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Abstract

Background: Intensive glycemic control is generally recommended for diabetic patients to reduce complications.
However, the role of glycemic control in the mortality in diabetic patients with acute myocardial infarction (AMI)
remained unclear.

Methods: We selected diabetic patients who measured HbA1c more than 3 times after AMl among 10,719 patients
enrolled in the multicenter AMI registry. Patients (n = 1384) were categorized into five groups: according to mean
HbA1c level: <6.5%, >6.5 to <7.0%, >7.0t0 <7.5%,>7.5 to <8.0% and >8.0%. The primary endpoint was all-cause
mortality.

Results: During a median follow-up of 6.2 years, the patients with a mean HbA1c of 6.5 to 7.0% had the lowest
all-cause mortality. Compared to patients with mean HbA1c of 6.5 to 7.0%, the risk of all-cause mortality increased

in subjects with mean HbA1c <6.5% (adjusted hazard ratio [HR] 2.00, 95% confidence interval [Cl] 1.02-3.95) and in
those with mean HbA1c>8.0% (adjusted HR 3.35,95% Cl 1.78-6.29). In the subgroup analysis by age, the J-curve
relationship between mean HbATc and all-cause mortality was accentuated in elderly patients (age > 65 years), while
there was no difference in all-cause mortality across the HbA1c groups in younger patients (age < 65 years).

Conclusions: The less strict glycemic control in diabetic patients with AMI would be optimal for preventing mortal-
ity, especially in elderly patients.
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the benefit for the decrease of macrovascular complica-
tions or cardiovascular (CV) events, the relationship
between intensive glucose control and CV outcomes is
still uncertain. Several randomized controlled trials have
investigated the effect of intensive glucose control on CV
disease, which showed positive effects on some CV out-
comes, but controversial results for the risk of CV death
and all-cause death [1-5]. However, meta-analyses sug-
gested that an increase of 1% in the glycated hemoglobin
level (HbA1C), reflecting blood glucose levels over the
preceding 2 to 3 months, was associated with an 18%
increased risk of CV events and a 15% increase in the risk
of death [6-8].

The current guidelines recommend that intensive glu-
cose control targeting HbAlc < 6.5% to 7.0%, but HbAlc
targets shall be individualized according to patients’
conditions [9-11]. Because intensive glucose control
inevitably accompanies an increased risk of experienc-
ing hypoglycemic events associated with increased
mortality [12, 13]. One of the mechanisms of hypogly-
cemia-induced mortality would be the surge of adren-
ergic hormones, which may result in the increased risk
of vasoconstriction, thrombogenesis, and ventricular
arrhythmia [14]. Hypoglycemic events may be more dan-
gerous for patients already diagnosed with CV disease.
Considering that patients with acute myocardial infarc-
tion (AMI) should be treated with beta-adrenergic block-
ers to reduce subsequent CV events, the hypoglycemic
event can increasingly affect diabetic patients with AML
Though the current guidelines recommend less-stringent
HbA1C goals for patients with multiple comorbidities
and elderly patients, evidence regarding the HbAlc tar-
get for AMI patients with diabetes is limited. Thus, the
present study evaluated the effect of intensive glucose
control on mortality in diabetic patients with AMI. We
also investigated whether the result of intensive glucose
control differs according to patients’ age.

Methods

Study population

The COREA-AMI (CardiOvascular Risk and idEntifi-
cAtion of potential high-risk population in Acute Myo-
cardial Infarction) registry was designed to evaluate
real-world, long-term clinical outcomes in all patients
with AMI. AMI was diagnosed by detecting elevated
cardiac biomarkers at least 1 value above the 99th per-
centile upper reference limit with a temporal rise and
fall and at least 1 of the following indications: symp-
toms of ischemia, new or presumed new significant
ST-segment-T wave changes, or new left bundle branch
block, development of pathological Q waves on electro-
cardiography, imaging evidence of new viable myocar-
dium loss or a new regional wall motion abnormality, or
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an intracoronary thrombus identified by angiography.
According to electrocardiography findings, the clini-
cal presentation was divided into ST-segment elevation
myocardial infarction (STEMI) and non-ST-segment
elevation myocardial infarction (NSTEMI). The COREA-
AMI I registry has been previously reported and
included patients with AMI who underwent percutane-
ous coronary intervention (PCI) from January 2004 to
December 2009. The COREA-AMI II registry included
additional patients from January 2010 to August 2014.
The current registry comprised updated new clinical and
angiographic parameters and evaluated long-term clini-
cal follow-up data for as long as possible until 2019. The
study was conducted in compliance with the Declaration
of Helsinki regarding investigations in humans. The study
protocol was approved by the Institutional Review Board
at participating centers. This registry has been registered
on ClinicalTrials.gov (study ID: NCT02806102).

Figure 1 outlines the study flow. Of the 10,719 patients
in the COREA-AMI registry, 4093 had diabetes melli-
tus at index hospitalization. Diabetes mellitus was diag-
nosed if they had diabetes diagnosed by a physician, if
they were taking insulin or oral hypoglycemic agents, or
if HbAlc > 6.5% or random glucose > 200 mg/dL was
observed at index hospitalization. We selected 1384
patients who had undergone at least three measure-
ments of HbA1lc during follow-up. The patients were cat-
egorized into five groups according to mean HbA1lc level
during follow-up period in 0.5% interval: < 6.5%, > 6.5 to
<7.0%,>7.0to <7.5%,>7.5to < 8.0%and > 8.0%.

Study outcomes

The primary outcome of this analysis was all-cause mor-
tality. The secondary endpoints were cardiovascular
death, MI, and stroke. All-cause deaths were attributed
to cardiovascular events unless a non-cardiac death could
be clearly identified. Recurrent MI was defined as the
presence of recurrent symptoms and new electrocardio-
graphic changes compatible with MI or cardiac markers
expressed at least two-fold above the normal limit. Stroke
was defined as the presence of a new focal neurologic
deficit thought to be vascular in origin, with signs or
symptoms lasting more than 24 h.

Data collection

All data were collected on a web-based system after
eliminating personal information. Patients’ follow-up
data, including survival data and clinical event data, were
collected through March 31, 2019, via hospital chart
reviews and telephone interviews of patients conducted
by trained reviewers who were blinded to the study
results. Independent reviewers and interventional cardi-
ologists assessed angiographic and procedural data, and
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Consecutive patients with acute myocardial infarction undergoing
percutaneous coronary intervention Jan 2004 ~ Aug 2014

N= 10,719

6,626 patients without

diabetes mellitus excluded

Patients diagnosed as
diabetes mellitus

N=4,093

2,709 patients with

HbA1c measurement
less than 3 times excluded

Diabetics with more than 3 HbA1c
measurement during follow-up

N=1,384
v v L Y
HbA1c HbA1c HbA1c
HbA1c <6.5% >6.5 to <7.0% >7.0 to <7.5% >8.0%
N=245 N=273 N=243 N=417

Fig. 1 Study population. Flow chart outlining the selection of the study population

independent research personnel collected baseline clini-
cal, laboratory, and medication data. Clinical events and
outcome data were assessed by electrical medical records
and telephone conversations. All adverse clinical events
of interest were confirmed centrally by the committee
of the Cardiovascular Center of Seoul St. Mary’s Hos-
pital, Seoul, Republic of Korea. Validation for mortality
was performed on the basis of disqualification from the
National Health Insurance Service, which is the single
government-managed insurance and covers almost all of
the nation’s population. The final dataset was handled by
independent statisticians of the Clinical Research Coor-
dinating Center and sealed with a code by the Clinical
Research Associate.

Statistical analysis

Baseline characteristics were expressed as the mean (SD)
and analyzed statistically using ANOVA. Categorical
variables were expressed as numbers (and percentages or
rates) and analyzed using the Chi-square test or Fisher’s

exact test, as appropriate. Kaplan—Meier survival curves
were constructed to examine the cumulative incidence
of primary and secondary outcomes; the incidence rates
of outcomes were compared using the log-rank test. A
Cox proportional-hazards regression model was used to
calculate estimates of relative risk and 95% confidence
intervals (CI) between each of the five groups. In addi-
tion to crude hazard ratios (HRs), adjusted HRs were
estimated after adjustment for potential confounding fac-
tors. The model was adjusted using three models. Model
1 was adjusted for age, sex, and body mass index. Model
2 was adjusted for model 1 plus systolic blood pressure,
hypertension, current smoke, chronic kidney disease, and
previous stroke. Model 3 was adjusted for model 2 plus
the type of MI (STEMI or NSTEMI), left ventricular ejec-
tion fraction, low-density lipoprotein cholesterol, Global
Registry of Acute Coronary Events (GRACE) score, and
complete revascularization. The unadjusted and adjusted
hazard ratios for each category of HbAlc were calcu-
lated in reference to the HbAlc of 6.5% to 7.0%, where
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the hazard ratio was considered as 1. In addition, non-
linear Cox proportional hazards models were estimated
with mean HbAlc as a continuous variable and with the
square of HbAlc. We performed subgroup analysis by
age to assess whether the target HbA1C goal would be
less stringent for elderly patients. We divided the study
population by the age of 65 years and compared the rela-
tionship between HbAlc and mortality. Statistical analy-
ses were conducted with R version 4.0.2 (R Foundation
for Statistical Computing, Vienna, Austria). All the statis-
tical testing was 2-sided. p-value < 0.05 was considered
statistically significant.

Results

Baseline characteristics

The mean age of the 1384 patients was 60 £ 11 years,
and 1012 (73.1%) were men. During the median follow-
up period of 6.2 years (interquartile range: 4.6—7.9), the
median number of HbAlc measurements was 4 (inter-
quartile range: 3—6). The median interval between HbAlc
measurements was 470 days. The mean HbAlc was
7.6 £ 1.2 % overall. Baseline characteristics of the entire
cohort and the patients categorized by HbAlc classifica-
tion are depicted in Table 1. Patients with lower HbAlc
were older and more likely to have hypertension, a his-
tory of stroke, higher left ventricular ejection fraction,
and lower cholesterol levels. Though patients with lower
HbA1lc had a lower estimated glomerular filtration rate,
the proportion of severe and moderate chronic kidney
disease was not different among the groups. Patients with
lower HbA1lc were less likely to be treated with insulin,
metformin, and sulfonylurea. The Geriatric Nutritional
Risk Index (GNRI) of patients with < 6.5%, patients with
7-7.5%, and patients with HbAlc > 8.0% were similar,
and only GNRI of patients with HbAlc > 8.0% was sig-
nificantly lower only in compared to that of the patients
with HbAlc of 6.5 to 7.0%. Angiographic findings,
including the severity, extent of coronary artery disease,
and the degree of stent implantation, were similar among
the groups.

Clinical outcomes

All-cause mortality occurred in 158 (11.4%) patients. The
relationship between HbA1C and the incidence of all-
cause mortality followed a J-shaped curve, with increased
incidence of all-cause mortality at low and high HbAlc
(Table 2, Fig. 2). Patients with a mean HbAlc of 6.5% to
7.0% had the lowest all-cause mortality. Cubic regres-
sion spline analysis revealed that the adjusted risk of all-
cause mortality was the lowest for those with a HbAlc of
6.7% and tended to increase in those with lower HbAlc
and higher HbAlc, describing J-curve pattern (Addi-
tional file 1: Fig. S1). Compared with the reference group
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(HbAlc of 6.5% to 7.0%), the risk of mortality increased
twofold in patients with HbAlc < 6.5% and by more than
threefold in those with HbAlc > 8.0% after adjustment
for covariates of Model 3 (Table 3, Fig. 2).

For the secondary outcomes, cardiovascular death
occurred in 111 (8.0%) patients, 93 (6.7%) patients expe-
rienced myocardial infarction, and 58 (4.2%) experienced
ischemic stroke. Cardiovascular death was increased
from in patients with HbAlc > 7.5% and < 8.0% and
significantly increased in those with HbAlc > 8.0%
(adjusted HR 4.24, 95% CI 2.17-8.27, p < 0.001), but not
significantly increased in patients with HbAlc < 6.5%
(adjusted HR 1.44, 95% CI 0.65-3.15, p = 0.368) com-
pared to patients with HbAlc of 6.5% to 7.0% after full
adjustment (Additional file 1: Table S1). There was no
significant difference in the rates of myocardial infarc-
tion and stroke among groups (Table 2). The risk of the
composite of cardiovascular death, myocardial infarction,
and stroke was significantly increased only in patients
with HbA1c > 8.0% (adjusted HR 1.59, 95% CI 1.08-2.34,
p = 0.018) (Additional file 1: Table S2).

Subgroup analysis of the relationship between HbA1c

and mortality according to age

When the patients were divided by 65 years, a bimodal
relationship between HbAlc and all-cause mortality
was not observed in patients aged below 65 years but in
patients aged 65 years or older. The incidence of mortal-
ity was not different in patients below the age of 65 years
among HbAlc groups. In contrast, the increase of hazard
rates of mortality at low and high HbAlc remained sig-
nificant after full adjustment in patients aged 65 years or
older. However, the interaction between age and HbAlc
was not significant (p = 0.685). The risk of mortality
increased threefold in the group with HbAlc < 6.5% and
sixfold with HbAlc > 8.0% in patients aged 65 years or
older (Fig. 3). Patients aged 65 years or older were more
likely to have lower HbAlc, low body mass index, diag-
nosis of NSTEMI, history of stroke, lower left ventricular
function, lower cholesterol level, worse kidney function,
complex coronary disease, and a lower rate of complete
revascularization compared to those less than 65 years of
age (Additional file 1: Table S3).

Sensitivity analysis to exclude reverse causality

For the possibility that the higher risks of all-cause
deaths in patients with low mean HbAlc levels may be
due to reverse causality, we performed sensitivity analy-
ses excluding from primary analyses those individuals
who died in the first 1 year after the last HbAlc meas-
urement. Even after excluding 101 patients, the baseline
characteristics of patients and the trend of J-curve rela-
tionship between the HbA1c and all-cause mortality were
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Table 1 Baseline characteristics of the patients according to the glycated hemoglobin level
HbA1c <6.5% 6.5% <HbA1c<7.0% 7.0%<HbA1c<7.5% 7.5%<HbA1c<8.0% HbA1c>8.0% P
(N=245) (N=273) (N=243) (N=206) (N=417)
Mean HbA1c level 62+£03 6.8+£0.1 73+0.1 7.7+0.1 9.0+£08 <0.001
Number of HbA1c meas- 5.0 (3.0, 7.0] 4.0(3.0,6.0] 50[3.0,6.0] 4.0(3.0,6.0] 4.0[3.0,6.0] 0.05
urement
Hb ATc measurement 447 [272,636] 446 [340, 674] 468 [351,671] 512 [368, 726] 467 [344, 653] 0.055
interval, days
Mean follow-up period, 63+£23 65+23 66+23 63+22 64+25 0.798
years
Age (years) 629+108 609+11.0 614+£112 505+£11.2 580112 <0.001
Age > 65 (%) 113 (46.1) 108 (39.6) 109 (44.9) 72 (35.0) 121 (29.0) <0.001
Male (%) 179 (73.1) 211(77.3) 185 (76.1) 148 (71.8) 289 (69.3) 0.147
BMI (kg/mz) 248432 251+31 252433 249432 247+34 0.3
Diagnosis (%) 024
STEMI 128 (52.2) 127 (46.5) 122 (50.2) 104 (50.5) 184 (44.1)
NSTEMI 117 (47.8) 146 (53.5) 121 (49.8) 102 (49.5) 233(55.9)
Cardiac arrest on arrival 2 (0.8) 2(0.7) 0(0.0) 1(0.5) 1(0.2) 0.553
(%)
Systolic BP (mmHg) 1309+£26.5 1342+£27.1 131.5£26.5 132.7+£27.1 1304+£285 0.45
Diastolic BP (mmHg) 79.7+16.0 805+156 7994172 802+174 789+17.0 0.749
Heart rate (bpm) 7914208 7944185 802+174 814+180 822+£198 0.223
Killip class > 3 (%) 223(91.0) 252 (92.3) 225 (92.6) 182 (88.3) 362 (86.8) 0.063
Hypertension (%) 168 (68.6) 157 (57.5) 143 (58.8) 132 (64.1) 228 (54.7) 0.005
Dyslipidemia on drug 40 (16.3) 53(19.4) 42 (17.3) 39(18.9) 70 (16.8) 0.853
treatment (%)
Current smoker (%) 89 (36.3) 115 (42.1) 95 (39.1) 76 (36.9) 187 (44.8) 0.157
History of Ml (%) 7(2.9) 4(1.5) 10 (4.1) 8(3.9) 14 (34) 0432
History of PCl (%) 17 (6.9) 15 (5.5) 13(5.3) 16 (7.8) 20 (4.8) 0.572
History of stroke (%) 23(94) 24 (8.8) 14 (5.8) 6(2.9) 25 (6.0) 0.037
History of cancer (%) 8(3.3) 10 (3.7) 4(16) 7 (34) 9(2.2) 0.545
LV EF, % 5344110 533+11.0 5444104 5344110 513+105 0.003
Total cholesterol (mg/ 16954412 17374419 1764422 17954453 1820466 0.008
db)
Triglyceride (mg/dL) 129.94£104.5 141.64£96.5 153.2+£1186 156.1£1133 161.1£141.2 0.013
HDL cholesterol (mg/dL) 403+£10.3 398+104 396+£11.6 395+£89 394+£94 0.866
LDL cholesterol (mg/dL)  1053+£356 108.9436.3 108.6+35.2 1121+£398 113.5+£39.2 0.09
eGFR (mL/min/1.73m?)  73.3[55.1,91.9] 81.6 [63.1,95.8] 81.0[60.3,97.1] 78.5161.4,97.8] 79.9[59.2,99.9] 0.015
Dialysis (%) 8(3.3) 4(1.5) 3(1.2) 1(0.5) 9(22) 0.237
eGFR <30 (%) 21 (8.6) 18 (6.6) 18 (7.4) 9(4.4) 27 (6.5) 0495
30<eGFR <60 (%) 53(21.6) 38(13.9) 42 (17.3) 38(18.4) 77 (18.5) 0.244
GRACE score 139.0[116.0, 133.0[112.0, 153.0] 135.0[107.5,158.0] 126.0[109.0, 150.8] 133.0[1120, 0.251
156.0] 153.0]
GNRI 97.8+86 99.7+£169 97977 974482 96.3+8.1 0.002°
Discharge medication
Aspirin (%) 244 (99.6) 266 (97.4) 239 (984) 205 (99.5) 412 (98.8) 0.204
Clopidogrel (%) 213 (86.9) 237 (86.8) 215 (88.5) 181(87.9) 365 (87.5) 0.98
Potent P2Y12 inhibi- 31 (12.7) 36 (13.2) 28 (11.5) 25 (12.1) 52(12.5) 0.986
tor (%)
Statin (%) 219 (94.4) 239 (96.8) 216 (96.4) 181 (94.3) 375 (96.6) 0437
Beta blocker (%) 196 (92.9) 238 (96.0) 209 (94.1) 179 (95.7) 334 (93.3) 0487
RAS blocker (%) 161 (65.7) 182 (66.7) 167 (68.7) 138 (67.0) 305 (73.1) 0.227
Anticoagulation (%) 6(24) 9(3.3) 8(3.3) 7 (3.4) 11 (2.6) 0.95
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Table 1 (continued)
HbA1c<6.5% 6.5%<HbA1c<7.0% 7.0%<HbA1c<7.5% 7.5%<HbA1c<8.0% HbA1c>8.0% p
(N=245) (N=273) (N=243) (N=206) (N=417)
Glucose-lowering 128 (52.2%) 172 (63.0%) 144 (59.3%) 143 (69.4%) 294 (70.5%) <0.001
treatment (%)
Insulin (%) 11 (4.5) 19 (7.0) 1 .0) 21(10.2) 57(13.8) <0.001
Metformin (%) 76 (31.1) 117 (42.9) 95 (39.3) 105 (51.5) 193 (46.6) <0.001
Sulfonylurea (%) 51(20.8) 74 (27.2) 68 (28.1) 75 (36.8) 160 (38.6) <0.001
Thiazolidinedione (%) 0 (0.0) 0(0.0) 0 ) 1(0.5) 2(0.5) 0.498
DPP4 inhibitor (%) 10 (4.1) 17 (6.3) 1 6) 13(6.3) 28 (6.8) 0.699
a-glucosidase (%) 8(3.3) 14 (5.2) 1 8) 17 (8.3) 33(8.0) 0.097
Angiographic data
Culprit lesion (%) 0466
LM/LAD 128 (52.3) 130 (47.6) 116 (47.7) 106 (51.5) 196 (47.0)
RCA/LCX 117 (47.8) 143 (52.4) 127 (52.3) 100 (48.6) 221 (53.0)
LM disease (%) 21(8.6) 11 (4.0) 13(5.3) 13(6.3) 24 (5.8) 0.281
Multivessel disease 96 (39.2) 106 (38.8) 87 (35.8) 84 (40.8) 157 (37.6) 0.85
(%)
Complete revasculari- 179 (73.1) 183 (67.0) 163 (67.1) 146 (70.9) 292 (70.0) 0.531
zation (%)
Total stent number 1.7+£09 1.6+09 1.7+£08 1610 1.7£10 0.299
Mean stent diameter  3.2+04 32404 31404 3.1+04 3.14+04 0.071
Total stent length 3494228 3444205 3394184 3574225 370231 0.387

Values are reported as n (%), mean £ SD, or median [interquartile range]

HbATc glycated hemoglobin A, BMI body mass index, STEMI ST-elevation myocardial infarction, NSTEMI non-ST-elevation myocardial infarction, BP blood pressure,

MI myocardial infarction, PCl percutaneous coronary intervention, CABG coronary artery bypass surgery, LV EF left ventricular ejection fraction, eGFR estimated
glomerular filtration rate, HDL high-density lipoprotein, LDL low-density lipoprotein, GRACE Global Registry of Acute Coronary Events, GNRI Geriatric Nutritional Risk
Index, RAS renin angiotensin system blocker, PPAR peroxisome proliferator-activated receptor, DPP4 dipeptidyl peptidase-4, LM left main, LAD left anterior descending

artery, RCA right coronary artery, LCX left circumflex artery

2 In Bonferroni post hoc analysis, only GNRI of patients with HbA1c>8.0% was significantly lower than that of patients with HbA1c of 6.5 to 7.0%

Table 2 Clinical outcomes of the patients according to the glycated hemoglobin level

HbA1c<6.5% 6.5%<HbA1c<7.0% 7.0%<HbA1c<7.5% 7.5%<HbA1c<8.0% HbA1c>8.0% p
All cause death (%) 29 (51.2) 18 (28) 25(39.9) 20 (26.1) 66 (176.3) 0.004
Cardiovascular death (%) 15 (26.5) 1107.1) 15(23.9) 14 (18.3) 56 (149.6) <0.001
Non-cardiovascular death (%) 14 (24.7) 7(10.9) 10 (16) 6 (7.8) 10 (26.7) 0172
Myocardial infarction (%) 11(194) 15(233) 17 (27.1) 14 (18.3) 36 (96.2) 0.281
Stroke (%) 12(21.2) 12(18.7) 11(17.6) 10(13) 13(34.7) 0.768
Composite of cardiovascular 34 (60) 39 (60.6) 36 (57.5) 32(41.7) 90 (240.4) 0.033

death, myocardial infarction, and
stroke

Values are reported as n (incidence rate per 1000 person-years)

HbA1c glycated hemoglobin A

maintained in the sensitivity analyses (Additional file 1:
Tables S4-S6).

Discussion

The mean HbAlc level during follow-up of 1348 diabetic
patients who underwent PCI for AMI showed a bimodal
(J-curve) relationship with all-cause mortality. Compared
to patients with HbAlc in the range of 6.5% to 7.0% who

had the lowest risk of mortality, the risk of mortality was
significantly higher in patients with HbAlc < 6.5% and
those with HbAlc > 8.0% after adjusting for potential
confounding factors. The increased mortality in patients
with HbAlc < 6.5% was driven by both cardiovascu-
lar death and non-cardiovascular death, whereas excess
mortality in patients with HbAlc > 8.0% was attrib-
uted to high cardiovascular death. Further, the J-curve
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Fig. 2 Incidence and adjusted hazard ratio of all-cause mortality according to HbA1c group. A Kaplan-Meier curve of all-cause mortality according
to HbA1c group. B Hazard ratio and 95% confidence interval by multivariate Cox regression (Model 3: adjustment with age, sex, hypertension,
current smoke, chronic kidney disease, previous stroke, the type of myocardial infarction, left ventricular ejection fraction, GRACE score, and
complete revascularization) according to HbA1c group. HR hazard ratio, C/ confidence interval

Table 3 Hazard ratios and 95% Cls of mortality according to the glycated hemoglobin level

HbA1c group Unadjusted HR Model 1 Model 2 Model 3

HR 95% Cl pvalue HR 95% Cl pvalue HR 95% Cl pvalue HR 95% Cl p value
6.5%<HbA1c<7.0%  Ref Ref Ref Ref
HbATc <6.5% 217 1.11-424 0024 216 1.1-4.24 0025 209 1.02-388 0043 200 1.02-395 0.045
70%<HbA1c<75% 161 08-327 0.183 168  0.83-341 0.150 1.67 0.82-339 0.156 138 0.67-2.82 0.381
75%<HbATc<80% 165 0.79-343 0.181 201 0.96-4.21 0064 211 1-443 0049 205 097-433 0.059
HbA1c>8.0% 264  144-485 0.002 360 193-6.72 <0.001 3.51 1.88-6.56 <0.001 335 1.78-629  <0.001

Model 1: Hazard ratios categorized HbA1c adjusted by age, sex, and body mass index. Model 2: Hazard ratios categorized HbA1c adjusted by model 1 plus systolic
blood pressure, hypertension, current smoke, chronic kidney disease, and previous stroke. Model 3: Hazard ratios categorized HbA1c adjusted by model 2 plus the
type of myocardial infarction, left ventricular ejection fraction, low-density lipoprotein cholesterol, GRACE score, and complete revascularization. The C-index of
models was 0.764 (95% confidence interval [CI] 0.723-0.805), 0.800 (95% Cl 0.764-0.837), and 0.825 (95% Cl 0.791-0.859) for models 1, 2, and 3, respectively

HbATc glycated hemoglobin A, HR hazard ratio, C/ confidence interval, Ref. reference

relationship was more robust in elderly patients (age > 65
years) than younger patients (age < 65 years).

Glycemic control is fundamental to diabetes manage-
ment. Meanwhile, the influence of intensive glycemic
control on macrovascular complications (myocardial
infarction, stroke, and peripheral artery disease) and
mortality is disputed. Large randomized controlled tri-
als investigating intensive versus standard glycemic con-
trol and vascular outcomes did not show any benefit of
intensive glycemic control [15, 16]. A single study found
that intensive control increased mortality [5]. The ran-
domized controlled trials did not enroll patients in the
acute phase of CV disease but only patients with a history
of CV disease. The association between glycemic control
and CV outcome after AMI, a very high-risk disease, is
unclear. Several observational studies were performed to
elucidate the relationship between glycemic control and
CV outcomes in diabetic patients who underwent PCIL.

Poor glycemic control was associated with an increased
risk of mortality (HbAlc > 10%) [17] and CV events
(HbAlc > 7%) [18]. A study reported that stringent gly-
cemic control (HbAlc < 6.5%) was associated with the
risk of cardiovascular death or sudden death after PCI
[19]. However, the proportion of patients with AMI was
10-20% in those previous studies. The effect of adverse
events due to intensive and poor glycemic control on
patients with coronary artery disease can be pronounced
in patients with AMI. Furthermore, two studies used
baseline pre-procedural HbAlc, which partially reflects
the glycemic control during the follow-up period after
PCIL Our study used mean HbAlc levels during long-
term follow-up of AMI patients. We demonstrated that
both poor and stringent glycemic control was associated
with increased mortality in AMI patients.

It is well known that better glycemic control (tar-
get HbAlc < 7%) significantly reduces the rates of
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Fig. 3 Subgroup analysis of the primary outcome by the age of 65 years. A Kaplan-Meier curve of all-cause mortality in patients younger than

65 years old according to HbA1c group. B Kaplan-Meier curve of all-cause mortality in patients 65 years or older according to HbA1c group. C
Hazard ratio and 95% confidence interval in patients younger than 65 years according to HbA1c group. D Hazard ratio and 95% confidence interval
in patients 65 years or older according to HbA1c group. HR hazard ratio, C/ confidence interval

development and progression of microvascular (retin-
opathy, neuropathy, and diabetic kidney disease) com-
plications [20]. Other analyses also suggest that further
lowering of HbAlc from 7 to 6% is associated with fur-
ther reduction in the risk of microvascular complica-
tions, although the absolute risk reductions become
much smaller [11]. To prevent microvascular complica-
tions of diabetes, controlling HbAlc < 6.5% is justified by
adequate evidence as a treatment target for patients with
a low risk of hypoglycemia. Whereas, subgroup analy-
ses of the VADT study suggest that the potential risks
of intensive glycemic control may outweigh its benefits
in higher-risk patients [21]. Patients with advanced ath-
erosclerosis or advanced age/frailty may benefit from less
aggressive targets [22].

Another characteristic feature of our study was that
non-cardiovascular death, as well as cardiovascu-
lar death, tended to be high in patients with low mean
HbAlc. Other studies have reported higher cancer or
non-specific mortality in patients with severe hypoglyce-
mia [13]. There is likely to be a shared underlying cause

of both hypoglycemia and mortality, such as diminished
physiologic reserve. Since the rate of glucose-lowering
treatment was lower in patients with low mean HbAlc
in our study, the diminished physiologic reserve in those
with low mean HbAlc might have caused high mortal-
ity. However, the degree of malnutrition of patients with
low mean HbAlc was similar to that of patients with
high mean HbAlc. Moreover, we could not observe the
reverse causality between HbA1lc and all-cause mortality
in the sensitivity analysis. The mechanisms directly link-
ing low mean HbAlc to non-cardiovascular deaths are
unclear.

Given the substantially increased risk of hypoglyce-
mia in diabetic patients with CV disease and in elderly
patients, the risks of lower glycemic targets may out-
weigh the potential benefits in terms of microvascular
complications in these patients. In this study, we com-
pared mortality in two groups categorized by the age of
65 years. The differences in mortality risk according to
glycemic control were blunted in the younger patients
(age < 65 years). The neutral effect of glycemic control
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on mortality in younger patients was also observed in the
UKPDS 33 study, which showed no difference in CV out-
come between intensive glycemic control and diet con-
trol in diabetic patients with an average age of 53 years
[23]. Stringent glycemic control (HbAlc < 6.5%) in young
AMI patients would be safe and necessary to prevent
long-term microvascular and macrovascular complica-
tions [24]. Conversely, the association between low and
high mean HbA1lc and increased all-cause mortality was
prominent in elderly patients (age > 65 years). A recent
study of the GERODIAB trial has reported that lower
mean HbAlc was associated with lower mortality in
diabetic patients aged 70 years and older [25]. However,
a more extensive registry study enrolled 27,965 patients
older than 50 years and showed a similar J-curve relation-
ship between mean HbAlc and mortality [26]. Another
observational study involving 71,092 patients older than
60 years old also found a J-curve relationship between
HbAlc and mortality [27]. The ACCORD trial compar-
ing glycemic control in diabetic patients with a mean age
of 62 years was halted early due to increased mortality
rate in the intensive (HbAlc < 6%) compared with the
standard treatment arm (HbAlc 7.0-7.9%) with a similar
increase in cardiovascular deaths [2]. Severe hypoglyce-
mia was significantly more likely in patients under inten-
sive glycemic control. Our study suggested that glycemic
control targeting HbAlc of 6.5-7.0% would be ideal
for preventing future complications in elderly patients,
consistent with the current practice guideline [9, 11].
The mortality findings and the relatively intense efforts
required to achieve near euglycemia should be consid-
ered when setting glycemic targets in elderly patients.
Since we demonstrated a differential effect of intensive
glycemic control on mortality according to age, glycemic
control after AMI should be individualized according to
age or the presence of multiple comorbidities. Further
studies are needed under detailed clinical settings.

HbA1lc is the metric used to date in clinical trials dem-
onstrating the benefits of improved glycemic control and
has an excellent correlation with the mean glucose level.
However, the HbAlc test is an indirect measure of aver-
age glycemia and is subject to limitations. Conditions
such as recent blood transfusion and end-stage kidney
disease may result in discrepancies between the HbAlc
result and the patient’s true mean glycemia [11]. In
patients with AMI, clinically relevant bleeding requiring
transfusion is frequent within the 1st year after PCI. We
used more than three measurements with an interval of
1.3 years to minimize the effect of possible transfusion on
the HbAlc level early after PCI. Our cohort included a
few patients undergoing dialysis, which was not different
among the HbA1c groups.

Page 9 of 11

This study has several limitations. First, as an obser-
vational study, we cannot conclude that the observed
associations were causal. Unmeasured confounders may
affect our results. Despite a relatively small number of
patients enrolled, we adjusted with known confounding
factors for the mortality after AMI. Second, new hypo-
glycemic agents such as glucagon-like peptide 1 receptor
agonist and sodium-glucose cotransporter 2 inhibitors
were not prescribed for our patient population at dis-
charge. We enrolled patients who underwent PCI until
the year of 2014, when those medications were not avail-
able. Treatment with new hypoglycemic agents low-
ered HbAlc by 0.4-0.5% of HbAlc and demonstrated
the mortality benefit in recent randomized trials [28,
29]. Further studies are required to assess whether the
J-Curve relationship between HbAlc and mortality was
maintained after using new hypoglycemic agents. Third,
we analyzed 1384 patients from 4093 diabetic patients,
raising concerns of possible selection bias and reducing
study generalizability. Baseline characteristics between
included and excluded diabetic patients were compared
in the Additional file 1: Table S7. Excluded patients had
higher risk characteristics such as older ages, higher Kil-
lip class, more co-morbidities, and lower left ventricular
systolic function. Excluded patients are those at a higher
risk of death than included patients. The shorter follow-
up period of excluded patients may not be suitable for
examining the effect of long-term glycemic control in this
study. Fourth, HbAlc was measured irregularly and with
wide intervals. However, the measurement interval was
not significantly different among the HbAlc groups. The
mean HbAl1c level of our study reflects the values over a
median of 3 years. Our study may represent the associa-
tion between long-term glycemic control and long-term
mortality in AMI patients with diabetes.

Conclusions

Mean HbAlc levels was associated with a J-curve rela-
tionship with all-cause mortality during long-term fol-
low-up of diabetic patients with AMI. The mortality rate
was the lowest in patients with HbA1C of 6.5-7.0% and
increased when HbA1lc was 6.5% or less and higher than
8.0%. The J-curve relationship between mean HbAlc and
mortality was more robust in elderly patients.
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