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Abstract

Background Prognostic significance of stress hyperglycemia ratio (SHR) has not been well studied in patients with
type 2 diabetes mellitus (T2DM) and acute coronary syndromes (ACS).

Methods We prospectively measured admission fasting blood glucose (AFBG) and glycated hemoglobin Alc
(HbATc), and retrospectively calculated the stress hyperglycemia ratio (SHR, = AFBG/[1.59 X HbATc (%) —2.59]) in

791 patients with T2DM and ACS undergoing percutaneous coronary intervention (PCl). The primary endpoint was
defined as major adverse cardiovascular and cerebrovascular events (MACCE), including all-cause mortality, non-fatal
stroke, non-fatal myocardial infarction, and unplanned repeat coronary revascularization.

Results The mean age of the study population was 61+ 10 years, and 72.8% were male. Over a median follow-up of
927 days, 194 patients developed at least one primary endpoint event. The follow-up incidence of MACCE increased
in parallel with SHR tertiles (15.6%, 21.9%, and 36.1%, respectively; P for trend < 0.001). The Cox proportional hazards
regression analysis adjusted for multiple confounding factors showed hazard ratios for MACCE of 1.525 (95% Cl:
1.009-2.305; P=0.045) for the middle tertile and 2.525 (95% Cl: 1.729-3.687; P<0.001) for the highest tertile of SHR,
with the lowest tertile as the reference. The addition of SHR to the baseline reference prediction model improved
model predictive performance markedly (C-statistic: increased from 0.704 to 0.721; cNRI: 0.176 [95% Cl: 0.063-0.282],
P=0.002; IDI: 0.030 [95% Cl: 0.009-0.063], P=0.002).

Conclusion SHR was independently and significantly associated with adverse cardiovascular outcomes in T2DM and
ACS patients who underwent PCl, and had an incremental effect on the predictive ability of the baseline reference
prediction model.
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Introduction

Acute coronary syndromes (ACS) refer to a wide spec-
trum of obstructive coronary artery diseases, which are
characterized by coronary plaque rupture/erosion and
thrombus formation leading to a sudden reduction in
blood supply to the heart, and include unstable angina
(UA), non-ST segment elevation myocardial infarc-
tion (NSTEMI), and ST-segment elevation myocardial
infarction (STEMI). Each year, an estimated more than
7 million people in the world are diagnosed with ACS
1. It has been shown that ACS are associated with high
cardiovascular morbidity and mortality and impose a
substantial financial burden on health care system 1. Of
note, diabetes is one of the most important accomplices
of ACS. Patients with ACS who have known diabetes or
newly diagnosed diabetes are at higher risk of cardiovas-
cular events and mortality than those who do not have
diabetes 2, 3. Guideline-directed medical therapy and
the development of percutaneous coronary intervention
(PCI) techniques and materials have markedly reduced
major adverse cardiovascular and cerebrovascular events
(MACCE) among diabetic patients with ACS; however,
these patients receiving the “so-called” optimal treatment
still have high residual cardiovascular risk. Therefore,
identification and management of previously unrecog-
nized potential risk factors is critical to further improve
the prognosis of such patients.

Individualized glucose-lowering therapy is generally
essential for blood glucose control and stabilization in
diabetic patients. Nonetheless, acute hyperglycemia on
admission is common in diabetic patients with ACS and
is associated with adverse clinical outcomes 4, 5. Hyper-
glycemia following an ACS event appears to be associ-
ated with both background glycemia and multiple stress
mechanisms. A considerable number of previous studies
relied on blood glucose levels on admission to identify
stress hyperglycemia, with the caveat that these stud-
ies mainly included patients without diabetes. In fact,
absolute hyperglycemia based on blood glucose levels on
admission is not exactly equivalent to stress hyperglyce-
mia, especially in diabetic patients 6. In the strict sense,
stress hyperglycemia refers to an acute increase in blood
glucose levels adjusted for background glycemia, irre-
spective of whether a patient has previously been diag-
nosed with diabetes 6, 7, 8. Of note, stress hyperglycemia
that occurs after acute illness in patients with diabetes is
more likely to be overlooked than in patients without dia-
betes 6.

Changes in blood glucose levels from baseline, rather
than absolute blood glucose levels, may be of value 7, 9.
Stress hyperglycemia has been shown to be a better and
more powerful predictor of adverse clinical outcomes
than absolute hyperglycemia in multiple populations
of critically ill patients, including patients with acute
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myocardial infarction (MI) and patients with acute cere-
bral infarction 9, 10, 11, 12, 13, 14. Stress hyperglycemia
mentioned above can be well evaluated using the stress
hyperglycemia ratio (SHR) proposed by Roberts et al.,
which is calculated using the admission fasting blood
glucose (AFBQ) levels divided by the estimated average
glucose (eAG) levels derived from the glycated hemo-
globin Alc (HbAlc) 14, 15. The predictive value of SHR
for adverse cardiovascular outcomes is beyond doubt 16;
however, its prognostic significance has not been well
studied in patients with type 2 diabetes mellitus (T2DM)
and ACS.

Thus, the purpose of our study was to investigate the
possible association between SHR and adverse cardiovas-
cular outcomes in patients with T2DM and ACS.

Methods

Study population

This was a retrospective analysis of data obtained from
the T2DM subgroup of a single-center prospective
cohort study (ChiCTR1800017417; Registration Date:
July 29, 2018) that aimed to investigate the prognostic
value of the Logistic Clinical SYNTAX Score and novel
risk factors for MACCE in patients with ACS undergo-
ing PCI. The prospective cohort study was approved by
the institutional review board of Beijing Anzhen Hospi-
tal, Capital Medical University, and all patients gave their
written informed consent before study inclusion.

The T2DM subgroup consisted of 826 patients with
T2DM and ACS undergoing elective or primary PCL
Given the purpose of this analysis, we excluded patients
who had previously undergone coronary artery bypass
grafting (CABG), had a creatinine clearance (CrCl) of
less than 30 ml/min, were currently using glucocorticoids
for connective tissue disease, or had active infections on
admission. Three patients who had failed follow-up were
also excluded. Eventually, a total of 791 patients were
included in the present analysis.

Data collection

Data on demographics, medical history, and medica-
tion history were collected for all included patients using
a standard questionnaire. The levels of HbAlc, AFBG,
triglycerides, total cholesterol (TC), high-density lipo-
protein cholesterol (HDL-C), serum creatinine (SCr),
and high-sensitivity C-reactive protein (hsCRP) in the
first fasting blood samples after admission were mea-
sured at the central laboratory of Beijing Anzhen Hos-
pital. Low-density lipoprotein cholesterol (LDL-C)
levels were calculated using the Friedewald equation.
CrCl was calculated using the method described by
Cockcroft and Gault 17. Hypertension was defined as a
blood pressure>140/90 mmHg, chronic use of antihy-
pertensive drugs, or self-reported previous diagnosis
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of hypertension. Dyslipidemia was defined as fasting
TC>200 mg/dL, LDL-C>130 mg/dL, HDL-C<40 mg/
dL, triglyceride >150 mg/dL, chronic use of lipid-lower-
ing drugs, or self-reported previous diagnosis of dyslip-
idemia. Peripheral arterial disease (PAD) was defined as
vascular diseases related to the aorta and arteries, except
the coronary arteries, which were accompanied by exer-
cise-related intermittent claudication, revascularization
surgery, reduced or absent pulsation, angiographic steno-
sis>50%, or a combination of these characteristics. Heart
failure was defined as having signs or symptoms of heart
failure, being treated for heart failure, or having left ven-
tricular ejection fraction (LVEF) of less than 40%.

Measurement of stress hyperglycemia ratio

HbAlc was used to estimate the average blood glucose
before admission using the equation “eAG levels = (1.59
x HbA1c) —2.59” proposed by Nathan et al. 18. SHR was
calculated as AFBG (mmol/L) divided by eAG (mmol/L).

Endpoints and follow-up

Follow-up visits were conducted one month and every
six months after discharge. Information on adverse car-
diovascular outcomes was obtained by trained personnel
with no knowledge of baseline characteristics through
telephone contact with the patients or their family mem-
bers and was determined by careful review of the cor-
responding medical records. The primary endpoint was
defined as MACCE, including all-cause mortality, non-
fatal stroke, non-fatal MI, and unplanned repeat coro-
nary revascularization. The most severe endpoint event
was selected for the primary endpoint analysis if the
patients had multiple endpoint events during follow-
up (death > stroke > MI). If more than one stroke, MI, or
revascularization event occurred, then the first stroke,
MI or revascularization event was considered. The final
follow-up was conducted in November 2019.

Statistical analyses

Continuous variables were correspondingly presented
as the mean+standard deviation (SD) or the median
and interquartile range (IQR) for normal or non-normal
distribution where t-test or Mann-Whitney U test was
used to examine differences between two groups, and
ANOVA or Kruskal-Wallis H test was applied to ana-
lyze differences among three groups. Categorical vari-
ables were expressed as counts and percentages where
the Chi-squared test or Fisher’s exact test was used to
analyze differences between groups. SHR was analyzed
as a categorical variable (the lowest tertile: < 0.7443; the
middle tertile: > 0.7443, < 0.8698; the highest tertile: >
0.8698) and as a continuous variable for its association
with MACCE. Additionally, receiver operating character-
istic (ROC) curve analysis and Youden’s index (sensitivity
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+ specificity - 1) were used to determine the optimal cut-
off value of SHR as a continuous variable (=0.8150) for
predicting the occurrence of MACCE. The Kaplan-Meier
curve and log-rank test analysis were performed to esti-
mate cumulative MACCE rates stratified by SHR tertiles.
Hazard ratios (HRs) with the corresponding 95% confi-
dence intervals (Cls) for MACCE were calculated using
Cox proportional hazards regression analyses. Variables
with a univariate significance level of <0.10 were included
in the multivariate Cox proportional hazards regression
model. The incremental effect of adding SHR to the base-
line reference prediction model that included variables
with a univariate significance level of <0.10 other than
SHR to predict MACCE was evaluated using the Harrell’s
C statistics, continuous net reclassification improvement
(cNRI), and integrated discrimination improvement
(IDI). Post-hoc subgroup analyses stratified by age (=60
versus <60 years), sex (male versus female), body mass
index (BMI) (=25 versus <25 kg/m?), current smoking
(yes versus no), hypertension (yes versus no), type of ACS
(UA versus MI), hsCRP (>2 versus <2 mg/L), and SYN-
TAX score (=22 versus <22) were performed to deter-
mine the consistency of the prognostic significant of SHR
as a continuous variable for MACCE. Two-tailed tests
were used in all statistical tests, and P<0.05 was con-
sidered statistically significant. SPSS version 24.0 (IBM
Corp., Armonk, New York, US) and R software version
4.1.0 (R Foundation for Statistical Computing, Beijing,
China) were used for statistical analyses. GraphPad Prism
version 7.0 (GraphPad Software Inc., San Diego, Califor-
nia, US) was used for plotting the Kaplan-Meier curve.

Results

The mean age of the study population was 61 +10 years,
and 576 (72.8%) patients were male. The baseline char-
acteristics of the patients stratified by tertiles of SHR
are summarized in Table 1. Patients with higher levels of
SHR tended to be male, had higher rates of PAD, higher
levels of systolic blood pressure, triglycerides, and AFBG,
and lower levels of HbAlc. In terms of angiographic
characteristics, the proportion of proximal left anterior
descending artery (LAD) disease differed across tertiles
of SHR. Compared with those with the middle and high-
est SHR tertiles, patients with the lowest SHR tertile were
more likely to be prescribed (-blockers and insulin at
discharge.

Over a median follow-up of 927 days (IQR: 744—1109
days), 194 patients developed at least one primary
endpoint event. The follow-up incidence of MACCE
increased in parallel with SHR tertiles (15.6%, 21.9%,
and 36.1%, respectively; P for trend <0.001). The base-
line characteristics of the study population according to
MACCE are shown in Table 2. Patients with MACCE had
lower diastolic blood pressure and higher heart rate, and



Ma et al. Thrombosis Journal (2025) 23:47 Page 4 of 11
Table 1 Baseline characteristics of the study population according to SHR tertiles
Variable Lowest tertile Middle tertile Highest tertile Pvalue
n=263 n=265 n=263
SHR 0.6402+0.0857 0.8035+0.0349 1.0021+£0.1378 <0.001
Age (years) 61+10 62+10 61+10 0.244
Male sex, n (%) 184 (70.0) 186 (70.2) 206 (78.3) 0.049
BMI (kg/mz) 260+34 259431 26.1+30 0.650
SBP at admission (mmHg) 129+18 132+16 134+17 <0.001
DBP at admission (mmHg) 7511 7510 7611 0481
Heart rate at admission (bpm) 70+9 69+8 70+£10 0.739
Current smoking, n (%) 116 (44.1) 96 (36.2) 108 (41.1) 0177
Family history of CAD, n (%) 75 (28.5) 82(30.9) 78(29.7) 0.830
Hypertension, n (%) 178 (67.7) 179 (67.5) 183 (69.6) 0.854
Dyslipidaemia, n (%) 213 (81.0) 222 (83.8) 226 (85.8) 0.309
Previous MI, n (%) 48 (18.3) 64 (24.2) 58 (22.1) 0.247
Past PCl, n (%) 53(20.2) 74(27.9) 64 (24.3) 0113
Previous ischemic stroke or TIA, n (%) 3(4.9) 5(5.7) 24.(9.1) 0.117
PAD, n (%) 4(12.9) 1(11.7) 2(19.8) 0019
Heart failure, n (%) ( 7) ( 2) ( 1) 0.690
LVEF (%) 65 (60-68) 64 (60-68) 64 (59-67) 0.502
Clinical presentation
UA, n (%) 196 (74.5) 219 (82.6) 209 (79.5) 0.071
NSTEMI, n (%) 40 (15.2) 31(11.7) 25(9.5) 0.130
STEMI, n (%) 27 (10.3) 15 (5.7) 29(11.0) 0.065
GRACE risk score 96 (77-131) 92 (74-118) 91 (73-119) 0.168
Laboratory measurements (fasting state)
SCr (umol/L) 709+163 71.5+16.1 7254143 0488
TC (mmol/L) 4.02+1.00 4.18+1.07 4.18+0.98 0.138
LDL-C (mmol/L) 238+0.84 246+0.84 243+0.76 0.540
HDL-C (mmol/L) 1.01+£0.22 1.04+0.20 1.01+£0.24 0.134
Triglycerides (mmol/L) 1.46 (1.04-1.89) 1.43 (1.09-2.00) 1.69 (1.09-2.45) 0.001
HsCRP (mg/L) 1.61(0.71-4.23) 1.28 (0.69-3.25) 145 (0.67-3.71) 0.189
FPG (mmol/L) 7.12(6.18-8.20) 7.90 (6.92-9.06) 8.13(7.24-10.21) <0.001
HbA1c (%) 7.7 (7.0-8.7) 7.0 (6.6-7.9) 7.0 (64-7.8) <0.001
Angiographic results
Left-main/multi-vessel disease, n (%) 236 (89.7) 245 (92.5) 230 (87.5) 0.162
Proximal LAD disease, n (%) 116 (44.1) 155 (58.5) 125 (47.5) 0.003
SYNTAX score 23+11 23+11 22+10 0.626
Use of hypoglycemic agents before admission, n (%) 194 (73.8) 190 (71.7) 189 (71.9) 0.840
Use of medications at discharge
Aspirin, n (%) 262 (99.6) 262 (98.9) 259(98.5) 0462
P2Y12 inhibitors, n (%) 263 (100) 265 (100) 263 (100) -
Statins, n (%) 263 (100) 265 (100) 263 (100) -
B-blockers, n (%) 207 (78.7) 86 (70.2) 178 (67.7) 0.013
ACEI/ARBs, n (%) 31(49.8) 21(45.7) 145 (55.1) 0.093
Hypoglycemic agents, n (%) 199 (75.7) 188 (70.9) 184 (70.0) 0.296
Insulin, n (%) 118 (44.9) 74 (27.9) 76 (28.9) <0.001
Oral hypoglycemic agents, n (%) 146 (55.5) 145 (54.7) 135(51.3) 0.593

Abbreviations: ACEI/ARBs, angiotensin converting enzyme inhibitors/angiotensin receptor blockers; BMI, body mass index; CAD, coronary artery disease; DBP,
diastolic blood pressure; FBG, fasting blood glucose; HbA1lc, glycated hemoglobin Alc; HDL-C, high-density lipoprotein-cholesterol; HsCRP, high-sensitivity
C-reactive protein; LAD, left anterior descending artery; LDL-C, low-density lipoprotein-cholesterol; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
NSTEMI, non ST-segment elevation myocardial infarction; PAD, peripheral artery disease; PCl, percutaneous coronary intervention; SBP, systolic blood pressure;
SCr, serum creatinine; SHR, stress hyperglycemia ratio; STEMI, ST-segment elevation myocardial infarction; TC, total cholesterol; TIA, transient ischemic attack; UA,

unstable angina
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Table 2 Baseline characteristics of the study population grouped by MACCE
Variable No such events MACCE Pvalue
n=597 n=194
SHR 0.7948+0.1681 0.8783+0.1853 <0.001
n (%) 222 (37.2) 41 (21.1)
T2 n (%) 207 (34.7) 58(29.9)
T3, n (%) 168 (28.1) 95 (49.0)
Age (years) 61+10 62+10 0454
Male sex, n (%) 436 (73.0) 140 (72.2) 0.814
BMI (kg/mz) 26.1+3.2 256+3.1 0.067
SBP at admission (mmHg) 131+17 133+16 0328
DBP at admission (mmHg) 7710 72£10 <0.001
Heart rate at admission (bpm) 69+9 72+10 <0.001
Current smoking, n (%) 243 (40.7) 77 (39.7) 0.803
Family history of CAD, n (%) 172 (28.8) 63 (32.5) 0.332
Hypertension, n (%) 404 (67.7) 136 (70.1) 0.527
Dyslipidaemia, n (%) 493 (82.6) 168 (86.6) 0.189
Previous MI, n (%) 4(19.1) 56 (28.9) 0.004
Past PCl, n (%) 123 (20.6) 68 (35.1) <0.001
Previous ischemic stroke or TIA, n (%) 40 (6.7) 2(6.2) 0.802
PAD, n (%) 66 (11.1) 51(26.3) <0.001
Heart failure, n (%) 9 (6.5) 27 (13.9) 0.001
LVEF (%) 65 (60-68) 62 (57-67) 0.001
Clinical presentation
UA, n (%) 467 (78.2) 157 (80.9) 0423
NSTEMI, n (%) 78 (13.1) 18(9.3) 0.161
STEMI, n (%) 52(8.7) 19 (9.8) 0.646
GRACE risk score 92 (77-118) 92 (73-132) 0.618
Laboratory measurements (fasting state)
SCr (umol/L) 70.7+£145 744+182 0.010
TC (mmol/L) 409+1.03 4.24+0.99 0.072
LDL-C (mmol/L) 241+0.83 247+0.75 0314
HDL-C (mmol/L) 1.04£0.22 0.97+0.20 <0.001
Triglycerides (mmol/L) 1.46 (1.04-2.00) 1.66 (1.12-2.36) 0.003
HsCRP (mg/L) 1.28 (0.65-3.16) 2.23(0.90-5.24) <0.001
FBG (mmol/L) 6.87 (6.12-8.02) 7.89 (6.70-9.24) <0.001
HbA1c (%) 7.2 (6.6-8.1) 74 (6.8-8.2) 0.115
Angiographic results
Left-main/multi-vessel disease, n (%) 525(87.9) 186 (95.9) <0.001
Proximal LAD disease, n (%) 293 (49.1) 103 (53.1) 0.331
SYNTAX score 22+11 25+10 <0.001
Use of hypoglycemic agents before admission, n (%) 425 (71.2) 148 (76.3) 0.167
Use of medications at discharge
Aspirin, n (%) 597 (100) 186 (95.9) <0.001
P2Y12 inhibitors, n (%) 597 (100) 194 (100) -
Statins, n (%) 597 (100) 194 (100) -
B-blockers, n (%) 440 (73.7) 131(67.5) 0.095
ACEI/ARBs, n (%) 293 (49.1) 104 (53.6) 0.273
Hypoglycemic agents, n (%) 5(69.5) 156 (80.4) 0.003
Insulin, n (%) 91 (32.0) 77 (39.7) 0.049
Oral hypoglycemic agents, n (%) 323 (54.1) 103 (53.1) 0.806

MACCE indicates major adverse cardiovascular and cerebrovascular events. Other abbreviations as in Table 1
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higher rates of previous MI, past PCI, PAD, and heart
failure. Patients with MACCE had higher levels of SCr,
triglycerides, hsCRP, AFBG, and SYNTAX score, and
lower levels of HDL-C. With the exception of insulin,
there was no difference in use of medications at discharge
between patients with and without MACCE.

The Kaplan-Meier analysis showed that the cumulative
incidence of MACCE increased with higher SHR tertiles
(log-rank test, P<0.001) (Fig. 1). The Cox proportional
hazards regression analyses used to assess the associa-
tion of SHR as a categorical variable and as a continuous
variable with MACCE are presented in Table 3 and S1,
respectively. When SHR was analyzed as a categorical
variable, the univariate analysis showed that compared
with those with the lowest SHR tertile, patients with
the highest SHR tertile had a significantly higher risk
of MACCE (HR: 2.607, 95% CI: 1.808-3.761; P<0.001);
the multivariate analysis showed that after adjusting for
other confounding factors, HRs for MACCE were 1.525
(95% CIL: 1.009-2.305; P=0.045) and 2.525 (95% CIL
1.729-3.687; P<0.001) for the middle and highest tertiles
of SHR, respectively, with the lowest tertile as the refer-
ence. When considering as a continuous variable, SHR
had an HR of 7.388 (95% CI: 3.769-14.484; P<0.001) for
MACCE in the univariate analysis and had a covariable-
adjusted HR of 5.370 (95% CI: 2.658—10.850; P<0.001)
for MACCE in the multivariate analysis. Additionally,
compared with those with SHR<0.8150, patients with
SHR>0.8150 were at higher risk of MACCE (adjusted
HR, 2.252; 95% CI: 1.660—3.055; P<0.001). Notably, the
addition of SHR to the baseline reference prediction
model improved model predictive performance mark-
edly (C-statistic: increased from 0.704 to 0.721; cNRI:
0.176 [95% CI: 0.063-0.282], P=0.002; IDIL: 0.030 [95%
CI: 0.009-0.063], P=0.002). SHR in our study includes

N w S )]
o o o o
1 1 1 1

Incidence of MACCE (%)
=

Log rank P <0.001
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AFBG and HbAlc in its formula. We compared the pre-
dictive ability of SHR to AFBG and HbA1lc for MACCE.
The C-statistics of SHR, AFBG and HbAlc were 0.657
(0.613-0.701), 0.640 (0.594—0.686), and 0.538 (0.491-
0.584), respectively. According to pair-wise comparison
of the C-statistics, SHR performed best.

The prognostic value of SHR as a continuous variable
for MACCE was further investigated in different sub-
groups of the study population. Increased SHR level (per
1-unit) was consistently and significantly associated with
MACCE in different subgroups, including age > 60 versus
<60 years, male versus female, BMI>25 versus <25 kg/
m?, with versus without current smoking, with versus
without hypertension, UA versus MI, hsCRP>2 versus
<2 mg/L, and SYNTAX score >22 versus <22 (Fig. 2).

Discussion

The main findings of the present study were as follows:
(1) the cumulative incidence of MACCE increased grad-
ually with rising SHR tertiles; (2) elevated SHR was inde-
pendently and significantly associated with increased risk
of MACCE, suggesting that SHR was a valuable indica-
tor of early risk stratification in patients with T2DM and
ACS. Compared with those with SHR<0.8150, patients
with SHR>0.8150 had a higher risk of developing
MACCE and should receive intensive medical therapy at
follow-up to reduce the risk of MACCE; (3) the addition
of SHR to the baseline reference prediction model sig-
nificantly improved the prediction performance; (4) com-
pared with AFBG and HbA1lc, SHR had better predictive
ability for MACCE, which was consistent with the results
of previous studies. To the best of our knowledge, this is
the first study to investigate the prognostic significance of
SHR in patients with T2DM and ACS.

— Lowest tertile
— Middle tertile
— Highest tertile

o
1

400

o

800
Follow-up time, days

1200

Fig. 1 Kaplan-Meier curve for the cumulative incidence of MACCE over time stratified by tertiles of SHR. MACCE was defined as a composite of all-cause
mortality, non-fatal stroke, non-fatal myocardial infarction, and unplanned repeat coronary revascularization
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Table 3 Univariate and multivarite Cox proportional hazards
analyses for MACCE according to SHR tertiles
Univariate analysis

Multivariate analysis

Variables HR (95% CI) Pvalue HR (95% Cl) P
value
SHR
T ref ref ref
™ 1.466 0061 1525 0.045
(0.983-2.187) (1.009-2.305)
T3 2607 <0.001 2525 <0.001
(1.808-3.761) (1.729-3.687)
BMI 0.955 0.057 0.941 0.022
(0.911-1.001) (0.893-0.991)
DBP at 0.965 <0.001 0978 0.003
admission (0.952-0.979) (0.964-0.992)
Heartrateat  1.032 <0.001 1.017 0.032
admission (1.017-1.046) (1.001-1.034)
Previous Ml 1.525 0.008 0.970 0.870
(1.118-2.081) (0.670-1.403)
Past PCI 1.763 <0.001 1.627 0.007
(1.312-2.367) (1.142-2.319)
PAD 2.393 <0.001 1524 0.025
(1.737-3.296) (1.054-2.203)
Heart failure 1945 0.001 0.903 0.682
(1.295-2.921) (0.554-1.471)
SYNTAX 1.026 <0.001 1.012 0.099
score (1.013-1.039) (0.998-1.027)
SCr 1.013 0.002 1.008 0.081
(1.005-1.021) (0.999-1.018)
HDL-C 0.223 <0.001 0.398 0.018
(0.109-0.457) (0.185-0.855)
Triglycerides  1.107 <0.001 1.066 0.049
(1.046-1.172) (1.000-1.136)
HsCRP 1.039 <0.001 1.020 0.128
(1.017-1.061) (0.994-1.047)
Discharged 0.755 0.067 0.797 0.147
with (0.559-1.020) (0.586-1.083)
B-blockers
Discharged 1.345 0.043 1.184 0.293
with insulin -~ (1.009-1.794) (0.864-1.622)

HR indicates hazard ratio; 95% Cl, 95% confidence interval. Other abbreviations
asin Tables 1 and 2

Stress hyperglycemia is a special type of acute hyper-
glycemia. Acute hyperglycemia on admission is prevalent
in patients with ACS 19, and it is related, at least in part,
to the overactivated neurohormonal systems following an
ACS event 20. The excessive release of stress hormones
such as cortisol and catecholamines, which can signifi-
cantly raise blood glucose, has been demonstrated to
be associated with poor prognosis in ACS patients 20.
During MI, cortisol can have various deleterious effects,
for example, increasing sensitivity to catecholamines
and stimulating mineralocorticoids receptors present
in the myocardium 21. The study of Swieszkowski and
colleagues including 149 patients with MI showed that
there was a positive correlation between serum cortisol
and blood glucose on admission in both patients with
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and without diabetes, and that both serum cortisol and
blood glucose on admission were associated with mor-
tality in univariate analysis, but only a significant asso-
ciation between serum cortisol and mortality was found
in multivariate analysis 22. Both in patients with and
without diabetes, acute hyperglycemia has been shown
to induce oxidative stress and inflammation 23, 24, 25,
26, and thus lead to endothelial dysfunction 27, 28 and
increased procoagulant and prothrombotic effects 29, 30.
Also, acute hyperglycemia abolishes ischemic precondi-
tioning through multiple mechanisms such as increase
in nitrative stress, activation of the mTOR pathway and
inhibition of Akt phosphorylation 31, 32, 33. Of note,
high random blood glucose on admission was shown to
be independently associated with in-hospital mortality
in non-diabetic patients with MI but not in diabetic MI
patients 34, 35. O’Sullivan et al. reported that patients
with a first MI and fasting hyperglycemia on admission
but no prior history of glucose intolerance had signifi-
cantly more in-hospital complications than those with
normal fasting blood glucose, and there was no signifi-
cant difference in in-hospital prognosis between patients
previously known to have diabetes and those with fasting
hyperglycemia 36.

With the advancement of knowledge, stress hypergly-
cemia has been defined as an acute upward fluctuation in
blood glucose adjusted for background glycemia 7, and
it is easily identified in ACS patients without diabetes
because a high admission blood glucose (>7.8 mmol/L)
represents a marked blood glucose elevation in non-dia-
betic patents and is positively associated with admission
serum cortisol (as a surrogate marker for the severity
of stress) in patients who had stress hyperglycemia and
normal glucose post-discharge, but not in stress hyper-
glycemia patients who had diabetes/impaired glucose
tolerance on post-discharge testing 6, 37. Unfortunately,
it is very challenging to use high admission blood glu-
cose to identify stress hyperglycemia in diabetic patients.
Thus, the concept of acute hyperglycemia adjusted for
background glycemia, that is, SHR, has been proposed
in recent years. The current view is that SHR can reflect
“true stress hyperglycemia” during hospitalization irre-
spective of diabetes status 8. SHR in our study includes
AFBG and HbAlc in its formula. AFBG measured imme-
diately after acute illness can more accurately reflect the
impact of disease-related stress mechanisms on blood
glucose on admission on the basis of minimizing the
influence of food and drink. HbAlc is generally consid-
ered to effectively reflect the average blood glucose levels
in the past 8 to 12 weeks. Therefore, it is reasonable to
apply HbA1lc to represent the background glycemia dur-
ing stressful events or severe disease states.

The prognostic value of SHR in patients with coronary
artery disease has been demonstrated in a considerable
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Subgroup HR (95%Cl) P value P for interaction
Age 0.167
= 60 years i 4.977 (1.982-12.495) 0.001

<60 years —— 12.86 (4.775-34.637) <0.001
Sex 0.252
Male —— 10.247 (4.47-23.489) <0.001
Female HE— 4.224 (1.291-13.82) 0.017
BMI 0.935
= 25 kg/m? —— 7.530 (3.015-18.805) <0.001
< 25 kg/m? —— 7.761 (2.871-20.982) <0.001
Current Smoking 0.232
Yes —.— 12.360 (4.133-36.962) <0.001
No - 5.499 (2.345-12.898) <0.001
Hypertension 0.159
Yes —— 10.401 (4.641-23.310) <0.001
No HE— 3.544 (1.021-12.302) 0.046
Type of ACS 0.917
UA - 7.146 (3.438-14.853) <0.001
Ml —8— 7.953(1.400-45.193) 0.019
hsCRP 0.877
=2 mg/L — 9.581 (3.142-29.282) <0.001
<2 mg/L —— 8.340 (3.424-20.257) <0.001
SYNTAX score 0.578
222 —— 8.150 (3.670-18.101) <0.001
<22 '—‘I‘—'[ [ [ ‘ 5.415 (1.603-18.294) 0.007

Fig. 2 Subgroup analyses of SHR as a continuous variable for MACCE. HR was evaluated by per 1-unit increase in the SHR. BMI indicates body mass index;
ACS, acute coronary syndrome; Hs-CRP, high-sensitivity C-reactive protein; HR, hazard ratio; 95% Cl, 95% confidence interval

number of studies 38, 39, 40, 41, 42, 43, 44. The studies
of Li M et al. and Lin Z et al. both showed that there was
a significant linear relationship between SHR and poor
prognosis 38, 39. Li Y and colleagues reported a signifi-
cant association between SHR and in-hospital mortality
in patients with chronic kidney disease and ACS 40. A
meta-analysis of 26 cohort studies involving 8,7974 acute
MI patients showed that patients with the upper quantile
of SHR had a significantly greater hazard of the compos-
ite of all-cause mortality, recurrent myocardial infarction,
ischemia-driven target vessel revascularization, cardio-
genic shock and stroke, and long-term and in-hospital
all-cause mortality compared to those with lower SHR
irrespective of baseline diabetic status 41. Of note, micro-
vascular obstruction is not uncommon in patients with
ACS undergoing PCI and has been shown to be associ-
ated with poor cardiovascular outcomes 45, 46. As we
known, diabetes itself is closely related to microvascular
dysfunction. Intriguingly, Bo K and colleagues found that
SHR was independently associated with the presence and
extent of microvascular obstruction in diabetic patients

with acute MI undergoing PCI 47. The study of Zhang Y
et al. which included 3,812 three-vessel disease patients
with ACS more than one half of whom underwent PCI
showed that the predictive value of SHR for cardiovascu-
lar death was found exclusively in patients with diabetes,
but not in those without diabetes 42. However, the study
of Zeng G et al. showed that elevated SHR was indepen-
dently associated with increased risk of the composite of
all-cause death, non-fatal MI, and unplanned revascular-
ization in ACS patients irrespective of diabetic status 43.
It should be noted that the median SYNTAX score of the
patients included in the study of Zeng G et al. was less
than 22, indicating non-complex coronary lesions, which
was different from the study of Zhang Y et al. and our
study, both of which included ACS patients with com-
plex coronary lesions (the mean SYNTAX score of our
study population was 23). Consistent with the study by
Zhang Y et al.,, we did not find that SHR was predictive
of MACCE in non-diabetic patients with ACS when ana-
lyzing the raw data, which is not reported in this manu-
script. Our study showed that higher SHR was associated
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with a significantly higher risk of MACCE in T2DM and
ACS patients. Similarly, Wang L et al. reported that high
SHR was independently associated with increased mor-
tality risk in T2DM and multivessel disease patients (ACS
patients accounted for more than 70%), and adding SHR
to the original models significantly improved the C-sta-
tistic and IDI 44. Therefore, we speculate that T2DM
may have discrepant effects on the prognostic value of
SHR in ACS patients with non-complex versus complex
coronary lesions, which needs to be confirmed by well-
designed studies.

There are several limitations to the study that should
be noted. First, given the retrospective observational
nature, the current analysis cannot confirm a causal rela-
tionship between SHR and the risk of MACCE. Second,
due to the observational nature of this study, the influ-
ence of unknown or unmeasured confounding factors on
the results of the multivariate COX proportional hazards
regression analyses cannot be ruled out. Third, T2DM
has been shown to be closely associated with heart failure
development; however, the primary endpoint of our study
did not include heart failure-related endpoint events.
Fourth, our study included only the Chinese popula-
tion, so the findings and conclusions need to be extrapo-
lated with caution to other ethnic groups. Fifth, the use
of hypoglycemic agents before admission may affect the
baseline levels of AFPG and HbAlc; however, there were
no significant differences across tertiles of SHR in the use
of hypoglycemic agents prior to admission.

Conclusions

SHR, easily measurable in clinical practice, was indepen-
dently and significantly associated with an increased risk
of MACCE in T2DM and ACS patients who underwent
PCI, suggesting that SHR was a valuable indicator in early
risk stratification of such patients. Our study showed that
an SHR value of 0.8150 was the critical threshold for
poor prognosis. Optimizing medical management based
on SHR may reduce the risk of subsequent adverse car-
diovascular events, which needs to be confirmed by well-
designed studies.

Abbreviations

ACS Acute coronary syndromes

AFBG Admission fasting blood glucose

BMI Body mass index

CABG Coronary artery bypass grafting

@] Confidence interval

cNRI Continuous net reclassification improvement
CrCl Creatinine clearance

eAG Estimated average glucose

HbAlc Glycated hemoglobin ATc

HDL-C High-density lipoprotein cholesterol

HR Hazard ratio

Hs-CRP High-sensitivity C-reactive protein

DI Integrated discrimination improvement
IQR Interquartile range

LAD Left anterior descending artery
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MACCE  Major adverse cardiovascular and cerebrovascular events
M Myocardial infarction
NSTEMI  Non-ST segment elevation myocardial infarction
PAD Peripheral artery disease
PCl Percutaneous coronary intervention
SCr Serum creatinine
SD Standard deviation
SHR Stress hyperglycemia ratio
STEMI ST-segment elevation myocardial infarction
T2DM Type 2 diabetes mellitus
TC Total cholesterol
UA Unstable angina
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