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Reducing the Risk of Developing Type 1 Diabetes
KEY MESSAGES

•
•

•

As safe and effective preventive therapies for type 1 diabetes have not yet
been identiﬁed, any attempts to prevent type 1 diabetes should be undertaken only within the conﬁnes of formal research protocols.
Intensive and structured healthy behaviour interventions, ideally resulting in loss of approximately 5% of initial body weight, can reduce the risk
of progression from impaired fasting glucose or impaired glucose tolerance to type 2 diabetes by almost 60%. When initiated early, the effects of
healthy behaviour interventions are long lasting (more than 20 years).
Progression from prediabetes to type 2 diabetes can also be reduced by
pharmacologic therapy with metformin (~30% reduction), with persistent beneﬁts observed after more than 10 years of stopping treatment in
the Diabetes Prevention Program.

KEY MESSAGES FOR PEOPLE WITH PREDIABETES

•
•
•
•

If you have prediabetes, healthy behaviour changes that result in a loss of
5% of your initial body weight can delay or prevent type 2 diabetes from
developing.
A registered dietitian can educate you about dietary changes that may help
reduce your risk for developing diabetes.
Regular physical activity is also important to reduce your risk of diabetes.
If healthy behaviour changes are not enough to normalize your blood glucose,
your health-care provider may recommend that you use medication in addition to ongoing healthy behaviour changes to manage your prediabetes.

Introduction
Ideal prevention strategies for both type 1 and type 2 diabetes
should range from efforts focused on individuals identiﬁed as being
at risk for developing diabetes to broader group- and populationbased strategies. Prevention or delay in the onset of diabetes should
not only alleviate the burden of the disease on the individual, but
could also decrease the associated morbidity and mortality. Ideal
prevention strategies would differ depending on the type of diabetes. Given its increasing incidence and prevalence, the development of safe and cost-effective interventions to reduce the risk of
developing diabetes are urgently needed to decrease the burden on
individuals and the health-care system.
Conﬂict of interest statements can be found on page S25.

Type 1 diabetes is a chronic autoimmune condition characterized by destruction of pancreatic beta cells. The causes are multifactorial, with both genetic and environmental factors. The exact
nature of causative environmental factors continues to be debated.
There is a long preclinical period before the onset of overt symptoms, which may be amenable to therapeutic intervention to prevent
disease. Immunotherapeutic interventions continue to be the main
focus of type 1 diabetes prevention.
Two major trials of interventions to prevent or delay the onset
of type 1 diabetes have been completed. The European Nicotinamide Diabetes Intervention Trial (ENDIT), a randomized, doubleblind, placebo-controlled trial of high-dose nicotinamide therapy,
recruited ﬁrst-degree relatives of people who were <20 years of age
when diagnosed with type 1 diabetes, islet cell antibody positive,
<40 years of age and who had a normal oral glucose tolerance test
(OGTT). Although nicotinamide was protective in animal studies,
no effect was observed in ENDIT during the 5-year trial period (1).
The Diabetes Prevention Trial-Type 1 (DPT-1) studied the eﬃcacy
of low-dose insulin injections in high-risk (projected 5-year risk of
>50%) ﬁrst-degree relatives of people with type 1 diabetes. Overall,
the insulin treatments had no effect (2), but in a subset of participants with high levels of insulin autoantibodies, a delay, and perhaps
a reduction, in the incidence of type 1 diabetes was observed (3).
A third ongoing large trial, the Trial to Reduce IDDM in the Genetically at Risk (TRIGR) study, is investigating the effect of excluding
cow’s milk protein and replacing it with hydrolyzed formula milk
in genetically at-risk infants until 6 to 8 months of age. Preliminary data showed no reduction in the development of diabetes antibodies at age 6 (4), but data on the overt development of diabetes
by age 10 is not yet available (5).
A second strategy is to try to halt, at the time of diagnosis, the
immune-mediated destruction of beta cells to preserve any
residual capacity to produce insulin. Progress in the ﬁeld has been
slow due to safety considerations; namely, side effects from
immunosuppression/modulation must be minimized before consideration can be given for clinical use, especially because of the
reasonable life expectancy of people with type 1 diabetes and technological advancements with insulin replacement therapy.
As safe and effective preventive therapies for type 1 diabetes have
not yet been identiﬁed, any attempts to prevent type 1 diabetes
should be undertaken only within the conﬁnes of formal research
protocols.
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Reducing the Risk of Developing Type 2 Diabetes
Preventing type 2 diabetes may result in signiﬁcant public health
beneﬁts, including lower rates of cardiovascular disease (CVD), renal
failure, blindness and premature mortality (6). An epidemiological analysis projected that if all diabetes could be avoided in Caucasian American males through effective primary prevention, the
risk of all-cause and cardiovascular (CV) mortality in the entire population could be reduced by up to 6.2% and 9.0%, respectively (7). Data
from the United States indicates that 28% of CV expenditures are
attributable to diabetes (8).
Primary approaches to preventing diabetes in a population
include the following: 1) programs targeting high-risk individuals
[such as those with impaired glucose tolerance (lGT), impaired fasting
glucose (IFG), or obesity]; 2) programs targeting high-risk subgroups, such as high-risk ethnic groups; and 3) programs for the
general population, such as those designed to promote physical activity and healthy eating in adults or children (9–11).
Prospective cohort studies have identiﬁed historical, physical and
biochemical variables associated with the development of type 2
diabetes. These include older age, family history of type 2 diabetes,
certain ethnic backgrounds, prediabetes, history of gestational diabetes, CVD and obesity (especially abdominal obesity), (12–14) and
are detailed in Table 1 of the Screening for Diabetes in Adults chapter,
p. S16. Results of large, well-designed studies assessing healthy behavior and pharmacologic interventions in adults to prevent the progression from IGT to diabetes have been published. No pharmacologic
agent is currently approved for diabetes prevention in Canada.
Recently, more data has emerged on the role of bariatric surgery in
prevention of type 2 diabetes in high-risk groups; however, the costbeneﬁt analysis of surgical intervention remains questionable (15).

Healthy Behaviour Interventions
A majority of the randomized controlled trials with healthy
behaviour interventions enrolled participants with IGT based on
OGTT results. However, as the use of OGTT is diminishing clinically for screening for prediabetes and diabetes, and alternative
methods including glycated hemoglobin (A1C) and fasting plasma
glucose (FPG) are being used more frequently, the recommendations based on the following randomized controlled trials will be
applied to a prediabetes diagnosis, irrespective of the testing method.
Healthy behaviour interventions were assessed in the Finnish
Diabetes Prevention Study (DPS) (16) and the Diabetes Prevention
Program (DPP) (17). A comprehensive structured program that targeted dietary modiﬁcation with a low-calorie, low-fat, low-saturated
fat, high-ﬁbre diet and moderate-intensity physical activity of at least
150 minutes per week resulted in a moderate weight loss of approximately 5% of initial body weight. In both studies, the risk reduction for diabetes was 58% at 4 years. On the basis of the observed
beneﬁts of healthy behaviour interventions in the DPP, all participants were offered further lifestyle interventions for a median of
5.7 more years, and beneﬁts were sustained for up to 10 years in
the Diabetes Prevention Program Outcomes Study (DPPOS) (18). In
a follow-up analysis of the DPP intensive lifestyle intervention cohort,
2-year weight loss was the strongest predictor of reduced diabetes incidence (19). Weight cycling, deﬁned as the number of 2.25 kg
weight cycles, was positively associated with incident diabetes. After
adjustment for baseline weight, the effect of weight cycling remained
statistically signiﬁcant for diabetes risk (19). In another follow up
of the DPP study, lower weight and plasma glucose level early on
at 6 and 12 months strongly predicted lower subsequent diabetes
risk with healthy behaviour interventions although the study was
not completely blinded (20). In the long-term follow up of the randomized Finnish Diabetes Prevention Study (DPS), similar results
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were noted over 13 years with respect to decreased incidence in
diabetes (20,21).
In another healthy behaviour intervention trial, 458 Japanese
males with IGT were randomly assigned in a 4:1 ratio to a standard intervention (n=356) or an intensive intervention (n=102) and
followed for 4 years (22). Intensive treatment was associated with
a 67.4% reduction in risk of diabetes (p<0.001). In a more recent trial,
641 Japanese men (aged 30 to 60 years) with overweight and IFG
were randomized to either a frequent intervention group (n=311)
or a control group (n=330) for 36 months. The frequent intervention group received individual instruction and follow-up support
for healthy behaviour interventions from medical staff 9 times. The
control group received similar individual instruction 4 times at
12-month intervals during the same period. Results showed an incidence of type 2 diabetes of 12.2% in the frequent intervention group
and 16.6% in the control group, with an adjusted hazard ratio (HR)
in the frequent intervention group of 0.56 [95% conﬁdence interval (CI) 0.36–0.87]. Post hoc subgroup analyses showed the HR
reduced to 0.41 (95% CI 0.24–0.69) among participants with IGT at
baseline and to 0.24 (95% CI 0.12–0.48) among those with a baseline A1C level >5.6% (23).
A 23-year follow up of the Chinese Da Qing Diabetes Prevention Trial showed that after 6 years of active healthy behaviour interventions vs. no treatment, the active group had less diabetes, CV
and all-cause mortality. This study enrolled 577 people, 439 of whom
were assigned to the intervention group and 138 who were assigned
to the control group. A total of 174 participants died during the 23
years of follow up (121 in the intervention group vs. 53 in the control
group). Cumulative incidence of CVD mortality was 11.9% (95% CI
8.8–15.0) in the intervention group vs. 19.6% (95% Cl 12.9–26.3) in
the control group (HR 0.59, 95% CI 0.36–0.96; p=0.033). All-cause
mortality was 28.1% (95% CI 23.9–32.4) vs. 38.4% (HR 0.71, 95% CI
0.51–0.99, p=0.049). Incidence of diabetes was 72.6% vs. 89.9% (HR
0.55, 95% CI 0.40–0.76, p=0.001) (24).

Medical Nutrition Therapy
Nutrition therapy and counselling are essential components of
the treatment and management of prediabetes. A prospective randomized parallel group study of 76 adults with IFG (or an A1C of
5.7% to 6.4%) found that individualized medical nutrition therapy
(MNT) provided by a registered dietitian signiﬁcantly decreased A1C
in individuals diagnosed with prediabetes, compared with usual care
after 12 weeks (5.79% vs. 6.01%) (25). The 12-week intervention consisted of four nutrition visits; self-management training; instruction on a high-carbohydrate (60% to 70% daily calories), highﬁbre, low-fat (<7% calories from saturated fat) diet; and weight loss
(individualized caloric goals to achieve 0.45 to 0.9 kg/week weight
loss to achieve 5% body weight loss).

Dietary Patterns
There is strong evidence to support the use of the Mediterranean diet in diabetes prevention. In 2015, Esposito et al conducted a systematic review of all meta-analyses and randomized
controlled trials that compared the Mediterranean diet with a control
diet for the treatment of type 2 diabetes and prediabetes. Higher
adherence to the Mediterranean diet reduced the risk of future diabetes by 19% to 23% (26). Included in this systematic review is one
long-term randomized controlled trial, the PREDIMED trial, in which
a subgroup analysis restricted to those without diabetes at baseline found that a Mediterranean diet signiﬁcantly reduced development of type 2 diabetes during follow up (27). Older individuals
(55 to 75 years of age) living in Spain with high risk of CVD were
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randomized to 1 of 3 interventions: Mediterranean diet supplemented with extra virgin olive oil (EVOO) (50 mL/day), Mediterranean diet supplemented with mixed nuts (30 g/day) or a control
diet consisting of advice to reduce intake of all types of fat. After a
median 4.8-year follow up, a statistically signiﬁcant 40% relative risk
reduction and a non-signiﬁcant 18% risk reduction in diabetes risk
was seen in the Mediterranean diet groups supplemented with EVOO
and mixed nuts, respectively, in comparison with the control group.
The beneﬁcial effect was attributed to the overall composition of
the dietary pattern, and not to calorie restriction, increased physical activity or weight loss because these healthy behaviour interventions were not part of the intervention and between-group
changes were negligible.
In addition to the Mediterranean diet, a signiﬁcant reduction of
type 2 diabetes has also been found to be associated with healthy
dietary patterns, including the DASH (Dietary Approaches to Stop
Hypertension) diet, the AHEI (Alternate Healthy Eating Index) and
various other healthy dietary patterns, derived by factor or cluster
analysis (28). A meta-analysis of 18 prospective studies from 20
cohorts in four world regions demonstrated that adherence to these
healthy diets are consistently associated with a 20% reduced risk
of future type 2 diabetes (28). While the nature of diets associated with prevention of type 2 diabetes may vary, these healthy diets
share several common components, including whole grains, fruit,
vegetables, nuts, legumes, olive oil, white meat/seafood, little or moderate alcohol, reduced intake of red and processed meats and sugarsweetened beverages.
Diets Emphasizing Speciﬁc Foods
Increased consumption of whole grains and dairy products have
shown promising results with respect to decreased incidence of
type 2 diabetes.
Whole grains
A large prospective cohort of postmenopausal women from the
Women’s Health Initiative Observational Study demonstrated that
the consumption of whole grains was inversely associated with incident type 2 diabetes over a median 7.9 years of follow up (29).
Adjusted for age and energy intake per day, successively increasing categories of whole grain consumption were associated with
signiﬁcant reduced risk of developing type 2 diabetes. Women who
consumed greater than 2 servings of whole grains per day had a
43% reduced risk of incident type 2 diabetes compared with women
who consumed no whole grain (29).
Dairy
A meta-analysis of 17 cohort studies (30) reported an inverse
association between intakes of total dairy, low-fat dairy products
and cheese and risk of type 2 diabetes (30). Nonlinear inverse associations were observed for total dairy products and yogurt, with most
of the beneﬁt being observed when increasing the intake of total
dairy products from little to no dairy up to 300 to 400 g/day or yogurt
up to 120 to 140 g/day, above which there was no further beneﬁt.
The associations between low-fat dairy products and cheese and
type 2 diabetes were borderline nonlinear (p≤0.06), with most of
the beneﬁt observed when increasing the intake of these items up
to 300 to 400 g/day for low-fat dairy, and up to ~50 g/day for cheese.
Physical Activity
Higher levels of leisure time physical activity (LTPA) are associated with substantially lower incidence of type 2 diabetes (31). A

systematic review and dose-response meta-analysis which included
over one million individuals from 28 prospective cohort studies provided information on the association between LTPA (24 cohorts) or
total physical activity (4 cohorts) and incidence of type 2 diabetes
(31). The results suggested a curvilinear relationship and found a
risk reduction of 26% for type 2 diabetes (31) among those who
achieved 11.25 metabolic equivalents (MET) h/week (equivalent to
150 minutes per week of moderate activity). Individuals who attained
twice this amount of physical activity were associated with a risk
reduction of 36%, with even further risk reductions, 53%, at a higher
dose of 60 MET/week. The greatest relative beneﬁts were attained
at low levels of activity, but further beneﬁts can be recognized at
levels that go well beyond those prescribed by the current minimum
recommendation of 150 minutes per week of moderate intense activity. Similarly, the 25-year cohort Coronary Artery Risk Development in Young Adults (CARDIA) study measured ﬁtness in 4,373
participants from young adulthood to middle age and found that
ﬁtness was associated with a lower risk for developing prediabetes
and type 2 diabetes, even when adjusting for body mass index (BMI)
over this time period (32). Future research is needed to consider
the dose-response relationship of physical activity and type 2 diabetes prevention in ethnically diverse populations.
Pharmacotherapy
Metformin
Metformin was used in a second randomized arm of the DPP and
compared to lifestyle and to placebo (17). A dosage of 850 mg twice
daily for an average of 2.8 years signiﬁcantly decreased progression to diabetes by 31% compared to placebo. An analysis of the subgroup with FPG 6.1 to 6.9 mmol/L showed a 48% reduction in diabetes
diagnosis. In the DPP population, metformin did not have a signiﬁcant effect in the older age group (>60 years) and in subjects with
less obesity (BMI <35 kg/m2). Among women reporting a history of
GDM, both intensive healthy behaviour interventions and metformin
therapy reduced the incidence of diabetes by approximately 50%
compared with the placebo group, whereas this reduction was 49%
and 14%, respectively in parous women without GDM (33). These
data suggest that metformin may be more effective in women with
a history of GDM as compared with those without. To determine
whether the observed beneﬁt was a transient pharmacological effect
or was more sustained, a repeat OGTT was undertaken after a short
washout period. The results of this study suggested that 26% of the
diabetes prevention effect could be accounted for by the pharmacologic action of metformin (which did not persist when the drug
was stopped). After the washout, the incidence of diabetes was still
reduced by 25% (34). The beneﬁts of metformin on diabetes prevention persisted for up to 10 years (18).
A subsequent analysis of DPP that analyzed diabetes incidence
deﬁned by A1C ≥6.5% found a 44% reduction by metformin and 49%
by healthy behaviour interventions during the DPP, and by 38% by
metformin and 29% by healthy behaviour interventions over 10 years
of follow up (35). Unlike the primary DPP and DPPOS ﬁndings based
on glucose criteria, metformin and healthy behaviour interventions were similarly effective in preventing diabetes deﬁned by A1C.
Additionally, there was a signiﬁcant interaction (p<0.01) between
baseline A1C and the effects of healthy behaviour interventions and
metformin treatment were greater at higher baseline A1C between
6.0% to 6.4% range, compared to lower A1C baseline categories.
Overall, metformin may be considered as a strategy to prevent
type 2 diabetes in people with IGT (especially in combination with
IFG or with elevated A1C between 6.0% to 6.4% range). Metformin
may be more effective among younger individuals (<60 years) with
signiﬁcant obesity (>35 kg/m2) and among women with a history
of GDM.
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Thiazolidinediones
The Diabetes Reduction Assessment with Ramipril and
Rosiglitazone Medication (DREAM) trial randomized 5,269 people
with IGT and/or IFG, in a 2 x 2 factorial fashion, to ramipril (up to
15 mg/ day) and/or rosiglitazone (8 mg/day) vs. placebo (36,37). Eligible subjects were >30 years of age and not known to have CVD.
The primary outcome of DREAM was a composite of development
of diabetes or death. Treatment with rosiglitazone resulted in a 60%
reduction in the primary composite outcome of diabetes or death
(HR 0.40, 95% CI 0.35–0.46), primarily due to a 62% relative reduction in the risk of progression to diabetes (HR 0.38, 95% Cl 0.33–
0.44). In the Actos Now for the Prevention of Diabetes (ACT NOW)
study, 602 high-risk participants with IGT were randomized to
receive pioglitazone or placebo and were followed for 2.4 years.
Pioglitazone decreased the conversion of IGT to type 2 diabetes by
72% (p<0.00001) (38). In the CAnadian Normoglycaemia Outcomes Evaluation (CANOE) trial, the combination of metformin
500 mg twice daily and rosiglitazone 2 mg twice daily was found
to reduce the progression to diabetes by 66% (95% CI 41–80) among
103 people with IGT compared to 104 people randomized to placebo
over a median of 3.9 years (39).
Recently, the Insulin Resistance Intervention after Stroke (IRIS)
trial demonstrated that pioglitazone reduced the development of
type 2 diabetes by 52% over 4.8 years along with also reducing stroke
and myocardial infarction (MI) after a recent ischemic stroke or transient ischemic attack (TIA) in people with insulin resistance and prediabetes (40). A total of 3,876 people with recent ischemic stroke
or TIA, no history of diabetes, FPG <7.0 mmol/L and insulin resistance by homeostasis model assessment of insulin resistance
(HOMA-IR) score >3.0 were randomly assigned to pioglitazone or
placebo. Surveillance for diabetes onset during the trial was accomplished by periodic interviews and annual FPG testing. At baseline, the mean FPG, A1C, insulin and HOMA-IR were 5.46 mmol/L,
5.8%, 22.4 mIU/mL, and 5.4, respectively. After 1 year, mean HOMA-IR
and FPG decreased to 4.1 and 5.3 mmol/L in the pioglitazone group
and rose to 5.7 and 5.5 mmol/L in the placebo group (all p<0.0001).
Over a median follow up of 4.8 years, diabetes developed in 73 (3.8%)
participants assigned to pioglitazone compared with 149 (7.7%)
assigned to placebo (HR 0.48, 95% CI 0.33–0.69, p<0.0001). This effect
was predominantly driven by those with initial IFG (FPG
>5.6 mmol/L; HR 0.41, 95% CI 0.30–0.57) or elevated A1C (>5.7%, HR
0.46, 95% Cl 0.34–0.62]). The study did not provide information
whether this effect would be sustained. Other limitations include
reduction in type 2 diabetes not being the primary outcome measure,
poor adherence, no washout of study drug and some people likely
already had diabetes at study entry.
Despite the favourable effects of thiazolidinediones on delaying the development of type 2 diabetes, the multiple potential
adverse effects and warnings in this class of medication make it difﬁcult to recommend their widespread use in people with IFG or IGT.
Acarbose
The Study to Prevent Non-Insulin Dependent Diabetes (STOPNIDDM) used acarbose at a dosage of 100 mg three times a day in
a 5-year study with a mean follow up of 3.3 years (41). Overall, there
was a 25% reduction in the risk of progression to diabetes when the
diagnosis was based on one OGTT and a 36% reduction in the risk
of progression to diabetes when the diagnosis was based on two
consecutive OGTTs. However, when the acarbose was discontinued, the effect did not persist (41). In another trial, 1,780 Japanese
people with IGT were randomly assigned to oral voglibose 0.2 mg
three times a day (n=897) or placebo (n=883) (42). Results showed
that, over a mean of 48.1 weeks, voglibose was more effective than
placebo at reducing the progression to type 2 diabetes (5.6% vs. 11.9%,
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HR 0.595, 95% CI 0.433–0.818, p=0.0014). More subjects in the
voglibose group achieved normoglycemia than in the placebo group
(66.8% vs. 51.5%, HR 1.539, 95% Cl 1.357–1.746, p<0.0001).
Orlistat
The Xenical in the Prevention of Diabetes in Obese Subjects
(XENDOS) study examined the effect of orlistat in combination with
an intensive lifestyle modiﬁcation program (diet and exercise) on
the prevention of diabetes in 3,305 individuals with obesity (43).
Subjects were randomized to orlistat 120 mg or placebo three times
a day with meals for 4 years. Weight loss was observed in both
groups, but the orlistat group lost signiﬁcantly more (5.8 vs. 3 kg,
p<0.001). Compared to placebo, orlistat treatment was associated
with a further 37% reduction in the incidence of diabetes. However,
two important methodological limitations affect the interpretation of these results. First, there was a very high dropout rate of
48% in the orlistat group and 66% in the placebo group. Second, the
last observation carried forward was used for analysis, which is generally not favoured for prevention or survival studies.
Liraglutide
Liraglutide has been shown to prevent IGT conversion to
type 2 diabetes and cause reversion to normoglycemia (44). In a
20-week study, liraglutide was administered to 564 individuals
with obesity who did not have diabetes, 31% of whom had IGT.
Subjects were randomized to 1 of 4 liraglutide doses (1.2 mg,
1.8 mg, 2.4 mg or 3.0 mg, n=90–95) or to placebo (n=98), or to
orlistat (120 mg, n=95) three times daily. A1C was reduced by
0.14% to 0.24%. The prevalence of prediabetes decreased by 84% to
96% with liraglutide 1.8 mg, 2.4 mg and 3.0 mg doses. In a secondary outcome analysis from another randomized trial of 56 weeks
duration among 3,731 participants with obesity who did not have
type 2 diabetes (61% participants with IGT and remaining participants with normoglycemia at baseline), 4 participants in the
liraglutide 3.0 mg group and 14 in the placebo group developed
diabetes (p<0.01) (45).
Recently, in a 3-year extension study of the Satiety and Clinical
Adiposity — Liraglutide Evidence in Nondiabetic and Diabetic Individuals (SCALE) Obesity and Prediabetes study, adults with prediabetes and a body mass index of at least 30 kg/m2, or at least 27 kg/m2
with comorbidities, were randomized 2:1, using a telephone or webbased system, to once-daily subcutaneous liraglutide 3.0 mg
(n=1,505) or placebo (n=749), as an adjunct to a reduced-calorie diet
and increased physical activity to determine the conversion from
prediabetes to overt type 2 diabetes (46). One thousand one hundred
and twenty-eight (50%) completed the study up to week 160, after
withdrawal of 714 (47%) in the liraglutide group and 412 (55%) in
the placebo group. By week 160 (about 3 years), 26 (2%) of 1,472
in the liraglutide group vs. 46 (6%) of 738 in the placebo group were
diagnosed with diabetes while on treatment, which was the primary
outcome. The mean time from randomization to diagnosis was 99
weeks (SD 47) for the 26 in the liraglutide group vs. 87 weeks (SD
47) for the 46 in the placebo group who were diagnosed with diabetes. Taking the different diagnosis frequencies between the treatment groups into account, the time to onset of diabetes over 160
weeks among all randomized was 2.7 times longer with liraglutide
than with placebo (95% CI 1.9 to 3·9, p<0·0001), corresponding with
a HR of 0.21, 95% CI 0.13–0.34. Liraglutide induced greater weight
loss than placebo at week 160 [−6.1% (SD 7.3) vs. −1.9% (SD 6.3)];
estimated treatment difference −4.3% (95% CI −4.9 to −3.7, p<0.0001).
Serious adverse events were reported by 227 (15%) of the 1,501 randomized in the liraglutide group vs. 96 (13%) of 747 in the placebo
group. The limitations included the fact that withdrawn individuals were not followed up after discontinuation, cost effectiveness
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of the active therapy compared to healthy behaviour interventions alone and questionable long-term adverse effects.
Vitamin D
A systematic review and meta-analysis compared vitamin D3
supplementation with placebo or a non-vitamin D supplement in
adults with normal glucose tolerance, prediabetes, or type 2 diabetes (47). Thirty-ﬁve trials (43,407 participants) with variable risk
of bias were included. Vitamin D had no signiﬁcant effects on insulin
resistance [homeostasis model assessment of insulin resistance: MD
−0.04; 95% Cl -0.30 to 0.22, I-squared statistic (I2)=45%], insulin secretion (homeostasis model of beta-cell function: MD 1.64, 95% CI
−25.94 to 29.22, I2=40%), or A1C (MD −0.05%, 95% CI −0.12 to 0.03,
I2=55%) compared with controls. Deﬁnitive conclusions may be
limited in the context of the moderate degree of heterogeneity, variable risk of bias, and short-term follow-up duration of the available evidence to date.

Bariatric Surgery
A systematic review and meta-analysis consisting of 18 studies
(43,669 participants, 30,774 with IGT and/or IFG), looking at people
with obesity at risk for type 2 diabetes (BMI >30 kg/m2) showed an
odds ratio 0.10 (0.02–0.49) with bariatric surgery for diabetes diagnosis. Many limitations exist in this paper, including not all subjects being randomized and biases in publication (15). Additionally,
the cost-beneﬁt analysis for bariatric surgery as a primary tool to
prevent diabetes is unclear. Hence, more data is needed before recommending bariatric surgery routinely to prevent diabetes.

Diabetes Prevention in High-Risk Ethnicities
Certain ethnic groups, including African, Arab, Asian, Hispanic,
Indigenous and South Asian peoples, are at very high risk for and
have a high prevalence of type 2 diabetes (12% to 15% in the Western
world) (48,49). The reasons for this are multifactorial and include
genetic susceptibility, altered fat distribution (more visceral fat with
greater insulin resistance) and higher prevalence of metabolic syndrome. Many of them develop diabetes at a younger age and often
have complications at the time of diagnosis due to long-standing,
pre-existing diabetes. As a result, there may be a beneﬁt of delaying the onset of diabetes in this population. The Indian Diabetes
Prevention Programme randomized 531 people with IGT diabetes
in Chennai, India to 4 groups: healthy behaviour interventions;
metformin; healthy behaviour interventions and metformin; and
control with a median follow up of 30 months. Progression to diabetes in the control group was high (55%) over 3 years (50). The
relative risk reduction was 28.5% with healthy behaviour interventions, 26.4% with metformin and 28.2% with healthy behaviour interventions and metformin compared with the control group.
Another study utilizing a stepwise approach of healthy behaviour
interventions with the option of adding metformin reduced the risk
of type 2 diabetes in Asian Indian adults (51). This was a randomized, controlled trial of 578 Asian Indian adults with overweight or
obesity with isolated IGT, isolated IFG, or IFG and IGT in Chennai,
India. Participants were randomized to standard lifestyle advice
(control) or a 6-month, culturally tailored, United States Diabetes
Prevention Program-based lifestyle curriculum, plus stepwise addition of metformin (500 mg twice daily) for participants at highest
risk of conversion to diabetes at 4+ months of follow up, deﬁned
as having either IFG+IGT or IFG and A1C ≥5.7%. The primary outcome
of diabetes incidence was assessed biannually and compared across
study arms using an intention-to-treat analysis. During 3 years of

follow up, 34.9% of control and 25.7% of intervention participants
developed diabetes (p=0.014); the relative risk reduction (RRR) was
32% (95% CI 7–50), and the number needed to treat to prevent one
case of diabetes was 9.8. The RRR varied by prediabetes type and
was only signiﬁcant for IFG and IGT (RRR =36%), although the magnitude was similar but non-signiﬁcant for isolated IGT (RRR =31%).
Among subgroups, RRR was stronger in participants 50 years or older,
male, or with obesity. Most participants (72.0%) required metformin
in addition to healthy behaviour interventions, although there was
variability by prediabetes type (isolated IFG, 76.5%; IFG and IGT,
83.0%; isolated IGT, 51.3%). Limitations included lack of power for
subgroup comparisons, simplistic assessment of physical activity,
and potential for lack of generalizability since the population was
Asian Indian only.
The above approach of stepwise prevention intervention may
lead to cost savings, fewer complications and lower morbidity,
but it remains to be proven with hard clinical endpoints. Healthy
behaviour interventions not only reduce the risk of diabetes but
have other health beneﬁts, so the overall beneﬁt is positive with
little harm. One must keep in mind that the measures of prevention must be delivered in a culturally sensitive manner to these
populations.

Population Level Interventions for Prevention of Type 2
Diabetes
At a macro-level, the type 2 diabetes epidemic has been attributed to urbanization and environmental transitions, including sedentary occupations, increased mechanization, improved
transportation, as well as increased accessibility to unhealthy diets
with high-calorie content and large portion sizes. In recent decades,
men and women around the globe (and in Canada) have gained
weight, largely due to changes in dietary patterns and decreased
physical activity levels. The dominant effect of obesity in precipitating glucose intolerance and its consequences suggests that reversal of the diabetes epidemic can only come about with urgent and
substantial changes to health behaviours on a population level. It
is important to recognize that the health sector on its own cannot
accomplish population-wide changes. New strategic relationships
with groups that have an impact on health (e.g. food industry and
construction industry) are needed to help create an environment
more conducive to an active lifestyle and healthy eating habits.
Major legislative and other regulatory measures may be required
similar to those needed to address illness arising from tobacco usage.
Some examples of this are transformation of work environment,
development of school curriculum to improve physical and nutritional education, improvement of food labelling on packaged foods,
mandating nutrition labelling of restaurant foods and regulating
advertisements, especially to children, etc. In addition, food choices
may be inﬂuenced by price increases (taxation) or price decreases
(subsidies). In a recent systematic review and meta-analysis (52),
a 10% price subsidy increased consumption of healthy foods by 12%
(95% CI 10±15%), including intake of fruits and vegetables by 14%
(95% CI 11±17%); whereas a 10% increase in price decreased
consumption of unhealthy foods by 6% (95% CI 4±8%), including
sugar-sweetened beverage intake by 7% (95% CI 3±10%). Greater
intake of sugar-sweetened beverages has been associated with higher
type 2 diabetes risk in a meta-analysis (53) and a pooled analysis
of European cohorts (54). This association remains signiﬁcant even
after adjusting for BMI, suggesting that the deleterious effects of
sugar-sweetened beverages on diabetes are not entirely mediated
by body weight. Diabetes Canada has a public health advocacy campaign recommending (i) limited intake of free sugars to <10% of total
daily calorie intake, and (ii) limited intake of sugar-sweetened
beverages.
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Figure 1. Flowchart for reducing the risk of type 2 diabetes.
A1C, glycated hemoglobin; AHEI, Alternate Healthy Eating Index; DASH, Dietary
Approaches to Stop Hypertension; FPG, fasting plasma glucose.

RECOMMENDATIONS
1. In individuals with prediabetes, a structured program of healthy behaviour
interventions that includes moderate weight loss and regular physical activity of a minimum of 150 minutes per week over 5 days a week should be
implemented to reduce the risk of type 2 diabetes [Grade A, Level 1A (16,17)
for individuals with IGT; Grade B, Level 2 [23] for individuals with IFG;
Grade D, Consensus for individuals with A1C 6.0%–6.4%].
2. In individuals at risk for type 2 diabetes, dietary patterns may be used to
reduce the risk of diabetes, speciﬁcally:
a. Mediterranean-style [Grade C, Level 3 (26)]
b. DASH (Dietary Approaches to Stop Hypertension) [Grade C, Level 3
(28)]
c. AHEI (Alternate Healthy Eating Index) [Grade C, Level 3 (28)].
3. In individuals with prediabetes, pharmacologic therapy with metformin
may be used to reduce the risk of type 2 diabetes [Grade A, Level 1A (17,33)
for individuals with IGT; Grade D, Consensus for individuals with IFG or
A1C 6.0%–6.4%].
Abbreviations:
A1C, glycated hemoglobin; BMI, body mass index; CI, conﬁdence interval; CV,
cardiovascular; CVD, cardiovascular disease; EVOO, extra virgin olive oil; GDM,
gestational diabetes; HR, hazard ratio; IFG, impaired fasting glucose; IGT,
impaired glucose tolerance.
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