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Abstract: Objectives: To identify the time from hyperglycemia to diabetes mellitus (DM) diag-
nosis and treatment, the risk factors for diabetes development, and the prevalence of comorbidi-
ties/complications in patients > 40 years of age. Methods: This secondary data analysis study used
data from the Korean Genome and Epidemiology Study. The participants comprised 186 patients
who did not have diabetes at baseline, but developed hyperglycemia at the first follow-up. The
average and median periods until DM diagnosis and treatment were calculated using Kaplan–Meier
survival analysis. Results: Of the 186 participants, 57.0% were men and 35.5% were 40–49 years old.
The average time to DM diagnosis and treatment was 10.87 years and 11.34 years, respectively. The
risk factors for the duration of DM were current smoking, body mass index (BMI), fasting blood
sugar (FBS), and postprandial 2-hour glucose (PP2). The risk factors for the duration of diabetes
treatment were current smoking, hypertension, BMI, FBS, and PP2. The development of one or
more comorbidities or diabetes complications was identified at the time of DM diagnosis (36.5%)
and DM treatment (41.4%). Conclusions: As diabetes complications occur at the time of DM, and
early treatment can impact the development of diabetes complications or mortality, it is necessary
to establish a referral program so that participants presenting with high blood sugar levels in the
screening program can be diagnosed and treated in a timely manner.

Keywords: diabetes mellitus; diabetes complications; early diagnosis; time-to-treatment

1. Introduction

Diabetes mellitus (DM) is a hyperglycemic state caused by insulin resistance and
deficiency due to genetic or environmental factors [1]. The number of people with DM
worldwide is expected to increase to 700 million (10.9% of the adult population) by 2045 [2].
In 2019, the prevalence of DM in Korean adults aged ≥ 30 years was 14.5% [3]. According
to national health insurance data, the cost of DM treatment in 2019 was KRW 2.7 trillion, a
17-fold increase compared to KRW 160 billion in 2002 [4]. The burden of DM ranks first
in Korea’s disability-adjusted life years [5]. The economic burden of DM is expected to
increase considering the rapid increase in the number of older adults with DM owing to
the continuous aging of the population.

Hyperglycemia is the most common characteristic of both type 1 and type 2 DM
and can cause serious complications owing to gradual and chronic effects on the human
body [6,7]. Prolonged hyperglycemia leads to oxidative damage at the DNA, protein,
and lipid levels, which causes cell necrosis or apoptosis [8]. Additionally, hyperglycemia
damages the insulin signal transduction pathway, which increases glucose uptake by fat
or muscle cells and decreases glucose synthesis in the liver. As these mechanisms cause
cellular pathological damage and microvascular and macrovascular complications, early
detection and effective management of hyperglycemia, including drug treatment, are
necessary for prevention [6,7].
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Diagnosis of DM is important for successful management; often, people with hy-
perglycemia are diagnosed with DM by a specialist who then initiates treatment [9].
Accordingly, the 2021 integrated health promotion project “prevention and control of
cardiovascular diseases” [10] set the primary goal of improving the treatment rate of DM
and DM awareness, and the secondary goal of increasing the DM control rate, increasing
the symptom recognition rate for acute myocardial infarction or stroke, and decreasing the
fatality rate.

Even following a diagnosis of DM, the risk of microvascular and macrovascular
complications increases as the period from hyperglycemia to DM diagnosis increases [11].
Thus, it is important for DM to be diagnosed and treated in patients with hyperglycemia
as early as possible. Therefore, it is necessary to study the duration until the diagnosis or
treatment of DM in patients with hyperglycemia, and the prevalence of microvascular and
macrovascular complications at the time of diagnosis and treatment. The current study was
conducted to determine the DM diagnosis and treatment rate, the time from hyperglycemia
to DM diagnosis and treatment, and the prevalence patterns by selecting participants with
persistent hyperglycemia among adults >40 years of age using a representative large-scale
community-based cohort in Korea.

2. Methods
2.1. Participants

This study was conducted using data from the Korean Genome and Epidemiology
Study (KoGES)-Ansan and Ansung cohorts. The collected KoGES data included core
questionnaires on general characteristics, medical history, smoking and drinking status,
and women’s health, and anthropometric and clinical measurements (blood and urine
tests) [12,13]. This study used the combined data of prospective follow-ups from baseline
to the 8th follow-up (2017–2018). The participants were adults aged 40–69 years who met
all of the following selection criteria: (1) no hyperglycemia at baseline but hyperglycemia
in the 1st follow-up; (2) neither diagnosis nor treatment of DM at the baseline and the
1st follow-up; (3) no underlying diseases at baseline; (4) no discrepancy between the
time of diagnosis and treatment of DM; and (5) completion of at least one follow-up so
that the diagnosis and treatment of DM could be confirmed in the follow-up. In this
study, hyperglycemia was defined as abnormally high blood sugar in one or more of
three glycemic indices, with glycated hemoglobin (HbA1C) ≥ 6.5%, fasting blood sugar
(FBS) ≥ 126 mg/dL, or postprandial 2-hour glucose (PP2) level ≥ 200 mg/dL [14–17].
Underlying diseases included cerebrovascular disease, coronary artery disease, myocardial
infarction, or kidney disease [6]. Among the 10,030 participants, we excluded patients
who had hyperglycemia from the baseline and those who did not have hyperglycemia in
the first follow-up (n = 9713). Additionally, those who were diagnosed with or treated for
diabetes at baseline and the first follow-up (n = 49), participants with underlying diseases at
baseline (n = 23), discrepancies in which the DM treatment time was earlier than diagnosis
(n = 36), and participants without follow-up (n = 23) were excluded. Finally, a total of
186 participants were included in this study (Figure 1).
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Figure 1. Flowchart of study participants’ selection. Note. DM—diabetes mellitus; KoGES—Korean
Genome and Epidemiology Study.

2.2. Variables and Definitions
2.2.1. Participant Characteristics

The variables in this study were characteristics reported in previous studies to affect
the diagnosis [18–20] and treatment of DM [9,18]. The variables were used as they were, or
by reclassifying the KoGES data. General characteristics included sex, age, current drinking,
current smoking, physical activity, comorbidities (hypertension and dyslipidemia), family
history of DM, and clinical tests (body mass index (BMI), FBS, and PP2). The collected
data were then reclassified based on the study objectives. The BMI was calculated using
the following formula: weight (kg)/height2(m2). Based on the classification of the World
Health Organization Asia-Pacific guidelines [21], BMI was categorized as “<25 kg/m2

(normal or overweight)” and “≥25 kg/m2 (obese)”. HbA1C was classified as “<6.5%”
and “≥6.5%,” FBS was categorized as “<126 mg/dL” and “≥126 mg/dL,” and PP2 was
classified as “<200 mg/dL” and “≥200 mg”/dL” [14–17].

2.2.2. Time to Diagnosis and Treatment of DM

DM diagnosis was classified as “yes” or “no” according to the doctor’s diagnosis [18,19,22,23].
DM treatment was classified as “yes” or “no” depending on whether insulin treatment or oral
antidiabetic medications were currently used for blood glucose control [18]. The period (years)
from hyperglycemia to DM diagnosis or treatment was defined as the date of DM diagnosis or
treatment from the date of hyperglycemia at the 1st follow-up. The DM diagnosis date was the
follow-up date when DM was diagnosed, while the DM treatment date was the follow-up date
when DM was treated. If the participants did not have a DM diagnosis or treatment, the follow-up
period was considered the last follow-up date.
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2.2.3. Prevalence of Comorbidities and Complications of DM at Diagnosis and Treatment
of DM

The prevalence of comorbidities was defined as an affirmative response to the survey
question on the history of diagnosed hypertension or dyslipidemia and categorized into
“yes” or “no”. Complications of DM were defined as an affirmative response to the survey
question on the history of diagnosed cerebrovascular disease, coronary artery disease,
myocardial infarction, or kidney disease at the time of diagnosis or treatment of DM [6]
and categorized into “yes” or “no”.

2.3. Data Analysis

Data were analyzed using SPSS (version 26.0; IBM Corp., Armonk, NY, USA), and
statistical significance (α) was set at p < 0.05. The characteristics of the participants in
the first follow-up and the diagnosis and treatment rates of diabetes during the entire
period were calculated as the frequency and percentage or mean and standard deviation.
Comparisons of diagnosis and treatment rates by characteristics at the 1st follow-up were
performed using the chi-square test or Fisher’s exact test. For time (years) until DM
diagnosis and treatment, the mean, standard error, median, and 95% confidence interval
(CI) were assessed using the Kaplan–Meier survival analysis. The Shapiro–Wilk test was
used to confirm the normality of the data. The comparison of time from hyperglycemia to
the diagnosis of DM (years) or time from DM diagnosis to treatment (years) was analyzed
using nonparametric tests, including the Mann–Whitney U test and Kruskal–Wallis test,
because the assumption of normality was not met. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were calculated using multiple Cox proportional hazards regression analysis
to identify factors related to DM diagnosis and treatment. A log-minus log plot was
used to confirm whether each variable met the proportional hazard assumption [24]. The
prevalence of comorbidities and complications of DM at the time of diagnosis and treatment
of DM was analyzed by frequency and percentage.

3. Results
3.1. Baseline Characteristics, and Diagnosis and Treatment Rates of DM

The baseline characteristics of the study participants and the diagnosis and treatment
rates of DM are shown in Table 1. Of the 186 participants, 57.0% were men, 35.5% were
40–49 years old, 54.8% were current drinkers, 23.7% were current smokers, 25.8% had
hypertension, 2.2% had dyslipidemia, and 7.0% had a family history of DM. Among the
participants, 54.3% were obese, 21.5% had FBS levels ≥ 126 mg/dL, and 84.9% had PP2
levels ≥ 200 mg/dL. During the follow-up period, the diagnosis rate of DM was 39.8%, the
treatment rate was 37.6%, and the treatment rate among participants diagnosed with DM
was 94.6%.
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Table 1. Participants’ characteristics at the 1st follow-up (N = 186).

Characteristics
Total DM Diagnosis among All DM Treatment among All

n (%) M ± SD n (%) p n (%) p

Sex
Male 106 (57.0) 41 (55.4) 0.723 39 (55.7) 0.785
Female 80 (43.0) 33 (44.6) 31 (44.3)

Age (years)
40–49 66 (35.5) 55.08 ± 8.92 25 (33.8) 0.049 24 (34.3) 0.075
50–59 60 (32.3) 31 (41.9) 29 (41.4)
60–69 60 (32.3) 18 (24.3) 17 (24.3)

Current alcohol use
No 84 (45.2) 31 (41.9) 0.466 28 (40.0) 0.272
Yes 102 (54.8) 43 (58.1) 42 (60.0)

Current smoking No 142 (76.3) 55 (74.3) 0.598 52 (74.3) 0.608
Yes 44 (23.7) 19 (25.7) 18 (25.7)

Hypertension No 138 (74.2) 50 (67.6) 0.093 46 (65.7) 0.040
Yes 48 (25.8) 24 (32.4) 24 (34.3)

Dyslipidemia No 182 (97.8) 73 (98.6) 0.541 69 (98.6) 0.598
Yes 4 (2.2) 1 (1.4) 1 (1.4)

Family history of DM No 173 (93.0) 64 (86.5) 0.005 60 (85.7) 0.002
Yes 13 (7.0) 10 (13.5) 10 (14.3)

Body mass index
(kg/m2)

<25 85 (45.7) 25.08 ± 3.37 21 (28.4) <0.001 20 (28.6) <0.001
≥25 101 (54.3) 53 (71.6) 50 (71.4)

FBS (mg/dL)
<100 66 (35.5) 112.4 ± 28.42 13 (17.6) <0.001 11 (15.8) <0.001
100–125 80 (43.0) 41 (55.4) 40 (57.1)
≥126 40 (21.5) 20 (27.0) 19 (27.1)

PP2 (a) (mg/dL)
<140 16 (8.8) 213.22 ±

50.26 4 (5.7) 0.506 4 (6.1) 0.468

140–199 8 (4.4) 3 (4.3) 2 (3.0)
≥200 158 (86.8) 63 (90.0) 60 (90.9)

DM diagnosed No 112 (60.2) - -
Yes 74 (39.8) 74 (100.0) -

DM treated
No 116 (62.4) 4 (5.4) -
Yes 70 (37.6) 70 (94.6) -

Note. DM—diabetes mellitus; FBS—fasting blood sugar; M—mean; PP2—postprandial 2 hours glucose; SD—
standard deviation. (a) Missing data were excluded.

3.2. Time to Diagnosis and Treatment of DM

The time period from hyperglycemia to DM diagnosis and treatment is shown in
Table 2. When all participants who were not diagnosed with DM and did not receive
treatment were included, the mean period to DM diagnosis was 10.87 years (median:
14.17 years), and the mean period to DM treatment was 11.34 years (median: 14.17 years)
(Figure 2). The mean period from diagnosis to treatment of DM was 1.02 years (median:
0.00 years). DM was diagnosed or treated 12 years after hyperglycemia in 46.2% and
48.4% of patients, respectively. As shown in Table 3, the period to DM diagnosis showed a
significant difference in the family history of DM and BMI. The time to DM was significantly
shorter in patients with a family history of DM (mean: 9.42, p = 0.034) and BMI ≥ 25 (mean:
9.77, p < 0.001). The period until DM treatment showed a significant difference in the family
history of DM and BMI. The duration of diabetes treatment was significantly shorter in
patients with a family history of diabetes (mean: 10.75, p = 0.046) and BMI ≥ 25 (mean:
10.40, p < 0.001). The period from DM diagnosis to treatment was not significantly different
according to the participant characteristics.
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Table 2. Time to DM diagnosis and DM treatment.

Duration (Years) Time to DM dx from
Hyperglycemia

Time to DM tx from
Hyperglycemia

Time to DM tx
from DM dx

For all participants (n = 186) (n = 186) (n = 74)
< 2.0 7 (3.8) 5 (2.7) 63 (85.1)
2.0–3.9 32 (17.2) 26 (14.0) 6 (8.1)
4.0–5.9 17 (9.1) 19 (10.2) 1 (1.4)
6.0–7.9 24 (12.9) 25 (13.4) 3 (4.1)
8.0–9.9 11 (5.9) 11 (5.9) -
10.0–11.9 9 (4.8) 10 (5.4) 1 (1.4)
≥12.0 86 (46.2) 90 (48.4) -
M ± SE 10.87 ± 0.36 11.34 ± 0.34 1.02 ± 0.28
Median (95% CI) 14.17 (13.92–14.42) 14.17 (13.93–14.41) -

For the DM diagnosed (n = 74) (n = 70) (n = 70)
< 2.0 6 (8.1) 4 (5.7) 62 (88.6)
2.0–3.9 21 (28.4) 14 (20.0) 5 (7.1)
4.0–5.9 10 (13.5) 12 (17.1) 1 (1.4)
6.0–7.9 14 (18.9) 13 (18.6) 2 (2.9)
8.0–9.9 7 (9.5) 7 (10.0) -
10.0–11.9 7 (9.5) 8 (11.4) -
≥12 9 (12.2) 12 (17.1) -
M ± SE 6.21 ± 0.45 7.06 ± 0.47 0.63 ± 0.18
Median (95% CI) 5.92 (4.16–7.67) 6.17 (4.5–7.84) -

Note. CI—confidence interval; DM—diabetes mellitus; dx—diagnosis; M—mean; SE—standard error; tx, treatment.
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Yes 10.71 ± 0.48 14.17 (9.19–19.14)  11.12 ± 0.45 13.92 (12.13–15.70)  0.84 ± 0.28 0 (0–0)  

Current 
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No 11.17 ± 0.40 14.33 (13.85–14.81) 0.116 11.52 ± 0.37 14.33 (13.85–14.81) 0.127 0.81 ± 0.32 0 (0–0) 0.178 

Yes 9.62 ± 0.82 10.5 (0–0)  10.40 ± 0.75 12.00 (8.65–15.35)  1.70 ± 0.58 0 (0–0)  

Hypertension 
No 11.13 ± 0.40 14.33 (13.78–14.89) 0.130 11.69 ± 0.36 14.33 (13.87–14.79) 0.062 1.27 ± 0.40 0 (0–0) 0.263 

Yes 9.96±0.76 13.92 (9.29–18.54)  10.23 ± 0.74 12.33 (9.24–15.43)  0.55 ± 0.29 0 (0–0)  

Dyslipidemia 
No 10.80 ± 0.37 14.17 (13.92–14.42) 0.417 11.28 ± 0.34 14.17 (13.93–14.41) 0.459 1.04 ± 0.28 0 (0–0) 0.557 

Yes 13.44 ± 0.56 0 (0–0)  13.44 ± 0.56 0 (0–0)  0 ± 0 0 (0–0)  

Family history  
of DM 

No 11.02 ± 0.38 14.33 (13.65–15.01) 0.034 11.42 ± 0.36 14.33 (13.65–15.01) 0.046 0.94 ± 0.31 0 (0–0) 0.362 

Yes 9.42 ± 1.19 9.92 (4.93–14.91)  10.75 ± 1.08 12.00 (9.46–14.54)  1.75 ± 0.94 0 (0–0)  

BMI (kg/m2)  
<25 12.15 ± 0.47 14.33 (10.39–18.28) 

<0.00
1 

12.42 ± 0.44 14.33 (11.08–17.58) 
<0.00
1 

0.83 ± 0.37 0 (0–0) 0.999 

≥25 9.77 ± 0.51 12.00 (8.69–15.31)  10.40 ± 0.48 13.75 (11.58–15.92)  1.04 ± 0.34 0 (0–0)  

FBS (mg/dL)  
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<0.00
1 12.92 ± 0.37 - 

<0.00
1 2.27 ± 1.14 0 (0–0) 0.179 
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≥126 9.59 ± 0.85 11.50 (5.81–17.19)  10.15 ± 0.82 13.83 (8.03–19.63)  1.04 ± 0.53 0 (0–0)  

PP2 (mg/dL) 

<140 11.99 ± 1.08 - 0.478 12.44 ± 1.00 - 0.550 1.92 ± 1.92 0 (0–0) 0.498 

140–199 9.41 ± 2.25 6.00  11.04 ± 2.01 -  1.39 ± 0.58 1.83 (0–4.77)  

≥200 10.76 ± 0.39 14.17 (13.96–14.37)  11.18 ± 0.36 14.17 (13.98–14.36)  0.96 ± 0.30 0 (0–0)  

Figure 2. Kaplan–Meier curve for diabetes treatment over time for hyperglycemia.
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Table 3. Time to DM diagnosis and DM treatment according to participants’ characteristics at the 1st follow-up.

Characteristics
Time to DM dx (a) (N = 186) Time to DM tx (a) (N = 186) Time from DM dx to DM tx (a) (N = 74)

M ± SE MD
(95% CI) p M ± SE MD (95% CI) p M ± SE MD (95% CI) p

Sex
Male 10.71 ± 0.50 0 (0–0) 0.974 11.21 ± 0.46 0 (0–0) 0.911 1.07 ± 0.32 0 (0–0) 0.710
Female 11.06 ± 0.53 14.17 (13.74–14.59) 11.48 ± 0.50 14.17 (13.74–14.59) 0.98 ± 0.48 0 (0–0)

Age (years)
40–49 10.96 ± 0.60 14.33 (0–0) 0.129 11.46 ± 0.54 14.33 (0–0) 0.159 1.08 ± 0.38 0 (0–0) 0.940
50–59 10.15 ± 0.62 12.5 (8.56–16.44) 10.75 ± 0.59 13.83 (11.87–15.80) 0.86 ± 0.38 0 (0–0)
60–69 11.40 ± 0.65 0 (0–0) 11.73 ± 0.61 0 (0–0) 1.00 ± 0.63 0 (0–0)

Current alcohol use
No 10.99 ± 0.55 14.33 (0–0) 0.497 11.56 ± 0.50 14.33 (0–0) 0.305 1.27 ± 0.54 0 (0–0) 0.536
Yes 10.71 ± 0.48 14.17 (9.19–19.14) 11.12 ± 0.45 13.92 (12.13–15.70) 0.84 ± 0.28 0 (0–0)

Current smoking No 11.17 ± 0.40 14.33 (13.85–14.81) 0.116 11.52 ± 0.37 14.33 (13.85–14.81) 0.127 0.81 ± 0.32 0 (0–0) 0.178
Yes 9.62 ± 0.82 10.5 (0–0) 10.40 ± 0.75 12.00 (8.65–15.35) 1.70 ± 0.58 0 (0–0)

Hypertension No 11.13 ± 0.40 14.33 (13.78–14.89) 0.130 11.69 ± 0.36 14.33 (13.87–14.79) 0.062 1.27 ± 0.40 0 (0–0) 0.263
Yes 9.96±0.76 13.92 (9.29–18.54) 10.23 ± 0.74 12.33 (9.24–15.43) 0.55 ± 0.29 0 (0–0)

Dyslipidemia No 10.80 ± 0.37 14.17 (13.92–14.42) 0.417 11.28 ± 0.34 14.17 (13.93–14.41) 0.459 1.04 ± 0.28 0 (0–0) 0.557
Yes 13.44 ± 0.56 0 (0–0) 13.44 ± 0.56 0 (0–0) 0 ± 0 0 (0–0)

Family history
of DM

No 11.02 ± 0.38 14.33 (13.65–15.01) 0.034 11.42 ± 0.36 14.33 (13.65–15.01) 0.046 0.94 ± 0.31 0 (0–0) 0.362
Yes 9.42 ± 1.19 9.92 (4.93–14.91) 10.75 ± 1.08 12.00 (9.46–14.54) 1.75 ± 0.94 0 (0–0)

BMI (kg/m2)
<25 12.15 ± 0.47 14.33 (10.39–18.28) <0.001 12.42 ± 0.44 14.33 (11.08–17.58) <0.001 0.83 ± 0.37 0 (0–0) 0.999
≥25 9.77 ± 0.51 12.00 (8.69–15.31) 10.40 ± 0.48 13.75 (11.58–15.92) 1.04 ± 0.34 0 (0–0)

FBS (mg/dL)
<100 12.45 ± 0.45 - <0.001 12.92 ± 0.37 - <0.001 2.27 ± 1.14 0 (0–0) 0.179
100–
125 9.97 ± 0.56 12.50 (9.31–15.69) 10.38 ± 0.53 13.75 (10.64–16.86) 0.67 ± 0.22 0 (0–0)

≥126 9.59 ± 0.85 11.50 (5.81–17.19) 10.15 ± 0.82 13.83 (8.03–19.63) 1.04 ± 0.53 0 (0–0)

PP2 (mg/dL)
<140 11.99 ± 1.08 - 0.478 12.44 ± 1.00 - 0.550 1.92 ± 1.92 0 (0–0) 0.498
140–
199 9.41 ± 2.25 6.00 11.04 ± 2.01 - 1.39 ± 0.58 1.83 (0–4.77)

≥200 10.76 ± 0.39 14.17 (13.96–14.37) 11.18 ± 0.36 14.17 (13.98–14.36) 0.96 ± 0.30 0 (0–0)

Note. BMI—body mass index; CI—confidence interval; DM—diabetes mellitus; dx—diagnosis; FBS—fasting blood sugar; M—mean; MD—median; PP2—postprandial 2 hours glucose;
SE—standard error; tx—treatment. (a) Censoring included.



Int. J. Environ. Res. Public Health 2022, 19, 12090 8 of 13

3.3. Risk Factors (Protective Factors) for DM Diagnosis and Treatment

According to the results of the multivariate analyses in Table 4, DM diagnosis was 2.41
times higher in the group with BMI ≥ 25 compared to the group with a BMI < 25 (HR = 2.41,
p < 0.001). DM treatment was found to be affected by hypertension and BMI. Treatment
of DM was 1.92 times more common in the hypertension group (HR = 1.92, p = 0.029) and
2.42 times more common in the group with BMI ≥ 25 than in the group with BMI < 25
(HR = 2.42, p = 0.001).

Table 4. Risk factors for DM diagnosis and treatment (N = 186).

Characteristics

DM Diagnosis DM Treatment

Unadjusted
HR (95% CI) p Adjusted

HR (95% CI) p Unadjusted
HR (95% CI) p Adjusted

HR (95% CI) p

Sex (ref. Male) Female 0.99
(0.63–1.57) 0.974 0.97

(0.61–1.56) 0.912

Age (years) (ref.40–49) 50–59 1.45
(0.85–2.45) 0.172 1.43

(0.83–2.45) 0.200

60–69 0.82
(0.45–1.52) 0.533 0.82

(0.44–1.53) 0.534

Current alcohol use (ref. No) Yes 1.17
(0.74–1.86) 0.501 1.28

(0.79–2.07) 0.308

Current smoking (ref. No) Yes 1.52
(0.90–2.58) 0.121 1.52

(0.88–2.61) 0.132

Hypertension (ref. No) Yes 1.88
(1.05–3.37) 0.035 1.66

(0.92–3.02) 0.094 2.00
(1.11–3.61) 0.021 1.92

(1.07–3.46) 0.029

Dyslipidemia (ref. No) Yes 0.45
(0.06–3.26) 0.432 0.48

(0.07–3.48) 0.470

Family history of DM (ref. No) Yes 2.02
(1.04–3.95) 0.039 1.66

(0.83–3.3) 0.149 1.95
(1.00–3.81) 0.051

BMI (kg/m2) (ref. <25) ≥25 2.51
(1.51–4.16) <0.001 2.41

(1.45–4.01) 0.001 2.45
(1.46–4.12) 0.001 2.42

(1.44–4.07) 0.001

FBS (mg/dL) (ref. <126) ≥126 1.64
(0.98–2.74) 0.060 1.66

(0.98–2.82) 0.059

PP2 (mg/dL) (ref. < 200) ≥200 1.37
(0.63–3.00) 0.431 1.55

(0.67–3.61) 0.304

Note. BMI—body mass index; CI—confidence interval; DM—diabetes mellitus; FBS—fasting blood sugar;
HR—hazard ratio; PP2—postprandial 2 hours glucose.

3.4. Prevalence of Comorbidities and Complications of DM at Diagnosis and Treatment

Table 5 shows the prevalence of newly occurring diabetes comorbidities and compli-
cations after hyperglycemia, observed at the time of diagnosis and treatment of diabetes.
Among the participants diagnosed with DM, 36.5% (n = 27) were diagnosed with one or
more diseases, among whom 29.7% (n = 22) had hypertension, 12.2% (n = 9) had dyslipi-
demia, and 2.7% (n = 2) had coronary artery disease. At the time of DM treatment initiation,
new diseases were identified in 41.4% (n = 29) of patients, with hypertension being the
most common at 32.9% (n = 23), and 2.9% (n = 2) had cerebrovascular disease.

Table 5. Prevalence of comorbidity and complications of DM at DM diagnosis and treatment.

At the Time of DM
Diagnosis

(n = 74)
n (%)

When to Start DM Treatment
(n = 70)
n (%)

Any conditions 27 (36.5) 29 (41.4)
Hypertension 22 (29.7) 23 (32.9)
Dyslipidemia 9 (12.2) 10 (14.3)
Cerebrovascular disease 0 (0) 2 (2.9)
Coronary artery disease 2 (2.7) 2 (2.9)
Myocardial infarction 0 (0) 0 (0)
Kidney disease 0 (0) 0 (0)

Note. DM—diabetes mellitus.
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4. Discussion

This study was conducted to determine the DM diagnosis and treatment rates, the
period until diagnosis and treatment, and the prevalence at the time of diagnosis and
treatment of DM in hyperglycemic adults aged ≥ 40 years using community-based cohort
data followed for 18 years from 2001 to 2018.

Based on 100 participants with confirmed hyperglycemia, approximately 40 were
diagnosed with DM during the 18-year follow-up period. Additionally, among the diag-
nosed participants, 95% were treated with drugs and approximately 38 were treated with
hyperglycemia. Approximately 60% had undiagnosed DM, and approximately 62% had
not received treatment. In 2019, the global undiagnosed DM rate was 50.1%, while that in
Africa and North America/Caribbean was 59.7% and 37.8%, respectively [2]. In 2013–2016,
the undiagnosed DM rate in the United States was 2.6% [25]. Although Korea conducts
national health checkup every 2 years, the diabetes diagnosis rate appears to be lower
than that of other countries [26]. Additionally, there were differences in the design and
subject selection for each study. The DM diagnosis rate in this study was lower than that in
previous studies [3] using KNHANES data, which is likely to be related to differences in the
study design, such as the long-term follow-up of 18 years. Moreover, participants who were
not diagnosed with DM were included in the group of those that were not diagnosed with
DM because hyperglycemia no longer occurred during follow-up. Accordingly, as a result
of the additional analysis, 42 of the 112 undiagnosed people with diabetes did not have
hyperglycemia during the follow-up period. The DM diagnosis rate increased to 51.4%,
based on 144 participants who required a DM diagnosis. Of the participants diagnosed
with DM, 94.6% were receiving drug treatment, and 48.6% of those with hyperglycemia
were receiving drug treatment.

At the onset of hyperglycemia, all participants should be diagnosed with DM at an
early stage and start pharmacological or non-pharmacological treatment according to the
DM diagnostic criteria of domestic and foreign expert groups [14–17]. Therefore, it is
necessary to improve diagnosis and treatment rates. DM diagnosis and treatment rates
differed according to demographic and health-related characteristics. While the prevalence
of obesity, hypertension, and dyslipidemia, all of which are risk factors that increase the
incidence of DM complications, was high in the 60s age group [3], the diagnosis rate of DM
was highest in the 50s group and lowest in the 60s group. In this regard, interventions are
needed so that individuals with hyperglycemia in their 60s can be quickly diagnosed with
DM and receive treatment.

The period from hyperglycemia to the diagnosis and treatment of DM requires im-
provement. Most participants in this study were diagnosed with DM within 10 years;
however, it took more than 10 years in more than 25%, and only half were diagnosed within
6 years. According to a systematic literature review of the occurrence of diabetic retinopathy
(DR), a representative diabetic small vascular complication, the annual incidence of DR
differs according to the duration of DM [27]. In a study conducted in India, the average
duration of DM was 5.3 years, and when followed for 4 years, the annual incidence of DR
was 2.4% [28]. Additionally, in the United States, when 47% of participants who had DM for
>10 years were followed up for 4 years, the annual incidence of DR was 10.4% [29]. In China,
the annual incidence of DR was 2.2% when participants with an average DM duration of
5.7 years were followed for 10 years [30]. In another Chinese study, the annual incidence of
DR was 12.7% when a participant with an average DM prevalence of 11 years was followed
for 5 years [31], which was significantly different. Based on the results of these studies, the
annual incidence of DR differed by more than fivefold between those who had had DM for
<6 years and those who had had DM for >10 years. In this study, approximately 20% of the
participants had been diagnosed with DM for >6 years. Additionally, new chronic diseases
that were not included in the baseline were identified at the time of diagnosis in more
than one-third of participants diagnosed with DM, particularly coronary artery disease,
a suspected complication of DM. From these results, to prevent DM complications and
improve them, it is necessary to identify issues in the process leading to DM diagnosis and
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treatment in people with hyperglycemia confirmed through health checkups or campaigns
of health care institutions. The period from hyperglycemia to DM diagnosis in this study
was shorter than that reported in previous studies [32,33]. One study reported that the
period to DM diagnosis was 20 years in the population, including all adults, regardless
of hyperglycemia [33], while another reported that it took 15.8 years and 11.3 years for a
woman with a history of gestational DM to be diagnosed with DM after giving birth to the
first child and the youngest child, respectively [32]. Thus, a direct comparison between
these results should be made with caution, considering the differences in data sources and
the selection of participants.

The average time to treatment initiation was 11.34 years, and most people diagnosed
with DM started treatment 2 years after diagnosis. According to the study by Laiteerapong
et al. [34], which analyzed data from the Kaiser Permanente Northern California DM Reg-
istry in the United States, DM control during the 1st year after exposure to hyperglycemia
was strongly associated with future risk of diabetic complications and mortality, even after
adjusting for glycemic control after the 1st year [34]. Compared to HbA1C < 6.5% for
1 year after diagnosis of DM, HbA1C levels of 6.5%–6.9% were associated with increased
microvascular events (HR: 1.20), and HbA1C levels of 7.0%–7.9% were associated with
increased mortality (HR: 1.29) [34]. In this study, hypertension was the most common
comorbidity and diabetes complications when diagnosed with diabetes. In other words,
subjects who did not have comorbidities or diabetes complications at baseline had already
developed hypertension between hyperglycemia and diabetes diagnosis. This result sup-
ports previous studies that showed a higher incidence of diabetes in hypertensive patients
than in healthy people [18], and studies that showed a 2.75-fold greater awareness of
diabetes in patients with hypertension [35]. Hypertension in diabetic patients increases
the risk of cardiovascular disease, and microvascular and macrovascular complications
are much more prevalent in diabetic patients with hypertension than in those without
hypertension [36]. Therefore, more frequent blood sugar tests are needed for patients with
high blood pressure for early detection of diabetes, and education and services to increase
treatment compliance are needed for blood sugar and blood pressure control. Moreover,
timely treatment of DM can be beneficial in reducing the costs associated with uncontrolled
DM [37]. Considering that starting DM treatment as early as possible after DM diagnosis
can significantly affect the incidence of diabetic complications, mortality, and cost, it is
necessary to identify the factors related to treatment after DM diagnosis and interventions
to improve the treatment rate.

In this study, the protective factor for DM diagnosis in patients with hyperglycemia
was BMI, and the protective factors for DM treatment were hypertension and BMI. The
results of BMI as a factor influencing the diagnosis and treatment of DM differed from
those of previous studies [18,38]. This can be seen as a difference in the selection criteria of
the studies. Additionally, based on the study result that the factor affecting DM treatment
adherence are BMI [9], and obesity is a factor influencing the prevalence of DM [38–40]
and is known to be a major cause of chronic diseases [41], it can be interpreted that obese
people are more interested in DM and are more active in DM diagnosis and treatment.
Therefore, close follow-up is required in hyperglycemic patients with a BMI < 25, and early
treatment of DM is required. In this study, hypertension was an influencing factor for
DM treatment, which is consistent with the results of previous studies [18]. This can be
considered to have a significant effect on the DM treatment rate because the prevalence
of DM is high in hypertensive patients [18] and regular treatment is provided for the
treatment of hypertension. Therefore, it is necessary to manage diabetes in people without
high blood pressure.

This study has several strengths. First, we used community-based cohort data to
identify the period from hyperglycemia to DM diagnosis and treatment, which has rarely
been studied in domestic or foreign countries. Second, factors affecting the diagnosis
and treatment of diabetes in people with high blood sugar levels were identified, and the
prevalence of diabetic complications at the time of diagnosis and treatment of diabetes
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was confirmed. Third, the validity of the data was improved by excluding data with
contradictions between the DM diagnosis and drug treatment. Despite these strengths,
this study also has several limitations, which necessitate caution when interpreting the
results. First, the statistical power may be low owing to the small sample size because the
participants were limited to those with hyperglycemia in the first follow-up. Thus, variables
that are unrelated to DM diagnosis over time may change in relevance as the number of
samples increases. Second, as the treatment for DM was limited to pharmacological
treatment, and non-pharmacological treatments such as diet and exercise were excluded,
the treatment rate may have been underestimated, and the period until the treatment of DM
may have been delayed. Third, the prevalence of microvascular complications (neuropathy,
nephropathy, retinopathy, etc.) at the time of diagnosis or treatment of DM could not be
identified because they were not collected from baseline. Fourth, pregnancy status was not
considered an inclusion criterion because the data source (KoGES) could not determine
pregnancy status at the time of hyperglycemia. However, because people diagnosed with
DM by a doctor at the time of hyperglycemia were excluded, patients with DM due to
pregnancy may have been excluded. Finally, the generalizability of the findings to other
population groups, except for the study subjects living in Ansan-Ansung, is limited.

5. Conclusions

This study analyzed the number of people with hyperglycemia diagnosed and treated
for DM over time using community-based cohort data. The results showed that some
people with hyperglycemia were not diagnosed or treated for DM or that it took a consid-
erable period of time until they were diagnosed or treated for DM. Cerebrovascular and
coronary artery diseases, suspected complications of DM, were confirmed at the time of DM
treatment. Further studies are required to determine how many people with hyperglycemia
discovered through health checkups or various campaigns registered and managed at
public health centers or hospitals. As starting DM management as early as possible after the
diagnosis of DM can greatly affect the incidence of diabetic complications, it is necessary to
identify factors or problems related to treatment after the diagnosis of DM and to prepare
intervention plans to improve the treatment rate.

Author Contributions: Conceptualization: I.-S.J. and C.-M.K.; Project administration: I.-S.J.; Data
collection (request): C.-M.K.; Data analysis: I.-S.J. and C.-M.K.; Visualization: I.-S.J. and C.-M.K.;
Writing–original draft: I.-S.J. and C.-M.K.; Writing–review & editing: I.-S.J. and C.-M.K. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted after receiving approval for ex-
empt review from Pusan National University Yangsan Hospital Institutional Review Board (No.
05-2021-043), and all data were anonymized.

Informed Consent Statement: This study used KoGES data collected by the Korea Disease Control
and Prevention Agency (KCDC). The KCDC obtained a consent form for participation and a signed
consent form before data collection. The Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Data in this study were from the Korean Genome and Epidemiology
Study (KoGES; 4851-302), National Research Institute of Health, Korea Disease Control and Prevention
Agency, Ministry for Health and Welfare, Republic of Korea.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. The Korean Association of Internal Medicine (KAIM). Clinical Practice Guideline for Physicians (3rd). 2007. Available online:

https://kaim.or.kr/major/file/04.pdf (accessed on 8 September 2021).
2. International Diabetes Federation (IDF). IDF Diabetes Atlas 9th Edition 2019. 2019. Available online: https://diabetesatlas.org/

atlas/ninth-edition/ (accessed on 23 September 2021).

https://kaim.or.kr/major/file/04.pdf
https://diabetesatlas.org/atlas/ninth-edition/
https://diabetesatlas.org/atlas/ninth-edition/


Int. J. Environ. Res. Public Health 2022, 19, 12090 12 of 13

3. Ministry of Health & Welfare (MHW) & Korea Disease Control and Prevention Agency (KDCA). 2019 National Health Statistics:
Korea National Health & Nutrition Examination Survey VIII-1. 2019. Available online: https://knhanes.kdca.go.kr/knhanes/
sub04/sub04_04_01.do (accessed on 15 December 2021).

4. Kim, S.M.; Kim, Y.I. 2019 National Health Insurance Statistical Yearbook. 2020. Available online: http://www.hira.or.kr/
bbsDummy.do?pgmid=HIRAA020045020000 (accessed on 15 December 2021).

5. Yoon, J.; Oh, I.-H.; Seo, H.; Kim, E.-J.; Gong, Y.-H.; Ock, M.; Lim, D.; Lee, W.K.; Lee, Y.-R.; Kim, D.; et al. Disability-adjusted Life
Years for 313 Diseases and Injuries: The 2012 Korean Burden of Disease Study. J. Korean Med. Sci. 2016, 31, S146–S157. [CrossRef]
[PubMed]

6. Papatheodorou, K.; Banach, M.; Edmonds, M.; Papanas, N.; Papazoglou, D. Complications of diabetes. J. Diabetes Res. 2015, 2015,
189525. [CrossRef] [PubMed]

7. Papatheodorou, K.; Banach, M.; Bekiari, E.; Rizzo, M.; Edmonds, M. Complications of diabetes 2017. J. Diabetes Res. 2018, 2018,
1–4. [CrossRef] [PubMed]

8. Babel, R.A.; Dandekar, M.P. A review on cellular and molecular mechanisms linked to the development of diabetes complications.
Curr. Diabetes Rev. 2021, 17, 457–473. [CrossRef] [PubMed]

9. Hashimoto, K.; Urata, K.; Yoshida, A.; Horiuchi, R.; Yamaaki, N.; Yagi, K.; Arai, K. The relationship between patients’ perception
of type 2 diabetes and medication adherence: A cross-sectional study in Japan. J. Pharm. Health Care Sci. 2019, 5, 1–10. [CrossRef]

10. Ministry of Health & Welfare (MHW) & Korea Disease Control and Prevention Agency (KDCA). 2021 Integrated Health Promotion
Project: Prevention and Control of Cardiovascular Diseases. 2021. Available online: https://www.kdca.go.kr/board/board.es?
mid=a20507020000&bid=0019 (accessed on 15 December 2021).

11. Jameson, J.L.; Kasper, D.L.; Longo, D.L.; Fauci, A.S.; Hauser, S.L.; Loscalzo, J. Harrison’s principles of Internal Medicine, 20th ed.;
McGraw-Hill: New York, NY, USA, 2018.

12. Korea Disease Control and Prevention Agency (KDCA). Status by Cohort. 2020. Available online: http://www.kdca.go.kr/
contents.es?mid=a40504030900 (accessed on 15 December 2021).

13. Kim, Y.; Han, B.G.; the KoGES group. Cohort profile: The Korean genome and Epidemiology Study (KoGES) consortium. Int. J.
Epidemiol. 2017, 46, e20. [CrossRef] [PubMed]

14. American Diabetes Association (ADA). 2. Classification and diagnosis of diabetes: Standards of medical care in diabetes—2018.
Diabetes Care 2018, 41 (Suppl. 1), S13–S27. [CrossRef] [PubMed]

15. Kerner, W.; Brückel, J. Definition, classification and diagnosis of diabetes mellitus. Exp. Clin. Endocrinol. Diabetes 2014, 122,
384–386. [CrossRef]

16. Korean Medical Guideline Information Center (KMGIC). Evidence-Based Guideline for Type 2 Diabetes in Primary Care. 2020.
Available online: https://www.guideline.or.kr/chronic/view.php?number=89 (accessed on 15 December 2021).

17. Diabetes Canada Clinical Practice Guidelines Expert Committee; Punthakee, Z.; Goldenberg, R.; Katz, P. Definition, Classification
and Diagnosis of Diabetes, Prediabetes and Metabolic Syndrome. Can. J. Diabetes 2018, 42, S10–S15. [CrossRef]

18. Hu, M.; Wan, Y.; Yu, L.; Yuan, J.; Ma, Y.; Hou, B.; Jiang, X.; Shang, L. Prevalence, awareness and associated risk factors of diabetes
among adults in Xi’an, China. Sci. Rep. 2017, 7, 1–9. [CrossRef]

19. Jeong, I.S.; Kang, C.M. Level of and related factors to diabetes awareness among diabetic adults by gender: Based on data from
the Korean National Health and Nutrition Examination Survey. Asian Nurs. Res. 2021, 15, 129–135. [CrossRef] [PubMed]

20. Yen, S.T.; Tan, A.K.G.; Mustapha, F.I. Awareness of diabetes, hypertension, and hypercholesterolemia in Malaysia. J. Diabetes 2016,
9, 874–883. [CrossRef]

21. World Health Organization (WHO). The Asia-Pacific Perspective: Redefining Obesity and Its Treatment. 2000. Available online:
https://apps.who.int/iris/handle/10665/206936 (accessed on 7 September 2021).

22. Boo, S.; Yoon, Y.J.; Oh, H. Evaluating the prevalence, awareness, and control of hypertension, diabetes, and dyslipidemia in Korea
using the NHIS-NSC Database. Medicine 2018, 97, e13713. [CrossRef] [PubMed]

23. Irazola, V.; Rubinstein, A.; Bazzano, L.; Calandrelli, M.; Chung-Shiuan, C.; Elorriaga, N.; Gutierrez, L.; Lanas, F.; Manfredi, J.A.;
Mores, N.; et al. Prevalence, awareness, treatment and control of diabetes and impaired fasting glucose in the Southern Cone of
Latin America. PLoS ONE 2017, 12, e0183953. [CrossRef]

24. In, J.; Lee, D.K. Survival analysis: Part II – applied clinical data analysis. Korean J. Anesthesiol. 2019, 72, 441–457. [CrossRef]
25. Centers for Disease Control and Prevention (CDC). National Diabetes Statistics Report 2020: Estimates of Diabetes and Its Burden

in the United States. 2020. Available online: https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-
report.pdf (accessed on 19 March 2022).

26. National Health Insurance Service (NHIS). Health Checkup: Introduction of the System. 2020. Available online: https://www.
nhis.or.kr/nhis/policy/wbhada19700m01.do (accessed on 19 March 2022).

27. Sabanayagam, C.; Banu, R.; Chee, M.L.; Lee, R.; Wang, Y.X.; Tan, G.; Jonas, J.B.; Lamoureux, E.L.; Cheng, C.-Y.; Klein, B.E.K.; et al.
Incidence and progression of diabetic retinopathy: A systematic review. Lancet Diabetes Endocrinol. 2018, 7, 140–149. [CrossRef]

28. Raman, R.; Ganesan, S.; Pal, S.S.; Gella, L.; Kulothungan, V.; Sharma, T. Incidence and Progression of Diabetic Retinopathy in
Urban India: Sankara Nethralaya-Diabetic Retinopathy Epidemiology and Molecular Genetics Study (SN-DREAMS II), Report 1.
Ophthalmic Epidemiol. 2017, 24, 294–302. [CrossRef] [PubMed]

https://knhanes.kdca.go.kr/knhanes/sub04/sub04_04_01.do
https://knhanes.kdca.go.kr/knhanes/sub04/sub04_04_01.do
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020045020000
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020045020000
http://doi.org/10.3346/jkms.2016.31.S2.S146
http://www.ncbi.nlm.nih.gov/pubmed/27775252
http://doi.org/10.1155/2015/189525
http://www.ncbi.nlm.nih.gov/pubmed/26247036
http://doi.org/10.1155/2018/3086167
http://www.ncbi.nlm.nih.gov/pubmed/29713648
http://doi.org/10.2174/1573399816666201103143818
http://www.ncbi.nlm.nih.gov/pubmed/33143626
http://doi.org/10.1186/s40780-019-0132-8
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019
http://www.kdca.go.kr/contents.es?mid=a40504030900
http://www.kdca.go.kr/contents.es?mid=a40504030900
http://doi.org/10.1093/ije/dyv316
http://www.ncbi.nlm.nih.gov/pubmed/27085081
http://doi.org/10.2337/dc18-S002
http://www.ncbi.nlm.nih.gov/pubmed/29222373
http://doi.org/10.1055/s-0034-1366278
https://www.guideline.or.kr/chronic/view.php?number=89
http://doi.org/10.1016/j.jcjd.2017.10.003
http://doi.org/10.1038/s41598-017-10797-x
http://doi.org/10.1016/j.anr.2021.01.003
http://www.ncbi.nlm.nih.gov/pubmed/33548506
http://doi.org/10.1111/1753-0407.12502
https://apps.who.int/iris/handle/10665/206936
http://doi.org/10.1097/MD.0000000000013713
http://www.ncbi.nlm.nih.gov/pubmed/30572503
http://doi.org/10.1371/journal.pone.0183953
http://doi.org/10.4097/kja.19183
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.nhis.or.kr/nhis/policy/wbhada19700m01.do
https://www.nhis.or.kr/nhis/policy/wbhada19700m01.do
http://doi.org/10.1016/S2213-8587(18)30128-1
http://doi.org/10.1080/09286586.2017.1290257
http://www.ncbi.nlm.nih.gov/pubmed/28332894


Int. J. Environ. Res. Public Health 2022, 19, 12090 13 of 13

29. Varma, R.; Choudhury, F.; Klein, R.; Chung, J.; Torres, M.; Azen, S.P.; Los Angeles Latino Eye Study Group. Four-Year Incidence
and Progression of Diabetic Retinopathy and Macular Edema: The Los Angeles Latino Eye Study. Am. J. Ophthalmol. 2010, 149,
752–761. [CrossRef] [PubMed]

30. Xu, J.; Xu, L.; Wang, Y.X.; You, Q.S.; Jonas, J.B.; Bin Wei, W. Ten-Year Cumulative Incidence of Diabetic Retinopathy. The Beijing
Eye Study 2001/2011. PLoS ONE 2014, 9, e111320. [CrossRef]

31. Jinjuan, P.; Peng, J.; Zou, H.; Wang, W.; Fu, J.; Shen, B.; Bai, X.; Xuelin, B.; Zhang, X. The 5-Year Onset and Regression of Diabetic
Retinopathy in Chinese Type 2 Diabetes Patients. PLoS ONE 2014, 9, e113359. [CrossRef]

32. Jo, A.; Oh, H. Incidence of Colon Cancer Related to Cigarette Smoking and Alcohol Consumption in Adults with Metabolic
Syndrome: Prospective Cohort Study. J. Korean Acad. Nurs. 2019, 49, 713–723. [CrossRef]

33. Sagesaka, H.; Sato, Y.; Someya, Y.; Tamura, Y.; Shimodaira, M.; Miyakoshi, T.; Hirabayashi, K.; Koike, H.; Yamashita, K.; Watada,
H.; et al. Type 2 Diabetes: When Does It Start? J. Endocr. Soc. 2018, 2, 476–484. [CrossRef] [PubMed]

34. Laiteerapong, N.; Ham, S.A.; Gao, Y.; Moffet, H.H.; Liu, J.Y.; Huang, E.S.; Karter, A.J. The legacy effect in type 2 diabetes: Impact of
early glycemic control on future complications (the diabetes & aging study). Diabetes Care 2018, 42, 416–426. [CrossRef] [PubMed]

35. Rahman, M.S.; Akter, S.; Abe, S.K.; Islam, M.R.; Mondal, M.N.I.; Rahman, J.A.M.S.; Rahman, M.M. Awareness, Treatment, and
Control of Diabetes in Bangladesh: A Nationwide Population-Based Study. PLoS ONE 2015, 10, e0118365. [CrossRef] [PubMed]

36. Ferrannini, E.; Cushman, W.C. Diabetes and hypertension: The bad companions. Lancet 2012, 380, 601–610. [CrossRef]
37. Bonafede, M.; Chandran, A.; DiMario, S.; Saltiel-Berzin, R.; Saliu, D. Medication usage, treatment intensification, and medical

cost in patients with type 2 diabetes: A retrospective database study. BMJ Open Diabetes Res. Care 2016, 4, e000189. [CrossRef]
[PubMed]

38. Yue, J.; Mao, X.; Xu, K.; Lü, L.; Liu, S.; Chen, F.; Wang, J. Prevalence, Awareness, Treatment and Control of Diabetes Mellitus in a
Chinese Population. PLoS ONE 2016, 11, e0153791. [CrossRef] [PubMed]

39. Dajani, R.; Khader, Y.S.; Fatahallah, R.; El-Khateeb, M.; Shiyab, A.H.; Hakooz, N. Diabetes mellitus in genetically isolated
populations in Jordan: Prevalence, awareness, glycemic control, and associated factors. J. Diabetes its Complicat. 2012, 26, 175–180.
[CrossRef]

40. Polsky, S.; Ellis, S.L. Obesity, insulin resistance, and type 1 diabetes mellitus. Curr. Opin. Endocrinol. Diabetes Obes. 2015, 22,
277–282. [CrossRef]

41. Collison, K.S.; Zaidi, M.Z.; Subhani, S.N.; Al-Rubeaan, K.; Shoukri, M.; A Al-Mohanna, F. Sugar-sweetened carbonated beverage
consumption correlates with BMI, waist circumference, and poor dietary choices in school children. BMC Public Heal. 2010, 10, 234.
[CrossRef]

http://doi.org/10.1016/j.ajo.2009.11.014
http://www.ncbi.nlm.nih.gov/pubmed/20149342
http://doi.org/10.1371/journal.pone.0111320
http://doi.org/10.1371/journal.pone.0113359
http://doi.org/10.4040/jkan.2019.49.6.713
http://doi.org/10.1210/js.2018-00071
http://www.ncbi.nlm.nih.gov/pubmed/29732459
http://doi.org/10.2337/dc17-1144
http://www.ncbi.nlm.nih.gov/pubmed/30104301
http://doi.org/10.1371/journal.pone.0118365
http://www.ncbi.nlm.nih.gov/pubmed/25692767
http://doi.org/10.1016/S0140-6736(12)60987-8
http://doi.org/10.1136/bmjdrc-2015-000189
http://www.ncbi.nlm.nih.gov/pubmed/27547410
http://doi.org/10.1371/journal.pone.0153791
http://www.ncbi.nlm.nih.gov/pubmed/27096738
http://doi.org/10.1016/j.jdiacomp.2012.03.009
http://doi.org/10.1097/MED.0000000000000170
http://doi.org/10.1186/1471-2458-10-234

	Introduction 
	Methods 
	Participants 
	Variables and Definitions 
	Participant Characteristics 
	Time to Diagnosis and Treatment of DM 
	Prevalence of Comorbidities and Complications of DM at Diagnosis and Treatment of DM 

	Data Analysis 

	Results 
	Baseline Characteristics, and Diagnosis and Treatment Rates of DM 
	Time to Diagnosis and Treatment of DM 
	Risk Factors (Protective Factors) for DM Diagnosis and Treatment 
	Prevalence of Comorbidities and Complications of DM at Diagnosis and Treatment 

	Discussion 
	Conclusions 
	References

