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ARTICLE HIGHLIGHTS

» The main factors underlying the increased cardiovascular risk in patients with ischemia with nonobstructive coro-
nary arteries (INOCA) are unknown.

¢ We evaluated the impact of the stress hyperglycemia ratio on the risk of rehospitalizations for chest pain in 2,874
INOCA patients.

« At the 1-year follow-up, the risk of rehospitalization for chest pain was significantly higher in INOCA patients with
stress hyperglycemia ratio >1.

¢ These findings were confirmed by multivariable analyses after adjusting for potential confounders.
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Stress Hyperglycemia Drives the
Risk of Hospitalization for Chest
Pain in Patients With Ischemia

and Nonobstructive Coronary
Arteries (INOCA)

Diabetes Care 2023;46:450-454 | https.//doi.org/10.2337/dc22-0783

OBJECTIVE

Ischemia with nonobstructive coronary arteries (INOCA) is a prevailing finding in
patients with angina. However, the main factors underlying the risk of being re-
hospitalized for chest pain in patients with INOCA remain mostly unknown.

RESEARCH DESIGN AND METHODS

We evaluated INOCA patients referred to the “Casa di Cura Montevergine” in
Mercogliano (Avellino), Italy, from January 2016 to January 2021 for percutane-
ous coronary intervention (PCI). In these subjects, we assessed the impact of the
stress hyperglycemia ratio (SHR), defined as the ratio of mmol/L blood glucose
and % HbA;, on the risk of rehospitalization for chest pain.

RESULTS

A total of 2,874 patients with INOCA successfully completed the study. At the
1-year follow-up, the risk of rehospitalization for chest pain was significantly
higher (P < 0.001) in INOCA patients with SHR >1 compared to patients with SHR
<1.These findings were confirmed by multivariable analyses (adjusting for poten-
tial confounders, including age, BMI, blood pressure, heart rate, chronic kidney
disease, and cholesterol), propensity score matching, and inverse probability of
treatment weighting.

CONCLUSIONS

Our data indicate, to our knowledge for the first time, that SHR on hospital ad-
mission significantly and independently increases the risk of rehospitalization for
chest pain in INOCA patients.

Ischemia with nonobstructive coronary arteries (INOCA) is often diagnosed in patients
with angina (1,2). INOCA has been associated with an increased risk of death, myocardial
infarction, and stroke, particularly in symptomatic subjects (1). Although ~40% of patients
admitted for coronary angiography due to angina and/or positive stress test may have
nonobstructive coronary artery disease, the pathophysiology of INOCA is still not fully un-
derstood, and its management remains very debated (3-9). Coronary microvascular dys-
function, triggering structural remodeling and vasomotor disorders of coronary arterioles,
is currently one of the leading hypotheses to explain the pathogenesis of INOCA.
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Previous investigations have evidenced
the key role of poor glycemic control and
diabetes in coronary microvascular dys-
function (10-13), and our group has re-
cently evidenced the independent role
of admission hyperglycemia on the risk
of restenosis in ST-elevation myocardial
infarction (STEMI), with or without dia-
betes (14). Equally important, a nonopti-
mal metabolic control has been proposed
as a predictor of cardiovascular events
in patients with diabetes, independent of
other cardiovascular risk factors (15).
However, the exact role of hyperglyce-
mia in INOCA has not been investigated
at this time.

RESEARCH DESIGN AND METHODS

Study Design and Participants
We evaluated INOCA patients referred to
the “Casa di Cura Montevergine” in Mer-
cogliano, Avellino, Italy, from January 2016
to January 2021 for percutaneous coro-
nary intervention (PCl). All patients were
followed up for 1 year.

INOCA was defined by the presence of
the following criteria:

¢ Symptoms of myocardial ischemia

¢ Nonobstructive coronary artery stenosis,
defined as <50% diameter reduction
and/or fractional flow reserve >0.80

e Objective evidence of myocardial
ischemia

¢ Impaired coronary microvascular func-
tion, defined as impaired coronary flow
reserve (=2.0), abnormal index of coro-
nary microvascular resistance, coronary
microvascular spasm, endothelial dys-
function with =20% luminal constric-
tion during acetylcholine infusion, and/
or coronary slow flow phenomenon.

The study was designed and con-
ducted according to the principles
outlined in the later amendments of
the Declaration of Helsinki. The Cam-
pania Nord Institutional Review Board
approved the protocol. All patients or
their legal representatives signed an
informed consent.

Inclusion criteria were age =18 years,
diagnosis of INOCA, and availability to
participate in the study. Exclusion criteria
were cancer, atrial fibrillation or left bundle
branch block, previous acute coronary syn-
drome (ACS) or cardiac revascularization,
pregnancy, or severe heart valve disease.

Data Collection and Definitions

We calculated the stress hyperglycemia ra-
tio (SHR) as the ratio of the glucose value
(expressed in mmol/L) recorded upon hos-
pital admission and the chronic glycemic
burden in the prior 8-12 weeks estimated
from HbA,. (expressed in %). We defined
chronic kidney disease as an estimated glo-
merular filtration rate <60 mL/min/1.73 m?
persisting for at least 3 months (16,17).

Statistical Analysis

Data are expressed as means = SD, means *
SE, or number and percentage, as indi-
cated. We calculated Kaplan-Meier prod-
uct limits for the cumulative ratio of
reaching the end point, and we applied
the log-rank test. To further confirm our
results, we performed a multivariable
analysis with Cox regression to adjust for
potential confounders including age,
BMI, blood pressure, heart rate, chronic
kidney disease, and cholesterol. To fur-
ther ensure the best possible balance in
comparing our groups, we also performed
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a propensity score matching, and we ap-
plied a propensity score-adjusted analysis
using inverse probability of treatment
weighting (IPTW), as previously described
(14,18). Matching was performed within
a maximum caliper set to 0.15 SD of
the propensity score using the nearest
neighbor method without replacement.
Covariate balance was assessed using
standardized mean differences between
the groups: balance was achieved if stan-
dardized mean differences were <0.1
and the P value for differences between
the two groups was >0.05 (14). We es-
tablished significance at a P value of
<0.01. All calculations were performed
using the open statistical software jamovi
(version 2.3.16) and SPSS 26 (IBM,
Armonk, NY).

RESULTS

Baseline Characteristics of INOCA
Patients

A total of 2,874 patients with a confirmed
diagnosis of INOCA successfully completed

3,201 Patients Screened

59 excluded ’rl
Unwilling to provide ="
information
~
Ssao 182 excluded
*| Did not fulfill criteria
Subdivision by |
SHR i
1-year
] follow-up ;
A} 4
\d \
86 excluded
Lost at follow-up
INOCA with INOCA with
SHR<1 SHR>1
1,086 1,788

| Figure 1—Flowchart of the study.



https://diabetesjournals.org/care

SHR Shapes INOCA Outcomes

the study (Fig. 1). Admission hyperglyce-
mia could reflect metabolic disturbances
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Table 1—Baseline clinical characteristics of our population divided according

to SHR
and unrecognized diabetes, yet it can also
SHR =1 SHR >1
occur on the background of a normal n = 1,086 n=1788
glucose homeostasis that is abruptly per- Sox
turbed by an acute challenge. In order Male, n 494 (45.5) 801 (44.8)
to control for background glycemia, we Female, n 592 (54.5) 987 (55.2)
assessed the impact of SHR as a bio- Age (years) 55.5 + 10.3 EEETIE
marker of critical illness more reliable
than absolute hyperglycemia. Thus, we BMI (kg/m”) LEA LS
divided our population according to the Blood pressure
SHR value, obtaining 1,086 patients Systolic (mmHg) 122.2 +10.7 122.6 + 10.8
with SHR =1 and 1,788 patients with Diastolic (mmHg) 79.3 £8.2 79.9 + 7.8*
SHR >1. The main characteristics of the Heart rate (bpm) 75.1 + 10.3 75.3 + 11.0
two groups at baseline are reported in Comorbidities
Table 1. Dyslipidemia 353 (32.5) 640 (35.8)
Hypertension 420 (38.7) 711 (39.8)
Effects of Admission SHR on the Risk Diabetes 287 (26.4) 594 (33.2)*
of Rehospitalization for Chest Pain Chronic kidney disease 44 (4.05) 75 (4.19)
INOCA patients with SHR >1 on hospital Smoking 328 (30.2) 536 (30.0)
admission had a significantly shorter time Medications
to rehospitalization (Fig. 2A) and an in- ACE inhibitor/ARB 386 (35.54) 654 (36.57)
creased risk of rehospitalization (Fig. 2B) for Calcium channel blocker 123 (11.32) 206 (11.52)
chest pain compared to patients with SHR B-Blockers 105 (9.67) 179 (10.01)
<1. This finding was validated by multi- Diuretics 113 (10.4) 188 (10.5)
variable analysis adjusting for potential Sl _ A2 (e PLN(25:02)
confounders (Table 2) and after propen- Oral 'hypoglycemlc agents 271 (24.9) 468 (26.17)
X | R R Insulin 25 (2.3) 45 (2.52)
sity score matching, which yielded 234
patients with SHR =1 and 234 patients Looidoniond o .
with SHR >1, showing no significant dif- Elszza(il)ucose (mmol/L) Zi z g:? 2:; z i:z*
ferences in clinical characteristics be- Creatinine (mg/dL) 1.0 £ 0.2 1.0+ 02
tween the two groups (Fig. 2B, inset; Total cholesterol (mg/dL) 182.1 + 30.2 182.3 + 30.3
Supplementary Tables 1 and 2). The in- HDL cholesterol (mg/dL) 51.6 £ 15.9 52.0 £ 16.0
LDL cholesterol (mg/dL) 129.3 + 23.1 129.0 + 23.2

creased risk of rehospitalization con-
ferred by admission SHR >1 was further
confirmed by the propensity score-
adjusted analysis using IPTW (hazard ratio
2.820;95% Cl12.196-3.622; P < 0.001).

CONCLUSIONS

The management of INOCA represents a
challenging conundrum: diabetes, hyper-
tension, dyslipidemia, and aging may all be
linked to the onset of INOCA (1,4). In this

Data are means + SD or n (%). ACE, angiotensin converting enzyme; ARB, angiotensin recep-

tor blocker. *P < 0.01.

observed a significant and independent
effect of SHR in determining the risk of
rehospitalization for chest pain. Our
multivariable analyses with Cox regression
validated the independent association of

W

SHR with the risk of rehospitalization for
chest pain, irrespective of the diabetes
status. Strikingly, our findings were also
corroborated by propensity score match-
ing and IPTW adjustment, substantially

scenario, our data highlight the significant A

-

contribution of a fundamental factor, such = 02 g'f ";o.om /
as hyperglycemia, to the risk of rehospitali- _ SHR<1 2" '0 Pl . - ::sﬂ
zation for chest pain. Hyperglycemia is % NsHR>1 S 0 100 200 300

known to impair endothelium-dependent 2 k] p<0.001

and independent coronary vasodilatory E E 0.1

properties in individuals with diabetes = 3

(19,20). Equally important, by evoking in-

flammation, atherosclerosis, and oxidative 0.0

stress, hyperglycemia can increase the risk 0 100 200 300

of microvascular dysfunction, no reflow, Time (days)

and death in acute coronary syndromes
and after PCl (14,21-24).

In our study, we show that admission
SHR drives adverse events in INOCA
patients; indeed, in our population, we

Figure 2—Impact of admission SHR on the risk of hospitalization for chest pain in INOCA patients.
A: INOCA patients with SHR >1 exhibited a significantly shorter time to rehospitalization compared
to patients with SHR =<1. Data are means * SE. *P < 0.001. B: Kaplan-Meier curves showing that
INOCA patients with SHR >1 had a significantly higher risk of hospitalization compared to patients
with SHR =1. Inset: Kaplan-Meier curves in the propensity score-matched groups.
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Table 2—Multivariable analysis with Cox regression

95% CI for HR

HR Lower Bound Upper Bound P

Age 1.010 1.002 1.018 0.011
BMI 1.021 0.994 1.048 0.132
Blood pressure

Systolic 1.008 0.997 1.018 0.143

Diastolic 0.996 0.982 1.010 0.596
Heart rate 1.009 0.999 1.018 0.055
HDL cholesterol 0.995 0.989 1.002 0.142
LDL cholesterol 1.001 0.997 1.006 0.544
Chronic kidney disease 0.904 0.533 1.533 0.708
SHR 2.719 2.124 3.481 <0.001

The bold P value is statistically significant (P <

reducing potential bias and ensuring bet-
ter quality matches.

Consistent with our results, previous
investigations found an association between
disturbances in glucose homeostasis and
the outcome of myocardial infarction
(25-27), including death (28), no-reflow
phenomenon (29), and myocardial sal-
vage (30) following successful revascular-
ization, new-onset atrial fibrillation (31),
or acute kidney injury (32). More re-
cently, an association between admission
blood glucose and 2-year mortality in pa-
tients with myocardial infarction has
been demonstrated (33).

By analyzing the data from a multicenter
international registry of patients with acute
myocardial infarction, our group has shown
that hyperglycemia on hospital admission is
less prevalent in subjects receiving sodium—
glucose cotransporter 2 inhibitors (34).
Intriguingly, admission hyperglycemia has
also been linked to a worse outcome in
COVID-19, probably by aggravating respi-
ratory deterioration (35-40). In INOCA
patients, hyperglycemia might be the con-
sequence of marked inflammation result-
ing from the stress of myocardial ischemia,
both chronic and acute, and as such, it
may represent just the tip of the iceberg
(26).

This report is the first to provide solid
evidence that SHR is an independent risk
factor for hospitalization in INOCA patients,
with or without diabetes. We speculate
that hyperglycemia may trigger coronary
microvascular dysfunction, driving worse
outcomes in these patients; in this context,
a proper glycemic control may be a crucial
goal to be achieved in this population. Fur-
ther studies in larger populations and with

0.01).

a longer follow-up are warranted to ratify
our findings.
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