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ABSTRACT

Background: We evaluated patients visiting a tertiary university hospital due to a diagnosis
of diabetes with a goal of achieving blood glucose control and evaluated blood glucose
persistence over 7 years according to the change in blood glucose evident at 3 months after
the first visit.

Methods: Patients treated from 2009 to 2013 were categorized into four groups according
to the change in HbA1c levels during the first 3 months of follow-up (Best_group, > 1.6%
decrease; Better_group, 0.5-1.5% decrease; Neutral_group, maintained at —0.4% to +0.4%;
Worse_group, > 0.5% increase). Each patient’s blood glucose control status was then
monitored for 7 years. The incidence of stroke and acute coronary syndrome during this
period was confirmed.

Results: Overall, 9,776 patients were included. HbAlc values were lower in the Best_group than
in the other groups at all time points (all P < 0.001). The rate of reaching targets of < 6.5% or
<7.0% HbAlc decreased over time; the rate at which the estimated glomerular filtration rate
decreased to < 30 or < 60 mL/min/1.73m? increased over time (all trends, P < 0.01).
Conclusion: Blood glucose control status in the first 3 months after initiating hospital care
enabled estimation of the patient’s glycemic control status for the next 7 years. In cases with
poor initial blood glucose control, a new or more active method of blood glucose control
should be sought.

Keywords: Blood Glucose; Diabetes Mellitus; Glycemic Control

INTRODUCTION

The incidence of diabetes mellitus (DM) is increasing worldwide, and it is well known that
the blood glucose control rate in diabetes is quite low.1"3 Among patients with diabetes in the
Republic of Korea, the rate of reaching a target HbAlc value of < 6.5% has been determined
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to be < 30%; moreover, even if a standard of < 7.0% is applied, the rate of reaching the

target value is only approximately half.3 This is critically important as poor glycemic control
is associated with an increased incidence of complications, and only strict blood glucose
control can prevent the occurrence of potentially severe complications.4> For this reason,
strict blood glucose control and the prevention of complications are the most basic elements
in diabetes management.

The fact that thorough blood glucose control can prevent complications of diabetes has been
proven through largescale studies, including the Diabetes Control and Complication Trial
and United Kingdom Prospective Study.5 Findings to date demonstrate that the period of
exposure to hyperglycemia should be kept to a minimum, as the minimization of exposure
to high, uncontrolled glucose levels is associated with a strong reduction in the incidence

of diabetes complications. In other words, it is necessary to actively lower patients’ blood
glucose levels as quickly as possible following the diagnosis of diabetes and to keep blood
glucose at a low state thereafter. In the long term, failure to control blood glucose levels is
rare after actively lowering blood glucose levels in the early stage.6

In the Republic of Korea, when a patient is diagnosed with diabetes at a local clinic for the
first time or when their blood glucose levels are not well controlled, patients are referred to a
tertiary university hospital.” Early blood glucose control is a critically important component
of that first visit. Additionally, tighter active blood glucose management is attempted in
tertiary university hospitals than in local clinics.8 Nevertheless, the glycemic control rate

in tertiary university hospitals in the Republic of Korea is still low.9 Therefore, this study
targeted patients who visited a tertiary university hospital following a diagnosis of diabetes,
including for the purpose of blood glucose control. Herein, we investigated the degree to
which changes in blood glucose levels during the first 3 months after the initial hospital visit
were associated with changes in blood glucose levels over the next 7 years. In addition, we
evaluated differences in the occurrence of cardiovascular complications according to blood
glucose control status.

METHODS

This study was conducted in patients aged > 18 years who first visited Seoul St. Mary's
Hospital following a diabetes diagnosis or who received a diabetes diagnosis at said hospital
between January 1, 2009 and June 31, 2013. Type 1 diabetes and gestational diabetes were
excluded from the differential diagnosis at this visit. During follow-up, cases categorized as
pre-gestational DM were excluded from the final analysis.

Patients included in the study were followed up for 7 years, and cases without sufficient (i.e.,
7 year) follow-up were excluded from this study. Changes in HbAlc levels after patients’ first
visit to Seoul St. Mary’s Hospital were first evaluated during the initial 3 months of follow-up.
After that, blood glucose control status was checked at regular intervals over the course of 7
years. In addition, the incidence rates for stroke and acute coronary syndrome (ACS) during
the study period were confirmed on follow-up.

Study population and data extraction

Personal information, such as patients’ date of birth, sex, height, weight, systolic blood
pressure, and diastolic blood pressure, was extracted from the medical record database.
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Blood test data for HbAlc and blood urea nitrogen at the patient’s first visit were extracted as
well. The use of insulin injection was checked on routine follow-up, as was the development
of hypertension and comorbidities such as ACS and stroke.

In this study, ACS status was defined as patients with an additional diagnosis of ACS according
to an International Classification of Diseases, 10" revision (ICD-10) code of 120 to 125 following
coronary angiography, percutaneous coronary artery intervention, peripheral angiography,
percutaneous transluminal angioplasty, stenting, coronary artery bypass grafting, endovascular
repair of an aortic aneurysm, or thoracic endovascular repair of the aorta at the hospital. ICD-10
codes 160-164 were used for the operational definition of stroke.10,11

Study design

After visiting Seoul St. Mary's Hospital, patients were divided into four groups according to
the amount of change in HbAlc evident during the first 3 months of follow-up, as follows:
Best_group, HbAlc levels decreased by > 1.6%; Better_group, HbAlc levels decreased by
0.5-1.5%; Neutral_group, HbAlc levels were maintained at -0.4%-0.4%; and Worse_group,
HbA1c levels increased by > 0.5%. Changes in HbAlc were confirmed for each group for a
period of 7 years.

HbAIlc levels measured between 6 and 18 months were represented by an average of 12 months
(12M) of follow-up (24M, 18-30 months; 36M, 30—-42 months; 48M, 42-54 months; 60M, 54—-66
months; and 72M, 66-78 months). When HbAlc was measured more than once during each
follow-up timeframe, an HbAlc value close to the middle of each section was selected.

Privacy protection

When extracting data required for this research from patients’ electronic medical records
(EMR), personally identifiable information (such as the patient’s name) was not included.
The data obtained for the study were purified by an endocrinologist through a standardized
process of data quality management suitable for research, yielding pseudonymized data that
allows for maintaining security.12

Statistical analyses

Values were presented as numbers and percentages for categorical variables and as means
and standard deviations for continuous variables; Pvalues were calculated using analysis of
variance tests or t-tests for continuous variables and using y? tests or Fisher’s exact tests for
categorical variables. All statistical analyses were performed using SAS statistical software
(version 9.4; SAS Institute Inc., Cary, NC, USA), and Pvalues of < 0.05 were considered the
threshold for statistical significance.

Ethics statement
Our study was approved by the Institutional Review Board (IRB) of the Catholic University of

Korea (approval no. KC21RISIO080), and conducted in accordance with the principles of the
Declaration of Helsinki. The board waived informed consent of the patients.

RESULTS

Overall, 9,776 patients were included in this study, all of whom were followed up for 7 years
(i.e., patients who were not followed for 7 years were excluded from the analysis). At baseline,
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Table 1. Baseline characteristics according to HbAlc changes during the first 3 months after a first tertiary university hospital visit

the mean age of the enrolled participants was 60.1 + 11.7 years; 94.9% (9,280/9,776) of the
enrolled patients were aged > 40 years, and 54.5% (5,329/9,776) were aged > 60 years (Table 1).
The mean body mass index was 24.5 + 3.6 kg/m?, and the mean HbAlc level was 7.4 +1.6%. The

rate of insulin use after the first hospital visit was 25.9% (2,533/9,776 patients).

Changes in HbAlc over the course of 7 years were confirmed in comparison to baseline
HbAlc levels at the first hospital visit. Regardless of patients’ baseline HbAlc levels, HbAlc
was found to decrease most strongly at 12 months and then normally continued to increase or
was maintained thereafter (Fig. 1A). Except for patients in the group comprising those with

a baseline HbAlc of < 7.0%, HbAlc was found to decrease to 7.2-7.7% at 12 months and then

Variables Total Best_group Better_group Neutral_group Worse_group
(N = 9,776) (n=1,419) (n=1,856) (n=5,134) (n=1,367)
Age, yr 60.1+11.7 55.8+13.1 59.5+11.5 61.4+10.9 60.8+11.9
<30 69 (0.7) 23 (1.6) 9(0.5) 21 (0.4) 16 (1.2)
30-39 497 (4.4) 140 (9.9) 90 (4.9) 146 (2.8) 51(3.7)
40-49 1,259 (12.9) 306 (21.6) 257 (13.9) 545 (10.6) 151 (11.1)
50-59 2,692 (27.5) 391 (27.6) 526 (28.3) 1,405 (27.4) 370(27.1)
60-69 318 (32.5) 321 (22.6) 595 (32.1) 1,818 (35.4) 447 (32.7)
>70 2,148 (22) 238 (16.8) 379 (20.4) 1,199 (23.4) 332 (24.3)
Male sex 5,341 (54.6) 893 (62.9) 1,020 (55.0) 2,686 (52.3) 749 (54.3)
Height, cm 162.1+9 163.7£9.2 162 = 8.7 161.7 = 8.9 162.3+9
Weight, kg 64.7 £ 14.6 67.3 +14.0 65.4+13.3 63.8+15.9 63.9+11.8
BMI, kg/m? 24.5+ 3.6 25.0+ 4.0 24.8+ 3.8 24.3+ 3.4 24.3£3.7
Systolic blood pressure, mmHg 130.4 +19.7 130.7 + 20.3 129.6 + 19.4 130.6 + 19.6 130.2 +19.9
Diastolic blood pressure, mmHg 77.1+11.2 78.4+11.1 76.5+10.9 76.9+11.4 76.7 +10.8
HbA1lc, (%) 7.4+1.6 10.1+1.8 7.7+1.1 6.7+ 0.9 6.9+1.1
<7.0% 4,864 (49.8) 5 (0.4) 442 (23.8) 3,596 (70) 821 (60.1)
7.0-7.9% 2,381 (24.4) 106 (7.5) 804 (43.3) 1,115 (21.7) 356 (26)
8.0-8.9% 1,078 (11) 296 (20.9) 382 (20.6) 280 (5.5) 120 (8.8)
9.0-9.9% 624 (6.4) 316 (22.3) 152 (8.2) 104 (2) 52 (3.8)
>10.0% 829 (8.5) 696 (49.1) 76 (4.1) 39(0.8) 18 (1.3)
BUN, mg/dL 17.6+9.2 16.9+7.8 17.7+9.8 17.4+8.5 19.1+11.6
Creatinine, mg/dL 1.0+ 0.8 0.9+0.6 1.0+ 0.9 1.0+ 0.6 1.1+1.2
eGFR 81.1+25.2 86.2 + 26.9 81.6 = 24.8 80.1+23.3 78.2 £29.2
> 90 mL/min/1.73m? 2,975 (35) 582 (43.2) 605 (36.9) 1,390 (32.5) 398 (33.3)
60-89 mL/min/1.73m? 4,074 (48) 576 (42.7) 792 (47.4) 2,181 (51) 525 (43.9)
30-59 mL/min/1.73m? 1,163 (13.7) 160 (11.9) 295 (13.5) 584 (13.7) 194 (16.2)
15-29 mL/min/1.73m? 185 (2.2) 23 (1.7) 30 (1.8) 86 (2) 46 (3.9)
<15 mL/min/1.73m? 96 (1.1) 7 (0.5) 20(1.2) 36 (0.8) 33(2.8)
AST, IU/L 25.9+18.4 28.1+22.0 27.1+18.7 24.4+13.8 26.8 + 26
ALT, IU/L 30.4 +28.8 35.1+31.9 33.0+29.9 27.5+23.0 31.6+39
Total cholesterol, mg/dL 170.4 = 41.2 185.2 = 50.4 174.5 £ 43.0 165.7 = 36.0 165.9 £ 41.3
Triglyceride, mg/dL 145.2 £ 113.5 172.5 £ 156.1 157.4+129.6 133.5+92.9 142 + 94.3
HDL-C, mg/dL 45.3+11.8 42.3+£12.1 44.2 £ 11.7 46.8+11.5 44.1+11.7
LDL-C, mg/dL 96.0+ 33.6 108.8 = 39.6 99.5+35.1 91.8+30.1 92.8 + 32.6
Blood glucose control
Only OHA 7,243 (74.1) 762 (53.7) 1,356 (73.1) 4,948 (82.7) 877 (64.2)
Insulin 2,533 (25.9) 657 (46.3) 500 (26.9) 886 (17.3) 490 (35.8)
Current medical history
Hypertension 1,731 (17.7) 146 (10.3) 289 (15.6) 1,065 (20.7) 231 (16.9)
Stroke 934 (9.6) 143 (10.1) 173 (9.3) 498 (9.7) 138(10.1)
ACS 1,272 (13) 143 (10.1) 251 (13.5) 688 (13.4) 190 (13.9)

Values are presented as numbers (percentages) for categorical variables and as means + standard deviation for continuous variables.
A P value was calculated using t-tests for continuous variables and chi-square tests or Fisher’s exact tests for categorical variables.

BMI = body mass index, HbAlc = hemoglobin Alc, BUN = blood urea nitrogen, eGFR = estimated glomerular filtration rate, AST = aspartate aminotransferase, ALT
= alanine aminotransaminase, HDL-C = high density lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, OHA = oral hypoglycemic agent, ACS =

acute coronary syndrome.
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continued to a level not exceeding 8.0% thereafter. However, the rate of reaching a target of
< 6.5% HbA1lc (which ranged from 36.9% within 12 months to 26.9% within 84 months, P
<0.01) or < 7.0% HbA1c (which ranged from 60.0% within 12 months to 52.8% within 84
months, P < 0.01) continued to decrease over time (Fig. 1B). The rate at which the estimated
glomerular filtration rate decreased to < 30 mL/min/1.73m? (ranging from 3.3% at 12 months
to 6.4% at 84 months, P < 0.01) or <60 mL/min/1.73m? (ranging from 17.0% at 12 months to
26.2% at 84 months, P < 0.01) increased with time (all trends, P < 0.01) (Fig. 1C).

Those in the Neutral_group, which showed a change in HbAlc in the -0.4% to +0.4% range
during the first 3 months after the first hospital visit, accounted for the largest proportion

of the study population (52.5%, 5,134/9,776 patients) (Table 1). Those in the Best_group
accounted for 14.5% of the population (1,419/9,776 patients), while those categorized into
the Better_group accounted for 19.0% (1,856/9,776 patients). After visiting the hospital,
those in the Worse_group (i.e., the patients whose HbAlc levels worsened after the first visit)
accounted for 14.1% of the study population (1,376/9,776 patients).

In the case of the Best_group, which showed the greatest hypoglycemic effects during the
first 3 months of follow-up, baseline HbAlc levels were the highest of the four groups at 10.1
+1.8%. The baseline HbAlc levels in the Neutral_group and Worse_group were 6.7 = 0.9%
and 6.9 +1.1%, respectively, and the baseline HbAlc levels showed significant differences
between the four groups (all P < 0.001). The rate of insulin use during the first 3 months

A —a— >10.0% baseline HbAlc B m HbAIC < 6.5% m HbAIcC < 7.0%
12 - --8-- 9.0% < baseline HbAIC < 10.0% 80 -
11 4 --m-- 8.0% < baseline HbAlc < 9.0%
- i 60.0
10 - = 7.0% .s baseline HbA1lc < 8.0% 60 - 58.2 57.7 55.3 54.8 507 8
3 n —a— Baseline HbAIc < 7.0%
OA 9 a
(8] Q -
% N S 40 36.98 345 sl .o, 004
2 . 27.9 26.9)
7 20 -
6 -
5 T T T T T T T T
Baseline 12 24 36 48 60 72 84 12 24 36 48 60 72 84
Months Months
C B eGFR <30 mL/min/1.73m> ® eGFR < 60 mL/min/1.73m?
30 -

20 +

10

Baseline 12 24

95.9 26.2

24.6

24.2

23.4

36 48 60 72 84
Months

Fig. 1. Changes during 84 months of follow-up in patients with diabetes undergoing treatment at a tertiary university hospital. (A) HbAlc changes according to
baseline HbATc values. (B) Target achievement rates in regard to HbA1c levels. (C) Respective rates of achieving estimated glomerular filtration rates of < 30 mL/

min/1.73m? and < 60 mL/min/1.73m?.

HbA1c = hemoglobin Alc.
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was the highest in the Best_group (46.3%, 657/1,419 patients), followed by that in the
Worse_group (35.8%, 490/1,367 patients), Better_group (26.9%, 500/1,856 patients), and
Neutral_group (17.3%, 886/5,134 patients), with significant differences found between each
group (all P< 0.001).

Long-term Changes in HbAlc

As shown in Fig. 2, patients were subdivided according to their baseline HbAlc levels at their
first visit to the tertiary university hospital, following which changes in HbAlc levels over
the course of 7 years were evaluated within each subgroup. When the baseline HbAlc level
was 7.0-8.0%, the subsequent HbAlc level was the lowest in the Best_group (6.1 + 0.7%

at 12 months), though it continued to increase thereafter. However, in the Worse_group,
HbAlc was increased even at 12 months but was then maintained at this slightly higher

level for 84 months thereafter. In all groups, HbAlc levels showed significant differences

at all time points (P < 0.001). This pattern was also found for other ranges of baseline
HbAlc. When the baseline HbAlc level was 9.0-10.0%, the HbAlc level in the Best_group
statistically significantly decreased to 7.1 + 1.2% at 12 months and then increased thereafter.
In the Worse_group, both high and low levels of HbAlc were repeatedly detected over time,
although HbAlc showed a tendency to decrease overall. However, at each time point, HbAlc
levels in the Worse_group were significantly higher than those in the Best_group (all P <
0.001). When HbAlc levels were 8.0-9.0%, 9.0-10.0%, or > 10.0%, the HbAlc levels in the
Best_group showed significantly lower results than in the Better_group, Neutral_group, or
Worse_group at all time points (all P < 0.001). However, HbAlc levels in the Neutral_group
and Worse_group did not show any statistically significant differences over time.

Changes in the cumulative incidence of ACS and stroke over the course of 7 years were
evaluated in this study as well (Fig. 3). The cumulative incidence rates for ACS and stroke,

A Baseline HbAlc < 7.0% B 7.0% < baseline HbA1lc < 8.0% (o4 8.0% < baseline HbAlc < 9.0%
12
11 4
° 10
°\a 9 9
= -
5 8 817
I
7 7 4
6 6 -
5 T T T T T T T 1 5 T T T T T T 1 5 T T T T T T 1
Baseline 12 24 36 48 60 72 84 Baseline 12 24 36 48 60 72 84 Baseline 12 24 36 48 60 72 84
Months Months Months
D 9.0% < baseline HbAlc < 10.0% E Baseline HbA1lc > 10.0%
12 -
1 4
10
R 0 —e— Worse_group
g H IR S --#-- Neutral_group
8 i X [ - SPPPTYY TN 3 L
g : [ — --m-- Better_group
7 [ RCIRL LURETR mpeepr |
- m - Best_group
[
5 T T T T T T 1 5 T T T T T T 1
Baseline 12 24 36 48 60 72 84 Baseline 12 24 36 48 60 72 84

Months Months

Fig. 2. Changes in HbATc levels during 84 months of follow-up according to glycemic control status within the first 3 months after visiting a tertiary care hospital:
(A) Baseline HbA1c < 7.0%, (B) 7.0% < baseline HbA1c < 8.0%, (C) 8.0% < baseline HbAlc < 9.0%, (D) 9.0% < baseline HbAlc < 10.0%, and (E) > 10.0% baseline HbAlc.
HbA1c = hemoglobin Alc.
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Fig. 3. Cumulative occurrence graph over the course of 7 years for (A) acute coronary syndrome and (B) stroke; P values were calculated using analysis of
variance tests.

which did not show significant trends over time (P= 0.416 and P = 0.5006, respectively), were
the lowest in the Best_group, whereas the Worse_group showed the highest cumulative
incidence rate. However, there were no statistically significant differences between groups.
Regarding ACS, the cumulative incidence rate in the Best_group did not show a significant
difference in comparison with the Better_group (P = 0.614), Neutral_group (P=0.222), or
Worse_group (P = 0.134). In regard to stroke, the cumulative incidence rate for the Best_
group did not show a significant difference in comparison with that of the Better_group (P =
0.404), Neutral_group (P=0.616), or Worse_group (P = 0.608).

DISCUSSION

The most salient characteristic of this study was the long-term follow-up of patients with
diabetes using real world data on patients with diabetes visiting a representative tertiary
university hospital in the Republic of Korea. We found that glycemic control within 3 months
of the first hospital visit predicted glycemic control over 7 years.

In the Republic of Korea, in the case of DM, transfer to a tertiary university hospital is
possible only after receiving a medical treatment request from a local clinic. Although
approximately 60% of patients with DM are managed at the local clinic level, the rate of
reaching blood glucose goals and implementation rates of complication tests are lower at
local clinics than at tertiary university hospitals.8 Active blood sugar management, such

as through insulin use, also appears to be more passive in a clinic setting.8 Therefore,
most patients transferred to a tertiary university hospital have poor blood sugar control. In
addition, some people are diagnosed with diabetes for the first time at a tertiary university

https://jkms.org https://doi.org/10.3346/jkms.2022.37.e281 7/12
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hospital through a health checkup. In any case, when first starting blood sugar control at a
university hospital, the first 3 months have a large impact on the future disease trajectory.

In this study, we found that the efficacy of blood glucose management for 3 months after

the first visit to a tertiary university hospital was remarkably consistent with blood glucose
control over the next 7 years. In addition, this study showed a deep correlation between
glycemic control and the prevention of complications. Moreover, the target achievement
rate of an HbAlc value of < 6.5% over the course of 7 years was 26—-36%, and the target
achievement rate for an HbAlc value of < 7.0% was 52-60%. These rates are quite high when
compared with those reported in some other studies,313 though not statistically significantly
different from those of previous studies conducted in the Republic of Korea.3

It is well known that early control of DM is important for long-term blood glucose control.¢
For example, the CREDIT study (an international multicenter observational study) showed
that early insulin treatment improved risk factors for cardiovascular disease and likewise
showed favorable results in regard to future blood glucose management.14 This shows that
trying to control blood glucose levels as quickly as possible can meaningfully and favorably
influence long-term blood glucose management and can prevent the occurrence of DM
complications. Of course, due to the characteristics of tertiary university hospitals and
characteristics of real-world evidence investigations, the patients in our study were almost
certainly not all presenting immediately after an initial diagnosis of DM. Instead, patients may
have been newly diagnosed with DM after a first visit to a tertiary university hospital but may
have also been diagnosed with diabetes at a local clinic, treated therein, and then subsequently
referred to a tertiary university hospital because their glucose levels were not well controlled.
The difficulty in distinguishing such patients may be the biggest limitation of this study.

Nevertheless, it is emphasized once again that it is critically important to control blood glucose
during the first 3 months after a first medical visit to a tertiary care hospital. In particular, in
this study, changes in HbAlc values for 3 months after visiting the tertiary university hospital
showed a strong correlation with the amount of change in HbAlc levels over the next 7 years,
although many patients were likely referred after failed treatment in clinics. This means that
physicians need to break out of this adverse correlation by finding new treatment options for
patients with poor glycemic control during the first 3 months under their care.

In this study, although the Best_group showed a higher baseline HbA1lc level than the Worse_
group, the cumulative incidence of ACS and stroke tended to be lower. Early blood glucose
control in DM has an important effect on the development of cardiovascular complications

in addition to exerting effects on long-term blood glucose control. If hyperglycemia is not
properly managed in the early stages of diabetes, the risks of complications increase even

if the patient’s blood glucose is well managed later. For example, ADVANCE is a classic and
representative study reporting on the long-term complication benefits of intensive glycemic
control in the early stages of diabetes.15 In the ADVANCE study, which compared intensive
glycemic control with standard therapy over the course of 5 years, a statistically significant
reduction in the incidence of cardiovascular complications was found in the intensive

care group. In addition, the combined frequency of microvascular and macrovascular
complications was 10% lower in the intensive care group than in the standard therapy group.
In the ADVANCE-ON study, which was followed for an additional 5 years, the relative risk of
end-stage renal disease was also reduced by an impressive > 46% in the intensive care group.16
Hence, long-term preventive effects in regard to DM complications were impacted for up to 10
years following effective early glycemic control of DM. Moreover, in the EURO HEART study,
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the risk of stroke or heart attack increased by approximately 10% if the use of the drug was
delayed by even 12 months.17 This emphasizes the importance of early blood glucose control
in regard to effects on long-term blood glucose control and in the prevention of diabetes
complications. After DM complications have already occurred, it is difficult to prevent or to
slow their progression even if blood glucose is returned to normal. Therefore, it is necessary to
continuously manage blood glucose from the beginning, before complications occur.

The reason that active and aggressive intensive glycemic control in the early stage of diabetes
helps to prevent long-term complications can be explained in terms of legacy effects.®:18,19 In
other words, our body remembers the high blood glucose state in the early stages of diabetes,
such that even if the blood glucose is lowered later, complications progress to the same level
as in hyperglycemia. However, achieving strong blood glucose control in the early stages of
diabetes can delay or reverse the development and progression of atherosclerosis, ultimately
reducing the risk of vascular complications such as kidney or cardiovascular disease.
Therefore, to realize DM-related legacy effects in a clinical real-world study, it is necessary

to present and evaluate various methods for inducing a strong lowering of blood glucose in

a short period of time during initial treatment. More specifically, various programs (i.e., diet
and exercise programs) should be implemented, taking advantage of the characteristics of
tertiary university hospitals.20

Moreover, in addition to achieving strong glycemic control effects at the beginning of
treatment, it is necessary to reproduce these legacy effects in clinical practice such that
long-term reductions in cardiovascular complications can be obtained. In this study, it was
important to select a patient group providing information relevant to ending adverse legacy
effects, and it is important to judge long-term impacts according to the pattern of glycemic
control occurring after the first visit to a tertiary university hospital.

In our investigation, it was difficult to prove a causal relationship due to the nature of a
retrospective cohort study.21,22 In other words, good blood glucose control in the first 3
months may be due to a clinical effect achieved through active treatment by an experienced
physician. However, treatment effects may reflect patient characteristics (e.g., some patients
are not interested in glycemic control or are not compliant for various reasons). This means
that cause and effect may be reversed in such evaluations. Hence, it is possible to interpret
our findings as showing that good blood glucose control in the first 3 months leads to good
blood glucose control for the next 7 years. Conversely, our results may suggest that patients
who have not controlled their blood glucose levels for 7 years may also not have managed to
control their blood glucose well at the beginning of the treatment period. However, either
way, this study showed a strong correlation between glycemic control in the first 3 months of
treatment and glycemic control over the course of 7 years. That is, regardless of the direction
of causality, if a patient visits a tertiary university hospital and provides data on their blood
glucose control status for the first 3 months of treatment, the patient's status for the next

7 years can also be reliably estimated. This does not imply a causal relationship, but rather
implies that future trends can be estimated based on correlation findings.

In this study, we found that the higher the baseline HbAlc, the greater the blood glucose
lowering effect in the first 3 months. In other words, the higher the baseline HbAlc level, the
more likely the patient was to end up in the group demonstrating an improvement in blood
glucose levels. The high baseline HbAlc levels of those categorized into the Best_group in
this study may be controversial. However, there was no concern in regard to drawing our
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study conclusions in the present investigation because the sub-analysis was performed by
subdividing according to baseline HbAlc values. Although the baseline HbAlc levels in the
Worse_group were statistically significantly higher on average than those in the Neutral _
group, nevertheless, in this group with high baseline HbA1c level, glycemic control was
much better maintained for 7 years and the incidence of complications was also considerably
less. These findings indicate that early glycemic control from the time of the first visit to a
tertiary university hospital is critically important. Results can be predicted only according to
correlation findings and not necessarily due to a causal relationship.

This study presents with some limitations inherent to the nature of any retrospective cohort
study,2! as well as limitations specific to the EMR available for data abstraction. First, it was

not possible to distinguish between patients diagnosed with DM for the first time and those
who were transferred while receiving treatment at a local clinic, an unevaluated variable that is
highly related to DM duration. In general, we could not properly confirm DM duration due to
missing data in the EMR. This is the biggest limitation of our study, as this information would
certainly have had a great influence on evaluating the occurrence of complications. In addition,
various confounding factors that could affect glycemic control or DM complications over the
course of 7 years could not be included in the analysis. However, it was judged that there was

no statistically significant effect of known factors on changes in blood glucose levels occurring
over the 7year follow-up. A second major limitation of this work was the uncertainty in the
operational definition of DM complications.23-25 More specifically, the operational definition of
a specific disease may vary depending on the purpose of the study. In this study, both treatment
codes and ICD-10 classifications were used to increase accuracy.10:11 However, there is a still
high possibility of underestimation or overestimation given this information alone.2425

The results of this study indicate that if patients’ blood glucose control status is characterized
during the first 3 months after their first hospital visit, the patient’s long-term blood glucose
management status can be estimated in a real-world setting. Moreover, our study clearly
shows that if blood glucose control fails in the early stages after the first evaluation visit,

the risk of complications increases. This has previously been proven in real-world settings
and represents a major strength of real-world evidence investigations.26 These results reveal
a treatment-outcome pattern or phenomenon in patients with DM; an awareness of this
pattern will assist physicians to change a patient’s treatment regimen to improve future blood
glucose control outcomes. Physicians should consider a relatively stronger treatment regimen
for patients with poor blood glucose control than for other patients to lower blood glucose
levels. For example, physicians may emphasize or provide additional education regarding
more aggressive lifestyle modifications to patients who are expected to have persistent

poor blood glucose control. Alternatively, physicians may be more aggressive in trying out
strong drug combinations from the time of the patient’s first hospital visits or they may
consider insulin injections at an early stage. To prove a clear causal relationship, a large-scale
prospective study is needed in the future.

Based on our study’s results, we strongly advise that if a patient presents to a tertiary
university hospital for the purpose of diabetes management, including optimal blood glucose
control, the patient’s level of glycemic control be identified during the first 3 months of
treatment. This will ensure that optimal treatment is administered, especially to patients
identified as having poor glycemic control. We suggest more thorough attention and tighter
management to treat patients with poor blood glucose control during the initial treatment
phase than that required in the standard care of patients with DM.

https://doi.org/10.3346/jkms.2022.37.e281 10/12



Long-term Changes in HbAlc

JKMS

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045: results from the International Diabetes
Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract 2019;157:107843.

PUBMED | CROSSREF

Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, et al. IDF Diabetes
Atlas: global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract
2018;138:271-81.

PUBMED | CROSSREF

Jung CH, Son JW, Kang S, Kim WJ, Kim HS, Kim HS, et al. Diabetes fact sheets in Korea, 2020: an
appraisal of current status. Diabetes Metab ] 2021;45(1):1-10.

PUBMED | CROSSREF

Nathan DM, Genuth S, Lachin J, Cleary P, Crofford O, Davis M, et al. The effect of intensive treatment of
diabetes on the development and progression of long-term complications in insulin-dependent diabetes
mellitus. N Engl ] Med 1993;329(14):977-86.

PUBMED | CROSSREF

UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with sulphonylureas or
insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes
(UKPDS 33). Lancet 1998;352(9131):837-53.

PUBMED | CROSSREF

Laiteerapong N, Ham SA, Gao Y, Moffet HH, Liu JY, Huang ES, et al. The legacy effect in type 2 diabetes:
impact of early glycemic control on future complications (the diabetes & aging study). Diabetes Care
2019;42(3):416-26.

PUBMED | CROSSREF

Kim KJ, Burns LR. Success factors in hospital network performance: evidence from Korea. Health Serv
Manage Res 2007;20(3):141-52.

PUBMED | CROSSREF

Seo DH, Kang S, Lee YH, Ha]JY, Park]S, Lee BW, et al. Current management of type 2 diabetes mellitus in
primary care clinics in Korea. Endocrinol Metab (Seoul) 2019;34(3):282-90.

PUBMED | CROSSREF

Lim DJ, Kwon HS, Kim HS, Lee JH, Ko SH, Lee JM, et al. Clinical characteristics of the diabetic patients
managed at the different medical institutions in Seoul and Gyeonggi province. Korean | Med 2006;71(2):173-81.

Park J, Kwon S, Choi EK, Choi Y, Lee E, Choe W, et al. Validation of diagnostic codes of major clinical
outcomes in a National Health Insurance database. Int ] Arrhythmia 2019;20(1):5.

CROSSREF

Park TH, Choi JC. Validation of stroke and thrombolytic therapy in Korean National Health Insurance
claim data. J Clin Neurol 2016;12(1):42-8.

PUBMED | CROSSREF

Shin SY, Kim HS. Data pseudonymization in a range that does not affect data quality: correlation with the
degree of participation of clinicians. | Korean Med Sci 2021;36(44):€299.

PUBMED | CROSSREF

LiD, Zou H, Yin P, Li W, He ], Wang S, et al. Durability of glycaemic control in type 2 diabetes: a systematic
review and meta-analysis for its association with body weight changes. Diabetes Obes Metab 2021;23(1):208-17.
PUBMED | CROSSREF

Balkau B, Calvi-Gries F, Freemantle N, Vincent M, Pilorget V, Home PD. Predictors of HbAlc over 4

years in people with type 2 diabetes starting insulin therapies: the CREDIT study. Diabetes Res Clin Pract
2015;108(3):432-40.

PUBMED | CROSSREF

Patel A, MacMahon S, Chalmers J, Neal B, Billot L, Woodward M, et al. Intensive blood glucose control
and vascular outcomes in patients with type 2 diabetes. N Engl | Med 2008;358(24):2560-72.

PUBMED | CROSSREF

Zoungas S, Chalmers J, Neal B, Billot L, Li Q, Hirakawa Y, et al. Follow-up of blood-pressure lowering and
glucose control in type 2 diabetes. N Engl | Med 2014;371(15):1392-406.

PUBMED | CROSSREF

Lenzen M, Ryden L, Ohrvik ], Bartnik M, Malmberg K, Scholte Op Reimer W, et al. Diabetes known

or newly detected, but not impaired glucose regulation, has a negative influence on 1-year outcome in
patients with coronary artery disease: a report from the Euro Heart Survey on diabetes and the heart. Eur
Heart ] 2006;27(24):2969-74.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2022.37.e281 11/12


http://www.ncbi.nlm.nih.gov/pubmed/31518657
https://doi.org/10.1016/j.diabres.2019.107843
http://www.ncbi.nlm.nih.gov/pubmed/29496507
https://doi.org/10.1016/j.diabres.2018.02.023
http://www.ncbi.nlm.nih.gov/pubmed/33434426
https://doi.org/10.4093/dmj.2020.0254
http://www.ncbi.nlm.nih.gov/pubmed/8366922
https://doi.org/10.1056/NEJM199309303291401
http://www.ncbi.nlm.nih.gov/pubmed/9742976
https://doi.org/10.1016/S0140-6736(98)07019-6
http://www.ncbi.nlm.nih.gov/pubmed/30104301
https://doi.org/10.2337/dc17-1144
http://www.ncbi.nlm.nih.gov/pubmed/17683653
https://doi.org/10.1258/095148407781395946
http://www.ncbi.nlm.nih.gov/pubmed/31565881
https://doi.org/10.3803/EnM.2019.34.3.282
https://doi.org/10.1186/s42444-019-0005-0
http://www.ncbi.nlm.nih.gov/pubmed/26365022
https://doi.org/10.3988/jcn.2016.12.1.42
http://www.ncbi.nlm.nih.gov/pubmed/34783216
https://doi.org/10.3346/jkms.2021.36.e299
http://www.ncbi.nlm.nih.gov/pubmed/33016522
https://doi.org/10.1111/dom.14217
http://www.ncbi.nlm.nih.gov/pubmed/25818885
https://doi.org/10.1016/j.diabres.2015.02.034
http://www.ncbi.nlm.nih.gov/pubmed/18539916
https://doi.org/10.1056/NEJMoa0802987
http://www.ncbi.nlm.nih.gov/pubmed/25234206
https://doi.org/10.1056/NEJMoa1407963
http://www.ncbi.nlm.nih.gov/pubmed/17090612
https://doi.org/10.1093/eurheartj/ehl363

Long-term Changes in HbAlc

JKMS

18.

19.

20.

21.

22.

23.

24,

25.

26.

Folz R, Laiteerapong N. The legacy effect in diabetes: are there long-term benefits? Diabetologia
2021;64(10):21317.

PUBMED | CROSSREF

Murray P, Chune GW, Raghavan VA. Legacy effects from DCCT and UKPDS: what they mean and
implications for future diabetes trials. Curr Atheroscler Rep 2010;12(6):432-9.

PUBMED | CROSSREF

Chatterjee S, Davies MJ, Heller S, Speight J, Snoek FJ, Khunti K. Diabetes structured self-management
education programmes: a narrative review and current innovations. Lancet Diabetes Endocrinol
2018;6(2):130-42.

PUBMED | CROSSREF

Kim HS, Kim DJ, Yoon KH. Medical big data is not yet available: why we need realism rather than
exaggeration. Endocrinol Metab (Seoul) 2019;34(4):349-54.

PUBMED | CROSSREF

Kim HS, Kim JH. Proceed with caution when using real world data and real world evidence. J Korean Med
S6i2019;34(4):€28.

PUBMED | CROSSREF

Kyoung DS, Kim HS. Understanding and Utilizing Claim Data from the Korean National Health Insurance
Service (NHIS) and Health Insurance Review & Assessment (HIRA) Database for Research. J Lipid
Atheroscler2022;11(2):103-10.

PUBMED | CROSSREF

Kang DY, Kim H, Ko S, Kim H, Shinn J, Kang MG, et al. Sodium-glucose cotransporter-2 inhibitor-related
diabetic ketoacidosis: accuracy verification of operational definition. ] Korean Med Sci 2022;37(7):€53.
PUBMED | CROSSREF

Ko S, Kim H, Shinn J, Byeon SJ, Choi JH, Kim HS. Estimation of sodium-glucose cotransporter 2
inhibitor-related genital and urinary tract infections via electronic medical record-based common data
model. J Clin Pharm Ther 2021;46(4):975-83.

PUBMED | CROSSREF

Kim HS, Lee S, Kim JH. Real-world evidence versus randomized controlled trial: clinical research based
on electronic medical records. ] Korean Med Sci 2018;33(34):€213.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2022.37.e281 12/12


http://www.ncbi.nlm.nih.gov/pubmed/34392398
https://doi.org/10.1007/s00125-021-05539-8
http://www.ncbi.nlm.nih.gov/pubmed/20652839
https://doi.org/10.1007/s11883-010-0128-1
http://www.ncbi.nlm.nih.gov/pubmed/28970034
https://doi.org/10.1016/S2213-8587(17)30239-5
http://www.ncbi.nlm.nih.gov/pubmed/31884734
https://doi.org/10.3803/EnM.2019.34.4.349
http://www.ncbi.nlm.nih.gov/pubmed/30686950
https://doi.org/10.3346/jkms.2019.34.e28
http://www.ncbi.nlm.nih.gov/pubmed/35656154
https://doi.org/10.12997/jla.2022.11.2.103
http://www.ncbi.nlm.nih.gov/pubmed/35191230
https://doi.org/10.3346/jkms.2022.37.e53
http://www.ncbi.nlm.nih.gov/pubmed/33565150
https://doi.org/10.1111/jcpt.13381
http://www.ncbi.nlm.nih.gov/pubmed/30127705
https://doi.org/10.3346/jkms.2018.33.e213

	Long-Term Changes in HbA1c According to Blood Glucose Control Status During the First 3 Months After Visiting a Tertiary University Hospital
	INTRODUCTION
	METHODS
	Study population and data extraction
	Study design
	Privacy protection
	Statistical analyses
	Ethics statement

	RESULTS
	DISCUSSION
	REFERENCES


