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Background: Postprandial hyperglycemia plays an important role in the

pathogenesis of coronary artery disease (CAD). The aim of this study is to

determine the associations of 1,5-Anhydroglucitol (1,5-AG), which reflects

circulating glucose fluctuations, with the prevalence of CAD and CAD

severity in coronary angiography defined Chinese patients.

Methods: 2970 Chinese patients undergoing coronary angiography were

enrolled. Baseline demographics and medical history data was recorded.

Serum 1,5-AG levels and biochemical parameters were measured. Baseline

characteristics were compared across 1,5-AG categories in diabetes (DM) and

non-DM groups. Logistic regression analysis was performed to evaluate the

associations of 1,5-AG with the prevalence and severity of CAD.

Results: Lower 1,5-AG was significantly associated with higher Gensini scores

in both DM and non-DM groups. Logistic regression analysis demonstrated that

the associations of low 1,5-AG with the prevalence of CAD, elevated Gensini

score and severe CAD robustly dose-response increased from undiagnosed

DM with 1,5-AG ≥ 14µg/mL to DM with 1,5-AG < 14µg/mL even after adjusting

for fasting blood glucose (FBG) or Hemoglobin A1c (HbA1c). The associations

were more significant in persons with DM. Significant modification effect of DM

on the relationship of 1,5-AG with elevated Gensini score was found. In

addition, nonlinear relationship and threshold effects of 1,5-AG with CAD and

severity were observed.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2022.978520&domain=pdf&date_stamp=2022-09-05
mailto:jun_dong@263.net
mailto:wxchen@nccl.org.cn
https://doi.org/10.3389/fendo.2022.978520
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2022.978520
https://www.frontiersin.org/journals/endocrinology


Abbreviations: CAD, coronary artery disease; DM, ty

HTN, hypertension; PCI, percutaneous artery in

hemoglobin A1c; FBG, fasting blood glucose; 1,5-AG

TC, total cholesterol; TG, triglycerides; HDL-C, hig

cholesterol; LDL-C, low-density lipoprotein cholester

UA, uric acid; eGFR, estimated glomerular filtration
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Conclusion: Low 1,5-AG is significantly and independently associated with

CAD and CAD severity in Chinese patients undergoing coronary angiography.

Measurement of 1,5-AG is useful to differentiate subjects with extensive

glucose fluctuations and high CAD risks, especially in DM patients.

Clinical Trial Registration: ClinicalTrials.gov, identifier NCT03072797.
KEYWORDS

1,5-anhydroglucitol, hemoglobin a1c, diabetes, coronary artery diseases,
genuine score
Introduction

Atherosclerotic coronary artery disease (CAD) is among the

leading cause of mortality and morbidity and puts an enormous

economic burden worldwide (1). There are multiple risk factors

for CAD such as smoking, obesity, hypertension, hyperglycemia

and dyslipidemia (2). Early identification and intervention of the

risk factors are effective measures to the prevention and

treatment of CAD. Type 2 diabetes mellitus (DM) is

considered to be an important risk factor in the development

of CAD (3). Therefore, intensive blood glucose control is critical

to reduce the mortality and morbidity of CAD in DM patients.

Hemoglobin A1c (HbA1c), which reflects glycemic exposure

over the past 2–3 months, is the standard measure used for

diagnosis of diabetes as well as the clinical monitoring of glucose

control (4). However, in patients with established DM, intensive

intervention for glycemic control guided by HbA1c values did

not improve the risk of macro-vascular complications and

survival prognosis (5, 6). Previous studies have shown that

postprandial hyperglycemia and glycemic variability are risk

factors, independent of average glycemic level , for

cardiovascular complications in people with DM (7, 8). A

growing body of literature suggests that 1,5-Anhydroglucitol

(1,5-AG) may provide a useful complement to HbA1c

measurements (9), especially when short-term glycemic

variability may not be reflected in traditional glycemia markers.

1,5-AG is a dietary monosaccharide, a naturally occurring 1-

deoxy form of glucose, that is typically present at high but stable

concentrations in the blood in normal glycemic status (10).
pe2 diabetes mellitus;

terventions; HbA1c,

, 1,5-anhydroglucitol;

h-density lipoprotein

ol; CREA, creatinine;

rate; BMI, body mass

blood pressure; IQR,

intervals.
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Serum concentrations of 1,5-AG is adjusted by urinary excretion

in the kidneys. Most 1,5-AG, which is filtered in glomerulus is

reabsorbed at a specific fructose-mannose active transporter in

the renal tubule, with a small amount, corresponding to dietary

intake, excreted in the urine (11). The reabsorption is

competitively inhibited by glucose. Therefore, the serum 1,5-

AG level rapidly decreases when serum glucose level exceeds the

threshold of urine glucose excretion (160-180 mg/dL), even

when very short-lasting episodes appear. Previous studies have

demonstrated that 1,5-AG level is negatively correlated with

HbA1c and fasting blood glucose (FBG) and is a useful marker to

identify well controlled, exclusively based on HbA1c levels DM

patients with transient hyperglycaemia (12, 13).

In community-based studies, low 1,5-AG level is associated

with the prevalence of CAD and also has predictive value for CAD

events and mortality, in both DM and non-DM populations (9, 14).

However, it is unclear if 1,5-AG is associated with CAD and CAD

severity in high risk subjects and if 1,5-AG adds prognostic value to

HbA1c, especially in Chinese populations. CAD severity can be

evaluated by the Gensini score system which reflect the complexity

and extent of CAD based on the artery morphology, coronary

anatomy, and severity of stenosis in lesions (15, 16). Therefore, the

present study was designed to determine the independent

associations of 1,5-AG with the prevalence of CAD and CAD

severity evaluated by Gensini score in Chinese patients underwent

coronary angiography.
Materials and methods

Study population

From Mar, 2017 to 2020, 2970 consecutive patients

undergoing coronary angiography in Beijing Hospital were

enrolled in this study, in which 2945 subjects were measured

serum 1,5-AG concentrations. The exclusion criteria were: (1)

patients who had severe congenital heart disease, severe cardiac

insufficiency, primary pulmonary hypertension, hepatic and renal
frontiersin.org

https://ClinicalTrials.gov
https://doi.org/10.3389/fendo.2022.978520
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2022.978520
dysfunction; (2) patients who were receiving chemotherapy or

radiotherapy, pregnant or nursing; (3) patients who were alcohol

or drug abuser, or with mental illness under treatment. Baseline

demographics and medical history information, including height,

weight, blood pressure, lifestyle, and history of DM, hypertension

(HTN), stroke, and premature CAD were surveyed by trained

doctors during hospitalization. Patients with HTN, DM and

dyslipidemia include those who have already been diagnosed

with these diseases at enrolment and those newly diagnosed

during hospitalization according to current guidelines. Before

coronary angiography, fasting blood samples were taken into

common vacutainer tubes and serum was separated by

centrifugation. Serum samples were aliquoted into 2mL vials

and stored at -80°C until analysis. This study was approved by

the Ethics Committee of Beijing Hospital (2016BJYYEC-121-02)

and the written informed consent was obtained from each patient.
Coronary angiography

Coronary angiographies were performed by experienced

cardiologists using standard techniques in all study patients. All

targeted coronary lesions of the patients were analyzed by the built-

in QCA software of the Allura Xper FD20 Angiography System

(Philips Healthcare, Netherlands). According to the classification

of the American Heart Association Grading Committee, coronary

arteries were divided into 15 segments. Coronary artery segments

were carefully selected by cardiologists on the basis of smooth

luminal borders and the absence of stenosis. All of the coronary

arteries were injected and at least two views of the right coronary

arteries and four views of the left coronary arteries were evaluated.

The existence of CAD was analyzed by two experienced

interventional cardiologists and was defined as the presence of

one or more coronary arteries with 50% or more stenosis in the

main epicardial coronary arteries. In the event of a disagreement,

the opinion of a third observer was required, and the final decision

was made by consensus of all three observers. To test the extent

and severity of ischemia caused by the lesion, the Gensini scores

(15, 16) were calculated in 2047 patients who did not have previous

percutaneous artery interventions (PCI). Each lesion was assigned

a score according to the percentage of stenosis, and multiplied by

the coefficient defined for each major coronary artery and segment.

The Gensini score of each patient was obtained by summing up the

results. Subjects with Gensini scores of the top tertiles were referred

as severe CAD.
Measurement of 1,5-AG and
other variables

Serum 1,5-AG was measured by KingMed Diagnostics using

Pyranose oxidase assay kit from Beijing Strong Biotechnologies,

Inc. on a Roche Modular 702 system. Serum samples were
Frontiers in Endocrinology 03
thawed and mixed at room temperature. 1,5-AG concentration

was measured according to the manufacturer’s instructions.

FBG, HbA1c, total cholesterol (TC), triglycerides (TG), high-

density lipoprotein cholesterol (HDL-C), low-density

lipoprotein cholesterol (LDL-C), creatinine (CREA), uric acid

(UA) and estimated glomerular filtration rate (eGFR) were

measured at the clinical laboratory of Beijing Hospital by

using assay kits from Sekisui Medical Technologies (Osaka,

Japan) on a Hitachi 7180 chemistry analyzer. Two quality

control materials, prepared by mixed fresh serum samples,

were analyzed with patient samples in each run in 1,5-AG

assays to monitor the performance of the measurements. The

average inter- assay CV was below 2%. Previous studies have

shown this 1,5-AG assay to be highly reliable even in long-term

stored samples (17). In the 2945 subjects measured, 100 samples

had 1,5-AG concentration below the limit of detection, on this

occasion, the lowest measured concentration was inputted.
Statistical analysis

Data were presented as percentages or medians and

interquartile ranges (IQR). Baseline characteristics of the study

population were compared across categories of 1,5-AG (≥14 µg/

mL, <14µg/mL) in subjects with and without diagnosed DM.We

used the Chi-squared test or Fisher exact test for categorical

variables and the Kruskal-Wallis test for continuous variables.

Correlations between 1,5-AG and conventional CAD risk factors

were analyzed by Spearman nonparametric test.

To analyze the associations of 1,5-AG with the incidence of

CAD and CAD severity defined by Gensini scores, multivariable

logistic regression or linear regression analysis were performed.

We divided the subjects with and without diabetes into two

groups based on a cut point of 14 mg/mL. Those without

diagnosed diabetes and 1,5-AG≥14 mg/mL served as the

common reference group. Odds ratios (ORs) for CAD versus

non-CAD, high versus low Gensini scores, or regression

coefficients b for Gensini score, and the corresponding 95%

confidence intervals (CIs) were evaluated. Potential confounding

variables, including age, gender, current smoking, obesity or

overweight, hypertension, dyslipidemia, stroke, family history of

premature CAD, statin use, and FBG or HbA1C, were controlled

in the regression models.

We used restricted cubic splines with five knots located at

the 5th, 27.5th, 50th, 72.5th, and 95th percentiles and centered at

the 14 mg/mL to explore whether there is a non-linear

relationship between 1,5-AG and incident CAD and severity.

Besides, two-piecewise linear regression model was also used to

further explain the non-linearity and examine the threshold

effect of the 1,5-AG on CAD and severity using a smoothing

function. In the model, the threshold level (i.e.,turning point)

was determined using trial and error, including selection of

turning points along a pre-defined interval and then choosing
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the turning point that gave the maximum model likelihood. We

also conducted a log likelihood ratio test to examine the

statistical significance.

In addition, the subgroup analyses and interaction tests were

performed using stratified binary logistic regression model or

linear regression. In order to further examine the robustness of

associations between 1,5-AG and incident CAD and severity, we

performed several sensitivity analyses: additionally adjusting for

the serum concentrations of other biochemical parameters,

including TC, TG, HDL-C, LDL-C, UA, Crea and eGFR;

excluding participants with 1,5-AG below the limit of

detection; using 1,5-AG concentration as a continuous

independent variable instead of the category variable with a

cutoff for 1,5-AG of ≥ 14 mg/mL, respectively.

The analyses were performed using SPSS 26.0 (Windows

SPSS, Inc.) and R packages (http://www.r-project.org). All

reported P values were two-tailed, P value<0.05 was

considered significant.
Results

Characteristics of the study participants

At baseline, participants were a mean of 65 years old, 62.4%

males and 49.6% had a diagnosed DM. The participants were

classified into two groups of undiagnosed and diagnosed DM,

the baseline characteristics by 1,5-AG categories (≥14 mg/
mL, <14 mg/mL) within the two groups and among four

subgroups were compared. As shown in Table 1, in patients

with diagnosed DM (n=1462), 57.7% had 1,5-AG concentration

<14mg/mL, while in patients without DM (n=1483), only 7.8%

had low 1,5-AG levels (<14 mg/mL). In both diagnosed and

undiagnosed DM, subjects with 1,5-AG <14 mg/mL had

significantly higher FBG and HbA1C levels compared to those

with 1,5-AG ≥14 mg/mL. The percent of coronary angiography

defined CAD, as well as Gensini scores, were also higher in low

1,5-AG (< 14 mg/mL) subjects compared to those with higher

1,5-AG (≥ 14 mg/mL). In addition, age, BMI, SBP, percent of

BMI ≥ 24 kg/m2, HTN, DM, dyslipidemia, and statin use all

significantly increased among subgroups (P values for trend

<0.05). FBG, HbA1C, coronary angiography defined CAD, and

Gensini scores were also significantly increased from

undiagnosed DM to diagnosed DM and across different 1,5-

AG categories (P values for trend <0.05).
Correlations between 1,5-AG and
conventional CAD risk factors

Spearman correlations between 1,5-AG and other CAD risk

factors were presented in Table 2. In subjects without a diagnosis
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of DM, serum 1,5-AG levels were significantly negatively

correlated with age, BMI (P<0.001) and SBP (P<0.05), and

positively correlated with UA (P<0.001) and eGFR (P<0.05).

In subjects with a diagnosed DM, 1,5-AG was found to be

negatively correlated with SBP (P<0.01) and eGFR (P<0.001),

and positively correlated with TC (P<0.05), HDL-C, Crea and

UA (P<0.001). In all the patients including both with and

without DM, serum 1,5-AG was significantly negatively

associated with age, BMI, SBP, and TG (P<0.001), and

positively associated with TC (P<0.01) and HDL-C (P<0.001)

levels. In addition, serum 1,5-AG was significantly

negatively associated with Gensini scores in all subjects

(P<0.001) and subjects with DM (P<0.01), but no association

was found in subjects without DM. The weak associations found

between 1,5-AG and TC were probably caused by the use

of statins.
Multivariable analysis between categories
of 1,5-AG with CAD, gensini scores and
severe CAD

The associations between 1,5-AG and the presence of CAD,

the Gensini scores, as well as CAD severity (high vs low Gensini

score), were analyzed by the multivariable analysis in subjects

with and without diagnosed DM, with those no diagnosed DM

and 1,5-AG ≥14 µg/mL served as the common reference group.

As shown in Table 3, the associations significantly increased, in a

dose-response manner, from undiagnosed DM with 1,5-AG ≥

14µg/mL and < 14µg/mL to DM with 1,5-AG ≥ 14µg/mL and <

14µg/mL in order (P values for trend <0.01). The highest ORs for

the prevalence of CAD, elevated Gensini scores and severe CAD

were found in subjects with diagnosed DM and 1,5-AG < 14 µg/

mL after adjusting for age, gender, and other CAD risk factors

(Model 1& 2). The associations were attenuated but remained

significant after adjustment for FBG (Model 3) and HbA1C

(Model 4).

In subjects with diagnosed DM, compared with 1,5-AG ≥ 14

mg/mL, subjects with 1,5-AG < 14 mg/mL had more significant

associations with the prevalent CAD, elevated Gensini scores

and severe CAD in Model 1 &2 (P<0.05). The association

remained significant after additional adjustment for FBG

(Model 3) but not HbA1c (Model 4). However, in subjects

without DM, compared with 1,5-AG ≥ 14 mg/mL, 1,5-AG < 14

mg/mL had no associations with the prevalence of CAD and

elevated Gensini scores. Weak associations were found between

1,5-AG < 14 mg/mL and severe CAD in Model 2. The

associations were no longer significant after further adjusting

for FBG (Model 3) or HbA1C (Model 4). These results indicated

that, in the categorical analyses, the associations of low 1,5-AG

(< 14 mg/mL) with the prevalent CAD, elevated Gensini scores

and CAD severity were largely confined to persons with
frontiersin.org
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diagnosed DM. In sensitivity analyses, associations of 1,5-AG

with CAD, elevated Gensini scores and severe CAD remained

essentially unchanged after further adjustment for other

biochemical parameters, including TC, TG, HDL-C, LDL-C,

UA, Crea and eGFR (Supplementary Table 1). Similar

associations were observed when restricting the analyses to

participants with 1,5-AG levels above the limit of detection

(n=2845) (Supplementary Table 1) and using 1,5-AG

concentration as a continuous independent variable instead of

the category variable with a cutoff of 1,5-AG ≥ 14 mg/mL.

(Figure 1, Supplementary Figure 1).
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Analysis of nonlinear relationship
between 1,5-AG and incident CAD
and severity

The restricted cubic splines were used to flexibly model and

visualize the distribution of 1,5-AG and its relation with CAD,

elevated Gensini scores and CAD severity. As shown in the

histograms (Figure 1), the distributions of 1,5-AG was

substantially different in subjects with and without a diagnosis

of DM. In subjects without DM, the distribution of 1,5-AG is

roughly normal (light gray bars), however, in persons with
TABLE 1 Characteristics of the study participants by categories of 1,5-anhydroglucitol (1,5-AG) at baseline in subjects with and without diagnosed
diabetes.

No diagnosed diabetes, n =1483 Diagnosed diabetes, n =1462

Total 1,5-AG ≥ 14 mg/
mL

1,5-AG < 14 mg/
mL

1,5-AG ≥ 14 mg/
mL

1,5-AG < 14 mg/
mL

N 2945 1367 116 619 843

*1,5-AG, mg/mL 20.8 (10.1, 30.2) 28.1 (21.8, 35.2) 10.1 (7.5, 12.2) # 23.5 (18.5, 30.5) 5.9 (3.5, 9.4) #

1,5-AG, mg/mL, range 1.0, 99.3 14.0, 99.3 1.0, 13.99 14.0, 80.6 1.0, 13.99

*FBG, mmol/L 5.9 (5.1, 7.5) 5.2 (4.9, 5.8) 5.5 (5.0, 6.1) # 7.4 (6.0, 8.6) 7.9 (6.4, 10.0) #

*HbA1C, % 6.2 (5.8, 7.1) 5.8 (5.5, 6.0) 6.0 (5.6, 6.2) # 6.3 (5.9, 6.8) 7.6 (6.8, 8.6) #

*Age, y 65.0 (58.0, 74.0) 64.0 (57.0, 73.0) 69.0 (61.0, 77.8) # 67.0 (60.0, 74.0) 66.0 (58.0, 76.0)

Male, % 62.4 62.9 59.5 64.5 60.7

*BMI, kg/m2 25.4 (23.4, 27.7) 25.1, (23.2, 27.3) 25.7 (23.8, 28.7) # 25.8 (23.9, 27.9) 25.5 (23.5, 28.0)

*BMI ≥ 24 kg/m2, % 67.9 65.2 73.7 74.1 70.0

*SBP, mmHg 135.0 (123.0,
149.0)

133.0 (121.0, 146.0) 134.5 (123.0, 150.8) 136.0 (124.0, 150.0) 139.0 (127.0, 151.0) #

DBP, mmHg 79.0 (70.0, 85.0) 79.0 (71.0, 85.0) 79.5 (70.3, 86.8) 78.0 (70.0, 85.0) 78.0 (70.0, 85.0)

*TC, mmol/L 3.8 (3.2, 4.5) 3.9 (3.3, 4.5) 3.7 (3.2, 4.6) 3.8 (3.2, 4.5) 3.7 (3.2, 4.4)

*TG, mmol/L 1.3 (0.9, 1.8) 1.2 (0.9, 1.7) 1.2 (0.9, 1.7) 1.3 (1.0, 1.8) 1.3 (1.0, 1.9)

*HDL-C, mmol/L 1.0 (0.9, 1.2) 1.1 (0.9, 1.3) 1.0 (0.8, 1.2) 1.0 (0.9, 1.2) 1.0 (0.9, 1.1) #

LDL-C, mmol/L 2.3 (1.8, 2.8) 2.3 (1.8, 2.9) 2.3 (1.8, 2.9) 2.3 (1.8, 2.9) 2.2 (1.7, 2.8)

Crea, mmol/L 70.0 (60.0, 81.0) 70.0 (60.0, 80.0) 72.0 (62.0, 81.0) 71.0 (60.0, 83.0) 69.0 (57.0, 80.0) #

*UA, mmol/L 320.0 (266.0,
379.0)

327.0 (270.0, 390.0) 305.0 (251.5, 382.5) 333.0 (280.0, 384.0) 300.5 (254.0, 354.0) #

eGFR, mL/min per 1.73 m2 95.5 (81.6, 110.3) 95.8 (83.1, 109.2) 91.9 (77.9, 104.7) # 93.3 (78.7, 109.1) 97.6 (80.3, 114.4) #

Current smoker, % 31.8 32.1 32.5 30.4 32.7

*Hypertension, % 60.7 66.4 73.5 73.8 74.3

*Diabetes, % 49.6 0 0 100 100

*Dyslipidemia, % 44.1 41.5 38.8 45.5 48.7

History of stroke, % 10.7 10.2 10.3 9.9 12.0

Family history of premature CAD, % 7.7 8.2 4.5 8.6 7.3

*Take statins continuously over 1 year,
%

25.3 22.4 19.0 # 27.6 29.2

*Coronary angiography defined CAD,
%

78.6 70.2 77.6 83.8 88.5 #

*Gensini score 12.0 (2.0, 37.5) 6.0 (1.0, 24.5) 9.5 (2.8, 29.5) # 18.3 (4.0, 45.5) 24.0 (6.0, 53.0) #
CAD, coronary artery disease; BMI, body mass index; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FBG, fasting blood glucose; TC-total cholesterol; TG- triglyceride; HDL-
C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; Crea, creatinine; UA, uric acid; eGFR, estimated glomerular filtration rate
Data are median (interquartile range) for continuous variables, or percentage for categorical variables. * P values for trend <0.05 among four groups. Significant differences (# P<0.05)
compared with groups of 1,5-AG ≥ 14 mg/mL in no diagnosis of diabetes or diagnosed diabetes, respectively
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TABLE 2 Spearman correlation (r) of 1,5-AG with other clinical parameters.

All No diagnosed diabetes Diagnosed diabetes

Age -0.061*** -0.093*** 0.055*

FBG -0.404*** -0.084** -0.179***

HbA1C -0.672*** -0.196*** -0.686***

BMI -0.072*** -0.089*** 0.004

SBP -0.110*** -0.062* -0.076**

DBP 0.006 -0.026 -0.010

TC 0.052** -0.016 0.055*

TG -0.067*** -0.015 -0.032

HDL-C 0.138*** -0.008 0.130***

LDL-C 0.037 -0.006 0.034

Crea 0.044* 0.006 0.108***

UA 0.158*** 0.103*** 0.226***

eGFR -0.024 0.053* -0.120***

Gensini score -0.185*** -0.015 -0.093**
Frontiers in Endocrinology
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*p< 0.05, **p< 0.01, ***p< 0.001
TABLE 3 Adjusted b/OR (95% CI) and p-value of baseline diabetes-specific categories of 1,5-AG with prevalent coronary angiography defined
CAD, Gensini score and severe CAD.

Model 1 Model 2 Model 3 Model 4

Prevalent coronary angiography defined CAD
No diagnosed diabetes

1,5-AG ≥ 14 mg/mL 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

1,5-AG < 14 mg/mL 1.377 (0.864, 2.195), 0.178 1.597 (0.963, 2.648), 0.070 1.441 (0.861, 2.410), 0.164 1.130 (0.595, 2.146), 0.708

Diagnosed diabetes

1,5-AG ≥ 14 mg/mL 2.087 (1.625, 2.681), <0.001 1.993 (1.539, 2.581), <0.001 1.271 (0.942, 1.714), 0.117 1.603 (1.164, 2.206), 0.004

1,5-AG < 14 mg/mL *3.318 (2.591, 4.249), <0.001 *3.192 (2.467, 4.131), <0.001 *1.766 (1.284, 2.430), <0.001 1.641 (1.103, 2.440), 0.014

P for trend <0.001 <0.001 <0.001 0.002

Gensini score

No diagnosed diabetes

1,5-AG ≥ 14 mg/mL 0 (reference) 0 (reference) 0 (reference) 0 (reference)

1,5-AG < 14 mg/mL 3.508 (-3.729, 10.746) 0.342 4.382 (-2.946, 11.709), 0.241 3.737 (-3.614, 11.087), 0.319 -1.077 (-10.696, 8.543), 0.826

Diagnosed diabetes

1,5-AG ≥ 14 mg/mL 10.906 (7.244, 14.568), <0.001 10.848 (7.141, 14.554), <0.001 5.322 (1.132, 9.511), 0.013 9.069 (4.442, 13.696), <0.001

1,5-AG < 14 mg/mL *18.008 (14.640, 21.377), <0.001 *17.476 (14.060, 20.893), <0.001 9.350 (4.981, 13.719), <0.001 9.700 (4.181, 15.220), <0.001

P for trend <0.001 <0.001 <0.001 <0.001

Prevalent severe CAD

No diagnosed diabetes

1,5-AG ≥ 14 mg/mL 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

1,5-AG < 14 mg/mL 1.771 (0.974, 3.223), 0.061 *1.974 (1.044, 3.734) 0.036 1.681 (0.877, 3.225), 0.118 1.388 (0.603, 3.196), 0.441

Diagnosed diabetes

1,5-AG ≥ 14 mg/mL 2.756 (2.018, 3.765), <0.001 2.751 (1.979, 3.825), <0.001 1.313 (0.885, 1.948), 0.176 2.308 (1.528, 3.484), <0.001

1,5-AG < 14 mg/mL *5.060 (3.760, 6.811), <0.001 *5.164 (3.777, 7.059), <0.001 *1.933 (1.285, 2.908), 0.002 2.555 (1.569, 4.161), <0.001

P for trend <0.001 <0.001 0.002 <0.001
ORs, odds ratios; CI, Confidence Intervals; CAD, coronary artery disease; SD, standard deviation
Model 1: age and gender. Model 2: variables in model 2 plus current smoker, obesity or overweight, hypertension, dyslipidemia, stroke, family history of premature CAD and statin use.
Model 3: variables in model 2 plus FBG (mmol/L). Model4: variables in model 2 plus HbA1C (%). P values for overall trend were calculated by modeling the category medians as a
continuous variable. Significant differences (* P<0.05) between 1,5-AG categories within diabetes group (no diagnosis of diabetes or diagnosed diabetes)
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diagnosed DM, the distribution of 1,5-AG was non-normal and

highly right skewed (black bars). When modeled with restricted

cubic splines, the lowest level of 1,5-AG tended to be associated

with the highest risk of incident CAD, elevated Gensini scores and

severe CAD when adjusted for age, gender, current smoker,

obesity or overweight, diabetes, hypertension, dyslipidemia,

stroke, family history of premature CAD and statin use. The

association was not linear across the entire distribution, we

observed a threshold effect, with apparent dose-response

associations at lower levels but little evidence of associations at

higher levels. In Table 4, by using the two-piece wise linear

regression model, the turning point of 1,5-AG was calculated as

14.0 mg/mL for prevalent CAD. Therefore, on the left of the

turning point, the adjusted ORs (95%CI) were 0.420 (0.263, 0.670)

(P <0.001), indicating significant associations with CAD.
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However, on the right of the turning point, the adjusted

associations were not significant. Compared with the linear

model, the differences found were statistically significant (P for

log likelihood ratio tests were <0.001). Interestingly, the turning

points for the Gensini scores and severe CAD were 29.7 mg/mL

and 28.8 mg/mL respectively, which were much higher than that

of CAD.
Stratified analysis of the associations
between 1,5-AG with CAD, gensini
scores and CAD severity

In order to examine the robust associations of 1,5-AG with

CAD, associations between 1,5-AG levels and the incidence of
TABLE 4 Threshold effect analysis of 1,5-AG (per 1-SD increment) on coronary angiography defined CAD, Gensini score and the severity of CAD.

Crude b/OR (95% CI)
p-value

*Adjusted b/OR (95% CI)
p-value

CAD

1,5-AG < 14.0 mg/mL 0.296 (0.197, 0.445), <0.001 0.420 (0.263, 0.670), <0.001

1,5-AG ≥14.0 mg/mL 0.875 (0.776, 0.986), 0.029 0.969 (0.847, 1.108), 0.644

P for log likelihood ratio test <0.001 0.002

Gensini score

1,5-AG < 29.7 mg/mL -9.018 (-11.240, -6.796), <0.001 -4.674 (-7.189, -2.159), <0.001

1,5-AG ≥ 29.7 mg/mL 2.189 (-1.335, 5.713) 0.2235 1.963 (-1.415, 5.340), 0.255

P for log likelihood ratio test <0.001 0.008

Severe CAD

1,5-AG < 28.8 mg/mL 0.433 (0.360, 0.520), <0.001 0.589 (0.464, 0.746), <0.001

1,5-AG ≥ 28.8 mg/mL 1.224 (0.962, 1.558), 0.100 1.221 (0.935, 1.595), 0.143

P for log likelihood ratio test <0.001 <0.001
Crude: no adjustment
*Adjusted for age, gender, current smoker, obesity or overweight, diabetes, hypertension, dyslipidemia, stroke and family history of premature CAD
B CA

FIGURE 1

Adjusted associations of serum 1,5-AG levels with (A) coronary angiography defined CAD, (B) Gensini scores and (C) severe CAD in the BHAS
study, N = 2945. 1,5-AG was modeled using restricted cubic splines (solid line) with knots at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles.
The concentration of 1,5-AG of 14 mg/mL was used as the reference point for (A) and (C). 95% CIs are shown with the dashed lines. Models are
adjusted for age, gender, current smoker, obesity or overweight, diabetes, hypertension, dyslipidemia, stroke and family history of premature
CAD. Frequency histograms are shown for persons without diabetes (light gray bars) and for persons with diabetes (dark gray bars).
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CAD, the Gensini scores and CAD severity were respectively

analyzed in different subgroups, such as different age, gender,

BMI (<24kg/m2, ≥24kg/m2), smoking status, hypertension,

dyslipidemia, and with or without diagnosed DM, stroke, and

family history of premature CAD. Interactions between 1,5-AG

and these factors on the distribution of CAD, Gensini scores and

severe CAD were also analyzed. As shown in Supplementary

Figure 1, the results suggested that when 1,5-AG was used as

continuous variables, each SD increase was associated with 15%

decrease of prevalent CAD, 2 point lower of Gensini scores and

18% decrease of severe CAD. The associations were apparently

more significant in persons with diagnosed DM compared with

non-DM. These results were similar with those when 1,5-AG

was modeled as a categorical variable (Table 3). However, only

the interaction by DM for Gensini score was observed (P for

interaction =0.029, Supplementary Figure 1B). Although the

ORs (95% CI) for CAD and severe CAD were different in DM

and non-DM patients [0.771 (0.650-0.914) vs 0.919 (0.799-

1.057) for CAD, and 0.716 (0.580-0.884) vs 0.909 (0.751-

1.100) for severe CAD], no significant effect modification by

DM was found (P for interaction > 0.05). We did not observe

interactions by age, sex, BMI, current smoker, dyslipidemia,

stroke and family history of premature CAD for the presence

of CAD, Gensini score and CAD severity (all P for

interaction > 0.05).
Discussion

In the present study, we analyzed the associations between

serum 1,5-AG with the prevalence of CAD and CAD severity as

assessed by the Gensini score system in Chinese patients

underwent coronary angiography. The results showed that low

concentrations of 1,5-AG were independently associated with

the prevalence of CAD, elevated Gensini scores and severe CAD

after adjusting for age, gender and other CAD risk factors. More

significant associations remain in DM patients after further

adjusting for FBG or HbA1C. Nonlinear relationship and

threshold effects of 1,5-AG were found for prevalent CAD,

elevated Gensini scores, and CAD burden, with the 1,5-AG

turning points of 14.0mg/mL, 29.7mg/mL, and 28.8 mg/
mL respectively.

DM is a disorder of impaired glucose homeostasis and is one

of the important risk factors for cardiovascular diseases,

including CAD and related mortality. Recent epidemiological,

clinical and experimental data have suggested that effective

controlling of blood glucose in the nonfasting state, especially

the postprandial period, can reduce the risk of macroangiopathic

complications of diabetes (7, 8, 18). Evaluating glycemic control

is currently based on the self-monitoring of blood glucose and
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clinical testing for HbA1c, which is a surrogate biochemical

marker of the average glycemia level over the previous 2-3

months (4). Although HbA1c provides a valuable,

standardized and evidence-based parameter that is relevant for

clinical decision making, there are circumstances that HbA1c

levels are insufficient to predict the risk of adverse outcomes (19–

21). Moreover, it was well established previously that although

postprandial glycaemia can influence HbA1c concentration,

glycated haemoglobin is not sensitive for short-lasting,

transient hyperglycaemia (22). 1,5-AG is an emerging

glycometabolic marker that complements HbA1c in terms of

short-term glycemic control, postprandial hyperglycemia and

glucose fluctuation (9, 10, 12–14). Serum 1,5-AG concentration

is found to be relatively stable in normalglycemia state and

rapidly falls reflecting not only chronic, but also short-lasting

hyperglycaemic episodes. Therefore, measurement of 1,5-AG is

important to identify transient hyperglycaemia and related CAD

risks in DM patients and non-DM individuals.

Previous studies have reported that 1,5-AG levels are

associated with vascular endothelial dysfunction (23), oxidative

stress (24), carotid atherosclerosis (25, 26) and the prevalence of

CAD (9, 27). In one previous prospective study of approximately

2000 persons in Japan, 1,5-AG at baseline was significantly

associated with incident cardiovascular events during 11 years

of follow-up (28). In the ARIC study, a community-based

prospective cohort study, low 1,5-AG was associated with

subclinical cardiovascular disease, cardiovascular outcomes

and mortality in persons with a history of DM (14). However,

the relationship of 1,5-AG with CAD or CAD events were not

consistent in the population without diagnosis of DM (14, 29–

31). The associations between 1,5AG and CAD were also studied

in patients undergoing coronary angiography (32, 33), and

found that the 1,5-AG levels were independently associated

with CAD, and serum 1,5-AG value predicts CAD related

adverse events even in non-DM patients without CAD.

However, these studies had a relatively strict exclusion criteria

and small number of participates which may have limited

representations. In addition, whether the association between

1,5-AG and CAD is modified by DM is not clear. In the current

study, the relationship of 1,5-AG with the prevalent CAD,

Gensini scores, and CAD severity were analyzed in Chinese

subjects undergoing coronary angiography in both DM and

non-DM patients.

We first analyzed the baseline characteristics in diagnosed

DM and non-DM by low (<14 mg/mL) and high (≥14 mg/mL)

1,5-AG categories. In both diagnosed and undiagnosed DM,

lower 1,5-AG was associated with not only significantly higher

FBG and HbA1C levels, but also higher Gensini scores. These

results were in accordance with the previous reports (34, 35).

Multivariable analysis showed that the associations robustly
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dose-reponse increased from undiagnosed DM with 1,5-AG ≥

14µg/mL to DM with 1,5-AG < 14µg/mL even after adjusting for

FBG or HbA1c. The associations of low concentrations of 1,5-AG

with CAD, elevated Gensini score and severe CAD were more

significant in persons with diagnosed DM. However, only

significant modification effect of DM on the relationship of

1,5-AG with elevated Gensini score was found. These results

suggested that measurement of serum 1,5-AG value may be

useful for not only evaluation of glucose control but also CAD

risk assessment in high risk populations, especially in

DM patients.

Different values have been reported for blood 1,5-AG

concentrations depending on the racial/ethnic groups, being

higher in Asians and Africans compared to Caucasians (36,

37). In the previous study, 1,5-AG concentration of 10.0 mg/mL

(14, 29, 32, 38) and 14.0 mg/mL (28, 31, 39) have been used as the

cut-off values for defining exposure to hyperglycemia,

potentially representing a subset of the population with higher

post-prandial glycemic peaks. In our study, 57.7% of the subjects

with diagnosed DM had 1,5-AG<14.0 mg/mL, and in subjects

without DM, 92.2% had 1,5-AG>14.0mg/mL. These results were

in accordance with the reports of Dr. Yamanouchi (40), in which

14 mg/mL was recommended as the normal lower limit of 1,5-

AG levels. When modeled with restricted cubic splines, our

results demonstrated that the lowest level of 1,5-AG was

associated with the highest prevalence of CAD, elevated

Gensini scores and sever CAD. In addition, the association

was not linear across the entire distribution, in which a

threshold effect was found. By using the two- piecewise linear

regression model, the turning points of 1,5-AG for CAD, high

Gensini scores, and severe CAD were calculated. The results

suggested that, the linear associations between 1,5-AG and CAD

was largely confined in 1,5-AG<14mg/mL. However, the turning

points of 1,5-AG for high Gensini scores (29.7 mg/mL) and

severe CAD (28.8 mg/mL) were much higher. These results

indicate that, for prevention of the occurrence and

development of atherosclerosis, more strict control of glycemic

fluctuations are needed.

We recognize that our study has some limitations. First, this

results are based on a single baseline measurement of 1,5-AG

and lack of information on 2-h postprandial glucose. Second,

owing to the observational nature of the study, we are also not

able to completely rule out the possibility of residual

confoundings. Third, since this study was a baseline data of

our BHAS, the obtained results require further confirmation in

future prospective analysis.
Conclusion

This study demonstrated that low 1,5-AG levels were

independently associated with the prevalence of CAD and the

severity of the disease evaluated by Gensini scores, in diagnosed
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DM patients, even after adjusting for FBG or HbA1C. The

relationship of 1,5-AG with CAD and severity were not linear

with threshold effects existed. Our study added to the evidence

regarding the value of 1,5-AG as an effective glycometabolic

marker that complements HbA1c in terms of glucose fluctuation

and CAD risk assessment in persons with DM. Additional

studies are needed to understand its possible utility as a tool

for diabetes management in primary and secondary prevention

of CAD.
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13. Krhač M, Lovrenčić MV. Update on biomarkers of glycemic control.World
J Diabetes (2019) 10(1):1–15. doi: 10.4239/wjd.v10.i1.1
14. Selvin E, Rawlings A, Lutsey P, Maruthur N, Pankow JS, Steffes M, et al.
Association of 1,5-anhydroglucitol with cardiovascular disease and mortality.
Diabetes (2016) 65(1):201–8. doi: 10.2337/db15-0607

15. Gensini GG. A more meaningful scoring system for determining the severity
of coronary heart disease. Am J Cardiol (1983) 51(3):606. doi: 10.1016/s0002-9149
(83)80105-2

16. Sinning C, Lillpopp L, Appelbaum S, Ojeda F, Zeller T, Schnabel R, et al.
Angiographic score assessment improves cardiovascular risk prediction: The
clinical value of SYNTAX and gensini application. Clin Res Cardiol (2013) 102
(7):495–503. doi: 10.1007/s00392-013-0555-4

17. Selvin E, Rynders GP, Steffes MW. Comparison of two assays for serum 1,5-
anhydroglucitol. Clin Chim Acta (2011) 412(9-10):793–5. doi: 10.1016/
j.cca.2011.01.007

18. Kataoka S, Gohbara M, Iwahashi N, Sakamaki K, Nakachi T, Akiyama E,
et al. Glycemic variability on continuous glucose monitoring system predicts rapid
progression of non-culprit lesions in patients with acute coronary syndrome. Circ J
(2015) 79(10):2246–54. doi: 10.1253/circj.CJ-15-0496

19. Little RR, Rohlfing CL. The long and winding road to optimal HbA1c
measurement. Clin Chim Acta (2013) 418:63–71. doi: 10.1016/j.cca.2012.12.026

20. Wright LA, Hirsch IB. Metrics beyond hemoglobin A1C in diabetes
management: Time in range, hypoglycemia, and other parameters. Diabetes
Technol Ther (2017) 19:S16–26. doi: 10.1089/dia.2017.0029

21. Bonora E, Calcaterra F, Lombardi S, Bonfante N, Formentini G, Bonadonna
RC, et al. Plasma glucose levels throughout the day and HbA(1c) interrelationships
in type 2 diabetes: Implications for treatment and monitoring of metabolic control.
Diabetes Care (2001) 24(12):2023–9. doi: 10.2337/diacare.24.12.2023

22. Juraschek SP, Steffes MW, Selvin E. Associations of alternative markers of
glycemia with hemoglobin A(1c) and fasting glucose. Clin Chem (2012) 58
(12):1648–55. doi: 10.1373/clinchem.2012.188367

23. Torimoto K, Okada Y, Mori H, Tanaka Y. Low levels of 1,5-anhydro-D-
glucitol are associated with vascular endothelial dysfunction in type 2 diabetes.
Cardiovasc Diabetol (2014) 13:99. doi: 10.1186/1475-2840-13-99

24. Kohata Y, Ohara M, Nagaike H, Fujikawa T, Osaka N, Goto S, et al.
Association of hemoglobin A1c, 1,5-Anhydro-D-Glucitol and glycated albumin
with oxidative stress in type 2 diabetes mellitus patients: A cross-sectional study.
Diabetes Ther (2020) 11(3):655–65. doi: 10.1007/s13300-020-00772-7

25. Sato T, Kameyama T, Inoue H. Association of reduced levels of serum 1,5-
anhydro-d-glucitol with carotid atherosclerosis in patients with type 2 diabetes. J
Diabetes Complications (2014) 28(3):348–52. doi: 10.1016/j.jdiacomp.2014.01.004

26. Liang M, McEvoy JW, Chen Y, Sharrett AR, Selvin E. Association of a
biomarker of glucose peaks, 1,5-anhydroglucitol, with subclinical cardiovascular
disease. Diabetes Care (2016) 39(10):1752–9. doi: 10.2337/dc16-0840

27. Fujiwara T, Yoshida M, Yamada H, Tsukui T, Nakamura T, Sakakura K,
et al. Lower 1,5-anhydroglucitol is associated with denovo coronary artery disease
in patients at high cardiovascular risk. Heart Vessels (2015) 30(4):469–76.
doi: 10.1007/s00380-014-0502-y
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.978520/full#supplementary-material
https://doi.org/10.1016/j.jacc.2012.11.002
https://doi.org/10.1016/j.jacc.2012.11.002
https://doi.org/10.1373/clinchem.2011.165712
https://doi.org/10.1373/clinchem.2011.165712
https://doi.org/10.1097/01.hjr.0000136418.47640.bc
https://doi.org/10.1097/01.hjr.0000136418.47640.bc
https://doi.org/10.2337/dc20-S002
https://doi.org/10.1056/NEJMoa0802987
https://doi.org/10.1056/NEJMoa0802987
https://doi.org/10.1056/NEJMoa0808431
https://doi.org/10.1186/s12933-015-0236-x
https://doi.org/10.1016/j.jcin.2014.11.025
https://doi.org/10.35772/ghm.2019.01031
https://doi.org/10.1152/ajpendo.1992.263.2.E268
https://doi.org/10.1152/ajpendo.1992.263.2.E268
https://doi.org/10.1016/0304-4165(96)00050-5
https://doi.org/10.1016/0304-4165(96)00050-5
https://doi.org/10.1586/14737159.8.1.9
https://doi.org/10.4239/wjd.v10.i1.1
https://doi.org/10.2337/db15-0607
https://doi.org/10.1016/s0002-9149(83)80105-2
https://doi.org/10.1016/s0002-9149(83)80105-2
https://doi.org/10.1007/s00392-013-0555-4
https://doi.org/10.1016/j.cca.2011.01.007
https://doi.org/10.1016/j.cca.2011.01.007
https://doi.org/10.1253/circj.CJ-15-0496
https://doi.org/10.1016/j.cca.2012.12.026
https://doi.org/10.1089/dia.2017.0029
https://doi.org/10.2337/diacare.24.12.2023
https://doi.org/10.1373/clinchem.2012.188367
https://doi.org/10.1186/1475-2840-13-99
https://doi.org/10.1007/s13300-020-00772-7
https://doi.org/10.1016/j.jdiacomp.2014.01.004
https://doi.org/10.2337/dc16-0840
https://doi.org/10.1007/s00380-014-0502-y
https://doi.org/10.3389/fendo.2022.978520
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Yang et al. 10.3389/fendo.2022.978520
28. Watanabe M, Kokubo Y, Higashiyama A, Ono Y, Miyamoto Y, Okamura T.
Serum 1,5-anhydro-D-glucitol levels predict first-ever cardiovascular disease: An
11-year population-based cohort study in Japan, the suita study. Atherosclerosis
(2011) 216(2):477–83. doi: 10.1016/j.atherosclerosis.2011.02.033

29. Warren B, Lee AK, Ballantyne CM, Hoogeveen RC, Pankow JS, Grams ME,
et al. Associations of 1,5-anhydroglucitol and 2-hour glucose with major clinical
outcomes in the atherosclerosis risk in communities (ARIC) study. J Appl Lab Med
(2020) 5(6):1296–306. doi: 10.1093/jalm/jfaa066

30. Ouchi S, Shimada K, Miyazaki T, Takahashi S, Sugita Y, Shimizu M, et al.
Low 1,5-anhydroglucitol levels are associated with long-term cardiac
mortality in acute coronary syndrome patients with hemoglobin A1c levels
less than 7.0. Cardiovasc Diabetol (2017) 16(1):151. doi: 10.1186/s12933-017-
0636-1

31. Ikeda N, Hara H, Hiroi Y. Ability of 1,5-anhydro-d-glucitol values to predict
coronary artery disease in a non-diabetic population. Int Heart J (2015) 56(6):587–
91. doi: 10.1536/ihj.15-177

32. Ikeda N, Hara H, Hiroi Y, Nakamura M. Impact of serum 1,5-anhydro-d-
glucitol level on prediction of major adverse cardiac and cerebrovascular events in
non-diabetic patients without coronary artery disease. Atherosclerosis (2016)
253:1–6. doi: 10.1016/j.atherosclerosis.2016.08.016

33. Fujiwara T, Yoshida M, Yamada H, Tsukui T, Nakamura T, Sakakura K,
et al. Lower 1,5-anhydroglucitol is associated with denovo coronary artery disease
in patients at high cardiovascular risk. Heart Vessels (2015) 30(4):469–76.
doi: 10.1007/s00380-014-0502-y
Frontiers in Endocrinology 11
34. Dworacka M, Winiarska H. The application of plasma 1,5-anhydro-D-
glucitol for monitoring type 2 diabetic patients. Dis Markers (2005) 21(3):127–32.
doi: 10.1155/2005/251068

35. Ma C, Sheng J, Liu Z, Guo M. Excretion rates of 1,5-anhydro-D-glucitol,
uric acid and microalbuminuria as glycemic control indexes in patients with type 2
diabetes. Sci Rep (2017) 7:44291. doi: 10.1038/srep44291

36. Herman WH, Dungan KM, Wolffenbuttel BH, Buse JB, Fahrbach JL, Jiang
H, et al. Racial and ethnic differences in mean plasma glucose, hemoglobin A1c,
and 1,5-anhydroglucitol in over 2000 patients with type 2 diabetes. J Clin
Endocrinol Metab (2009) 94(5):1689–94. doi: 10.1210/jc.2008-1940

37. Selvin E, Warren B, He X, Sacks DB, Saenger AK. Establishment of
community-based reference intervals for fructosamine, glycated albumin, and
1,5-anhydroglucitol. Clin Chem (2018) 64(5):843–50. doi: 10.1373/
clinchem.2017.285742

38. Selvin E, Rawlings AM, Grams M, Klein R, Steffes M, Coresh J. Association
of 1,5-anhydroglucitol with diabetes and microvascular conditions. Clin Chem
(2014) 60(11):1409–18. doi: 10.1373/clinchem.2014.229427

39. Wada H, Dohi T, Miyauchi K, Takahashi N, Endo H, Kato Y, et al. Impact of
serum 1,5-anhydro-D-glucitol level on the prediction of severe coronary artery
calcification: an intravascular ultrasound study. Cardiovasc Diabetol (2019) 18
(1):69. doi: 10.1186/s12933-019-0878-1

40. Yamanouchi T, Akanuma Y, Toyota T, Kuzuya T, Kawai T, Kawazu S, et al.
Comparison of 1,5-anhydroglucitol, HbA1c, and fructosamine for detection of
diabetes mellitus. Diabetes (1991) 40(1):52–7. doi: 10.2337/diab.40.1.52
frontiersin.org

https://doi.org/10.1016/j.atherosclerosis.2011.02.033
https://doi.org/10.1093/jalm/jfaa066
https://doi.org/10.1186/s12933-017-0636-1
https://doi.org/10.1186/s12933-017-0636-1
https://doi.org/10.1536/ihj.15-177
https://doi.org/10.1016/j.atherosclerosis.2016.08.016
https://doi.org/10.1007/s00380-014-0502-y
https://doi.org/10.1155/2005/251068
https://doi.org/10.1038/srep44291
https://doi.org/10.1210/jc.2008-1940
https://doi.org/10.1373/clinchem.2017.285742
https://doi.org/10.1373/clinchem.2017.285742
https://doi.org/10.1373/clinchem.2014.229427
https://doi.org/10.1186/s12933-019-0878-1
https://doi.org/10.2337/diab.40.1.52
https://doi.org/10.3389/fendo.2022.978520
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Nonlinear association of 1,5-anhydroglucitol with the prevalence and severity of coronary artery disease in chinese patients undergoing coronary angiography
	Introduction
	Materials and methods
	Study population
	Coronary angiography
	Measurement of 1,5-AG and other variables
	Statistical analysis

	Results
	Characteristics of the study participants
	Correlations between 1,5-AG and conventional CAD risk factors
	Multivariable analysis between categories of 1,5-AG with CAD, gensini scores and severe CAD
	Analysis of nonlinear relationship between 1,5-AG and incident CAD and severity
	Stratified analysis of the associations between 1,5-AG with CAD, gensini scores and CAD severity

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


