'," frontiers

in Cardiovascular Medicine

ORIGINAL RESEARCH
published: 26 February 2021
doi: 10.3389/fcvm.2021.632704

OPEN ACCESS

Edited by:

Xiaodong Zhuang,

The First Affiliated Hospital of Sun
Yat-sen University, China

Reviewed by:

Naoki Ishimori,

Hokkaido University, Japan

Hai-Feng Zhang,

Sun Yat-sen Memorial Hospital, China
Qingchun Zeng,

Southern Medical University, China

*Correspondence:

Yong Liu
liuyong@gdph.org.cn

Jin Liu
law397017568@163.com

*These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Cardiovascular Metabolism,

a section of the journal

Frontiers in Cardiovascular Medicine

Received: 23 November 2020
Accepted: 11 February 2021
Published: 26 February 2021

Citation:

Liu L, Ye d, Ying M, Li Q, Chen S,
Wang B, Lin'Y, Chen G, Lun Z,
Huang H, Li H, Xu D, Tan N, Chen J,
Liu J and Liu Y (2021) The U-Shape
Relationship Between Glycated
Hemoglobin Level and Long-Term
All-Cause Mortality Among Patients
With Coronary Artery Disease.
Front. Cardiovasc. Med. 8:632704.
doi: 10.3389/fcvm.2021.632704

Check for
updates

The U-Shape Relationship Between
Glycated Hemoglobin Level and
Long-Term All-Cause Mortality
Among Patients With Coronary
Artery Disease

Liwei Liu™?*, Jianfeng Ye®', Ming Ying "', Qiang Li'", Shiqun Chen’, Bo Wang,
Yihang Lin "2, Guanzhong Chen"*, Zhubin Lun?®, Haozhang Huang "2, Huangqiang Li’,
Danyuan Xu', Ning Tan 24, Jiyan Chen 2%, Jin Liu™ and Yong Liu"2*

" Guangdong Provincial Key Laboratory of Coronary Heart Disease Prevention, Department of Cardiology, Guangdong
Cardiovascular Institute, Guangdong Provincial People’s Hospital, Guangdong Academy of Medical Sciences, Guangzhou,
China, ? The Second School of Clinical Medicine, Southern Medical University, Guangzhou, China, ° Department of
Cardiology, Dongguan Traditional Chinese Medicine Hospital, Dongguan, China, * School of Medicine, Guangdong Provincial
People’s Hospital, South China University of Technology, Guangzhou, China

Background: Although glycated hemoglobin (HbA1c) was considered as a prognostic
factor in some subgroup of coronary artery disease (CAD), the specific relationship
between HbA1c and the long-term all-cause death remains controversial in patients
with CAD.

Methods: The study enrolled 37,596 CAD patients and measured HbAIc at admission
in Guangdong Provincial People’s Hospital. The patients were divided into 4 groups
according to HbAlc level (Quartile 1: HbA1c < 5.7%; Quartile 2: 5.7% < HbA1c < 6.1%;
Quartile 3: 6.1% < HbA1c < 6.7%; Quartile 4: HbA1c > 6.7%). The study endpoint
was all-cause death. The restricted cubic splines and cox proportional hazards models
were used to investigate the association between baseline HbAIc levels and long-term
all-cause mortality.

Results: The median follow-up was 4 years. The cox proportional hazards models
revealed that HbAIc is an independent risk factor in the long-term all-cause mortality.
We also found an approximate U-shape association between HbA1c and the risk of
mortality, including increased risk of mortality when HbA1c < 5.7% and HbA1c > 6.7%
[Compared with Quartile 2, Quartile 1 (HbA1c < 5.7), aHR = 1.13, 95% CI;:1.01-1.26, P
< 0.05; Quartile 3 (6.1% < HbA1c < 6.7%), aHR = 1.04, 95% CI:0.93-1.17, P =0.49;
Quartile 4 (HbA1c > 6.7%), aHR = 1.32, 95% CI:1.19-1.47, P < 0.05].

Conclusions: Our study indicated a U-shape relationship between HbA1c and
long-term all-cause mortality in CAD patients.
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INTRODUCTION

Glycated hemoglobin (HbAlc), as a biomarker that reflects
2-3 months of blood glucose status, plays a pivotal role in
microvascular disease and atherosclerosis (1, 2). Previous studies
have shown that HbAlc was associated with cardiovascular
events and all-cause mortality (3, 4).

In recent years, abnormal glucose metabolism in patients
with coronary artery disease (CAD) have received widespread
attention. A higher level of baseline HbA1lc was an independent
predictor for poor prognosis in patients with acute myocardial
infarction (AMI) or stable CAD (5, 6). However, the relationship
between HbAlc levels and the long-term prognosis in CAD
patients is not well-defined and some studies have reported
conflicting results (7). She et al. found that AMI patients with
different HbA1c levels showed no difference in prognosis during
2-year follow-up (8). A meta has found that there is no significant
relationship between HbA1c levels and all-cause mortality among
diabetic patients after percutaneous coronary intervention (PCI)
(9). Besides, recent studies have found that there is not a simple
linear relationship between HbAlc and all-cause mortality (6,
10).

Therefore, we aimed to investigate the specific association
between baseline HbAlc and long-term all-cause mortality in
CAD patients, as well as the optimal range for the lowest risk
of mortality.

METHODS
Study Design and Participants

This was a single-center, observational prospective study,
which was completed in Guangdong Provincial People’s
Hospital (ClinicalTrials.gov NCT04407936). A total of 88,938
patients underwent coronary angiography from January 2008
to December 2018. 59,667 patients with a final diagnosis
of CAD according to the 10th Revision Codes of the
International Classification of Diseases (ICD-10; I120.xx—
125.xx, 150.00001 and 191.40001). A total of 37,596 CAD
patients were included in the final analysis after excluding
patients who lacked off HbAlc examination or follow-up
information (Supplementary Figure 1). This research program
was performed according to the Declaration of Helsinki and
approved by The Ethics Committee of Guangdong Provincial
People’s Hospital. Baseline information such as demographic
characteristics, clinical settings, laboratory examinations and
medications at discharge were extracted from the electronic
Clinical Management System of the Guangdong Provincial
People’s Hospital. Clinicians assessed whether the patients were
feasible for Coronary angiography (CAG) or PCI based on the
patient’s condition and standard clinical practice guidelines (11).

HbAlc Measurement

The serum HbAlc was measured by an ion-exchange high
performance liquid chromatography with Bio-Rad Variant
Testing System (Bio-Rad Laboratories, USA) at the time
of admission.

Definition and Endpoint

We calculated the estimated glomerular filtration rate (eGFR)
by applying the Modification of Diet in Renal Disease (MDRD)
equation (12). Diabetes mellitus (DM), and hypertension were
defined using the ICD-10 code (Supplementary Table 1). The
primary endpoint of this study was long-term all-cause death,
incident events were defined as the first event occurring between
the date of enrollment and the end of follow-up of December
31, 2018. Trained nurses monitored and recorded follow-up data
through outpatient interviews and telephones.

Statistical Analysis

Statistical analysis for this study was performed from January
1, 2008 to December 31, 2018. We divided the patients into 4
groups according to the quartile of serum HbAlc level (Quartile
1: HbAlc < 5.7; Quartile 2: 5.7< HbAlc < 6.1; Quartile 3: 6.1 <
HbAlc < 6.7; Quartile 4: HbAlc > 6.7). We reported descriptive
statistics by means (SD), median [interquartile range (IQR)],
or number and percentage when appropriate. We used one-
way analysis of variance (ANOVA) when analyzing differences
between different groups. When analyzing categorical data, we
used the Pearson chi-squared test. Prognosis analysis was used
by Kaplan-Meier methods and survival curves. Log-rank test
to compare the survival differences between the four groups
of patients.

We used cox proportional hazards regression models and
restricted cubic splines to evaluate the relationship between
serum HbAIc levels and all-cause mortality in CAD patients.
Hazard ratios and 95% Cls are reported. Model 1 was adjusted
with age > 75 years and gender, and model 2 was adjusted
eGFR. Model 3, as the primary results, was adjusted with
the variables which were significant at P < 0.05 according to
univariate Cox proportional hazards regression and associated
with mortality according to clinical experience (included
history of present illness information, drugs information). The
proportional hazards assumption was tested with the use of
Schoenfeld residuals. Variables with missing values > 30% were
not considered as candidates. We conducted subgroup analysis
based on patients’ characteristics and comorbidities stratified by
age, gender, diabetes, AMI, PCI, renal insufficiency (eGFR <
60). All data analyses were performed using R (version 3.6.3; R
Core Team, Vienna, Austria). P-values < 0.05 were considered to
represent statistical significance.

RESULT

Clinical Characteristics

We included 37,596 patients in the final analyses. Baseline
clinical of the study patients are shown in Table 1. The mean
age was 62.54 £ 10.55 years, and 27,007 (71.83%) were male.
The distribution of HbAlc as follows: mean, 6.43 £ 1.33 %.
Patients were divided into four groups: Quartile 1 (HbAlc <
5.7, n = 11,094), Quartile 2 (5.7 < HbAlc < 6.1, n = 9,684),
Quartile 3 (6.1 < HbAlc < 6.7, n = 7,823), Quartile 4 (HbAlc
> 6.7, n = 8,995). Nine thousand four hundred forty-three
(27.45%) patients complicated with DM and 19,224 (55.88%)
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TABLE 1 | Baseline characteristics of the patients.

Characteristic

HbA1c level Quartile

Overall <5.7% 5.7-6.1% 6.1-6.7% >6.7% p-value
(n = 37,596) (n =11,094) (n =9,684) (n =7,823) (n = 8,995)

Demographic
Age, year 62.54 (10.55) 60.39 (11.26) 62.86 (10.34) 64.19 (10.01) 63.43 (9.88) <0.001
Age > 75, n (%) 5,150 (13.70) 1,376 (14.21) 1,220 (11.00) 1,285 (16.43) 1,269 (14.11) <0.001
Male, n (%) 27,007 (71.83) 8,249 (74.36) 7,035 (72.65) 5,589 (71.44) 6,134 (68.19) <0.001
Medical history
AMI, n (%) 5,063 (14.72) 1,651 (14.91) 1,284 (14.53) 913 (12.94) 1,315 (16.22) <0.001
Pre-MI, n (%) 2,043 (5.94) 500 (5.66) 526 (5.06) 4583 (6.42) 564 (6.96) <0.001
Diabetes, n (%) 9,443 (27.45) 640 (7.24) 400 (3.84) 1,717 (24.34) 6,686 (82.46) <0.001
Hypertension, n (%) 19,224 (55.88) 4,971 (47.78) 4,704 (53.25) 4,281 (60.69) 5,268 (64.97) <0.001
PCI, n (%) 19,760 (52.56) 5,151 (46.43) 4,951 (51.13) 4,184 (53.48) 5,474 (60.86) <0.001
Laboratory test
eGFR, ml/min/1.73 m? 80.84 (25.62) 82.25 (25.55) 83.69 (23.77) 78.17 (24.84) 78.30 (27.85) <0.001
WBC, 109/L 7.63 (2.42) 7.37 (2.38) 7.52 (2.38) 7.69 (2.38) 8.00 (2.50) <0.001
HGB, g/L 133.14 (16.61) 134.24 (16.64) 134.12 (15.77) 132.61 (16.37) 131.20 (17.43) <0.001
CHOL, mmol/L 4.50 (1.18) 4.46 (1.14) 4.53 (1.14) 4.53 (1.20) 4.50 (1.24) <0.001
TRIG, mmol/L 1.65 (1.20) 1.48 (0.96) 1.56 (1.06) 1.68 (1.16) 1.92 (1.53) <0.001
APOB, g/L 0.86 (0.24) 0.84 (0.23) 0.86 (0.23) 0.86 (0.24) 0.87 (0.25) <0.001
LDLC, mmol/L 2.80 (0.95) 2.79(0.94) 2.82 (0.95) 2.82(0.97) 2.77 (0.97) <0.001
HbA1c, % 6.43 (1.33) 5.39 (0.34) 5.94 (0.11) 6.40 (0.17) 8.27 (1.50) <0.001
URIC, pmol/L 396.06 (112.37) 387.06 (107.36) 396.52 (108.09) 411.50 (112.87) 393.40 (120.94) <0.001
ALB, g/L 36.95 (4.13) 37.46 (4.02) 36.99 (3.95) 36.79 (4.10) 36.42 (4.42) <0.001
Medication
ACEI/ARB, n (%) 23,825 (65.53) 6,255 (59.23) 6,002 (64.04) 5,249 (68.86) 6,319 (71.79) <0.001
Beta-blockers, n (%) 23,008 (63.19) 6,420 (60.76) 5,797 (61.77) 4,899 (64.17) 5,892 (66.78) <0.001
Statin, n (%) 32,717 (89.86) 9,200 (87.07) 8,458 (90.12) 6,910 (90.52) 8,149 (92.36) <0.001
Death, n (%) 4,340 (11.54) 1,084 (9.77) 1,018 (10.51) 956 (12.22) 1,282 (14.25) <0.001

AMI, acute myocardial infarction; PCl, percutaneous coronary intervention; eGFR, estimated glomerular filtration rate; WBC, white blood cel; HGB, hemoglobin; CHO, serum
total cholesterol; TRIG, triglyceride; APOB, apolipoprotein B; LDL-C, low-density lipoprotein cholesterol; HbATc, hemoglobin Alc; URIC, uric acid; ALB, albumin; ACEI/ARB,

angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.

patients complicated with hypertension. Five thousand sixty-
three (14.72%) patients identified in AMI and 19,760 (52.56%)
patients treated with PCI (Table 1).

Main Outcomes

The median follow-up period was 4.0 (2.2-5.9) years and
prognostic data were fully documented during the entire
follow-up period. Four thousand three hundred forty (11.54%)
patients died during the follow-up. Kaplan-Meier curves analysis
revealed that patients in the highest HbAlc level group (Quartile
4) had a significantly higher long-term mortality compared with
those in the lower HbAlc group (Quartilel or 2 or 3) (log-rank
analysis P < 0.01) (Figure 1).

Based on the result of the univariate regression analysis,
10 variables (including gender, hypertension, AMI et al.) were
significantly associated with the long-term all-cause mortality
(Supplementary Table 2). In Cox analysis, Quartile 2 (5.7 <
HbAlc < 6.1%) was served as the reference group. The results
of Cox proportional hazards regression were shown in Figure 2.
In Cox multivariate analysis, patients in the lowest or highest

HbA1lc level (Quartile 1 or 4) showed a significantly higher
risk of long-term mortality than other groups (Quartile 2 or
3) [Compared with Quartile 2, Quartile 1 (HbAlc < 5.7),
aHR =1.13,95% CI:1.01-1.26, P < 0.05; Quartile 3 (6.1 < HbAlc
< 6.7%), aHR = 1.04, 95% CI:0.93-1.17, P = 0.49; Quartile 4
(HbAlc > 6.7%), aHR = 1.32, 95% CI:1.19-1.47, P < 0.05]. The
relationship between HbAlc and all-cause mortality was non-
linear (non-linear P < 0.001). In the univariate and multivariate
cox models of restricted cubic splines, we observed a U-shaped
association between HbAlc and long-term all-cause mortality
(Figure 3); low and high levels of HbA1c were associated with an
increased risk of all-cause mortality. The Cox models fulfilled the
proportional-hazards assumption tested by Schoenfeld residual
(P > 0.05).

Subgroup Analysis

To assess whether the association between HbAlc and long-
term all-cause mortality could be explained by patients
characteristics and comorbidities. We conducted multivariable-
adjusted hazard ratios for all-cause mortality stratified by age,
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FIGURE 1 | Kaplan-Meier curves for quartile values of plasma levels of HbA1c. Quartile 1: HbA1c < 5.7; Quartile 2: 5.7 < HbA1c < 6.1; Quartile 3: 6.1 < HbA1c <

4 5 6 7 8

gender, PCI, diabetes, AMI and renal insufficiency (eGFR <
60) (P for interaction < 0.05). We observed the stable U-
shape association between HbAlc and long-term mortality in
most subgroups (Figure 4), although the association was slightly
reduced in female patients (Figure4). As shown in restricted
cubic splines (Supplementary Figure 2), patients in the different
subgroups showed U-shape association between HbAlc and
long-term mortality.

DISCUSSION

To our knowledge, this is the largest cohort study of the value
of HbAlc in CAD patients. In this study of 37,596 CAD patients
with more 4 years follow-up, we found a U-shaped relationship
between levels of HbAlc and the risk of all-cause mortality, with
low and high levels associated with an increased risk.

The impact of abnormal glucose metabolism among patients
with cardiovascular disease has drawn widespread attention
(13-15). Previous studies have suggested that HbAlc is an

independent risk factor for prognosis in CAD patients of
different subgroups. Hong et al. found that elevated HbAlc
would aggravate the severity of CAD and poor prognosis (6).
Hamdi et al. demonstrated that increased HbAlc levels at
admission were associated with higher rates of major adverse
cardiovascular events and mortality in patients undergoing PCI
(12). However, there is also some controversial finding (16,
17). She et al. found that AMI patients with different HbAlc
levels showed no difference in prognosis during 2-year follow-
up (8). Similarly, Lemesle et al. showed no significant effect of
HbAlc on 1-year rate of major adverse cardiovascular events
(including death) among 952 diabetic patients undergoing PCI
(7). Most previous studies included limited number of patients
with a relatively short follow-up, which may lead to controversial
results. There is still a lack of discussion in large data of
the CAD patients. In our research, we included large samples
(more than 30,000) of CAD patients and found that HbAlc
is an independent prognostic factor of mortality during more
than 4 years of follow-up. Interestingly, we firstly found that
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FIGURE 2 | Cox proportional hazard ratios for long-term all-cause mortality in different models. Model 1: Cox proportional hazard ratio for long-term all-cause
mortality adjusted for age > 75 and gender. Model 2: Cox proportional hazard ratio for long-term all-cause mortality adjusted for eGFR. Model 3: Cox proportional
hazard ratio for long-term all-cause mortality adjusted for multiple variables (age > 75, gender, AMI, HT, pre-MI, PCI, eGFR, LDLC, URIC, Statin, ACEI/ARB).

A B

RCS RCS
.| unadjusted _| multivariable-adjusted
P for nonlinearity < 0.01 P for non-linearity < 0.01

(95%Cl)
HR (35%Cl)

HR

10 15 5 10 15
HbA1c HbA1c

FIGURE 3 | Restricted spline curve of the HbA1c hazard ratio for mortality. (A) The restrict spline curve of univariate cox model; (B) The restrict spline curve of
multivariate cox model, Adjusted for age > 75, gender, AMI, HT, pre-MI, PCI, eGFR, LDLC, URIC, Statin, ACEI/ARB.

the relationship between HbAlc and all-cause mortality was In subgroup analysis, the U-shaped association between levels
more similar to a U-shape than a linear association. Extremely =~ of HbAlc and long-term mortality in CAD patients is stable in
low HbAlc level also leads to poor prognosis among patients  most subgroups. However, the U-shape association was strong
with CAD. in male subgroup while slightly reduced in female subgroup.
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Variable HR(95%Cl) P-value Hazard Ratio P-value for Interaction Variable HR(95%CI) P-value Hazard Ratio P-value for Interaction
Age>75 <0.001 Diabetes <0.001
5T 1.15(1.01-1.29) 0.030* s <57 1.13(1.01-1.26) 0.028* [——
5.7-6.1 Ref 57-6.1 Ref
6.1-6.7 1.05(0.92-1.20) 0.459 —t— 6.1-6.7 1.04(0.93-1.17) 0.494 —t—
>8.7 1.36(1.20-1.53) <0.001* — >6.7 1.32(1.19-1.47) <0.001* —_—
Ages75 Non-Diabetes
<57 1.07(0.85-1.35) 0.559 —t =57 1.11(0.99-1.24) 0.075 ——
57-6.1 Ref 57-6.1 Ref
6.1-6.7 1.01 (0.80-1.27) 0.957 I 6.1-6.7 0.99(0.88-1.23) 0.937 ——
>6.7 1.20(0.96-1.51) 0.109 T—— >6.7 1.30(1.08-1.57) 0.005* —_——
Male <0.001 AMI 0.025
<57 1.19 (1.06-1.35) 0.004* — <57 1.19(0.92-1.54) 0.185 ——
57-6.1 Ref 57-6.1 Ref
6.1-6.7 1.10(0.96-1.25) 0.166 -+ 6.1-6.7 1.19(0.90-1.57) 0.229 ———
>867 1.35(1.20-1.53) <0.001* —— >6.7 1.34(1.04-1.74) 0.023* —_——
Female Non-AMI
<57 0.92(0.73-1.16) 0505 — <57 1.11( 0.99-1.26) 0.076 | =
57-6.1 Ref 57-6.1 Ref
6.1-6.7 0.88(0.69-1.10) 0.261 —— 6.1-6.7 1.01(0.89-1.15) 0.841 ——
>67 1.23(1.00 -1.51) 0.053 —-— >6.7 1.32(1.17-1.48) <0.001* ——
PCI <0.001 eGFR<60 <0.001
<57 1.09(0.94-1.27) 0.255 —+— <57 1.14(0.93-1.40) 0.207 ——
57-6.1 Ref 57-6.1 Ref
6.1-6.7 1.04(0.89-1.21) 0.656 —— 6.1-6.7 1.02(0.84-1.25) 0.812 ——
>867 1.33(1.15-1.53) <0.001* —_—— >67 1.20(1.00-1.45) 0.049* —-—
Non-PCI eGFR260
<57 1.17(1.00-1.36) 0.050 N <57 1.07(0.94-1.22) 0.306 —t—
57-6.1 Ref 5.7-6.1 Ref
6.1-6.7 1.04(0.88-1.23) 0.626 —— 6.1-6.7 0.98(0.85-1.13) 0.784 —a—
>67 1.32(1.13-1.55) <0.001* —_—— >6.7 1.31(1.15-1.50) <0.001* ——
Lowe risic Higher risk-> 2 <-Lovrer risk 5 Higher risic-> 4
FIGURE 4 | Multivariable cox proportional hazard ratios for long-term all-cause mortality in Subgroups stratified by patients’ characteristics and comorbidities.

Previous studies have found that there were sex differences in
the association of HbAlc and cardiovascular disease risk (18-
20). The underlying mechanisms of our finding may be related
to gender differences.

According to our findings, patients with excessively high
HbAIc levels need to be reduced. As a new diabetes medication,
sodium-glucose cotransporter-2 (SGLT2) inhibitors has been
proved to reduce the risk of cardiovascular events and mortality
by the reduction of HbAlc (21). Although the guideline
recommends that some populations should consider less-
rigorous targets of HbAlc levels to prevent complications
(including hypoglycaemic episodes), there is no clear and
appropriate range for the CAD population (21). Our study seems
to discover a “security zone” of HbAlc levels for management
among CAD patients based on a large sample. In the future,
more studies should explore whether effective HbA 1c control can
improve the prognosis in the CAD population.

Previous researches suggested a correlation between plasma
HbAlc and inflammatory biomarkers, chemical parameters,
either alone or combined. These markers or risk factors had a
direct role in the progression of atherosclerotic artery disease
and adverse cardiovascular events (22-24). The increases in
serum biomarkers of inflammation might further promote the
development of secondary cardiac arrhythmias and heart failure
(25). Meanwhile, hypoglycemia induces several changes in the
hemostatic parameters which include an increase in platelet
aggregation, activation, degranulation as well as a rise in factor
VIII and vWF levels (26, 27). These effects are exaggerated
in patients and are likely to be detrimental to myocardial

circulation particularly in patients with an already compromised
myocardial perfusion.

LIMITATION

In this study, there are still several limitations. At first, this
observational study was conducted in a single center. However,
our study was derived from a southern central hospital with
more than 30,000 patients from the southern cities, which can
represent the information of patients with CAD in southern
China. Second, as an observational study, there are uncertain risk
factors (such as lifestyle, malignancy) that may cause residual
confounding effects on long-term mortality. But the results in
our study have adjusted for common cardiovascular prognostic
factors. Thirdly, DM was defined according to the ICD code at
admission. Although there are some undetected DM patients that
might include in our study, this real-world study can also reflect
the current situation of DM diagnosis and treatment among
patients with CAD in China. Finally, only the HbAlc level at
admission was included in our study and the change of value has
lacked. Due to the characteristics of glycated hemoglobin, it can
reflect a patient’s long-term blood glucose status.

CONCLUSIONS

Our study firstly indicated a U-shape relationship between
HbAlc and long-term all-cause mortality in CAD patients.
For these patients, the optimal HbAlc level (5.7-6.7%) may
have a better prognosis. Further study is required to explore
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whether effective HbAlc control can improve the prognosis in
the CAD population.
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