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INTRODUCTION AND SUMMARY OF
REVISIONS

Diabetes is a common disease; however, as a chronic and pro-
gressive condition accompanied by various complications, it
significantly increases individual and socioeconomic burdens.
According to the “Diabetes fact sheet in Korea 2021” by the
Korean Diabetes Association (KDA), 16.7% of adults over 30
years of age, which is about 5.7 million people, will have diabe-
tes in 2020 [1]. Moreover, 44.3% of adults over 30 years of age
have prediabetes with impaired fasting glucose or glycosylated
hemoglobin (HbA1c) levels of 5.7% to 6.4% [1]. However, 35%
of adults with diabetes, identified by an HbAlc level >6.5%,
are undiagnosed, and only 25% of those achieve the HbAlc
target of less than 6.5% [1]. Diabetes management involves im-
proving individual health status and quality of life through the
prevention and early detection of diabetes as well as the pre-
vention or delay of complications via proper glycemic control.
Simultaneously, this includes appropriate management of vari-
ous comorbidities such as blood pressure (BP), lipids, and body
weight. Since 1990, the KDA has continuously published treat-
ment guidelines to achieve these treatment goals. These guide-
lines are targeted at adults with either type 1 diabetes mellitus
(T1DM) or type 2 diabetes mellitus (T2DM), as well as chil-
dren or adolescents with T2DM, and patients with gestational
diabetes.

The Committee of Clinical Practice Guidelines of KDA has
carried forward the “2021 Clinical practice guideline for diabe-
tes (7th edition)” [2] and incorporated recent clinical evidence
through systematic literature reviews to publish the revised
“2023 Clinical practice guideline for diabetes (8th edition)” In
this edition, we have organized the levels of evidence into four
distinct categories based on the design of the key research that
provides the evidence. These categories are: “randomized con-
trolled trials (RCTs),” which include systematic reviews and/or
meta-analyses of such trials; “non-randomized controlled
studies (NRS)”; case series falling under “others”; and “expert
opinions”. Additionally, the grade of recommendation is classi-
fied either as a “general recommendation (General)” applicable
to the majority of subjects, or a “limited recommendation
(Limited)” intended for specific subgroups within the target
population.

In the “screenings for diabetes” section, guidelines were up-
dated to recommend screening for diabetes in all adults aged
>35 years or those aged >19 years who have risk factors, re-
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flecting a recent position statement on screening for prediabe-
tes and diabetes in Korean nonpregnant adults announced by
the KDA [3]. In the section “glucose monitoring and glycemic
target,” the use of continuous glucose monitoring (CGM) de-
vices was emphasized, and target values of key metrics for
CGM have been added. In the section on “pharmacologic
treatment of T2DM,” the latest medications have been incor-
porated, and the algorithms, which were divided into four in
the previous guidelines, have now been combined and dis-
played as one. In cases where intensified injectable therapy is
required for people with T2DM who have not reached their
glycemic target despite a combination of oral antidiabetic
drugs, the recommendation has been changed to prioritize the
use of glucagon-like peptide-1 receptor agonist (GLP-1RA)
over basal insulin. In the sections “obesity, hypertension, and
lipid management,” recent guidelines from other professional
medical societies have been reflected [4-6]. The section “non-
alcoholic fatty liver disease (NAFLD)” has been updated to in-
clude a new algorithm for evaluating NAFLD in people with
T2DM. For the practical implementation and widespread use
of these guidelines, we separately created an appendix compil-
ing useful information and educational materials for people
with diabetes and healthcare professionals.

SCREENING FOR DIABETES MELLITUS

Annual screening (Expert opinion, General) for diabetes should
be conducted for adults aged =35 and adults aged >19 with
risk factors (Others, General) using fasting plasma glucose,

Table 1. Risk factors of type 2 diabetes mellitus

1. Overweight or obesity (body mass index >23 kg/m?)

2. Abdominal obesity (waist circumference =90 cm in men, >85 cm
in women)

3. Diabetes in 1st relatives (parents or siblings)
4. History of prediabetes

5. History of gestational diabetes or delivering a baby weighing 4 kg
or more

6. Hypertension (blood pressure >140/90 mm Hg or on medication)

7. High-density lipoprotein cholesterol <35 mg/dL or triglycerides
>250 mg/dL

8. Insulin resistance syndrome (polycystic ovary syndrome, acantho-
sis nigricans, etc.)

9. Cardiovascular disease (stroke, coronary artery disease, etc.)

10. Medication (glucocorticoids, atypical antipsychotics, etc.)
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HbA1c, and 2-hour plasma glucose during a 75 g oral glucose
tolerance test (NRS, General). The risk factors of T2DM are
shown in Table 1, and abdominal obesity (waist circumference
>90 cm for men, =85 cm for women) has been added com-
pared to the previous guidelines. Owing to the recent increase
in the prevalence of prediabetes, diabetes, obesity, and abdom-
inal obesity among young adults under the age of 40 [1,7],
there have been suggestions for a change in previous screening
criteria for diabetes (adults aged =40 and adults aged >30
years with risk factors) [2]. The Committee of Clinical Practice
Guidelines of the KDA conducted a cross-sectional study on
the age for diabetes screening in adults aged >20 years using
data from the Korean National Health and Nutrition Examina-
tion Survey (KNHANES, 2016 to 2020) and the Korean Na-
tional Health Insurance Service sample cohort (2012 to 2017)
[3]. In this study, when evaluating the number needed to screen
(NNS) to identify one patient with diabetes according to age
group, there was a significant change in NNS values in the 35
to 39 age group. Moreover, when evaluating the NNS for dia-
betes based on risk factors for T2DM in adults aged 20 to 34
using the KNHANES data, it was found that the NNS was low-
er at age 23 for abdominal obesity compared to an NNS of age
34 for general obesity (body mass index [BMI] >25 kg/m?).
Based on these results, it was concluded that screening for dia-
betes is appropriate in adults aged >35 years and those aged
>20 years with risk factors for T2DM. Applying the revised age
criteria, we found that the number of missed participants in di-
abetes screening significantly decreased from 4.0% to 0.2%,
without a significant increase in the NNS value, compared to
the previous guideline standards.
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GLUCOSE MONITORING AND GLYCEMIC
TARGET

Strict glucose control is implemented to prevent microvascular
and macrovascular complications in patients with diabetes
(RCT, General) [8-10]. Therefore, the long-term maintenance
of glycemic control within the near-normal range is critical for
patients with diabetes [11]. The recommended optimal HbA1lc
target is <6.5% for patients with T2DM and <7.0% for those
with TIDM (RCT, General) through lifestyle modifications
and glucose-lowering agents, especially in recently diagnosed
or young people without severe complications or hypoglyce-
mia. However, the glycemic target should be individualized
based on physical or psychological status, social circumstanc-
es, life expectancy, severity of comorbidities, or risk of hypo-
glycemia (NRS, General). In patients with a long duration of
diabetes, a history of severe hypoglycemia, advanced diabetic
complications, short life expectancy, or advanced age, consid-
eration should be given to setting lower glycemic control tar-
gets [12-14].

In addition to HbAlc and blood glucose monitoring, real-
time CGM is recommended to achieve better glycemic control
and reduce the risk of hypoglycemia in adults with TIDM (RCT,
General) and T2DM (RCT, Limited) treated with insulin injec-
tions [15-18]. In adults with diabetes receiving insulin therapy
who cannot or do not wish to use real-time CGM continuously
or in adults with T2DM receiving non-insulin therapy, real-time
CGM can be used periodically for glycemic control (RCT, Lim-
ited) [19-21]. Intermittently scanned CGM may be used in pa-
tients with diabetes and indications for real-time CGM because

Table 2. Recommendations of the glycemic target in continuous glucose monitoring for each type of diabetes mellitus

Older or high-risk . . Pregnancy in T2DM
T1DM and T2DM (T1DM or T2DM) Pregnancy in TIDM or GDM®
Variable
Glucose Target % Glucose Target % Glucose Target % Glucose Target %

range, mg/dL inrange  range,mg/dL inrange  range,mg/dL inrange  range,mg/dL inrange
Level 2 hyperglycemia >250 <5 >250 <10 No data
Level 1 hyperglycemia >180 <25 >180 <50 >140 <25 >140
In target 70-180 >70 70-180 >50 63-140 >70 63-140
Level 1 hypoglycemia <70 <4 <70 <1 <63 <4P <63
Level 2 hypoglycemia <54 <1 <54 <1 <54

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; GDM, gestational diabetes mellitus.
*Proportion including Level 2 hyperglycemia, "Proportion including Level 2 hypoglycemia, “The target range is based on limited evidence. More
research is needed, “No target range ratio is provided for pregnant women with T2DM or gestational diabetes owing to the limited evidence

available.
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it is also beneficial for glycemic control and preventing hypogly-
cemia [22-24] and is available at a lower cost. However, in a ran-
domized controlled study that compared real-time CGM with
intermittently scanned CGM, the time below range (below 70
mg/dL) and the time in range (70 to 180 mg/dL) were found to
be better with real-time CGM [25]. Therefore, the use of real-
time CGM is recommended in cases where insufficient benefits
are obtained from intermittently scanned CGM. The recom-
mended target values for the CGM metrics based on the type of
diabetes are listed in Table 2.

PHARMACOLOGICAL TREATMENT FOR
ADULTS WITH T2DM

Immediately upon diagnosis, actively educate patients on self-
management methods and monitor whether it is maintained
(RCT, General). When selecting drugs, consider the presence
of comorbidities (established atherosclerotic cardiovascular
disease [eASCVD], heart failure [HF], and chronic kidney dis-
ease [CKD]), glucose-lowering efficacy, effects on body weight,
risk of hypoglycemia, side effects, treatment acceptability, age,
value of life pursued by patients, and cost (Expert opinion,
General) [26-38]. Insulin therapy is recommended for patients
with severe hyperglycemia (HbAlc >9.0%) and hyperglyce-
mic symptoms (polydipsia, polyuria, and weight loss) (Expert
opinion, General) [39,40]. When initiating pharmacological
therapy, monotherapy or combination therapy should be ad-
ministered, taking into consideration the goal and current lev-
els of HbAlc (RCT, General). Generally, the glucose-lowering
efficacy (reduction in HbAlc) of monotherapy with an oral
glucose-lowering agent is estimated to be 1.0%; therefore, if the
current HbAlc level is 1.5% higher than the target HbAlc lev-
el, initial combination therapy is recommended [39,41]. How-
ever, early combination therapy should be actively considered
from the beginning of the diagnosis to reduce the risk of glyce-
mic control failure (RCT, Limited). The Vildagliptin Efficacy in
combination with metfoRmIn for earlY treatment of type 2 di-
abetes (VERIFY) trial demonstrated that an early intervention
strategy with combination therapy of vildagliptin and metfor-
min in treatment-naive patients with T2DM provided more
durable long-term clinical benefits than metformin monother-
apy with a traditional stepwise regimen [42]. According to a
subgroup analysis of Korean patients with newly diagnosed
T2DM among the VERIFY trial participants, early combina-
tion treatment significantly and consistently improved long-
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term glycemic durability compared to monotherapy with met-
formin [43]. Adherence to glucose-lowering agents is strongly
associated with metabolic control in patients with T2DM. For
each 10% increase in drug adherence, HbA1c levels decreased
by 0.16% [44]. Therefore, medication adherence should be
evaluated regularly, and medication adjustment should not be
delayed if necessary (Expert opinion, General). If the target
HbA1c level has not been reached within 3 to 6 months, upti-
tration of existing medications, combination therapy using
drugs with different mechanisms of action, or injection therapy
should be actively considered as soon as possible; however, di-
peptidyl peptidase-4 (DPP-4) inhibitors and GLP-1RAs should
not be combined (RCT, General).

Metformin is recommended as a first-line glucose-lowering
agent in patients with T2DM and is maintained if there are no
contraindications or intolerable side effects (RCT, General). In
the Practical Evidence of Antidiabetic Monotherapy (PEAM)
study, the glucose-lowering efficacy of sulfonylureas, metfor-
min, and thiazolidinediones as monotherapies administered
for 48 weeks was similar in drug-naive Korean patients with
T2DM [45]. Metformin has adequate efficacy, a low-risk of hy-
poglycemia, weight neutrality, and cost-effectiveness. Howev-
er, if there are contraindications or intolerable side effects of
metformin, a different class of medication can be considered.

Injectable therapy, GLP-1RA or insulin, is recommended
when potent glucose-lowering efficacy is required (RCT, Gen-
eral) [46]. When considering injectable-based combination
therapy, GLP-1RAs are preferred over basal insulin (RCT, Gen-
eral) [47]. If the glycemic target is not achieved with GLP-1RA
or basal insulin alone, the two drugs can be combined (RCT,
Limited) [48-65]. If the glycemic target is not achieved with
GLP-1RA or basal insulin, intensive insulin therapy such as a
basal-plus, premixed, or basal-bolus regimen should be initiat-
ed (RCT, Limited) [66-72].

Sodium-glucose cotransporter 2 (SGLT2) inhibitors with
proven benefits for HF should be used first in patients with HF
regardless of HbA 1c levels and should be maintained as long as
there are no contraindications or side effects (RCT, General).
In the Dapagliflozin and Prevention of Adverse outcomes in
Heart Failure (DAPA-HF) study, conducted in 4,744 patients
with existing HF (New York Heart Association [NYHA] class
I1, 111, or IV) and reduced ejection fraction (EF <40%) regard-
less of the presence of T2DM, dapagliflozin 10 mg reduced the
risk of HF exacerbation or death from cardiovascular disease
(CVD) by 26% (hazard ratio [HR], 0.74; 95% confidence inter-

Diabetes Metab ] 2023;47:575-594  https://e-dmj.org



2023 Guidelines for diabetes in Korea

val [CI], 0.65 to 0.85; P<0.001) over an average study period of
18.2 months and showed similar results in patients with or
without diabetes [73]. Empagliflozin was also evaluated in pa-
tients with HF (NYHA class IL, IIIL, or IV HF and EF <40%) re-
gardless of the presence of diabetes in the EMPagliflozin out-
comE tRial in patients with chrOnic heaRt failure with reduced
ejection fraction (EMPEROR-Reduced) study. Over an average
study period of 16 months, the primary endpoint of death
from CVD or hospitalization due to HF exacerbation was 25%
less in the empagliflozin treatment group compared to the pla-
cebo group (HR, 0.75; 95% CI, 0.65 to 0.86; P<0.001). The ef-
fect of empagliflozin was evident regardless of the presence of
diabetes [74]. The benefit of SGLT2 inhibitors in HF has also
been demonstrated in patients with preserved EE In the EM-
Pagliflozin outcomE tRial in patients with chrOnic heaRt fail-
ure with preserved ejection fraction (EMPEROR-Preserved)
study, which targeted patients with NYHA class II-IV HF and
an EF of 40% or more, the primary endpoint of death from
CVD or hospitalization due to HF exacerbation occurred 25%
less in the empagliflozin treatment group compared to the pla-
cebo group (HR, 0.79; 95% CI, 0.69 to 0.90; P<0.001) over an
average study period of 26 months [75].

SGLT2 inhibitors with proven renal benefits should be used
primarily regardless of the HbAlc level in patients with albu-
minuria or reduced estimated glomerular filtration rate (¢GFR)
and should be continued unless contraindicated or side effects
are present (RCT, Limited). The Dapagliflozin and Prevention
of Adverse Outcomes in Chronic Kidney Disease (DAPA-CKD)
study confirmed a 39% reduction in renal endpoints (a decrease
of 50% or more in eGFR, end-stage renal disease, or death due
to renal disease or CVD) in patients with or without diabetes
with CKD (eGFR 25 to 75 mL/min/1.73 m? urine albumin/
creatinine ratio [UACR] 200 to 5,000 mg/g) compared to place-
bo [76]. The Study of Heart and Kidney Protection with Empa-
gliflozin (EMPA-KIDNEY) included patients with CKD re-
gardless of their diabetes status (eGFR 20 to 45 mL/min/1.73
m?, or if the eGFR is 45 to 90 mL/min/1.73 m? and the UACR
is 200 mg/g or more). The primary endpoint, a composite of
worsening kidney function or death due to CVD, was reduced
by 18% compared to placebo (HR, 0.72; 95% CI, 0.64 to 0.82;
P<0.001). Notably, the EMPA-KIDNEY study included pa-
tients with decreased eGFR without proteinuria and confirmed
beneficial results in renal protection [77].

GLP-1RAs or SGLT?2 inhibitors, which have proven cardio-
vascular benefits, should be primarily used in patients with

https://e-dmj.org  Diabetes Metab J 2023;47:575-594
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eASCVD (RCT, General). In the Empagliflozin Cardiovascular
Outcome Event Trial in Type 2 Diabetes Mellitus Patients—Re-
moving Excess Glucose (EMPA-REG OUTCOME) trial, a ran-
domized controlled study that administered the SGLT?2 inhibi-
tor empagliflozin to 7,020 patients with T2DM with established
CVD, it was observed that over an average of 3 years, the occur-
rence of 3-point major adverse cardiovascular diseases (MACE;
including cardiovascular death, nonfatal myocardial infarction,
nonfatal stroke) decreased by 14% compared to the placebo
group (HR, 0.86; 95% CI, 0.74 to 0.99; P=0.04) [26]. The Lira-
glutide Effect and Action in Diabetes: Evaluation of CV Out-
come Results (LEADER) study was a double-blind study that
randomly assigned liraglutide and placebo to 9,340 adult pa-
tients with T2DM. The 3-point MACE was decreased by 13%
in the liraglutide group compared to placebo group (HR, 0.87;
95% CI, 0.78 to 0.97), with cardiovascular death (HR, 0.78; 95%
CI, 0.66 to 0.93), asymptomatic/nonfatal/fatal myocardial in-
farction (HR, 0.86; 95% CI, 0.73 to 1.00), and nonfatal/fatal
stroke (HR, 0.89; 95% CI, 0.71 to 1.06). All-cause mortality de-
creased by 15% in the liraglutide group compared to the place-
bo group (HR, 0.85; 95% CI, 0.74 to 0.97), mainly due to de-
creased cardiovascular death [27]. The Trial to Evaluate CV and
Other Long-term Outcomes With Semaglutide in Subjects
With T2D (SUSTAIN-6) was a double-blind study that ran-
domly assigned semaglutide and placebo to 3,297 adult patients
with T2DM. Of the patients, 72% had baseline atherosclerotic
cardiovascular disease (ASCVD). The 3-point MACE was de-
creased by 26% in the semaglutide group compared to the pla-
cebo group (HR, 0.74; 95% CI, 0.58 to 0.95), with each element
showing cardiovascular death (HR, 0.98; 95% CI, 0.65 to 1.48),
nonfatal myocardial infarction (HR, 0.74; 95% CI, 0.51 to 1.08),
and nonfatal stroke (HR, 0.61; 95% CI, 0.38 to 0.99). All-cause
mortality in the semaglutide group compared to the placebo
group had a HR of 1.05 (95% CI, 0.74 to 1.50) [78]. The Re-
searching CV Events With a Weekly Incretin in Diabetes (RE-
WIND) was a double-blind study that randomly assigned dula-
glutide and placebo to 9,901 adult patients with T2DM. Unlike
the two studies above, baseline ASCVD was present in only
31% of all patients, and most had risk factors for ASCVD but
not for ASCVD [4]. The 3-point MACE was decreased by 12%
in the dulaglutide group compared to the placebo group (HR,
0.88; 95% CI, 0.79 to 0.99), and cardiovascular death (HR, 0.91;
95% CI, 0.7 to 1.06), nonfatal/fatal myocardial infarction (HR,
0.96; 95% CI, 0.79 to 1.15) were not statistically significant;
however, the risk of nonfatal/fatal stroke decreased by 24%
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[ Diagnosis of type 2 diabetes mellitus ]
¥
Diabetes self-management education and monitoring
Is severe hyperglycemia (A1C>9.0%) companied by symptoms of hyperglycemia -
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Fig. 1. Pharmacologic treatment for adults with type 2 diabetes mellitus (T2DM). This algorithm stratifies the glycemic control
strategy in patients with T2DM based on A1C levels and underlying comorbidities. Self-management education and monitoring
for diabetes should be continuously implemented from the time of diagnosis in all patients with T2DM. If the A1C level is >9.0%
and symptomatic hyperglycemia or metabolic decompensation is present, insulin therapy with or without oral antidiabetic drugs
(OADs) is recommended. If established atherosclerotic cardiovascular disease (eASCVD), heart failure (HF), or chronic kidney
disease (CKD) are combined, sodium-glucose cotransporter 2 inhibitor (SGLT2i) or glucagon-like peptide-1 receptor agonist
(GLP-1RA), which have proven benefits under these conditions, are preferred. If the A1C difference between the current and tar-

(Continued to the next page)
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get A1Clevel is >1.5% or the current A1C level is 27.5%, initial combination therapy is reccommended. If the current A1C level is
<7.5%, metformin monotherapy is the preferred option, depending on the patient’s condition. However, early combination thera-
py should be considered to reduce the risk of treatment failure. Injectable therapy, GLP-1RA or insulin is recommended when po-
tent glucose-lowering efficacy is required. When considering injectable-based combination therapy, GLP-1RA is preferred. If the
glycemic target is not achieved with GLP-1RA or basal insulin alone, the two drugs can be combined. If the glycemic target is not
achieved with GLP-1RA or basal insulin, intensive insulin therapy such as basal-plus, premixed, or basal-bolus regimen should be
initiated. TZD, thiazolidinedione; DPP-4i, dipeptidyl peptidase-4 inhibitor; SU, sulfonylurea; a-GI, a-glucosidase inhibitor. *Estab-
lished atherosclerotic cardiovascular disease: history of acute coronary syndrome or myocardial infarction, stable or unstable angi-
na, coronary heart disease with or without revascularization, other arterial revascularization, stroke, or peripheral artery disease
assumed to be atherosclerotic in origin, "HF: current or prior symptoms of HF with documented HF with reduced ejection frac-
tion (HFrEE left ventricular ejection fraction [LVEF] <40) or HF with preserved ejection fraction (HFpEE LVEF >40), “Chronic
kidney disease: estimated glomerular filtration rate (éGFR) <60 mL/min/1.73 m’ or urine albumin-creatinine ratio >30 mg/g,

Dulaglutide, liraglutide, semaglutide, “Dapagliflozin, empagliflozin, ‘Dapagliflozin, empagliflozin, ertugliflozin, 8Pioglitazone.

(HR, 0.76; 95% CI, 0.62 to 0.94). These reductions in MACE
were consistent regardless of the presence of baseline ASCVD.
In the REWIND study, 69% of the participants were adults with
T2DM who did not have underlying ASCVD, and MACE was
also reduced even in these cases (HR, 0.87; 95% CI, 0.74 to 1.02
for both; P for interaction=0.97) [28]. Therefore, dulaglutide
could be considered for both secondary and primary preven-
tion. However, there are no other large-scale RCTs for patients
without ASCVD at baseline; therefore, further research is need-
ed (Fig. 1).

HYPERTENSION MANAGEMENT IN
PATIENTS WITH DIABETES

BP should be measured at every clinic visit and at home (Expert
opinion, General). Home BP monitoring is recommended in
adults with diabetes and hypertension (RCT, General) [79]. The
recommended target BP level is <140/90 mm Hg in adults with
diabetes without CVD or its risk factors (RCT, General) [5].
The recommended target BP level is <130/80 mm Hg in adults
with diabetes with CVD, target organ damage (albuminuria,
CKD, retinopathy, and left ventricular hypertrophy [LVH]), or
risk factors for CVD (RCT, General) [5,80-86]. Adults with dia-
betes and BP >120/80 mm Hg should undergo lifestyle modifi-
cations, including weight management, proper exercise, and
healthy diets, to maintain a normal BP (systolic BP <120 mm
Hg and diastolic BP <80 mm Hg) (RCT, General). Pharmaco-
logical therapy should be implemented if the target BP is not
achieved. Adults with diabetes and hypertension can be pre-
scribed any class of antihypertensive medication as a primary
medication for BP control to achieve the target range (RCT,
General). There was no difference in the CVD prevention effect

https://e-dmj.org  Diabetes Metab J 2023;47:575-594

(Continued).

between angiotensin-converting enzyme (ACE) inhibitors, an-
giotensin II receptor blockers (ARBs), calcium channel block-
ers, and B-blockers, which can all be used as first-line antihy-
pertensive agents in T2DM [87,88]. ACE inhibitors or ARBs
are preferred when hypertension is accompanied by albumin-
uria (RCT, General) [89-91] or coronary artery disease (RCT,
General) [92]. If BP is not controlled by the primary antihyper-
tensive medication, combination therapy using a drug with a
different mechanism is recommended (RCT, General). Howev-
er, the combination of ACE inhibitors and ARBs is not recom-
mended (RCT, General). If BP exceeds 160/100 mm Hg, initial
combination therapy with two or more medications is recom-
mended with intensive lifestyle intervention (RCT, General)
(Fig.2) [85].

LIPID MANAGEMENT IN PATIENTS WITH
DIABETES

To evaluate the risk of CVD, serum lipid profiling (total choles-
terol, high-density lipoprotein cholesterol [HDL-C], triglycer-
ides, and low-density lipoprotein cholesterol [LDL-C]) should
be performed at the time of the initial diagnosis of diabetes and
at least once a year thereafter (Expert opinion, General). The
primary objective of lipid management is to control LDL-C
levels (RCT, General). To determine the LDL-C goal, comor-
bidities including past history of CVD, target organ damage
(albuminuria, eGFR <60 mL/min/1.73 m? retinopathy, and
LVH), major risk factors for CVD (age, family history of early-
onset coronary artery disease, hypertension, smoking, and
HDL-C <40 mg/dL), and duration of diabetes should be inves-
tigated first (Expert opinion, General). LDL-C goals are as fol-
lows. (1) For patients with CVD, LDL-C should be reduced to
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BP measurement at every visit /| Home BP monitoring

v

Normal blood pressure
<120/80 mm Hg

Cardiovascular disease / target organ damage?/
risk factors of cardiovascular disease®

Target BP
<140/90 mm Hg <130/80 mm Hg

BP Exceeding BP
>120/80 mm Hg target BP >160/100 mm Hg

v v v

Lifestyle modification (weight management, | Na intake,
1 Kintake, 1 exercise, | alcohol consumption)

O ®

Antihypertensive
drugs (ACE inhibitors
or ARBs are
recommended
in patients with
albuminuria or
coronary artery
disease)

Initial

combination
therapy

v v
Add antihypertensive agents of
other classes if target BP is not achieved.

Fig. 2. Hypertension management in patients with diabetes. Blood pressure (BP) should be measured at every clinic visit, and
home BP monitoring is recommended. The recommended target BP level is <140/90 mm Hg in adults with diabetes without
cardiovascular disease (CVD) or associated risk factors. The recommended target BP is <130/80 mm Hg in diabetic adults with
CVD, target organ damage (albuminuria, chronic kidney disease, retinopathy, and left ventricular hypertrophy), or risk factors for
CVD. Adults with diabetes and a BP >120/80 mm Hg should undergo lifestyle modifications. Pharmacological therapy should be
implemented if the target BP is not achieved. Angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor block-
ers (ARBs) are preferred when accompanied with albuminuria or coronary artery disease. If the BP exceeds 160/100 mm Hg, ini-
tial combination therapy is recommended. If BP is not controlled by primary antihypertensive medications, combination therapy
using other drugs with different mechanisms is recommended. *Albuminuria, chronic kidney disease, retinopathy, left ventricular
hypertrophy, "Age (men >45 years, women >55 years), smoking, obesity, dyslipidemia, family history of early-onset coronary
heart disease.
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Serum lipid profile (total/LDL/HDL cholesterol, triglyceride) at the time

of first diagnosis of diabetes and at least once yearly thereafter

v v v
HDL . .
LDL cholesterol Triglyceride
i ' il \
Evaluation of past medical history and
risk factors of CVD
b Men:
4 | >4
« Patients with CVD: <55 mg/dL and at least 50% meg/dL
reduction from baseline <150
« Duration of diabetes =10 years or presence of CVD ) mg/dL
risk factors? or target organ damageb: <70 mg/dL Wc;mgn.
(selectively® <55 mg/dL) m gf; dL
« Duration of diabetes < 10 years and no risk factor of
CVD: <100 mg/dL
- I J * \ I J
Lifestyle modification

The goal is not achieved on | a maximum tolerable dose

Add ezetimibe

Fenofibrate

or
omega-3
fatty acid

The goalis not | achieved

Statin + PCSK9 inhibitor combination

Fig. 3. Lipid management in patients with diabetes. Serum lipid profiles should be obtained at the time of the first diagnosis of di-
abetes and at least once a year thereafter. Past history of cardiovascular disease (CVD) and target organ damage (albuminuria, es-
timated glomerular filtration rate <60 mL/min/1.73 m? retinopathy, and left ventricular hypertrophy), the major risk factors for
CVD (age, family history of early-onset coronary artery disease, hypertension, smoking, and high-density lipoprotein cholesterol
[HDL-C] <40 mg/dL) and duration of diabetes should be investigated to determine the low-density lipoprotein cholesterol (LDL-
C) goal. Education on active lifestyle modifications should also be provided. Pharmacological therapy should be implemented if
LDL-C goals are not achieved. Statins should be used as first-line therapy. Ezetimibe should be added if the goal is not achieved
with the maximum tolerable dose of statin therapy. If diabetic patients with CVD do not achieve this goal even after treatment
with a statin plus ezetimibe, combination therapy with a statin and proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibi-
tors should be considered. Adults with severe hypertriglyceridemia (triglyceride levels =500 mg/dL) were treated with fenofibrate
or omega-3 fatty acids. *Age (men >45 years, women >55 years), family history of early-onset coronary heart disease, hyperten-
sion, smoking, HDL-C <40 mg/dL, "Albuminuria, estimated glomerular filtration rate <60 mL/min/1.73 m? retinopathy, and
left ventricular hypertrophy, “Target organ damage or three or more major risk factors for CVD.
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<55 mg/dL and at least 50% from baseline (RCT, General); (2)  reduced to <100 mg/dL (RCT, General) [6,93-98]. Education
For those with a duration of diabetes >10 years or with the ma-  on active lifestyle modifications and continuous monitoring
jor risk factors for CVD or target organ damage, LDL-C should  of their implementation should be included in lipid manage-
be reduced to <70 mg/dL (NRS, General); (3) For those who = ment (RCT, general). Pharmacologic therapy should be imple-
have target organ damage or three or more major risk factors ~ mented if LDL-C goals are not achieved as follows: (1) a statin
for CVD, LDL-C can be reduced to <55 mg/dL (NRS, Gener-  should be used as first-line therapy (RCT, General); (2) ezeti-
al); (4) For those whose duration of the disease is <10 yearsand ~ mibe should be added if the goal is not achieved with a maxi-
who do not have major risk factors for CVD, LDL-C should be  mum tolerable dose of statin therapy (RCT, Limited); (3) if pa-

Spot UACR / eGFR at the time of first diagnosis of
diabetes and at least once a year thereafter

Optimal glycemic control Optimal blood pressure control

Diabetic kidney disease:
UACR =30 mg/g or eGFR <60 mL/min/1.73 m?

Staging of chronic kidney disease

l l !

ARB/ACEi
in patients with
hypertension and
albuminuria

L]
v

nsMRA in patients
with albuminuria,
decreased eGFR,
and normal blood
potassium levels

Adequate
consumption

of protein

v v v v

Unknown causes of kidney diseases or progressed nephropathy
(eGFR<30 mL/min/1.73 m?)

v

Consultation with nephrologist

Fig. 4. Management of diabetic kidney disease. Urine albumin/creatinine ratio (UACR) and estimated glomerular filtration rate
(eGFR) should be evaluated in individuals with type 2 diabetes mellitus (T2DM) at the time of diagnosis and at least once yearly.
Therefore, blood glucose levels and blood pressure should be optimally controlled. Sodium-glucose cotransporter 2 inhibitors
(SGLT2is) that have shown renal benefits should first be used to inhibit diabetic kidney disease (DKD) progression in patients
with albuminuria or a reduced eGFR. DKD patients consume adequate protein amounts. Angiotensin-converting enzyme inhibi-
tors (ACEis) or angiotensin II receptor blockers (ARBs) should be prescribed for patients with diabetes, hypertension, and albu-
minuria. Non-steroidal mineralocorticoid receptor antagonists (nsMRAs), such as finerenone, which has shown cardiac and renal
benefits, can be considered in patients with T2DM with albuminuria, decreased eGFR, and normal blood potassium levels. Re-
quest consultation with nephrologists for those with unknown causes of kidney disease or progressive nephropathy.
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tients with diabetes with CVD do not achieve the goal even af-
ter treatment with a statin adding ezetimibe, combination ther-
apy with a statin and proprotein convertase subtilisin/kexin
type 9 (PCSK9) inhibitors should be considered (RCT, Limited)
[99-104]. Adults with hypertriglyceridemia (triglyceride levels
>150 mg/dL) should be managed first with lifestyle modifica-
tions, such as stopping alcohol consumption and losing weight,
as well as controlling secondary factors, such as glycemic con-
trol (RCT, General). Adults with severe hypertriglyceridemia
(triglyceride levels >500 mg/dL) are treated with medications
such as fenofibrate or omega-3 fatty acids to reduce the risk of
acute pancreatitis (RCT, General) [105]. Four to 12 weeks after
the initiation of lipid-lowering therapy, serum lipid tests must
be performed to evaluate the response to the drug and patient
compliance (Expert opinion, General) (Fig. 3).

DIABETIC KIDNEY DISEASE

UACR and eGFR should be evaluated in patients with T2DM
at the time of diagnosis and at least once yearly thereafter (NRS,
General) [106]. Blood glucose and BP should be optimally con-
trolled to suppress the development and progression of diabetic
kidney disease (DKD) (RCT, General) [107]. Patients with
DKD should avoid excessively high or low (<0.8 g/kg/day)
consumption of protein (RCT, General) [108,109]. ACE inhibi-
tors or ARBs should be prescribed to patients with diabetes
with albuminuria and hypertension (RCT, General) [110-112].
To prevent DKD progression, ACE inhibitors or ARBs are not
recommended for patients with normal BP (RCT, General)
[113]. SGLT?2 inhibitors with renal benefits should be used to
inhibit the progression of DKD in patients with albuminuria or
a reduced eGFR (RCT, General) [76,77]. SGLT?2 inhibitors can
be maintained until renal replacement therapies are initiated
(RCT, General). Nonsteroidal mineralocorticoid receptor an-
tagonists (e.g., finerenone) that have shown cardiac and renal
benefits can be considered in T2DM patients with albumin-
uria, decreased eGFR, and normal blood potassium levels
(RCT, General) [114-116]. GLP-1RAs that have shown cardio-
vascular and renal benefits can be considered to inhibit the
progression of albuminuria in T2DM patients at a high-risk of
CVD (RCT, General) [28,117,118]. Request a consultation with
nephrologists about those with unknown causes of kidney dis-
eases or progressed nephropathy (eGFR <30 mL/min/1.73 m?)
(Expert opinion, General) (Fig. 4).
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NON-ALCOHOLIC FATTY LIVER DISEASE IN
PATIENTS WITH T2DM

All adults with T2DM should be evaluated for the presence of
NAFLD (Expert opinion, General). Alanine aminotransferase
or abdominal ultrasonography should be performed as prima-
ry screening to evaluate NAFLD and exclude secondary causes
(Expert opinion, General) [119-122]. If NAFLD is confirmed,
the evaluation of liver fibrosis is necessary. Non-invasive and
relatively simple tests, such as the fibrosis index-4 (FIB-4) or
NAFLD fibrosis score (NES), can be utilized as markers. Com-
pared to liver biopsy, these non-invasive diagnostic models
have higher specificity but lower sensitivity [123-125]. There-
fore, additional diagnostic strategies for liver fibrosis are neces-
sary for the remainder of the group, excluding the low-risk
group (FIB-4 <1.3, NFS <2.67) [126]. Vibration-controlled
transient elastography should be considered for the evaluation
of liver fibrosis in adults with T2DM with NAFLD (Expert
opinion, Limited) (Fig. 5) [127,128]. Lifestyle modification is
recommended to reduce the risk factors for CVD and treat fat-
ty liver disease in adults with T2DM with NAFLD (RCT, Gen-
eral) [129-132]. Weight reduction should be performed by at
least 7% of the body weight to improve intrahepatic inflamma-
tion in adults with T2DM with NAFLD and a BMI >23 kg/m’
(RCT, General) [132-134]. Thiazolidinediones can be used as
first-line therapy for NAFLD in T2DM adults (RCT, General)
[135,136]. GLP-1RAs that have shown effects can be used as
first-line therapy for NAFLD in T2DM adults (RCT, Limited)
[28-30]. Metformin, DPP-4 inhibitors, vitamin E, statins, ur-
sodeoxycholic acid, and pentoxifylline are not used to treat
NAFLD (RCT, General) [134,135,137,138]. Bariatric surgery
can be considered for adults with T2DM with obesity (BMI
>30 kg/m?) and NAFLD who have had non-surgical treatment
but failed weight loss and had no improvement in the fatty liver
(NRS, Limited) [139-142].

CONCLUSIONS

Despite remarkable advances in pharmacological treatment,
medical technology, and the ongoing updating of comprehen-
sive guidelines for managing diabetes mellitus, the rate of achiev-
ing treatment goals remains unsatisfactory. Therefore, certified
education by professional and multidisciplinary teams and
constant monitoring of adherence to self-management, includ-
ing nutrition and exercise, in people with diabetes should be

585



Choi JH, et al.

Suspicion of NAFLD ]

!

Exclusion of secondary causes:
liver function test, abdominal ultrasonography

!

Noninvasive test for liver fibrosis (FIB-4, NFS)

[ Low risk?

[ Intermediate risk }

High risk ]

!

Re-evaluate every
1-2 years
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1

or enhanced liver fibrosis test
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) (
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1 1

Re-evaluate every
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Liver biopsy or

consultation with
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Fig. 5. Evaluation of non-alcoholic fatty liver disease (NAFLD) in patients with type 2 diabetes mellitus (T2DM). All adults with
T2DM should be evaluated for the presence of NAFLD. Liver function tests or abdominal ultrasound should be performed to eval-
uate NAFLD and to exclude secondary causes. Non-invasive and simple tests, such as the fibrosis index-4 (FIB-4) or the NAFLD fi-
brosis score (NFS), can be used to evaluate liver fibrosis. Vibration-controlled transient elastography should be considered when
evaluating liver fibrosis in T2DM adults, excluding those in low-risk groups. “Low risk: FIB-4 <1.3, NFS <2.67, "Low risk: liver
stiffness measurement <8.0 kPa, Enhanced Liver Fibrosis (ELF) score <10.5.

emphasized. An appropriate choice, active titration, and adher-
ence to antidiabetic medication while avoiding clinical inertia
could lead to an individualized target glycemic goal. To achieve
these goals, various supplementary methods, including infor-
mation technology, can be helpful. In addition, regular moni-
toring and early detection of acute or chronic complications
and comorbidities are urgently needed in patients with diabe-
tes. The Clinical Practice Guidelines of KDA will provide time-
ly, evidence-based clinical recommendations to support health-
care professionals in providing more advanced diabetes care in
Korea.
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