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Diabetes screening serves to identify individuals at high-risk for diabetes who have not yet developed symptoms and to diagnose 
diabetes at an early stage. Globally, the prevalence of diabetes is rapidly increasing. Furthermore, obesity and/or abdominal obesi-
ty, which are major risk factors for type 2 diabetes mellitus (T2DM), are progressively increasing, particularly among young 
adults. Many patients with T2DM are asymptomatic and can accompany various complications at the time of diagnosis, as well as 
chronic complications develop as the duration of diabetes increases. Thus, proper screening and early diagnosis are essential for 
diabetes care. Based on reports on the changing epidemiology of diabetes and obesity in Korea, as well as growing evidence from 
new national cohort studies on diabetes screening, the Korean Diabetes Association has updated its clinical practice recommen-
dations regarding T2DM screening. Diabetes screening is now recommended in adults aged ≥35 years regardless of the presence 
of risk factors, and in all adults (aged ≥19) with any of the risk factors. Abdominal obesity based on waist circumference (men 
≥90 cm, women ≥85 cm) was added to the list of risk factors.
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INTRODUCTION 

In 2021, the global prevalence of diabetes mellitus in those 
aged 20 to 79 years was approximately 10.5%, which is expect-
ed to increase to 12.2% by 2045 [1]. According to the diabetes 
fact sheet (DFS), the estimated prevalence of diabetes in Kore-
an adults aged ≥30 years increased from 13.8% in 2018 to 
16.7% in 2020 [2,3]. As many people with type 2 diabetes mel-
litus (T2DM) have no specific symptoms, a significant number 
of patients are unaware of their condition, and cases frequently 

go undiagnosed until complications occur [4]. According to 
the 2021 International Diabetes Federation Diabetes Atlas, ap-
proximately one in two adults (aged 20 to 79 years) with diabe-
tes was unaware of their diabetes status (44.7%, 239.7 million) 
[5]. In Korea, from 2019 to 2020, 34.2% of people with diabetes 
were unaware of their condition [2]. Therefore, screening for 
diabetes and prediabetes is essential in high-risk populations.

With the accumulated evidence from clinical studies, the 
Clinical Practice Guidelines Committee of the Korean Diabetes 
Association (KDA) has regularly updated the clinical guide-
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lines for the diagnosis, treatment, and management of diabetes 
since the publication of the first edition last 1995. However, un-
til the seventh edition in 2021, the screening criteria were mi-
norly revised without changing the screening age [6]. Diabetes 
screening were previously recommended annually in adults 
aged ≥40 years regardless of the presence of risk factors and in 
adults aged ≥30 years with any of the risk factors [6]. However, 
it has recently been reported that the prevalence of obesity and/
or abdominal obesity, which are major risk factors for diabetes, 
as well as diabetes has increased in adolescents and young 
adults [2,7-9]. Therefore, in this review, the Clinical Practice 
Guidelines Committee of the KDA presents a position state-
ment on the screening of diabetes and the current evidence.

DIABETES SCREENING POLICIES IN 
DIFFERENT COUNTRIES

Age is one of the most well-known major risk factors for 

T2DM, and most diabetes treatment guidelines suggest age 
criteria for screening (Table 1) [6,10-15]. For instance, diabetes 
screening is recommended for individuals aged ≥45 years in 
the American Association of Clinical Endocrinology guide-
lines, and for individuals aged ≥40 years in the United King-
dom, Canada, and Australia [11,13-15]. Additionally, guide-
lines in the United Kingdom and Canada have suggested that 
the age at screening should be decreased for high-risk ethnic 
groups, including Asians [13,14]. Recently, the recommended 
age for diabetes screening has changed. The US Preventive Ser-
vices Task Force recommends screening for prediabetes and 
T2DM in adults aged 35 to 70 years who are overweight or 
obese [12]. The screening age limit was lowered from 40 years 
in 2015 to 35 years in 2021. The American Diabetes Associa-
tion (ADA) also changed the universal screening age from 45 
to 35 years in their 2022 guideline [10]. The Australian Diabe-
tes Society recently published a consensus statement on T2DM 
screening in young adults (aged 18 to 30 years) [16]. In this 

Table 1. Recommendations for screening for diabetes and prediabetes in asymptomatic adults

Countries Korea United States of America United Kingdom Canada Australia

Organization KDA 
(2021)

ADA 
(2022)

AACE 
(2015)

USPSTF 
(2021)

NICE 
(2015)

CDA 
(2018)

RACGP 
(2020)

Universal screening/ 
starting age, yr

Yes 
≥40

Yes 
≥35

Yes 
≥45

No Yes 
≥40a

Yes 
≥40b

Yes 
≥40

Selective screening/ 
starting age, yr

Yes 
≥30

Yes 
All adults

Yes 
All adults

Yes 
35–70

Yes 
All adults

Yes 
All adults

Yes 
All adults

Criteria for selective 
screening

Presence of 
RFs for 
T2DM 

Overweight or 
obesity & ≥1 
additional 
RFs

1) Obesity
2) Overweight 

& ≥1 addi-
tional RFs

Overweight 
or obesity

Presence of RFs 
for T2DM or 
high risk in risk 
calculator

Presence of RFs 
for T2DM or 
high risk in 
risk calculator

Presence of 
RFs for 
T2DM 

Screening interval  
according to results of 
initial test

Low risk: every 
5-year

Moderate risk: 
every 3-year

High risk: yearly

   Normal resultsc Yearly At a minimum 
of 3-year  
intervald

Every 3-year
Yearly (≥2 

RFs)

Every 3-year Every 3-yearb Every 3-year

   Prediabetes Yearly Frequently Rescreen more 
often

Yearly

KDA, Korean Diabetes Association; ADA, American Diabetes Association; AACE, American Association of Clinical Endocrinology; USPSTF, 
US Preventive Services Task Force; NICE, National Institute for Health and Care Excellence; CDA, Canadian Diabetes Association; RACGP, 
The Royal Australian College for General Practitioners; RF, risk factor; T2DM, type 2 diabetes mellitus.
aPeople aged 25–39 years of South Asian, Chinese, African-Caribbean, Black African and other high-risk Black and minority ethnic groups, 
bScreening earlier and/or more frequently (every 6 to 12 months) in people with additional risk factors for diabetes or for those at very high risk 
using a risk calculator, cFasting plasma glucose <100 mg/dL, HbA1c <5.7%, 2-hour plasma glucose during 75 g oral glucose tolerance test <140 
mg/dL, dConsider more frequent testing depending on initial results and risk status.
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statement, screening for diabetes in young adults who are 
overweight or obese and with additional risk factors, including 
in utero exposure to T2DM or gestational diabetes mellitus, 
was recommended [16].

In addition, although there are slight differences in each of 
the diabetes screening policies among different countries and 
organizations, various diabetes risk factors are suggested, and 
screening tests are recommended early if relevant risk factors 
are present (Table 1). As another method of identifying high-
risk groups for diabetes, several prediction models for incident 
T2DM using modifiable and non-modifiable risk factors have 
also been suggested [17]. In Korea, clinical risk scores for pre-
dicting the risk of diabetes were developed based on the Kore-
an National Health and Nutritional Examination Survey 
(KNHANES), encompassing adults aged ≥20 years, and the 
Anseong and Ansan cohort data, calculated based on data 
from adults aged ≥40 years [17,18].

CHANGES IN THE PREVALENCE OF 
DIABETES AND OBESITY IN KOREAN 
YOUNG ADULTS

In Korea, the prevalence of diabetes and prediabetes is rapidly 
increasing, among people aged <40 years. According to DFS, 
the estimated prevalence of diabetes in individuals aged 30 to 
39 years increased, from 3.1% in men and 2.1% in women in 
2014 to 3.7% in men and 2.7% in women in 2018 [3,19]. Dur-
ing the same period, the estimated prevalence of impaired fast-
ing glucose increased from 20.0% in men and 11.2% in women 
to 22.9% in men and 11.4% in women (Fig. 1A) [3,19]. In the 

2021 DFS, the prevalence of diabetes in people aged 19–29 and 
30–39 years was 0.7% and 4.4%, respectively and the preva-
lence of prediabetes, defined by fasting plasma glucose (FPG) 
or glycosylated hemoglobin (HbA1c) criteria, was 16.6% and 
30.8% in the same age groups, respectively [2]. However, 
awareness of diabetes is relatively low in the young adult popu-
lation compared to the elderly [2].

In a recent national cohort study analyzing data from the 
National Health Insurance Service-National Sample Cohort 
(NHIS-NSC) from 2006 to 2015, there was an increased inci-
dence of diabetes in the 20–29 and 30–39 years age groups, by 
0.5 to 0.7 and 2.0 to 2.6 per 1,000 individuals, respectively [8]. 
Notably, the prevalence of obesity among adults aged 20 to 40 
years with diabetes significantly increased from 51.4% in 2006 
to 72.4% in 2015 [8]. 

A sedentary lifestyles and increase in obesity and/or abdom-
inal obesity rates are major contributing factors. According to 
an obesity fact sheet of the Korean Society for the Study of 
Obesity, the prevalence of obesity and abdominal obesity has 
increased for the entire population over the past 11 years (2009 
to 2019: obesity from 29.7% to 36.3% and abdominal obesity 
from 19.3% to 23.9%), particularly in individuals in their 20s 
(2009 to 2019: obesity from 18.5% to 28.9% and abdominal 
obesity from 9.0% to 15.6%) and 30s (2009 to 2019: obesity 
from 22.9% to 32.5% and abdominal obesity from 15.8% to 
24.6%) (Fig. 1B) [9].

Similarly, the prevalence of dyslipidemia in younger age 
groups is high in Korea. The mean prevalence of dyslipidemia 
in 2016 to 2020 among individuals in their 20s (defined as low 
density lipoprotein cholesterol ≥160 mg/dL or the use of a lip-

Fig. 1. (A) Prevalence of diabetes and prediabetes in people aged 30 to 39 years from 2014 to 2018 and (B) prevalence of obesity 
and abdominal obesity in people aged 20 to 39 years from 2009 to 2019 in Korea. Obesity defined as body mass index ≥25 kg/m2 
and abdominal obesity defined as waist circumference ≥90 cm and ≥85 cm  in men and women, respectively. DM, diabetes mel-
litus; IFG, impaired fasting glucose.
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id-lowering drug, triglycerides ≥200 mg/dL, or hypo-high 
density lipoprotein cholesterolemia [<40 mg/dL in men and 
<50 mg/dL in women]) was 25.4% and 26.0% in men and 
women, respectively [20]. In the same period, the prevalence 
among those in their 30s was 41.4% for men and 34.6% for 
women, which was higher than those people in their 20s [20]. 
Therefore, it is necessary to consider diabetes screening in in-
dividuals aged 20s and 30s.

SCREENING FOR DIABETES IN 
ASYMPTOMATIC KOREAN ADULTS: A NEW 
ESTIMATE OF THE NUMBER NEEDED TO 
SCREEN TO DETECT DIABETES

In 2021, the KDA recommended annual diabetes screening for 
adults aged ≥40 and ≥30 years with risk factors such as over-
weight or obesity [6]. However, the age thresholds for screen-
ing individuals were determined based on expert opinions, 
considering the guidelines of other countries, while the evi-
dence for Koreans was limited. The only evidence available, as 
a result of a pooled analysis of four community-based cohort 
studies in Korea published in 2007, is that the prevalence of di-
abetes among the population aged ≥40 years has increased 
significantly [21]. Although the prevalence of diabetes has 
changed significantly in recent years, there is no evidence to 
recommend specific age thresholds for diabetes screening in 
Korea. 

Therefore, the Committee of Clinical Practice Guidelines of 
the KDA performed a study to determine the age thresholds 
for diabetes screening to provide evidence for screening guide-
lines using the KNHANES 2016 to 2020 and the NHIS-NSC 
2012 to 2017 [22]. The analysis, using two large datasets repre-
sentative of Korea’s general population, was reliable in that it 
analyzed relatively recent data.

In that study, the number needed to screen (NNS) to obtain 
one positive test for diabetes diagnosis was calculated. As a re-
sult of analyzing the age groups by 5-year increments for adults 
aged ≥20 years, the NNS tended to decrease with age in both 
the KNHANES and NHIS-NSC. Notably, the NNS markedly 
decreased from 63 in the group aged 30 to 34 years to 34 in the 
following age group of 35 to 39 years in the KNHANES and 
from 71 to 42 for the same age groups in the NHIS-NSC, re-
spectively (Fig. 2) [22], Therefore, it seems plausible to perform 
universal screening for diabetes or prediabetes in adults aged 
≥35 years.

For adults aged 20 to 34 years, NNS was calculated according 
to the presence of diabetes risk factors using the KNHANES 
(Table 2) [22]. Among the suggested risk factors for diabetes 
according to the KDA guideline, data on overweight or obesity 
(defined as body mass index [BMI] ≥23 kg/m2 for overweight 
and ≥25 kg/m2 for obesity), family history of diabetes, hyper-
tension, and dyslipidemia were available in the KNHANES. 
Abdominal obesity is not included in the KDA recommenda-
tion but was added to the analysis because some individuals 

Fig. 2. Number of needed to screen (NNS) to detect diabetes according to age group. Adapted from Ha et al. [22]. NHIS-NSC, Na-
tional Health Insurance Service-National Sample Cohort; KNHANES, Korea National Health and Nutrition Examination Survey.
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may have abdominal obesity even at normal BMI, and it is well 
known that it plays an important role in the development of 
insulin resistance and diabetes [23,24]. Abdominal obesity was 
defined as waist circumference (≥90 cm in men and ≥85 cm 
in women) according to the guidelines of the Korean Society 
for the Study of Obesity [25]. The NNS values from lowest to 
highest were 17, 23, 26, 34, 34, and 48 for hypertension, ab-
dominal obesity, dyslipidemia, obesity, family history of diabe-
tes, and overweight or obesity, respectively (Table 2). The rates 
of missed screening positive in those with overweight or obesi-
ty, obesity, and abdominal obesity were 10.6%, 20.0%, and 
17.6%, respectively. In the 20 to 34-year age group, if an indi-
vidual had any of the risk factors, including being overweight, 
the NNS for diagnosing diabetes was 56, and the rate of missed 
screening positive was 3.8%. 

Based on these results, assuming universal screening for in-
dividual over the age of 35 and selective screening for adult 
aged 20 to 34 with risk factors, the total NNS for diabetes was 
18 and the rate of missed screening positivity was 0.2% [22]. 
This could significantly reduce the rate of missed screening 
positive of 4%, calculated based on previous KDA guideline, 
without significantly increasing the NNS from 16 to 18 [22].

In addition, the committee calculated the NNS for the detec-
tion of prediabetes or diabetes in all age groups [22]. The NNS 
for prediabetes or diabetes was lower in all age groups than the 
NNS for diabetes only, and there was no sharp decrease be-
tween the age groups (the NNS value from the 20 to 24-year 
age group to the ≥75-year age group ranged from 1 to 8 in the 

KNHANES and 3 to 10 in the NHIS-NSC. It is well known that 
preventive interventions through lifestyle changes in people 
with prediabetes have positive effects in reducing the progres-
sion to T2DM and other cardiovascular risk factors [12,26]. In 
this regard, prevention of diabetes progression and/or cardio-
vascular disease through early detection of prediabetes or dia-
betes is considered an important role of diabetes screening.

Considering the above results and current recommendation 
for diabetes screening in children and adolescents (i.e., screen 
after 10 years of age or after the onset of puberty in children 
and adolescents who have risk factors for diabetes [6]), the 
Committee of Clinical Practice Guidelines of the KDA decided 
on universal screening for adults aged ≥35 years and selective 
screening for all adults (aged ≥19 years) with any of the risk 
factors. In addition, abdominal obesity was added as a risk fac-
tor regardless of BMI. 

METHODS IN DIABETES SCREENING

FPG and a 75 g oral glucose tolerance test (OGTT) were ini-
tially recommended for diabetes screening; however, as the 
HbA1c measurement method became more accurate and 
standardized, the International Expert Committee recom-
mended the use of HbA1c as the screening method of choice 
in 2009 [27]. These changes were also reflected in the 2010 
ADA recommendations [28] and in the fourth edition of the 
KDA guidelines, published in 2011 [29].

There is insufficient evidence to recommend specific tests 

Table 2. Diabetes screening effectiveness in adults aged 20 to 34 years according to diabetes risk factors in the KNHANES

Risk factors Screening-eligible 
individuals

Screening-positive 
individuals NNS Missed screening-positive 

individuals

Overweight or obesity 4,616,627 (48.7) 96,630 (2.1) 48 11,404 (10.6) 

Obesity 2,979,256 (31.4) 86,375 (2.9) 34 21,659 (20.0) 

Abdominal obesity 2,017,653 (21.3) 88,966 (4.4) 23 19,068 (17.6) 

Overweight or obesity and/or abdominal obesity 4,626,056 (48.8) 96,630 (2.1) 48 11,404 (10.6) 

Obesity and/or abdominal obesity 3,064,157 (32.3) 88,966 (2.9) 34 19,068 (17.6) 

Family history of diabetes 1,672,000 (17.6) 47,930 (2.9) 34 60,104 (55.6) 

Hypertension 591,670 (6.2) 35,161 (5.9) 17 72,873 (67.5) 

Dyslipidemia 1,615,133 (17.0) 60,722 (3.8) 26 47,312 (43.8) 

Any of all risk factors excluding overweight 4,717,542 (49.8) 103,974 (2.2) 45 4,060 (3.8)

Any of all risk factors including overweight 5,753,275 (60.7) 103,974 (1.8) 56 4,060 (3.8) 

Values are presented as weighted number (%). Adapted from Ha et al. [22].
KNHANES, Korea National Health and Nutrition Examination Survey; NNS, number needed to screen.



Lee KA, et al.

824 Diabetes Metab J 2022;46:819-826  https://e-dmj.org

for initial screening, and possible tests may differ in clinical 
practice. Therefore, initial screening can be performed accord-
ing to the clinical availability. After initial screening, in the case 
of prediabetes, based on the results of a large cohort study con-
ducted in Korea, dividing individuals into two groups and per-
forming additional tests to increase the diagnosis rate of diabe-
tes is recommended [30]. With FPG levels of 110 to 125 mg/dL 
or HbA1c levels of 6.1% to 6.4%, 75 g OGTT is recommended, 
and annual follow-ups with FPG or HbA1c tests are suggested 
for FPG levels of 100 to 109 mg/dL or HbA1c of 5.7% to 6.0%. 
However, according to a recently published Korean Diabetes 
Prevention Study (KDPS), 75 g OGTT in individuals with 
BMIs of ≥23 kg/m2 among those who fell in the FPG 100 to 
125 mg/dL group was associated with high rates of diabetes di-
agnosis [31]. Therefore, for FPG levels of 100 to 109 mg/dL or 
HbA1c levels of 5.7% to 6.0%, it is recommended to consider 
75 g OGTT if there is overweight or obesity. As the KDPS con-
tinues, new evidence for a more appropriate screening method 
for prediabetes may be provided in the future.

CURRENT LIMITATIONS AND RESEARCH 
NEEDS

Further studies are required to better elucidate the optimal age 
and frequency to begin and end screening. In addition to uni-
versal screening based on age, high-quality studies focusing on 
earlier screening in otherwise asymptomatic patients in specif-
ic subpopulations are required. Diabetes and prediabetes are 
significantly increasing in Korean children and adolescents 
[32]; therefore, studies are also needed to develop evidence-
based guidelines for diabetes screening. Further evidence for 
the most appropriate method in the initial screening and ap-
propriate follow-up tests for prediabetes is required. Finally, it 
is necessary to analyze the effects of screening on health out-
comes and their cost-effectiveness in the Korean population.

RECOMMENDATIONS 

1. �FPG, HbA1c, and 2-hour plasma glucose during 75 g OGTT 
each can be used as screening tests (Non-randomized con-
trolled studies, General).

2. �Annual screenings should begin at 35 years of age regardless 
of the presence of risk factors, and in all adults (aged ≥19) 
with any of the risk factors (Expert opinion, General).

3. �If the FPG or HbA1c levels are as follows, additional testing 

should be considered (Expert opinion, General).
1) �With an FPG of 100 to 109 mg/dL or an HbA1c of 5.7% to 

6.0%, annual FPG or HbA1c tests should be performed. In 
such cases, if the BMI is ≥23 kg/m2, a 75 g OGTT should 
be considered.

2) �With an FPG of 110 to 125 mg/dL or an HbA1c of 6.1% to 
6.4%, a 75 g OGTT should be performed.
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