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ABSTRACT

The number of patients with type 2 diabetes (T2D) is increasing worldwide and that in Korea,
particularly, has shown an exponential increase with a rise in the older population. The diabetic
population is predicted to soar up to 6 million by 2050. The prevalence of diabetes among
Korean adults is approximately 15%, while that of prediabetes is 25%, with a total prevalence
of 40%. As 40% of the prediabetes cases subsequently progress to T2D, prevention through
proactive interventions at the prediabetes stage is essential to reduce the socioeconomic
burden due to T2D and the complications of diabetes. With regard to the prevention of T2D,
new findings have been published related to the implementation of lifestyle interventions
such as exercise and diet as well as drug treatments and surgeries, which have deepened our
understanding of the prevention of T2D. Based on published evidence, this review aimed to
examine the methods used in the prevention of diabetes.

Keywords: Diabetes mellitus, type 2; Diet; Healthy lifestyle; Metabolic syndrome;
Primary prevention

INTRODUCTION

In most cases, the key pathophysiological features of type 2 diabetes (T2D) include insulin
resistance and relatively impaired insulin secretion. Most patients show a natural progression
from prediabetes characterized by insulin resistance and consequent glucose intolerance to
T2D. An elevated level of insulin is a characteristic of prediabetes; as the level starts to decline,
the postprandial blood glucose level rises with an increase in the rate of gluconeogenesis in the
liver, which, ultimately, leads to impaired fasting glycemia. The reduced insulin secretion is
presumed to be caused by both inherited and acquired factors. Evidently, the prediabetes stage
is the target of intervention to prevent diabetes because its natural progression is relatively well
characterized while it progresses to diabetes.

SCREENING OF THE HIGH-RISK GROUP

The interventions for diabetes prevention include lifestyle modification such as diet and
exercise therapies as well as drug therapy. For the primary prevention of diabetes, it is crucial
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Table 1. Risk factors of type 2 diabetes

Risk fact

Overweight (body mass index 23 kg/m?)

Family (parents and brothers or sisters) history of diabetes

History of impaired fasting glucose or impaired glucose tolerance
History of gestational diabetes or high birth weight (>4 kg)

Hypertension (2140/90 mmHg)

High density lipoprotein cholesterol <35 mg/dL or triglyceride >250 mg/dL
Insulin resistance (polycystic ovary syndrome, acanthosis nigricans, etc.)
Cardiovascular disease (stroke, coronary artery disease, etc.)

Drug use (glucocorticoid, atypical antipsychotic, etc.)

to determine which individuals belong to the high-risk group. However, there is no large-scale
study that has clearly identified the age at which diabetes screening test should be performed,
the frequency of the screening test, or the cost-effectiveness of the screening test.

The first diabetes screening test should be performed at the age of 240 years. In the presence of
arisk factor additional to the ones presented in Table 1, the screening test should be carried out
at the age of 30 years. If the test result is normal, then the screening test should be performed
in 3-year intervals.

The major risk factors for diabetes are obesity and insufficient exercise. Psychological stress
and depression are also associated with increased incidence of T2D. The risk factors that
cannot be corrected include family history of T2D, history of gestational diabetes, and aging,
which are helpful in screening the individuals who are likely to benefit from the Diabetes
Prevention Program (DPP).

PREVENTION OF DIABETES THROUGH THE LIFESTYLE
INTERVENTIONS

The incidence of obesity, in particular, has recently shown an exponential increase, in association
with the increase in the risk of diabetes. The relationship between obesity and the risk of diabetes
is well known. Central obesity shows a particularly close association with insulin resistance, as
it increases the risk of T2D. Compared with other adipose tissues, the visceral adipose tissue has
a higher metabolic turnover. Free fatty acids flow directly into the liver through the portal vein.
The increased rate of lipid degradation in the visceral fat exposes the liver to a high concentration
of free fatty acids, which increases the risk of insulin resistance and gluconeogenesis in the liver.
Thus, visceral fat reduction and the consequent weight reduction can prevent progression to
diabetes in patients with impaired glucose tolerance.

The association between reduced physical activity and obesity is well known. For instance,
individuals with an occupation that requires physical labor conventionally show low prevalence
of T2D. However, these people tended to move away from the traditional lifestyle and rapidly
acquired the urbanized lifestyle, which increased the prevalence of diabetes. For people with
a modern lifestyle, reduced physical activity because of spending increased time on watching
television or using smartphone is a global trend. Physical exercise directly increases the
insulin-mediated glucose uptake in the skeletal muscle, thereby improving insulin resistance.
In a study involving Caucasian men, an increase in exercise intensity was shown to reduce the
risk of diabetes regardless of age or weight.
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Previous studies on lifestyle intervention

The Finnish Diabetes Prevention Study was conducted by 5 research centers in Finland,
recruiting 522 obese patients diagnosed with impaired glucose tolerance, to investigate
whether a change in lifestyle could prevent the progression to T2D.Y The control group was
provided with general instructions regarding diet and exercise, while the treatment group was
provided with individualized instructions. Results of the monitoring conducted during the 3.2-
year follow-up showed that the incidence of diabetes was reduced by approximately 58% in the
treatment group; particularly, patients with a change in lifestyle showed more distinct results.
In the treatment group, patients who achieved 4 or more of the 5 suggested goals did not show
any incidence of diabetes, while those who had failed to achieve the goals showed a similar
incidence as that of the control. The mean weight loss in the treatment group after 2 years was
3.5 kg, indicating the importance of even a small amount of weight loss.

Da Qing conducted a study among patients with impaired glucose tolerance; after a 6-year
intervention, the risk of diabetes decreased to 31% in the diet therapy group, 46% in the
exercise therapy group, and 42% in the diet and exercise combined therapy group.? The
combination of diet and exercise did not lead to additional advantages. In patients who did not
develop diabetes, varying changes in weight were reported, ranging from 0.93 kg to 1.77 kg.
Considering such small change in weight, the key contributing factor in this study is thought
to be the exercise therapy.

The DPP was conducted by 27 research centers in the United States on 3,234 patients diagnosed
with impaired glucose tolerance. This study aimed to investigate whether lifestyle modification
or metformin administration could prevent progression to T2D? by dividing patients into 3
groups: the active lifestyle modification group, the standard lifestyle + metformin administration
group, and the standard lifestyle + placebo group. Results of the 2.8-year follow-up monitoring
showed that the incidence of diabetes was reduced by 58% in the active lifestyle modification
group compared with that in the standard lifestyle + placebo group, wherein 50% of the patients
displayed a weight loss of 7% or more with 74% having maintained moderate exercise of at least
150 minutes per week. Notably, the effect of active lifestyle modification was prominent in older
adults aged 260 years and the incidence of diabetes decreased by 71%.

In the post-hoc analysis of 12 randomized controlled studies and 5,238 patients, the incidence
of diabetes was 25.7% in the control group, but it was 14.8% in the lifestyle intervention
group with simultaneous diet and exercise therapy. This finding indicated that the lifestyle
intervention decreased the incidence of diabetes by 43% (relative risk ratio, 0.57; 95%
confidence interval [CI], 0.50, 0.64).9

Longitudinal studies on lifestyle modification

In the Diabetes Prevention Program Outcomes Study that followed the DPP, an additional
follow-up study of an average of 5.7 years was conducted after terminating the 2.7-year study in
the 3 patient groups: control, lifestyle intervention, and metformin administration groups. All
3 groups were provided with a group lifestyle intervention, while metformin treatment was still
administered in the metformin administration group. The results showed that the incidence
of T2D was similar among the 3 groups: 5.9 (5.1-6.8) of 100 patients per year in the metformin
administration group, 4.9 (4.2-5.7) in the lifestyle intervention group, and 5.6 (4.8-6.5) in the
control group.® However, for the 10-year cumulative incidence, the lifestyle intervention group
showed a 34% lower incidence of diabetes. Through lifestyle intervention, the incidence of
new-onset diabetes could be prevented or delayed for at least 10 years.
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In the additional 15-year follow-up study, the diabetes incidence was reduced by 27% in the
lifestyle intervention group compared with that in the control group (risk ratio, 0.73; 95%
CI, 0.65, 0.83; p<0.001). The intergroup difference showed a decreasing trend over time. For
women, the lifestyle intervention was found to have reduced the microvascular complications
(intervention: 8.7% [95% CI, 7.4, 10.2] vs. placebo: 11.0% [95% CI, 9.6, 12.6]).9

In the Finnish Diabetes Prevention Study, an additional 3-year follow-up was conducted after
terminating the 4-year intervention monitoring. In the follow-up study, even after terminating
the individual lifestyle consultations, the incidence of new-onset diabetes decreased by 43%
in the initial lifestyle intervention group: for the new incidence of T2D, the intervention group
showed 4.5 out 0f 100 persons per year, while the control group showed 7.4 out of 100 persons
per year; p=0.001.” In the previous lifestyle intervention group, even after terminating the
study, the patients showed a lower level of total fat and saturated fat intakes and higher dietary
fiber intake, but the level of activity remained high; hence, the patients' weight remained low.

In the additional 9-year follow-up study to the 4-year intervention monitoring of the Finnish
Diabetes Prevention Study, the effect of diabetes prevention was maintained.® In the initial
lifestyle intervention group, the incidence of new-onset diabetes decreased by 32% (relative
risk ratio, 0.672; 95% CI, 0.477, 0.947; p=0.023). The patients in the initial lifestyle intervention
group were able to maintain a healthy lifestyle with a lower weight. The lifestyle intervention
provided to the patients with higher risk of T2D showed a long-term preventive effect.

A similar effect was observed in the study on Asian individuals. Da Qing conducted a 14-year
follow-up study after terminating the 6-year intervention. During the follow-up, the lifestyle
intervention group showed a lower incidence of diabetes (43%) than the control group (risk
ratio, 0.57; 95% CI, 0.41, 0.81). In the lifestyle intervention group, the average time taken until
the incidence of diabetes was delayed by 3.6 years on average.” In the 23-year follow-up study
conducted by Da Qing, the incidence of new-onset diabetes decreased by 45% (risk ratio, 0.55;
95% CI, 0.40, 0.76; p=0.001). The risk ratio of the mortality due to a cardiovascular disease
was 0.59 (95% CI, 0.36, 0.96; p=0.033).19

Diet therapy

What is most important in the prevention of T2D is to reduce the caloric intake.") The nutritional
counseling should focus on shaping healthy dietary habits rather than on the intake of specific
nutrients. The risk of diabetes is influenced by certain dietary intake. Several studies have
consistently reported that the risk of incidence of new-onset diabetes was increased by ingestion
of refined grains, processed red meat (ham), and beverages containing simple sugars, whereas
the risk was decreased by consumption of vegetables, fermented yogurts, nuts, berries, and
coffee."™ A previous randomized controlled study showed that the individualized medical
nutritional therapy effectively reduced the level of glycated hemoglobin." Diet therapy education
should not only be individualized but also incorporate personal, cultural, and social factors.

Fat

Recent studies have reported that the type of fat in the diet is more important than the amount
of fat. In the study conducted by Jacobs who conducted a 10-year follow-up monitoring
of 166,550 multiracial cohorts (Caucasian, African-American, Hawaiian, Japanese, and
Hispanic), 9,200 individuals had new-onset diabetes. The diet quality parameters showed an
association with low incidence of diabetes (13-28%)." A meta-analysis of a prospective cohort
study showed that the Mediterranean diet rich in monosaturated fat led to the prevention of
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T2D by 29% (risk ratio, 0.71; 95% CI, 0.56, 0.90).°) In a prospective, randomized controlled
study, a 4-year follow-up monitoring was conducted on 418 individuals divided into 3 groups:
the low-fat diet group (the control group), the Mediterranean diet + olive oil (1 L/week) group,
and the Mediterranean diet + nuts (30 g) group. Compared with the control group, the risk
of new-onset diabetes in the Mediterranean diet groups reduced by approximately 50% even
after correction of multivariate variables.” The risk ratios were 0.49 (0.25-0.97) and 0.48
(0.24-0.906), respectively. In a meta-analysis comprising nine prospective cohort studies
and one clinical study on 13,646 individuals, those showing a high level of adherence to the
Mediterranean diet had a 23% decrease in the new incidence of T2D (risk ratio, 0.77; 95% CI,
0.66, 0.89).19

Omega-3

In a meta-analysis comprising 18 cohort studies on 540,184 individuals, the intake of
docosahexaenoic acid and eicosapentaenoic acid prevented the incidence of new diabetes
(risk ratio, 1.04 for the intake of 250 mg/day; 95% CI, 0.97, 1.10)." Nonetheless, the intake of
omega-3 through consumption of fish increased the risk of diabetes in the western countries; in
the eastern countries, the risk was shown to have been decreased. A meta-analysis comprising
20 randomized controlled studies on T2D patients also showed that the supplementary intake
of omega-3 had not reduced the level of glycated hemoglobin.?”

Fruits

Numerous studies consistently showed that fruits had no association with the risk of
diabetes.”?) In a meta-analysis comprising 3 prospective cohort studies, the risk of diabetes was
reduced by consumption of blueberries, grapes, and apples.?) Compared with the individuals
with an intake of less than 4 servings of such fruits per week, those with an intake of 3 or more
servings showed the following relative risk ratio for each fruit: apples, 0.82 (0.73-0.92); grapes,
0.77 (0.64-0.92); and blueberries, 0.82 (0.69-0.98). On the contrary, no preventive effect was
reported for consumption of peaches, bananas, oranges, and strawberries.?” In another cohort
study (2,332 individuals, 20-year follow-up monitoring), the risk of diabetes was reduced by
35% in the individuals consuming a diet rich in berries (relative risk ratio, 0.65; 95% CI, 0.49,
0.88; p=0.003). However, the cohort studies described had not targeted the prediabetic patients
but focused on the general population; therefore, it remains unclear whether the intake of fruits
can reduce the risk of diabetes in prediabetic patients. Likewise, there is no evidence to suggest
that the intake of fruits increases the risk of diabetes in prediabetic patients. Because fruit
intake above a certain level is restricted for diabetic patients, the intake of certain fruits cannot
be recommended yet to prediabetic patients.

Vitamin D (Vit D)

The supplementaryintake of vitamins or minerals is not recommended in patients with T2D or can
prevent T2D unless the patient exhibits vitamin or mineral deficiency. Nevertheless, a balanced
diet should be recommended to ensure adequate vitamin intake. In a meta-analysis comprising
a prospective study, a reverse correlation was found between the plasma level of 25-hydroxy Vit D
and the incidence of new-onset diabetes*; however, it is not sufficient to say that a low Vit D level
is the cause of the increased blood glucose. A meta-analysis comprising small-scale randomized
controlled studies regarding Vit D supplementation (20 studies, n=2,703) showed that Vit D
improved insulin resistance indicator (homeostasis model assessment-insulin resistance) but
without reducing the level of glycated hemoglobin.? Subsequently, a large-scale randomized
controlled study was conducted to examine the preventive effect of Vit D on diabetes (D2d study,
n=2,423). In the average 2.5-year follow-up monitoring, the supplementation of 4,000 IU of Vit
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D could not prevent the incidence of new-onset diabetes (risk ratio, 0.88 [95% CI, 0.75, 1.02];
p=0.12). The mean baseline Vit D level was 27.7 ng/mL, and most of the patients did not show Vit
D deficiency. A post hoc analysis was carried out to investigate the individuals showing a Vit D
level below 12 ng/mL, and the risk ratio for the incidence of new-onset diabetes was 0.38 (95%
CI, 0.18, 0.80) for Vit D.?® Thus, it remains inconclusive whether Vit D has a preventive effect on
diabetes in Vit D-deficient individuals.

Dairy products

Certain types of dairy products were shown to prevent the incidence of diabetes.”” In a meta-
analysis comprising 7 cohort studies, common plain milk had no preventive effect (relative
risk ratio, 0.95 after correction [95% CI, 0.86, 1.05]), while fermented yogurts showed the
most significant effect on diabetes prevention (relative risk ratio, 0.83 [95% CI, 0.74, 0.90]).
Dairy products with low fat content showed higher preventive effects than those with high fat
content (relative risk ratio, 0.82 vs. 1.00).2®) However, many commercially available fermented
yogurts contain simple sugars.

Coffee

Coffee intake was consistently shown to reduce the risk of the incidence of new-onset
diabetes.”” A meta-analysis comprising 28 prospective cohort studies (n=1,109,272) also
showed that coffee intake could reduce the risk of diabetes in direct proportion to the amount
of intake. The individuals who drank 6 cups of coffee a day showed 33% lower risk of diabetes
than the non-drinkers (relative risk ratio, 0.67 [0.61-0.74]). Considering that decaffeinated
coffee also has a similar preventive effect on diabetes, a bioactive compound other than
caffeine is thought to be responsible for the preventive effect.

Nuts

In a meta-analysis comprising 18 prospective cohort studies, the intake of nuts was reported,
without correction, to reduce the risk of T2D by 20% (relative risk ratio, 0.80 [95% CI, 0.69,
0.94]); however, after correcting for body mass index (BMI), no significant difference was
found (relative risk ratio, 1.03 [95% CI, 0.91, 1.16]).>® Among the different types of nuts,
walnuts showed higher preventive effect on T2D than peanuts.?V A meta-analysis comprising 2
cohort studies (n=137,956) showed that compared with the control group, the group with 2 or
more intake of walnuts per week showed 33% lower risk of T2D (relative risk ratio, 0.62-0.94;
n=137,956), for which the significance remained valid even after correcting for BMI (relative risk
ratio, 0.76 [0.62—0.94]). In this study, the effect of reducing the risk of T2D was proportional
to the level of walnut intake. Despite the high fat and high calorie contents of nuts, the intake
showed a correlation with weight loss rather than with weight gain.

DIABETES PREVENTION EFFECTS REPORTED IN STUDIES
USING DIABETES MEDICATIONS

The main etiological factors for T2D are the increase in insulin resistance and the decrease in
insulin secretion. Numerous studies have attempted to prevent T2D using various drugs that
lead to increased insulin secretion or improved insulin resistance. In the aforementioned DPP,
the efficacy of metformin, a type of oral hypoglycemic agent, in preventing the progression to
T2D was determined as part of the investigation.® The administration of metformin was found
to be effective particularly in young obese patients, as the incidence of diabetes significantly
decreased in the group of patients aged 25-40 years and in the group of patients with BMI >36
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kg/m?. Moreover, compared with lifestyle modification, the administration of metformin was
cost-effective.23%

In a study involving Caucasian individuals, thiazolidinedione showed a good diabetes
preventive effect. In the Diabetes Reduction Assessment with Ramipril and Rosiglitazone
Medication, treatment with rosiglitazone led to a 60% decrease in the incidence of diabetes.
On the contrary, the incidence of heart failure significantly increased.® In the Actos Now for
the prevention of diabetes (ACT NOW) study, the 2.4-year follow-up monitoring of 602 patients
with impaired glucose tolerance treated with 45 mg of pioglitazone showed that the incidence
of diabetes was reduced by 72% in this group.®® After a drug washout period of 1 year, the
incidence of new-onset diabetes in the pioglitazone administration group was low (56%).>")
However, it remains uncertain whether results such as those of the “diabetes preventive effect
of thiazolidinedione in Caucasian patients” can be obtained from Korean individuals with a
relatively low percentage of insulin resistance.

The Study to Prevent Non-Insulin-Dependent Diabetes Mellitus Trial was conducted to examine
whether acarbose could prevent the progression to T2D in patients diagnosed with impaired
glucose tolerance.®® Among the 1,429 patients included in this study, the treatment group
showed a 25% delayed progression to diabetes compared with the placebo group. However,
the acarbose administration group showed a 30% dropout rate due to a gastrointestinal side
effect, whereas the control group showed an 18% dropout rate. Another agent called voglibose
showed similar effects. In the Voglibose Ph-3 study, the incidence of diabetes was found to
have decreased by 40% compared with that of the control group, based on the results of the
4-year follow-up monitoring 0f 1,429 patients with impaired glucose tolerance.*

The Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes Research
(NAVIGATOR) investigated the effects of nateglinide, an insulin secretagogue, as a prospective,
double-blind study involving 9,306 patients with impaired glucose tolerance and applied a 2x2
random allocation (valsartan or placebo, nateglinide, or placebo).*” The target patients were
either those aged 255 years with one or more cardiovascular risk factors or those aged >50
years with a cardiovascular disease. The 5-year follow-up monitoring showed that treatment
with nateglinide did not prevent the incidence of diabetes or cardiovascular disease compared
with the control.

In the Outcome Reduction With Initial Glargine Intervention (ORIGIN) study, the 6.2-year
follow-up monitoring of 1,456 non-diabetic individuals (737 in the glargine group; 719 in the
standard care group) showed that the incidence of new-onset diabetes was 28% lower in the
insulin glargine group (24.7% in the glargine group and 31.2% in the standard care group;
risk ratio, 0.72 [95% CI, 0.58, 0.91; p=0.006]).*V After terminating the ORIGIN study, the
2.7-year follow-up study (ORIGIN and Legacy Effects) showed that the difference in the level
of glycated hemoglobin during the study period was maintained after the study (6.6% in the
glargine group and 6.7% in the standard care group; p=0.025).*? However, as weight gain
was observed in the glargine group with the incidence of hypoglycemia, the administration of
insulin glargine cannot yet be recommended to prediabetic patients for diabetes prevention.

Despite the limitation of being a post-hoc analysis based on the secondary endpoint, the SCALE
study followed up 2,254 patients with either BMI >30 kg/m? or BMI >27 kg/m? and a complication
for 3 years, dividing the patients into the placebo group (n=749) and the group administered with
3.0 mg of liraglutide (n=1,505). The groups showed diabetes incidence rates of 6.23% and 1.76%,
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respectively.” The risk of diabetes incidence decreased by 79% (95% CI, 0.13, 0.34) after treatment
with liraglutide. The group that received liraglutide treatment showed a weight loss of 6.1%, while
the placebo group showed a weight loss of 1.9% (with an intergroup difference of -4.3%; 95%
CI, -4.0, -3.7; p<0.001). However, as the study was not based on the incidence of diabetes as
the primary endpoint, the criteria for determining the incidence of diabetes in the study patients
were inconsistent. For most accurate evaluation, glycated hemoglobin and oral glucose tolerance
tests should be performed after a certain period of drug washout. Second, a test to verify whether
the observed effects are maintained after a drug washout is necessary. The ACT NOW study on
pioglitazone showed that the diabetes preventive effect was maintained throughout the l-year
follow-up monitoring after terminating the study.> Third, a 50% dropout rate is high and was
considered as a limitation of the study. Despite the limitations, the 79% diabetes preventive effect
of liraglutide in this study, which led to a 4.7% weight loss in patients, is considered as a good
level in terms of the reduced risk of diabetes based on the percentage of weight loss. Although a
direct comparison is difficult, the risk of diabetes was reduced by 40-50% in the Finnish Diabetes
Prevention Study that led to a 5-7% weight loss after implementing the lifestyle intervention. The
value reported after treatment with liraglutide is comparable to the 72% reduced risk reported
after treatment with pioglitazone in the ACT NOW study where an oral agent showed the most
outstanding diabetes preventive effect thus far.

A significant number of drugs, called diabetes medications, are effective in preventing the
occurrence of diabetes are. Thus, the use of diabetes medications for prevention is considered as
an early phase of diabetes treatment. A drug should have minimum side effects, proven long-term
effect, and relatively low cost to be used for diabetes prevention in clinical practice. In addition,
the effect of the drug should last for a reliable period even after drug washout, ultimately proving
the delayed incidence of diabetes. Thus far, no drug has met all the aforementioned criteria. In
the current guideline, metformin is the drug recommended for the high-risk group. However,
the administration of metformin to prediabetic patients remains challenging in clinical practice,
as it is not included in the Ministry of Food and Drug Safety drug indications; thus, only the
uninsured benefit is available. To date, no other drug is indicated for prediabetic patients.
Liraglutide (3 mg/pen) is an out-of-pocket obesity medication that can be administered without
a concern for the uninsured benefit.

DIABETES PREVENTION EFFECTS REPORTED IN STUDIES
USING OTHER MEDICATIONS

Recently, a number of studies conducted in patients receiving active drug therapy for
cardiovascular diseases have reported a significant decrease in the incidence of T2D during
the study period. The Heart Outcome Prevention Evaluation investigated whether ramipril
had a diabetes preventive effect in the high-risk group. The study was conducted in 5,720
individuals aged >55 years and with a vascular disease but no history of diabetes. The mean
follow-up period was 4.5 years, and the participants were divided into the placebo group (2,883
individuals) and the ramipril group (10 mg/day of ramipril administration; 2,837 individuals).
The incidence rates of diabetes were 5.4% and 3.6%, respectively, while the incidence was
shown to have decreased by 34%.¥

In the NAVIGATOR study, the cumulative incidence of diabetes as the primary endpoint after

5 years was 33.1% in the group administered with valsartan, showing a 14% reduced incidence
of T2D compared with the 36.8% in the placebo group, with a significant difference (hazard
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ratio, 0.86; p<0.001).” The effect of valsartan in preventing T2D was consistently observed in
subgroup analysis.

According to a recent meta-analysis of angiotensin II receptor blockers (ARB drugs) and the
incidence of new-onset diabetes (on 11 randomized controlled studies), ARB drugs showed
a significant effect on the prevention of T2D. The reduction rate was 17% compared with the
control (relative risk ratio, 0.83 [0.78-0.89]), 27% compared with beta-blockers (relative risk
ratio, 0.73 [0.62-0.87]), 24% compared with calcium antagonists (relative risk ratio, 0.76
[0.68-0.85]), and 43% compared with non-ARB drugs (relative risk ratio, 0.57 [0.36-0.91]).%"

The XENical in the prevention of diabetes in obese subjects study investigated the incidence
of T2D after dividing 3,305 patients with BMI >30 kg/m? into the orlistat administration group
and the control group. As a gastrointestinal lipase inhibitor, orlistat reduces the dietary fat
absorption by 30% to induce weight loss. The orlistat administration group showed an average
weight loss of 6.9 kg in year 4, while the placebo group showed a weight loss of 4.1%, which
indicated the change in lifestyle. In the orlistat administration group, the incidence of T2D was
reduced by approximately 37%.*)

In the Behavioral Modification and Lorcaserin for Overweight and Obesity Management trial, a
phase III clinical study that investigated the effect of lorcaserin in a 52-week period, and in the
post hoc analysis of the Behavioral Modification and Lorcaserin Second Study for Overweight
and Obesity Management trial (n=6,136), the incidence of new-onset diabetes was lower in the
lorcaserin administration group (lorcaserin, 3.2%; placebo, 5.0%; p=0.032).%)

In the 2-year follow-up monitoring the administration of phentermine/topiramate extended-
release, the groups administered with 7.5/46 mg and 15/92 mg demonstrated 70.5% and 78.7%
reduction in diabetes incidence, respectively, compared with the control group (p<0.05).*

SURGICAL INTERVENTION

Alongitudinal study was conducted in 136 patients with impaired glucose tolerance and severe
obesity. No surgical intervention was performed in the control group (27 patients), while
the remaining 109 patients underwent bariatric surgery. In the intervention group, a 22.5-kg
weight loss was achieved over the course of 4-6 years, and 1 out of 109 patients developed
diabetes, indicating the incidence 0f 0.15/100 persons/year. On the contrary, the incidence was
4.72/100 persons/year in the control group, which implied a 30-fold decrease in the diabetes
incidence through bariatric surgery (relative risk ratio, 0.83; p<0.001).>”

KOREAN DIABETES PREVENTION STUDY

Presently, the American Diabetes Association recommends a 7% weight loss in prediabetic
patients for diabetes prevention. In Korea, many prediabetic patients are lean; hence, the 7%
weight loss cannot be applied to all patients. Koreans differ from Caucasians in terms of the
pathophysiology of T2D. In the study conducted in Korea, the compensatory hypersecretion of
insulin in response to the increase in insulin resistance was not observed among prediabetic
patients. Compared with Caucasians, the percentage of obese Korean patients is lesser,
while numerous studies have reported that insulin deficiency is commonly observed as early
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Figure 1. Summary of risk reduction of incident type 2 diabetes during clinical trials.
DPP = Diabetes Prevention Program; DPS = Diabetes Prevention Study.

as at the time of diagnosis. Therefore, it is difficult to directly apply the findings of various
studies regarding the diabetes prevention in Caucasian patients to Asian patients. The Korean
Diabetes Prevention Study is an ongoing national research conducted by the Ministry of
Health and Welfare. The study was launched in April 2016, involving multiple institutions
(university hospitals and public health centers) and targeting the high-risk group. Thus far, the
intermediate results have been published; the average 18-month follow-up monitoring in the
first research project conducted in a university hospital showed that the cumulative incidence
of diabetes was 37.6% lower in the lifestyle intervention group (14.1%) than in the standard
care group (22.7%). The diabetes incidence in the metformin administration group was 16.9%,
which was lower than that of the standard care group but without a significant difference. In
the second research project conducted in public health centers, the average 12-month follow-
up monitoring found that the cumulative incidence of diabetes was 54.7% lower in the lifestyle
intervention group (2.4%) than in the standard care group (5.3%).

SUMMARY

In most countries, the prevention of diabetes has become the most pressing issue, i.e., to stop
an exponential increase in diabetes incidence. At present, the best treatment for diabetes is
prevention, as diabetes often accompanies a complication at the time of diagnosis; despite
active glycemic control, the incidence or progression of a complication cannot be completely
prevented. The diabetes preventive effect of lifestyle modification has been verified in multiple
studies, with an additional benefit of cost-effectiveness (Figure 1). Long-term follow-up
monitoring studies have also shown that the initial preventive effect was maintained after
terminating the study. Hence, screening must be performed in the high-risk group, followed
by education on active lifestyle modification. The administration of metformin for diabetes
prevention may be considered in obese patients aged <60 years with a history of gestational
diabetes. As in the case of diabetes patients, prediabetes patients also show an increased
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risk of arteriosclerotic cardiovascular disease. To reduce the incidence of arteriosclerotic

cardiovascular disease, evaluation of the cardiovascular disease risk factors should be
conducted along with the lifestyle interventions.
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