despite concerns that the high energy density of nuts may con-
tribute to weight gain, systematic reviews of randomized con-
trolled trials have failed to show an adverse effect of nuts on body
weight and measures of adiposity when nuts are consumed as part
of balanced, healthy dietary patterns (189,191).

Whole grains

Health Canada defines whole grains as those that contain all 3
parts of the grain kernel (bran, endosperm, germ) in the same rela-
tive proportions as they exist in the intact kernel. Health Canada
recommends that at least half of all daily grain servings are con-
sumed from whole grains (192). Sources of whole grains include
both the cereal grains (e.g. wheat, rice, oats, barley, corn, wild rice,
and rye) and pseudocereal grains (e.g. quinoa, amaranth and buck-
wheat) but not oil seeds (e.g. soy, flax, sesame seeds, poppy seeds).
Systematic reviews and meta-analyses of randomized controlled
trials have shown that whole grain interventions, specifically with
whole grain sources containing the viscous soluble fibre beta-
glucan, such as oats and barley, improve lipids, including TG and
LDL-C, in people with and without diabetes over 2 to 16 weeks of
follow up (193). Whole grains have also been shown to improve gly-
cemic control. Whole grains from barley have shown improve-
ments in fasting glucose in people with and without diabetes (57)
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and whole grains from oats have shown improvements in A1C and
FPG in the subgroup with type 2 diabetes (194). In contrast, these
advantages have not been seen for whole grain sources from whole
wheat or wheat bran in people with type 2 diabetes (56,66,67).
Systematic reviews and meta-analyses of prospective cohort studies
have shown a protective association of total whole grains (where
wheat is the dominant source) and total cereal fibre (as a proxy of
whole grains) with incident CHD in people with and without dia-
betes (69,99). Although higher intake of all whole grains remains
advisable (especially from oats and barley), more research is needed
to understand the role of different sources of whole grains in people
with diabetes.

Dairy products

Dairy products broadly include low- and full-fat milk, cheese,
yogurt, other fermented products and ice cream. Evidence for the
benefit of specific dairy products as singular interventions in the
management of diabetes is inconclusive.

Systematic reviews and meta-analyses of randomized con-
trolled trials of the effect of diets rich in either low- or full-fat dairy
products have not shown any clear advantages for body weight, body
fat, waist circumference, FPG or BP across individuals with differ-
ent metabolic phenotypes (otherwise healthy, with overweight or
obesity, or metabolic syndrome) (195,196). The comparator, however,
may be an important consideration. Individual randomized con-
trolled trials, which have assessed the effect of dairy products in
isocaloric substitution with SSBs and foods, have shown advan-
tages for visceral adipose tissue, systolic blood pressure and tri-
glycerides in individuals with overweight or obesity over 6 months
(197) and markers of insulin resistance in people with prediabe-
tes over 6 weeks (198).

Other evidence from observational studies is suggestive of a
weight loss and CV benefit. Large pooled analyses of the Harvard
cohorts have shown that higher intakes of yogurt are associated with
decreased body weight over 12 to 20 years of follow up in people
with and without diabetes (98). Systematic reviews and meta-
analyses of prospective cohort studies inclusive of people with dia-
betes have also shown a protective association of cheese with
incident CHD; low-fat dairy products with incident CHD; and total,
low-fat, and full-fat dairy products, and total milk with incident
stroke over 5 to 26 years of follow up (199,200).

Special Considerations for People with Type 1 Diabetes and
Type 2 Diabetes on Insulin

For persons on insulin, consistency in CHO intake (201) and
spacing and regularity in meal consumption may help control BG
levels (201-203). Inclusion of snacks as part of a person’s meal plan
should be individualized based on meal spacing, metabolic control,
treatment regimen and risk of hypoglycemia, and should be bal-
anced against the potential risk of weight gain (204,205).

The nutritional recommendations that reduce CV risk apply to
both type 1 and type 2 diabetes. Studies have shown that people
with type 1 diabetes tend to consume diets that are low in fibre,
and high in protein and saturated fat (206). In addition, it was shown
in the Diabetes Control and Complications Trial (DCCT), inten-
sively treated individuals with type 1 diabetes showed worse dia-
betes control with diets high in total and saturated fat and low in
CHO (207). Meals high in fat and protein may require additional
insulin and, for those using CSII, the delivery of insulin may be best
given over several hours (208). Algorithms for improved bolusing
are under investigation. Heavy CHO loads (greater than 60 g) have
been shown to result in greater glucose area under the curve and
some risk of late postprandial hypoglycemia (209).

People with type 1 diabetes or type 2 diabetes requiring insulin,
using a basal-bolus regimen, should adjust their insulin based on
the CHO content of their meals, and inject their insulin within
15 minutes of eating with rapid-acting insulin analogues (208) and
just prior to and if required up to 20 minutes after eating with faster-
acting insulin aspart for optimal match between rapid insulin and
glycemic meal rise (210) (see Glycemic Management of Type 1 Dia-
betes in Adults chapter, p. S80).

Intensive insulin therapy regimens that include multiple injec-
tions of rapid-acting insulin matched to CHO allow for flexibility
in meal size and frequency (211,212). Improvements in A1C, BG and
quality of life, as well as less requirement for insulin, can be achieved
when individuals with type 1 diabetes (213) or type 2 diabetes (214)
receive education on matching insulin to CHO content (e.g. CHO
counting) (215,216). In doing so, dietary fibre and sugar alcohol
should be subtracted from total CHO.

New interactive technologies, using mobile phones to provide
information, CHO/insulin bolus calculations and telemedicine com-
munications with care providers, have been shown to decrease both
weight gain and the time required for education. They also improved
individual quality of life and treatment satisfaction (217). Caution
should be exercised in selection of smartphone bolus calculator apps
for insulin calculation as there is a lack of regulation and surveil-
lance, which may pose life-threatening risk and/or suboptimal
control (218).

Other Considerations
Non-nutritive sweeteners

Sugar substitutes, which include high-intensity sweeteners and
sugar alcohols, are regulated as food additives in Canada. Health
Canada has approved the following high-intensity non-nutritive
sweeteners for use in foods and chewing gum and/or as a table-
top sweetener: acesulfame potassium, aspartame, cyclamate,
neotame, saccharin, steviol glycosides, sucralose, thaumatin and
Monk fruit extract (219). Health Canada has set acceptable daily
intake (ADI) values, which are expressed on a body weight basis
and are considered safe daily intake levels over a lifetime (Table 2).
These levels are considered high and are rarely achieved. Most have
been shown to be safe when used by people with diabetes
(220-222); however, there are limited data on the newer sweet-
eners, such as neotame and thaumatin in people with diabetes.
Although systematic reviews and meta-analyses of prospective
cohort studies inclusive of people with diabetes have shown an
adverse association of non-nutritive sweetened beverages with
weight gain, CVD and stroke, it is well recognized that these data
are at high risk of reverse causality (223,224). The evidence from
systematic reviews and meta-analyses of randomized controlled
trials, which give a better protection against bias, have shown a
weight loss benefit when non-nutritive sweeteners are used to

Table 2
Acceptable daily intake of sweeteners

Sweetener Acceptable daily intake
(mg/kg body weight/day)
Acesulfame potassium 15
Aspartame 40
Cyclamate 11
Erythritol 1,000
Neotame 2
Saccharin 5
Sucralose 8.8
Tagatose 80
Thaumatin 0.9
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displace excess calories from added sugars (especially from SSBs)
in overweight children and adults without diabetes (225), a benefit
that has been shown to be similar to that seen with other
interventions intended to displace excess calories from added sugars,
such as water (225).

Sugar alcohols approved for use in Canada include: erythritol,
isomalt, lactitol, maltitol, mannitol, sorbitol, xylitol. There is no ADI
for sugar alcohols (except for erythritol) as their use is considered
self-limiting due to the potential for adverse gastrointestinal symp-
toms. They vary in the degree to which they are absorbed, and their
conversion rate to glucose is slow, variable and usually minimal,
and may have no significant effect on BG. Thus, matching rapid-
acting insulin to the intake of sugar alcohols is not recommended
(226). Although there are no long-term, randomized controlled trials
of consumption of sugar alcohols by people with diabetes, con-
sumption of up to 10 g/day by people with diabetes does not appear
to result in adverse effects (227).

Meal replacements

Weight loss programs for people with diabetes may use partial
meal replacement plans. Commercially available, portion-controlled,
vitamin- and mineral-fortified meal replacement products usually
replace 1 or 2 meals per day in these plans. Randomized con-
trolled feeding trials have shown partial meal replacement plans
result in comparable (228) or increased (229,230) weight loss
compared with conventional reduced-calorie diets for up to
1 year with maintenance up to 86 weeks in people with type 2 dia-
betes and overweight. This weight loss results in greater improve-
ments in glycemic control over 3 months to 34 weeks (230,231) and
reductions in the need for antihyperglycemic medications up to 1
year without an increase in hypoglycemic or other adverse events
(229-231). Meal replacements with differing macronutrient com-
positions designed for people with diabetes have shown no clear
advantage, although studies are lacking (232,233).

Alcohol

The same precautions regarding alcohol consumption in the
general population apply to people with diabetes (234). Alcohol con-
sumption should be limited to <2 standard drinks per day and <10
drinks per week for women and <3 standard drinks per day or <15
drinks per week for men (1 standard drink: 10 g alcohol, 341 mL
5% alcohol beer, 43 ml 40% alcohol spirits, 142 ml 12% alcohol wine)
(235). Chronic heavy consumption (>21 standard drinks/week for
men and >14 standard drinks/week for women) is associated with
increased risk of CVD, microvascular complications and all-cause
mortality in people with type 2 diabetes (236), while light-to-
moderate intake shows an inverse association with A1C (237). For
people with type 1 diabetes, moderate consumption of alcohol with,
or 2 or 3 hours after, an evening meal may result in delayed hypo-
glycemia the next morning after breakfast or as late as 24 hours
after alcohol consumption (238,239) and may impede cognitive per-
formance during mild hypoglycemia (240). The same concern may
apply to sulphonylurea- and insulin-treated individuals with type 2
diabetes (241). Health-care professionals should discuss alcohol use
with people with diabetes (242) to inform them of the potential
weight gain and risks of hypoglycemia (241).

Vitamin and mineral supplements

People with diabetes should be encouraged to meet their nutri-
tional needs by consuming a well-balanced diet by following Eating
Well with Canada’s Food Guide (182). Routine vitamin and mineral
supplementation is generally not recommended. Supplementa-
tion with 10 pg (400 IU) vitamin D is recommended for people

>50 years of age (182). Supplementation with folic acid (0.4 to
1.0 mg) is recommended for women who could become pregnant
(182). The need for further vitamin and mineral supplements should
be assessed on an individual basis. As vitamin and mineral supple-
ments are regulated as natural health products (NHP) in Canada,
the evidence for their therapeutic role in diabetes has been reviewed
in the Complementary and Alternative Medicine for Diabetes chapter,
p. S154.

Fasting and diabetes

Within the lay literature, intermittent energy restriction strat-
egies for weight loss have become more prevalent. To date, there
is limited evidence for these approaches with people with type 2
diabetes. In 1 preliminary study comparing continuous energy
restriction (5,000-6,500 kJ/day) to 2 days of severe energy restric-
tion (1,670-2,500 kJ/day) each week (the so called 5:2 approach)
over a 12-week period, the 5:2 program, while as effective as con-
tinuous energy restriction for weight loss and glycemic control,
required careful medication adjustment to protect against the risk
of hypoglycemia on severe energy restriction days (243).

Ramadan

Traditionally, Muslims with type 1 and insulin-requiring type 2
diabetes have been exempted from participation in Ramadan fasting,
due to concerns of hypo- and hyperglycemia. Similarly, people on
non-insulin antihyperglycemic agents associated with hypoglyce-
mia are also considered high risk for fasting. People with diabetes
who wish to participate in Ramadan fasting are encouraged to
consult with their diabetes health-care team 1 to 2 months prior
to the start of Ramadan.

While evidence for the impact of Ramadan fasting in individu-
als with type 1 diabetes is limited, the literature suggests that in
people with well-controlled type 1 diabetes, complications from
fasting are rare. A reduction in the total daily dose of insulin can
reduce the incidence of hypoglycemia. CSII therapy or the use of
multiple daily injections with rapid-acting insulin taken with meals
and basal insulin, combined with frequent self-monitoring of blood
glucose (SMBG) can help reduce the risk of hypo- and hyperglyce-
mia. Individuals with a history of severe hypoglycemia or hypo-
glycemia unawareness should be discouraged from participating in
Ramadan fasting (210,244). More information on Diabetes and
Ramadan management is available at http://www.daralliance.org/
daralliance/wp-content/uploads/IDF-DAR-Practical-Guidelines_15-
April-2016_low.pdf (210).

Food skills

While there is no universally agreed upon definition of food skills,
it is generally thought that they are interdependent technical,
mechanical, conceptual and perceptual skills that are necessary to
safely select and plan, prepare, and store nutritious and culturally-
acceptable meals and snacks (245-247). Several studies suggest that
food preparation and cooking skills are declining globally
(245,248,249). Over the past several decades, in Canada, there has
been an increase in processed, pre-prepared and convenience foods
being purchased and assembled rather than meals being pre-
pared using whole, basic ingredients (250). To our knowledge, there
are no studies that have investigated food skills in people with dia-
betes. Nevertheless, targeted interventions to improve the food skills
of people living with diabetes are prudent given that food is central
to managing glycemic control.
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RECOMMENDATIONS

1. People with diabetes should receive nutrition counselling by a regis-
tered dietitian to lower A1C levels [Grade B, Level 2 (3), for those with type 2
diabetes; Grade D, Consensus, for type 1 diabetes] and to reduce hospi-
talization rates [Grade C, Level 3 (8)].

2. Nutrition education may be delivered in either a small group or one-on-
one setting [Grade B, Level 2 (18)]. Group education should incorporate
adult education principles, such as hands-on activities, problem solving,
role playing and group discussions [Grade B, Level 2 (19)].

3. Individuals with diabetes should be encouraged to follow Eating Well with
Canada’s Food Guide (182) in order to meet their nutritional needs [Grade D,
Consensus].

4. In people with overweight or obesity with diabetes, a nutritionally bal-
anced, calorie-reduced diet should be followed to achieve and maintain
a lower, healthier body weight [Grade A, Level 1A (29,30)].

5. An intensive healthy behaviour intervention program, combining dietary
modification and increased physical activity, may be used to achieve weight
loss, improve glycemic control and reduce CV risk [Grade A, Level 1A (30)].

6. In adults with diabetes, the macronutrient distribution as a percentage
of total energy can range from 45% to 60% carbohydrate, 15% to 20% protein
and 20% to 35% fat to allow for individualization of nutrition therapy based
on preferences and treatment goals [Grade D, Consensus].

7. People with type 2 diabetes should maintain regularity in timing and
spacing of meals to optimize glycemic control [Grade D, Level 4 (203)].

8. To reduce the risk of CVD, adults with diabetes should avoid trans fatty
acids (TFA) [Grade D, Level 4 (104)] and consume less than 9% of total daily
energy from saturated fatty acids (SFA) [Grade C, Level 2 (105)] replac-
ing these fatty acids with polyunsaturated fatty acids (PUFA), particu-
larly mixed n-3/n-6 sources [Grade C, Level 3 (105)], monounsaturated
fatty acids (MUFA) from plant sources, whole grains [Grade D, Consen-
sus (107)] or low-GI carbohydrates [Grade D, Consensus (108)].

9. Adults with diabetes may substitute added sugars (sucrose, high fruc-
tose corn syrup, fructose, glucose) for other carbohydrates as part of mixed
meals up to a maximum of 10% of total daily energy intake, provided
adequate control of BG, lipids and body weight is maintained [Grade C,
Level 3 (74,77,78,82)].

10. Adults with type 1 and type 2 diabetes may aim to consume 30 to 50 g/
day of dietary fibre with a third or more (10 to 20 g/day) coming from
viscous soluble dietary fibre to improve glycemic control [Grade C, Level
3(57)] and LDL-C [Grade C, Level 3 (54,57,59)], and reduce CV risk [Grade
D, Level 4 (69)].

11. Adults with diabetes should select carbohydrate food sources with a low-GI
to help optimize glycemic control [Grade B, Level 2 (46,47) for type 1 dia-
betes; Grade B, Level 2 (32,44) for type 2 diabetes], to improve LDL-C
[Grade C, Level 3 (49)] and to decrease CV risk [Grade D, Level 4 (52)].

12. The following dietary patterns may be considered in people with
type 2 diabetes, incorporating patient preferences, including:

a. Mediterranean-style dietary pattern to reduce major CV events [Grade
A, Level 1A (143)] and improve glycemic control [Grade B, Level 2
(50,139)].

b. Vegan or vegetarian dietary pattern to improve glycemic control
[Grade B, Level 2 (145,251)], body weight [Grade C, Level 3 (148)],
and blood lipids, including LDL-C [Grade B, Level 2 (149)] and reduce
myocardial infarction risk [Grade B, Level 2 (152)].

c. DASH dietary pattern to improve glycemic control [Grade C, Level 2
(159)], BP [Grade D, Level 4 (156-159)], and LDL-C [Grade B, Level
2 (158,159)] and reduce major CV events [Grade B, Level 3 (161)].

d. Dietary patterns emphasizing dietary pulses (e.g. beans, peas,
chickpeas, lentils) to improve glycemic control [Grade B, Level 2 (176)],
systolic BP [Grade C, Level 2 (178)] and body weight [Grade B,
Level 2 (179)].

e. Dietary patterns emphasizing fruit and vegetables to improve
glycemic control [Grade B, Level 2 (183,184)] and reduce CV mor-
tality [Grade C, Level 3 (79)].

. Dietary patterns emphasizing nuts to improve glycemic control
[Grade B, Level 2 (188)], and LDL-C [Grade B, Level 2 (190)].

)

13. People with type 1 diabetes may be taught how to match insulin to car-
bohydrate quantity and quality [Grade C, Level 2 (213)] or they may
maintain consistency in carbohydrate quantity and quality [Grade D,
Consensus].

14. People with diabetes using insulin and/or insulin secretagogues should
be educated about the risk of hypoglycemia resulting from alcohol
[Grade C, Level 3 (239)], and should be advised on preventive actions,
such as carbohydrate intake and/or insulin dose adjustments and increased
BG monitoring [Grade D, Consensus].

Abbreviations:

A1C, glycated hemoglobin; Al, adequate intake; AMDRs, acceptable mac-
ronutrient distribution ranges; BG, blood glucose; BP, blood pressure; CAD,
coronary artery disease; CHD, coronary heart disease; CHO, carbohy-
drate; CKD, chronic kidney disease; CRP, C-reactive protein; CSII, con-
tinuous subcutaneous insulin infusion; CV, cardiovascular, CVD,
cardiovascular disease; DASH, Dietary Approaches to Stop Hyperten-
sion; DRIs, dietary reference intakes; FBG, fasting blood glucose; FPG, fasting
plasma glucose; GI, glycemic index; HDL-C, high density lipoprotein cho-
lesterol; HFCS, high fructose corn syrup; IFI, intensive lifestyle interven-
tion; LC-PUFA, long-chain polyunsaturated fatty acid; LDL-C, low density
lipoprotein cholesterol; MUFA, monounsaturated fatty acids; NCEP, National
Cholesterol Education Program; NHP; natural health product; NPH, neutral
protamine Hagedorn; PUFA, polyunsaturated fatty acids; RDA, recom-
mended dietary allowance; SMBG, self-monitoring of blood glucose; SSBs,
sugar-sweetened beverages; TC, total cholesterol; TFA, trans fatty acids;
TG, triglycerides.

Other Relevant Guidelines

Self-Management Education and Support, p. S36
Physical Activity and Diabetes, p. S54

Weight Management in Diabetes, p. S124
Complementary and Alternative Medicine for Diabetes, p. S154
Dyslipidemia, p. S178

Treatment of Hypertension, p. S186

Type 1 Diabetes in Children and Adolescents, p. S234
Type 2 Diabetes in Children and Adolescents, p. S247
Diabetes and Pregnancy, p. S255

Diabetes in Older People, p. S283

Type 2 Diabetes and Indigenous Peoples, p. S296
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