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Introduction: The incidences of diabetes and diabetic retinopathy (DR) in Thai

high-risk individuals with prediabetes have not been identified. This study

compared diabetes and DR incidences among people at risk with different

glycemic levels, using fasting plasma glucose (FPG) and hemoglobin A1C

(HbA1c).

Materials and methods: A historical cohort study estimating risk of type

2 diabetes and DR was conducted among outpatients, using FPG and HbA1c

measurements at recruitment and monitored for ≥5 years. High-risk

participants (defined as having metabolic syndrome or atherosclerotic

cardiovascular disease) were categorized by glycemic level into 4 groups: 1)

impaired fasting glucose (IFG)-/HbA1c- (FPG <110 mg/dl; HbA1c < 6.0%); 2)

IFG+/HbA1c- (FPG 110–125 mg/dl; HbA1c < 6.0%); 3) IFG-/HbA1c+

(FPG <110mg/dl; HbA1c 6.0%–6.4%); and 4) IFG+/HbA1c+ (FPG

110–125 mg/dl; HbA1c 6.0%–6.4%). The incidences of type 2 diabetes

mellitus (T2DM) and DR were obtained and estimated using Kaplan-Meier

analysis. Cox regression models explored hazard ratios (HRs).

Results: We recruited 8,977 people at risk (metabolic syndrome, 89.9%;

atherosclerotic cardiovascular disease, 16.9%). The baseline cohort consisted

of 1) IFG-/HbA1c- (n= 4,221; 47.0%); 2) IFG+/HbA1c- (n= 1,274; 14.2%); 3) IFG-/

HbA1c+ (n = 2,151; 24.0%); and 4) IFG+/HbA1c+ (n = 1,331; 14.8%). Their 5-year

T2DM incidences were 16.0%, 26.4%, 30.8%, and 48.5% (p < 0.001). The median

DR follow-up was 7.8 years (interquartile range, 7.0–8.4 years). The DR

incidences were 0.50, 0.63, 1.44, and 2.68/1,000 person-years (p < 0.001)

for IFG-/HbA1c-, IFG+/HbA1c-, IFG-/HbA1c+, and IFG+/HbA1c+, respectively.

Compared with IFG-/HbA1c-, the multivariable-adjusted HRs (95% CI) for

incident diabetes were 1.94 (1.34–2.80), 2.45 (1.83–3.29), and 4.56
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(3.39–6.15) for IFG+/HbA1c-, IFG-/HbA1c+, and IFG+/HbA1c+, respectively. As

for incident DR, the corresponding HRs were 0.67 (0.08–5.76), 4.74

(1.69–13.31), and 5.46 (1.82–16.39), respectively.

Conclusion: The 5-year incidence of T2DM in Thai high-risk participants with

prediabetes was very high. The incidences of diabetes and DR significantly

increased with higher degrees of dysglycemia. High-risk people with FPG

110–125 mg/dl and HbA1c 6.0%–6.4% were more likely to develop T2DM

and DR. Such individuals should receive priority lifestyle and

pharmacological management.

KEYWORDS

diabetes incidence, diabetic retinopathy incidence, fasting plasma glucose, high-risk
people, HbA1c, prediabetes

Introduction

Prediabetes is a high-risk state for diabetes and the associated

macrovascular and microvascular complications. According to

meta-analyses, approximately 5%–10% of individuals with

prediabetes develop diabetes annually. (Gerstein et al., 2007;

Tabák et al., 2012) However, the cumulative diabetes

incidence varies widely, depending on the population

characteristics, definition of prediabetes, duration of follow-up,

and study design, ranging from 2% to 50%within a 5-year follow-

up. (Zhang et al., 2010; Richter et al., 2018) Moreover,

prediabetes is associated with cardiovascular disease,

periodontal disease, cognitive dysfunction, fatty liver disease,

obstructive sleep apnea, and cancers. (Buysschaert et al., 2015)

Prediabetes is generally defined by hyperglycemia above the

normal level but below the diabetes threshold. According to

the criteria of theWorld Health Organization, prediabetes can be

diagnosed in 2 states: 1) impaired fasting glucose (IFG; fasting

plasma glucose [FPG], 110–125 mg/dl) and 2) impaired glucose

tolerance (IGT; 2-h postload plasma glucose, 140–199 mg/dl).

(World Health Organization, 2006) The International Expert

Committee defines “prediabetes” as an HbA1c level of 6.0%–

6.4%. (International Expert Committee, 2009)

Prediabetes is a serious healthcare issue affecting one-tenth of

the world’s adult population. In 2021, it was estimated that

319 million adults (6.2% of the global population) had IFG,

while 541 million adults (10.6% of the global adult population)

had IGT. (Sun et al., 2022) The prevalence of prediabetes varies

markedly across regions due to underlying factors such as genetic

predisposition, obesity, lifestyle, and age. (Ji et al., 2021) Based on

IFG and HbA1c analyses, the prediabetes prevalence in the

United States is approximately 40% (Centers for Disease Control

and Prevention, 2022) and 5%–40% in Asia. (Ji et al., 2021) A high

prevalence of prediabetes results in high healthcare expenditure. The

economic burden of prediabetes in the United States was

determined to exceed 43 billion dollars in 2017. (Dall et al., 2019)

Not all forms of prediabetes are the same. Differences in

glycemic parameters and their thresholds result in different

diabetes and diabetic retinopathy (DR) rates in people with

prediabetes. A meta-analysis of prospective studies between

1979 and 2004 showed that 6%–9% of people with IFG

progressed to diabetes annually. (Gerstein et al., 2007) Similarly,

a longitudinal study in Japan reported that 7% of individuals with

elevated HbA1c progressed to diabetes. (Heianza et al., 2011) A

meta-analysis of a multiethnic population demonstrated that

prediabetes (defined by an elevated HbA1c between 5.7% and

6.4%) had a higher risk of developing into diabetes than

prediabetes defined by IFG. (Lee et al., 2019)

Prediabetes also impacts the progression of DR. Several studies

have elucidated the relationship between the chronic hyperglycemia

of prediabetes and diabetes and vascular complications

(macrovascular and microvascular damage). (Diabetes Prevention

ProgramResearch, 2007; Tabak et al., 2012; Ali et al., 2018; Fagg and

Valabhji, 2019) Some studies demonstrated that microvascular

complications could develop before the standard diabetes

diagnosis criteria were met. (Milman and Crandall, 2011) Using

the lower FPG and HbA1c cutoffs will increase the apparent

prevalence of prediabetes. This move might raise issues for

Thailand, given its limited healthcare resources. Moreover, a clear

understanding of how different glycemic subgroups affect the

incidence of diabetes and its complications is still lacking,

especially in Thai high-risk individuals. The present historical

cohort study compared the incidences of diabetes and DR and

investigated the risks of developing these diseases by assessing FPG

and HbA1c in at-risk individuals.

Materials and methods

Data for this analysis were derived from the medical records

of patients who visited the outpatient clinic of Siriraj Hospital,

Bangkok, Thailand. The clinic receives self-referrals and referrals

from primary and secondary care services. Generally, clinic

attendees have a high risk of diabetes or cardiovascular

diseases or already have diabetes, hypertension, obesity, or

multiple metabolic risk factors. Attendance at the clinic is
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usually set for regular intervals. Outpatients receive education,

appropriate treatments, prevention strategies, and appropriate

medications (oral hypoglycemic agents, blood pressure-lowering

agents, or cholesterol-lowering agents).

The dataset for our analysis included people aged at least

18 years at risk of developing diabetes and cardiovascular

diseases based on preliminary investigations. The individuals

were required to have had simultaneous baseline HbA1c and

FPG measurements between January 2013 and December 2016

(n = 47,990). Participants were included if 1) their baseline

HbA1c level was less than 6.5% (<48 mmol/mol) and 2) their

baseline FPG level was under 7.0 mmol/L. Patients were excluded

if they met the following criteria (Figure 1):

• were diagnosed with diabetes before the baseline

measurements

• had thalassemia disease or traits

• had chronic anemia

• were using any hypoglycemic agent or steroid

• were pregnant

Only subjects with complete data records (age, sex, FPG, HbA1c,

and medication use at baseline) who regularly visited the clinic for at

least 5 years were included. After exclusions, 8,977 participants

without diabetes were available for analysis. The study protocol

complied with the Declaration of Helsinki and was reviewed by

the Siriraj Institutional Review Board (SI956/2021).

Procedures and measurements

Clinical characteristics, blood pressure (using an automated

measurement system), and anthropometric measurements

(height and weight) were collected from electronic health

records. “High-risk individuals” were defined as having

metabolic syndrome or atherosclerotic cardiovascular disease.

“Metabolic syndrome” was defined as participants having at least

3 of the following:

• body mass index (BMI) ≥ 23 kg/m2, per the Asian-specific

BMI cutoff (Snehalatha et al., 2003; Consultation’, 2004)

• documented hypertension

• FPG ≥100 mg/dl or HbA1c ≥ 5.7%

• a sex-specific low high-density lipoprotein level (males, <
40 mg/dl; females, < 50 mg/dl) or statin use

• hypertriglyceridemia (fasting triglycerides [TG] ≥
150 mg/dl) or statin use (Alberti et al., 2005; Alberti

et al., 2009)

The blood samples for HbA1c, plasma glucose, and serum lipid

measurements were taken in the fasted state. A high-performance

liquid chromatography system measured HbA1c with a Tosoh

G8 analyzer (Tosoh Bioscience Inc., San Francisco, CA,

United States), using the International Federation of Clinical

Chemistry-approved methodology and standardization. FPG was

measured by an enzymatic hexokinase method. Standard laboratory

FIGURE 1
Enrollment of the study subjects.
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procedures measured serum total cholesterol, high-density

lipoprotein cholesterol (HDL-c), and TG concentrations. Low-

density lipoprotein cholesterol (LDL-c) was calculated using the

Friedewald formula.

Outcomes

The primary outcomes were the diabetes incidence and the

time to the presence of diabetes within 5 years after the

baseline. The secondary outcomes were the DR incidence

and the time to DR during a follow-up period of up to

9 years from baseline.

“Diabetes mellitus” (DM) was defined as when patient

history met the criteria for DM. These were a diagnosis of

DM documented by a doctor, an FPG of 126 mg/dl or higher,

an HbA1c of 6.5% or higher, or oral hypoglycemic-agent use. DR

was determined by documentation of the condition by a doctor

and International Classification of Diseases (10th Revision)

coding. The DR documentation was derived from various

sources and reports (e.g, ophthalmologist reports of indirect

ophthalmoscopy and digital fundus camera findings,

documents from other hospitals, and primary doctor’s

documentation).

Statistical analysis

The baseline characteristics of the participants with FPG and

HbA1c were compared in these 4 subgroups:

• IFG-/HbA1c-: FPG <110.0 mg/dl (6.1 mmol/L), and

HbA1c < 6.0% (<42 mol/mol)

• IFG+/HbA1c-: FPG 110–125 mg/dl (6.1–6.9 mmol/L), and

HbA1c < 6.0%

• IFG-/HbA1c+: (HbA1c prediabetes) FPG <110 mg/dl, and

HbA1c 6.0%–6.4%

• IFG+/HbA1c+: (combined IFG and HbA1c prediabetes)

FPG 110–125 mg/dl, and HbA1c 6.0%–6.4%

Continuous, normally distributed variables are summarized

as the mean ± standard deviation, while continuous skewed

distribution variables are presented as the median with

interquartile ranges. Categorical variables are reported as

numbers and percentages. Significant variations across the

4 subgroups were identified by ANOVA (normally distributed

continuous variables), the Kruskal–Wallis test (nonnormally

distributed variables), and the Chi2 test (categorical variables).

The incidence rates were estimated using Kaplan-Meier analysis.

Cox regression models explored the hazard ratios (HRs) of the

DM incidence of each group. Adjustments were made for age,

alanine aminotransferase, BMI, hypertensive status, mean

corpuscular volume (MCV), sex, statin use, TG level, and uric

acid. The HR of DR was explored with adjustments for age, BMI,

hypertensive status, MCV, sex, and statin use.

Results

In all, 8,977 participants were enrolled. There were

4221 IFG-/HbA1c-participants (47.0%), 1274 IFG+/HbA1c-

participants (14.2%), 2151 IFG-/HbA1c + participants

(24.0%), and 1331 IFG+/HbA1c + participants (14.8%). All

subjects had comorbidities, metabolic syndrome, or both.

These conditions increase the risk of developing diabetes and

atherosclerotic cardiovascular diseases. The participants’ diseases

were metabolic syndrome (89.9%), dyslipidemia (70.0%),

hypertension (69.8%), and atherosclerotic cardiovascular

disease (16.9%). The baseline characteristics of the participants

are summarized in Table 1.

With increasing degrees of glucose homeostasis in the

participants with prediabetes, significant increases were found in

age, alkaline phosphatase, BMI, the proportion of people with

hypertension, statin use, and TG. However, the participants’

HDL-c levels fell significantly. All changes were especially

noticeable among subjects with HbA1c levels between 6.0%

and 6.4%.

Progression to diabetes

By the 5-year follow-up, 2,319 subjects (25.8%) had

developed diabetes. The incidence of diabetes varied

significantly among the prediabetes subgroups (p < 0.001).

The IFG+/HbA1c + subgroup had the highest incidence rate

(48.5%), followed by the IFG-/HbA1c + subgroup (30.8%), the

IFG+/HbA1c-subgroup (26.4%), and the IFG-/HbA1c-subgroup

(16.0%). The adjusted multivariable Cox regression model found

that subjects in the IFG+/HbA1c+, IFG-/HbA1c+, and IFG+/

HbA1c-subgroups had significantly higher risks of 5-year

diabetes incidence than subjects in the IFG-/HbA1c-

subgroup. The HRs of the first 3 subgroups were 4.56 (95%

CI, 3.39–6.15), 2.45 (95% CI, 1.83–3.29), and 1.94 (95% CI,

1.34–2.80), respectively (Table 2). Moreover, patients with a BMI

above 30.0 kg/m2, hypertension, and statin use had a significantly

increased risk of diabetes conversion than 1) those with a

BMI <23 kg/m2 (HR, 1.87; 95% CI, 1.29–2.71), 2) those

without hypertension (HR, 1.90; 95% CI, 1.36–2.66), and 3)

those who did not use statins (HR, 2.02; 95% CI, 1.46–2.89;

Supplementary Table S1).

Progression to diabetic retinopathy

The 8,977 patients contributed to 68,643 person-years

with a median follow-up duration of 7.8 years (IQR,
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7.0–8.4 years). The participants with IFG+/HbA1c + had the

highest incidence rate of DR (2.68 per 1,000 person-years).

The other rates were IFG-/HbA1c+, 1.44 per 1,000 person-

years; IFG+/HbA1c-, 0.6 per 1,000 person-years; and IFG-/

HbA1c-, 0.5 per 1,000 person-years (p = 0.001). The adjusted

multivariable Cox regression model determined that

compared with the IFG-/HbA1c-subgroup, the adjusted

HRs were 5.46 (95% CI, 1.82–16.39) for the IFG+/HbA1c +

subgroup, 4.73 (95% CI, 1.69–13.31) for IFG-/HbA1c+, and

0.67 (95% CI, 0.08–5.76) for IFG+/HbA1c- (Table 3). In this

adjusted regression model, age, BMI category, hypertension,

MCV, sex, and statin status were not associated with DR risk

(Supplementary Table S2).

Discussion

Several studies have reported adverse associations between

nondiabetic hyperglycemia and the incidence of diabetes in

general populations. However, the present study is among the

few to demonstrate that these associations in Thai individuals

with prediabetes signal high risk for diabetes and

cardiovascular disease. We found that rising glycemia

resulting from deteriorating glucose homeostasis was

associated with worsening cardiometabolic risks,

particularly in individuals with more elevated HbA1c levels.

Additionally, the incidences of diabetes and DR increased

substantially with the severity of FPG and HbA1c

TABLE 1 Comparison of clinical characteristics of high-risk people in the FPG and HbA1c ranges.

Characteristics HbA1C <6.0% HbA1C 6.0%–6.5% p value*

FPG <110 mg/dl FPG 110–125 mg/dl FPG <110 mg/dl FPG 110–125 mg/dl

n (8,977) 4,221 (47.0%) 1,274 (14.2%) 2,151 (24.0%) 1,331 (14.8%)

Female (%) 2,243 (53.1%) 591 (46.5%) $ 1,380 (64.2%) 750 (56.3%) <0.001
Age (years) 59.6 ± 10.6 61.1 ± 10.8# 61.4 ± 9.8# 61.7 ± 9.7# <0.001
BMI (kg/m2) 25.3 ± 4.0 25.3 ± 4.3 26.2 ± 4.0# 26.3 ± 4.0# <0.001
Hypertension (%) 3,339 (79.1%) 1,085 (85.2%) 1813 (84.3%) $ 1,161 (87.2%) $ <0.001
Statin use (%) 3,152 (74.7%) 936 (73.5%) 1833 (85.2%) $ 1,094 (82.2%) $ <0.001
Metabolic syndrome# (%) 3,632 (86.0%) 1,138 (89.3%) $ 2037 (94.7%) $ 1,252 (94.1%) $ <0.001
ASCVD (%) 679 (16.1%) 203 (15.9%) 412 (19.2%) 227 (17.1%) 0.01

FPG (mg/dl) 100.7 ± 5.6 114.8 ± 4.0# 102.2 ± 4.2# 115.4 ± 4.2# <0.001
HbA1C (%) 5.7 ± 0.2 5.7 ± 0.3& 6.1 ± 0.1# 6.2 ± 0.2# <0.001
Creatinine (mg/dl) 0.91 (0.75–1.08) 0.92 (0.77–1.02) # 0.87 (0.73–1.06) $ 0.90 (0.75–1.09) # <0.001
eGFR (ml/min per 1.73 sq m) 79.5 ± 17.6 79.1 ± 17.9 78.9 ± 17.6 82.3 ± 18.1 0.2

Uric acid (mg/dl) 5.9 ± 1.5 6.2 ± 1.6& 6.0 ± 1.4 6.2 ± 1.4& <0.001
Triglycerides (mg/dl) 108 (81–149) 115 (86–161) # 118 (88–159) # 122 (91–168) # <0.001
Cholesterol (mg/dl) 192.9 ± 40.2 193.9 ± 38.9 191.4 ± 39.5 194.6 ± 40.9 0.1

HDL cholesterol (mg/dl) 57.4 ± 15.9 55.6 ± 15.8& 55.8 ± 14.7& 53.8 ± 13.5# <0.001
Calculated LDL cholesterol (mg/dl) 111.7 ± 36.1 112.1 ± 35.6 110.8 ± 35.9 115.0 ± 37.1$ 0.01

Aspartate transaminase (units/l) 22 (18–27) 22 (19–28) 22 (18–27) 22 (18–28) & 0.003

Alanine aminotransferase (units/l) 21 (15–31) 22 (16–34) & 21 (15–31) 23 (17–33) # <0.001
Alkaline phosphatase (units/l) 70.7 ± 22.1 76.3 ± 26.0# 72.0 ± 21.0 76.0 ± 25.5# <0.001
Gamma-glutamyl transferase (units/l) 30 (20–51) 33 (21–51) 29 (21–50) 32 (22–57) 0.5

MCV 88.8 ± 7.0 89.0 ± 7.4 87.5 ± 7.3# 87.9 ± 7.3$ <0.001

Data are presented as mean ± standard deviation, n (%), or median (25th–75th percentile). # Metabolic syndrome was defined as having at least 3 out of 5 of these criteria: 1) body mass

index >23 kg/m2, according to Asian-specific BMI, cutoffs; 2) documented hypertension; 3) FPG ≥100 mg/dl or HbA1c ≥ 5.7%; 4) sex-specific, low-HDL, criteria (male <40 mg/dl or

female <50 mg/dl) or statin use; 5) hypertriglyceridemia (fasting TG ≥ 150 mg/dl) or statin use.

Categorical variable, percentage (number); continuous normally distributed variable, mean ± standard deviation or continuous skewed distribution variable; median and interquartile range

are shown.

ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; eGRF, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL, high-

density lipoprotein; kg/m2, kilogram per square meter; LDL, low-density lipoprotein; MCV, mean corpuscular volume; mg/dl, milligram per deciliter; mmHg, millimeters mercury; mmol/

L, millimole per liter.

Blood samples for HbA1c, plasma glucose, serum uric acid, and serum lipid measurements were taken in the fasted state. Serum aspartate transaminase, alanine aminotransferase, alkaline

phosphatase, gamma-glutamyl transferase, serum creatinine, and blood for MCV were taken in either the fasted or nonfasted state.

*Significant variations across glycemic categories were identified for normally distributed continuous variables by ANOVA, for non-normally distributed variables by Kruskal–Wallis non-

parametric ANOVA, and for categorical variables by Chi2 test. Bonferroni adjustment for multiple testing:#p < 0.001, & p < 0.01, $ p < 0.05 compared with HbA1c < 6.0% and

FPG <110 mg/dl.
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abnormalities. The combination of IFG and HbA1c

prediabetes carried the highest risk of developing diabetes

and DR (4.56 and 5.46 times, compared with IFG-/HbA1c-,

for developing diabetes and DR, respectively).

Previous international studies examining the progression

from prediabetes to diabetes found that people with

prediabetes had different risks of developing diabetes,

depending on their glucose level in the prediabetes range.

(Gerstein et al., 2007; Zhang et al., 2010; Echouffo-Tcheugui

and Selvin, 2021) This finding is consistent with a meta-analysis

of prospective cohort studies that showed that individuals with

the combination of more than one indicator of prediabetes

(IFG+/IGT+) had the highest risk of developing diabetes.

(Richter et al., 2018) The current investigation’s results

correlate with those of a previous study in Thailand. That

research demonstrated that the highest accuracy for

progression to diabetes in participants with prediabetes

(defined by IGT or IFG at baseline) was a combination of

FPG levels above 110 mg/dl and HbA1c levels above 6.0%.

(Wutthisathapornchai A 2021)

Most research into the progression from prediabetes to

diabetes has examined the relationship using 2-h postload

plasma glucose or FPG as prediabetes criteria in general

individuals. However, the current work focused on high-risk

prediabetes categorized by HbA1c and FPG. HbA1c represents

the average blood glucose level during approximately the

preceding 3 months (Nathan et al., 2007b; Syed, 2011) and

signifies the risk for diabetes. HbA1c is used worldwide to

estimate glycemic control, whereas the glucose tolerance test is

limited in use because it is time-consuming. The present

investigation provides information about a practical glycemic

evaluation method that draws upon HbA1c and FPG.

On the other hand, an impairment in FPG indicates a decrease

in hepatic insulin sensitivity and a defect in early-phase insulin

secretion. (Incani et al., 2015; Aoyama-Sasabe et al., 2016) A

finding of IGT denotes a decline in insulin sensitivity in

muscles and a defect in late-phase insulin secretion. (Nathan

et al., 2007a) Moreover, HbA1c prediabetes results from a

combination of IFG and IGT. (Faerch et al., 2015; Incani et al.,

2015) Although a meta-analysis demonstrated that people with

TABLE 2 Five-year incidence and hazard ratios for the development of diabetes by baseline prediabetes subgroup.

Prediabetes subgroups 5-year diabetes outcomes HR (95% CI)*

DM incidence n (%) Non-progression n (%)

HbA1C < 6.0%

FPG <110 mg/dl 675 (16.0%) 3,546 (84.0%) 1

FPG 110–125 mg/dl 336 (26.4%) 938 (73.6%) 1.94 (1.34–2.80)

HbA1C 6.0%–6.5%

FPG <110 mg/dl 663 (30.8%) 1,488 (69.2%) 2.45 (1.83–3.29)

FPG 110–125 mg/dl 645 (48.5%) 686 (51.5%) 4.56 (3.39–6.15)

2,319 (25.8%) 2,319 (25.8%) 6,658 (74.2%)

CI, confidence interval; DM, diabetes mellitus; FPG, fasting plasma glucose; HbA1C, glycated hemoglobin A1c; HR, hazard ratio.

*Hazard ratios of type 2 diabetes mellitus incidence in each glycemic range were explored by Cox regression models with adjustments for age, alanine aminotransferase, body mass index,

hypertensive status, mean corpuscular volume, sex, statin use, triglyceride level, and uric acid.

TABLE 3 Incidence and hazard ratios for the development of diabetic retinopathy by baseline prediabetes subgroup.

Prediabetes subgroups Total DR outcomes HR* (95% CI)

Incident cases/person-year Incident rate/1,000 person-years

HbA1C < 6.0%

FPG <110 mg/dl 4,221 16/32,352 0.50 1

FPG 110–125 mg/dl 1,274 6/9,570 0.63 0.67 (0.08–5.76)

HbA1C 6.0%–6.5%

FPG <110 mg/dl 2,151 24 (16,648) 1.44 4.73 (1.69–13.31)

FPG 110–125 mg/dl 1,331 27 (10,073) 2.68 5.45 (1.82–16.39)

Total 8,977 73 (68,643) 1.1

CI, confidence interval; DR, diabetic retinopathy; FPG, fasting plasma glucose; HbA1C, glycated hemoglobin A1c; HR, hazard ratio.

*Hazard ratios of diabetic retinopathy were explored with adjustments for age, body mass index, hypertensive status, mean corpuscular volume, sex, and statin use.
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isolated IGT and individuals with the combination of IGT and IFG

had a high relative risk for future diabetes (Gerstein et al., 2007),

measuring IGT can be challenging in clinical practice and

epidemiological studies. Given these considerations,

disturbances in glucose homeostasis in people with both IFG

and HbA1c also likely signify a high risk of progressing to

diabetes, with several advantages in clinical practice.

Ourmodel established that hypertension status and statin use

significantly increased the risk of diabetes conversion. The

expected relationships between either hypertension status or

statin use and diabetes incidence were confirmed. In high-risk

people with prediabetes, the antihypertensive drug class, blood-

pressure-lowering potency of the drug used, and the type of statin

may affect these relationships, as revealed by previous meta-

analyses. (Sattar et al., 2010; Nazarzadeh et al., 2021) However, as

our dataset lacked information on the medication type, the group

of antihypertensive agents, and statin use, we could not fully

explore the relationships.

The early stages of retinal complications, renal involvement,

and neurological damage were reported in people with

prediabetes. (Tabak et al., 2012; Stino and Smith, 2017; Ali

et al., 2018) A critical and clinically relevant finding is that,

during a median follow-up of 7.8 years, the DR incidence rose

from 0.50/1,000 person-years to a peak of 2.68/1,000 person-

years in people with both IFG and HbA1c prediabetes. The

research confirms the association between prediabetes and

microvascular complications observed in earlier data

extracted from the Diabetes Prevention Program in the

United States. Data analysis revealed that approximately 8%

of participants with IGT had DR. (Diabetes Prevention

Program Research, 2007) The association between IGT and

DR also correlated with other studies demonstrating that DR

incidence rose linearly with an increase in blood glucose

(especially HbA1c levels). (Cheng et al., 2009; Lee et al.,

2019) Overall, the various findings support the proposition

that microvascular complications, particularly DR, involve

gradual and continuous processes triggered by chronic

exposure to glucose. Moreover, microvascular complications

may occur before diabetes is clinically diagnosable.

Our investigation demonstrated that an IFG between 110 and

126 mg/dl was not an independent risk factor for progression to

DR. A further parallel with this observation was reported by a

study assessing the connection between DR prevalence and

glycemia in an adult population aged ≥40 years. That work

detected a rapid increase in DR prevalence with rising

glycemia and found that HbA1c was a better predictive factor

than FPG. (Cheng et al., 2009) Furthermore, a similar

relationship between IFG and cardiovascular disease was

found as impaired fasting glucose carried a lower risk of

cardiovascular disease than impaired glucose tolerance. (Cai

et al., 2020) Other studies have reported that IFG was not an

independent risk factor for cardiovascular disease. (DECODE

Study Group, 1999)

As for diabetes prevention, dietary control and regular exercise

should generally be recommended to individuals with prediabetes.

Supplementary intensive lifestyle or pharmacological interventions

can increase the effectiveness of basic lifestyle changes and are cost-

effective, especially in individuals with IGT. (Pan et al., 1997;

Knowler et al., 2002; Lindstrom et al., 2003; Wylie-Rosett et al.,

2006) Research has also shown that intensive lifestyle intervention

in people with IGT can decrease the incidence of DR compared

with routine care. (Aro et al., 2019; Gong et al., 2019) A meta-

analysis demonstrated that high-risk individuals with

prediabetes—particularly those with atherosclerotic

cardiovascular diseases—have significantly higher long-term

risks of composite cardiovascular disease and total death than

individuals with normal glucose regulation. (Hostalek and

Campbell, 2021)

On the other hand, additional lifestyle and pharmacological

measures are costly, time-consuming, and require much effort by

individuals and healthcare professionals conducting group and

monitoring interventions. (Knowler et al., 2002) Moreover,

previous meta-analyses have revealed an increase in the risk

of type 2 diabetes with lipid-lowering treatments and some

antihypertensive drugs through a blood pressure lowering

effect as well as off-target mechanisms, which are the primary

treatments in atherosclerotic cardiovascular disease. The current

investigation helps by profiling risk levels, enabling clinicians to

identify high-risk individuals with prediabetes to be persuaded to

engage in intensive lifestyle interventions or to use medications,

including appropriate antihypertensive class and statin type.

(Sattar et al., 2010; Nazarzadeh et al., 2021) Such individuals

are those with both IFG and HbA1c prediabetes (per the World

Health Organization criteria and International Expert

Committee, respectively), given that the present study found

they have the highest risk of developing diabetes and DR.

Our analysis has its strengths. This research is the first to

examine the relationships between glycemic range and

cardiometabolic risk factors, diabetes, and DR in Thai high-risk

individuals with prediabetes. In contrast, the previously mentioned

Thai studies only provided information onDM incidence in the low-

to moderate-risk population with prediabetes. (Thamakaison et al.,

2021; Wutthisathapornchai A 2021) In addition, the analyses drew

on an extensive study sample.

Our study also has limitations. Perhaps the most fundamental

limitation is that our data were derived from a retrospective cohort

constructed from databases of healthcare records. The cohort may

not represent all possible people with prediabetes in the general

population, health records may not have all pertinent risk factors,

and diagnoses are likely to have been identified but not subsequently

recorded wholly and correctly. Additionally, the DR diagnoses were

obtained from various sources and reports. These DR

documentation findings depend on the skill and experience of

the attending ophthalmologist, and the ophthalmological devices

and procedures used. These limitations may have biased the

observed associations.
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However, in our analysis, the exposure to all relevant risk factors

was recorded before the occurrence of diabetes and DR.

Consequently, the temporal sequence of risk factors and

outcomes could be assessed. The diagnoses and definitions of all

related risk factors were defined carefully using standard references

and all relevant record parameters (medication records,

International Classification of Diseases (10th Revision) coding,

and laboratory findings). The diagnoses and risk factors were

further reviewed by trained research staff. Last, our model

analysis did not include the IGT measurement because, in

Thailand, we do not routinely measure IGT in clinical practice.

Consequently, there were few data on IGT in our dataset.

In conclusion, people with prediabetes are at high risk of

developing diabetes in the short term, and the risk of progression

depends on the criteria of prediabetes and the number of

pathogeneses. Moreover, diabetic retinal complications can be

found in people with prediabetes. Using the World Health

Organization criteria, this study revealed that people with

prediabetes who had an FPG of 110–125 mg/dl or an HbA1c

of 6.0%–6.4% were likely to develop type 2 DM and DR. Early

intensive intervention and pharmacological treatment should be

considered for these high-risk subgroups. Further randomized

control trials are needed to confirm the benefits of these

interventions in high-risk people with prediabetes, especially

those with the combination of FPG and HbA1c prediabetes.
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