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Abstract

Background: Few studies have focused on the impact of stress hyperglycemia on adverse outcomes in patients with acute myocarditis.
We conducted the present study to assess the association between the stress hyperglycemia ratio (SHR) and poor prognosis in patients with
acute myocarditis. Methods: From 2006 to 2020, 185 patients with acute myocarditis were enrolled. The SHR was defined as glucose
at admission divided by estimated average glucose ([(1.59 x HbAlc %) — 2.59], glycated hemoglobin [HbAlc]). Participants were
divided into two groups according to their SHR values. The primary endpoint was defined as in-hospital major adverse cardiovascular
events (MACE), including death, heart transplantation, the need for mechanical circulatory support (MCS), and transfer to the intensive
care unit (ICU). The secondary endpoint was defined as long-term MACE. Results: Subjects in the higher SHR group had more serious
conditions, including lower systolic blood pressure, higher heart rate, higher white blood cell count, higher levels of alanine transaminase,
troponin I, and C-reactive protein, and worse cardiac function. Multivariate logistic analysis showed that SHR >1.12 (hazard ratio (HR):
3.946, 95% confidence interval (CI): 1.098-14.182; p = 0.035) was independently associated with in-hospital MACE in patients with
acute myocarditis. Kaplan-Meier survival analysis and multivariate Cox analysis suggested that an SHR >1.39 (HR: 1.931, 95% CI:
0.323-2.682; p = 0.895) was not significantly associated with long-term prognosis. Conclusions: SHR was independently associated
with in-hospital adverse outcomes in patients with acute myocarditis but not with long-term prognosis.
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1. Introduction failure [7], stroke [8,9], and COVID-19 [10]. Myocardi-
tis is a critical infectious inflammatory or noninfectious in-
flammatory disease throughout life [11,12]. In view of the
acute severe inflammatory response, we hypothesized that
the SHR is closely associated with adverse outcomes in pa-

tients with acute myocarditis. We conducted the present

Stress hyperglycemia, which is mediated by inflam-
mation and neuroendocrine disorders, is usually accompa-
nied by acute critical diseases and is closely associated with
poor prognosis [1,2]. There is no consensus on the diagnos-

tic criteria for stress hyperglycemia, especially for patients
with known diabetes mellitus (DM), which creates a barrier
to the further study of its epidemiology, pathophysiology,
and mechanism of adverse outcomes. Recently, Roberts et
al. [3] proposed a novel marker, the stress hyperglycemia
ratio (SHR; calculated from glucose at admission and esti-
mated chronic average glucose), and suggested that it could
predict adverse outcomes for patients with critical illnesses
regardless of DM state. Subsequently, many researchers
explored the influence of the SHR on adverse events in pa-
tients with different critical diseases, including acute coro-
nary syndrome [4], acute myocardial infarction [5,6], heart

study to assess the association between the SHR and poor
prognosis in patients with acute myocarditis.

2. Methods
2.1 Study Design and Population

This single-center, retrospective, observational study
was performed at Fuwai Hospital (National Center of Car-
diovascular Diseases, Beijing, China). From August 1,
2006, to March 31, 2020, a total of 269 patients who were
clinically diagnosed with acute myocarditis were screened.
The clinical diagnosis of acute myocarditis was in accor-
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dance with Caforio et al. [13], and patients meeting two
or more of the following five criteria were included: (1)
clinical presentations (within 3 months): chest pain, dys-
pnea, heart failure, syncope, palpitation, unexplained car-
diogenic shock, or aborted sudden cardiac death; (2) newly
abnormal electrocardiography (ECG) or Holter features;
(3) elevated myocardial injury biomarkers, namely, tro-
ponin I (Tnl); (4) dysfunction and structural abnormali-
ties on echocardiographic imaging; and (5) cardiac mag-
netic resonance (CMR) findings meeting two or more of
the Lake Louise criteria [14], namely, edema, hyperemia,
and/or late gadolinium enhancement. If endomyocardial
biopsy (EMB) or pathology of the heart available after heart
transplantation met the revised Dallas criteria [15], the di-
agnosis of myocarditis was definite. Patients meeting the
following criteria were excluded: (1) evidence of coronary
artery stenosis >50%; (2) other preexisting cardiovascular
disease including valvular heart disease, hypertensive heart
disease, congenital heart disease or cardiomyopathy; (3) ad-
mission hemoglobin (Hb) <100 g/L; (4) admission blood
glucose <3.9 mmol/L; (5) treatment with corticosteroids
before admission; (6) history of ischemic or hemorrhagic
stroke, renal or liver dysfunction, thyroid diseases, or ma-
lignant tumor; (7) history of erythropoietin application or
blood transfusion within 30 days; and (8) missing glucose at
admission, glycated hemoglobin (HbA1c¢), or other impor-
tant laboratory test information. Ultimately, 185 patients
were enrolled. Supplementary Fig. 1 illustrates the pro-
cess of enrollment.

The electronic medical records of the patients were re-
viewed by trained attendings. Clinical information, includ-
ing demographics, medical history, coexisting diseases,
physical examination, laboratory test findings, treatment
regimen, and in-hospital adverse outcomes, was collected.
Diabetes mellitus was diagnosed if the patient had a previ-
ous diagnosis of diabetes, used oral hypoglycemic agents
or insulin, or had a measured value of HbAlc exceeding
6.5%. The estimated average glycemic level was calcu-
lated with the following formula: estimated average glu-
cose (mmol/L) =[(1.59 x HbAlc %) —2.59], derived from
Nathan et al. [16]. The SHR was defined as glucose at ad-
mission divided by estimated average glucose. Participants
were divided into two groups according to the optimal cut-
off value of the SHR evaluated by receiver operating char-
acteristic (ROC) analysis: the low SHR group (SHR <1.12,
n=111) and the high SHR group (SHR >1.12, n = 74).

During hospitalization, all patients were treated based
on the recommended strategy for myocarditis [13]. Sta-
ble patients with left ventricular dysfunction received the
recommended heart failure treatment. Patients with se-
vere heart failure or cardiogenic shock were treated with
inotropes and mechanical circulatory support (MCS). MCS
included intra-aortic balloon pump (IABP), venous-arterial
extracorporeal membrane oxygenation (va-ECMO), or a
combination of TABP and va-ECMO.

2.2 Glycemic Status Tests

Glucose at admission was measured on the day the pa-
tient was hospitalized, and HbA1c levels were assayed be-
tween 1 and 3 days after admission. The blood samples
were collected into tubes coated with EDTA-anticoagulant
and centrifuged. Serum glucose was measured in the
core laboratory of Fuwai Hospital using a LABOSPECT
008 system (Hitachi, Tokyo, Japan), and the HbAlc value
was measured with high-performance liquid chromatogra-
phy (Tosoh G8 HPLC Analyzer, Tosoh Bioscience, Tokyo,
Japan).

2.3 Follow-up and Outcomes

After discharge, the patients were followed up by
telephone interview, outpatient visits, or correspondence.
All events were checked and confirmed by an independent
group of trained clinical physicians. We defined the pri-
mary endpoint as in-hospital major adverse cardiovascular
events (MACE), including (1) death; (2) heart transplanta-
tion; (3) a need for MCS to maintain hemodynamic stabil-
ity; and (4) transfer to the intensive care unit (ICU) due to a
worsening condition. The secondary endpoint was defined
as long-term MACE, including (1) all-cause death; (2) heart
transplantation; (3) recorded sustained ventricular arrhyth-
mia (>30 s); (4) heart failure requiring hospitalization; and
(5) myocarditis relapse.

2.4 Statistical Analysis

Continuous variables are described as the mean =+
standard deviation (SD) or median (interquartile range) ac-
cording to the results of normality tests. Categorical vari-
ables are presented as quantities and percentages. Differ-
ences between the groups were compared by Student’s ¢
test or the Mann—Whitney U test for continuous variables
and the Pearson 2 test or Fisher’s exact test for categor-
ical variables. Univariate and multivariate logistic regres-
sion and Cox proportional hazards analyses were performed
to identify risk factors predicting in-hospital and long-term
MACE, respectively. The confounding factors selected in
the multivariate Cox analysis model included age, sex, the
variables that were significantly associated with prognosis
in univariate analysis, and factors that had ever been re-
ported to be associated with MACE or might affect glucose
status (coexisting diabetes mellitus, QRS duration >120
ms, creatinine, left ventricular ejection fraction (LVEF),
etc.). In addition, Kaplan—Meier (K-M) survival analyses
and the log-rank test were used to compare the event-free
survival between the two groups. The ability of the SHR
to predict MACE was assessed by receiver operating char-
acteristic (ROC) analysis and was quantified by the area
under the ROC curve (AUC), in which a value of 1.0 in-
dicates perfect ability and a value of 0.5 indicates no abil-
ity. Analyses were performed with SPSS statistics (version
26.0, IBM Corp., Chicago, IL, USA). The K-M and ROC
curves were drawn with GraphPad Prism (version 5.0, Dot-
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matics, Boston, MA, USA). All analyses were two tailed,
and p values < 0.05 were considered indicative of statisti-
cal significance.

3. Results
3.1 Patient Population and Clinical Presentation

The baseline characteristics of the study population
are reported in Table 1. A total of 185 patients with avail-
able SHR data were included in the analysis. The popu-
lation was divided into two groups according to SHR (Ta-
ble 1). The average age of the patients was 30.68 + 12.73
years, and 132 (71.4%) patients were men. Patients in the
high SHR group (SHR >1.12) were older than those in the
low SHR group (SHR <1.12). There was no significant dif-
ference in the percentage of males, body mass index (BMI),
clinical symptoms, or the prevalence of comorbidities be-
tween the two groups. Patients with higher SHR had sig-
nificantly lower systolic blood pressure and higher heart
rate. On ECG, patients with higher SHR had higher in-
cidence rates of sinus tachycardia, complete atrioventricu-
lar block, and bundle-branch block, although the incidence
rates of supraventricular tachycardia and sustained ventric-
ular tachycardia were not significantly different. In addi-
tion, we found that subjects in the higher SHR group had
more obvious abnormalities in laboratory test results, in-
cluding higher white blood cell count, lower hemoglobin,
worse liver function, and higher levels of troponin I, C-
reactive protein (CRP), and admission glucose. Patients
with higher SHR also had a thicker intraventricular septum
and lower LVEF, and patients with LVEF <50% accounted
for 41.9% of the study population. The medication regi-
men was not significantly different in the use of S-blockers,
angiotensin-converting enzyme inhibitors/angiotensin Il re-
ceptor blockers (ACEIs/ARBs), or aldosterone antagonists
between the two groups. Subjects with higher SHR were
more likely to require inotropic drugs and invasive life sup-
port devices (IABP, ECMO, ventilator, continuous ven-
ovenous hemofiltration (CVVH), and temporary pacing) to
maintain hemodynamic stability.

3.2 Etiology of Acute Myocarditis

A total of 28 (15.1%) patients underwent EMB.
Among them, immunopathology findings showed lympho-
cyte myocarditis in 13 patients (46.4%), giant cell my-
ocarditis in 3 patients (10.7%), and eosinophilic myocardi-
tis in 2 patients (7.1%).

3.3 ROC Curve Analysis and Predictive Value for
In-Hospital and Long-Term MACE

To assess the predictive value of the SHR in the out-
comes of patients with acute myocarditis, ROC curves for
the SHR were generated. In predicting in-hospital MACEs,
including death, heart transplantation, MCS, and transfer
to the ICU, the sensitivity and specificity of the SHR were
64.58% and 72.26%, respectively (AUC = 0.710, opti-
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mal cutoff value: 1.12) (Fig. 1A). In predicting long-term
MACEs, the sensitivity and specificity of the SHR were
25.00% and 84.21%, respectively (AUC = 0.509, optimal
cutoff value: 1.39) (Fig. 1B).
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Fig. 1. Receiver operating characteristic (ROC) curve of the
ability of SHR to predict in-hospital MACE (A) and long-term
MACE (B) in patients with acute myocarditis. In predicting in-
hospital MACE including death, heart transplantation, mechanic
circulatory support, and need to transfer to ICU, the area under
the curve (AUC) for SHR was 0.710, with sensitivity of 64.58%
and specificity of 72.26%. In predicting long-term MACE includ-
ing deaths, heart transplantations, sustained ventricular tachycar-
dias (>30 s), rehospitalization for heart failure, and myocarditis
relapse, the AUC for SHR was 0.509, with sensitivity of 25.00%
and specificity of 84.21%. MACE, major adverse cardiac events;
SHR, stress hyperglycemia ratio.
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Table 1. Baseline characteristics of the study population grouped by SHR levels.

Total (n = 185) SHR <1.12 (n= 111) SHR >1.12 (n=74) p value
Demographics
Age (years) 30.68 £ 12.73 28.88 £ 12.03 3338 £13.34 0.018
Male, n (%) 132 (71.4) 84 (75.7) 48 (64.9) 0.111
BMI (kg/m?) 23.93 +4.23 23.90 +4.52 23.98 +3.78 0.905
Comorbidities and NYHA class
Hypertension, n (%) 11(5.9) 8(7.2) 341 0.530
Diabetes mellitus, n (%) 52.7) 2(1.8) 34D 0.390
Dyslipidemia, n (%) 16 (8.6) 9(8.1) 7(9.5) 0.749
NYHA II or IV (%) 58 (31.4) 25(22.5) 33 (44.6) 0.002
Clinical presentation, n (%)
Chest pain 78 (42.2) 48 (43.2) 30 (40.5) 0.715
Dyspnea 63 (34.1) 35(31.5) 28 (37.8) 0.375
Syncope 16 (8.6) 8(7.2) 8(10.8) 0.393
Vital signs at admission
Systolic blood pressure (mmHg) 111.30 &+ 18.13 115.17 £ 16.92 105.54 4 18.46 <0.001
Diastolic blood pressure (mmHg) 68.11 £ 11.65 68.47 £ 11.49 67.58 £11.94 0.612
Heart rate (beats/minute) 84.29 + 18.56 80.32 £ 15.34 90.24 +21.30 0.001
Electrocardiogram at admission
Normal, n (%) 58 (31.4) 44 (39.6) 14 (18.9) 0.003
QRS interval (ms) 100.61 4 26.41 98.40 4 25.34 103.92 4+ 27.78 0.165
QTc interval (ms) 438.33 +42.54 438.25 +40.14 438.46 + 46.19 0.974
QRS interval >120 ms, n (%) 26 (14.1) 13 (11.7) 13 (17.6) 0.262
QTc interval >460 ms, n (%) 47 (25.4) 27 (24.3) 20 (27.0) 0.679
Arrhythmia, n (%)
Sinus tachycardia 42 (22.7) 14 (12.6) 28 (37.8) <0.001
Supraventricular tachycardia 11(5.9) 4(3.6) 7(9.5) 0.119
Sustained VI/VF 13 (7.0) 6(5.4) 709.5) 0.291
complete AVB 17(9.2) 5(4.5) 12 (16.2) 0.007
Bundle-branch block 27 (14.6) 11 (9.9) 16 (21.6) 0.027
Laboratory tests at admission
White blood cell (x109/L) 7.66 (6.15-10.77) * 7.26 (5.63-8.77) * 9.65 (6.92-12.11) * <0.001
Hemoglobin (g/L) 1142.00 (131.00-152.00) *  1143.00 (133.00-152.00) *  1135.50 (127.50-149.25) * 0.045
ALT (IU/L) 43.00 (25.00-81.50) * 37.00 (21.00-66.00) * 54.00 (29.75-167.75) * 0.001
Creatinine (umol/L) 78.20 (67.31-91.59) * 77.00 (67.43-88.89) * 79.61 (66.89-101.57) * 0.137
Troponin T (ng/mL) 1.68 (0.26-5.54) * 0.958 (0.07—4.83) * 3.29 (0.79-8.38) * 0.001
CRP (mg/L) 11.00 (4.21-29.90) * 8.46 (3.40-18.60) * 21.15 (8.66-74.23) * <0.001
Glucose at admission (mmol/L) 6.30 (5.63-7.45) * 5.81(5.29-6.23) * 8.15 (7.05-9.92) * <0.001
HbAlc (%) 5.58 £0.67 557 +£0.44 5.60 = 0.91 0.772
HbA1c (mmol/mol) 37.50 + 7.31 3734+ 4.79 37.72 £ 9.90 0.772
SHR 1.05 (0.90-1.25) * 0.94 (0.84-1.02) * 1.32 (1.20-1.53) * <0.001
Echocardiography at admission
Left atrium (mm) 33.80 £ 5.35 3410 £5.73 3334 £4.71 0.344
LVEDD (mm) 49.41 +£6.72 50.06 + 7.65 48.42 £ 491 0.077
Interventricular septum (mm) 922+ 1.74 8.93 + 1.70 9.68 + 1.71 0.004
Right ventricular (mm) 21.42 +3.49 21.82 +3.56 20.81 +3.30 0.062
LVEF (%) 54.48 £+ 13.67 56.60 £ 13.81 51.27 £ 12.89 0.009
LVEF <50%, n (%) 56 (30.3) 25 (22.5) 31 (41.9) 0.005
CMR performed, n (%) 126 (68.1) 70 (63.1) 56 (75.7) 0.071
Medications
B-Blockers, n (%) 143 (77.3) 89 (80.2) 54 (73.0) 0.252
ACEIs/ARBs, n (%) 85 (45.9) 54 (48.6) 31 (41.9) 0.366
Aldosterone antagonists, n (%) 43 (23.2) 26 (23.4) 17 (23.0) 0.943
Inotropic drugs 44 (23.8) 14 (13.1) 30 (40.5) <0.001
Life support treatment
IABP, n (%) 16 (8.6) 4 (3.6) 12 (16.2) 0.003
ECMO, n (%) 6(3.2) 0(0.0) 6(8.1) 0.004
Ventilator, n (%) 12 (6.5) 1(0.9) 11 (14.9) <0.001
CVVH, n (%) 6(3.2) 1(0.9) 5(6.8) 0.038
Temporary pacing, n (%) 13 (7.0) 2(1.8) 11 (14.9) 0.001

Data are expressed as mean + SD, medians with interquartile ranges * or n (%).

BMI, body mass index; VT/VF, ventricular tachycardia/ventricular fibrillation; AVB, atrioventricular block; ALT, alanine transaminase; CRP, C reactive
protein; SHR, stress hyperglycemia ratio; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; CMR, cardiac mag-
netic resonance; ACEIs/ARBs, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers; IVIG, intravenous immunoglobulins; IABP,
intra-aortic balloon pump; ECMO, arteriovenous extracorporeal membrane oxygenation; CVVH, continuous venovenous hemofiltration.
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3.4 Prognostic Value of the SHR in the Prognosis of Acute
Mpyocarditis

A total of 165 patients had complete follow-up infor-
mation, and there was no significant difference in base-
line characteristics between the patients with follow-up (n
= 165) and those lost to follow-up (n = 20), except that the
corrected QT (QTc, QT means the Interval from the begin-
ning of the Q wave to the end of the T wave on the electro-
cardiogram) intervals of those lost to follow-up were longer
(Supplementary Table 1). In-hospital MACE occurred in
48 patients (25.9%) and included 9 deaths (5.5%), 2 heart
transplantations (1.1%), 5 MCS (2.7%), and 32 transfers to
the ICU (17.3%). After a median follow-up of 3.9 years
(interquartile range 2.3 years, 6.6 years), long-term MACE
had occurred in 32 patients (19.4%) and included 10 deaths
(6.1%), 3 heart transplantations (1.8%), 3 sustained ven-
tricular arrhythmias (1.8%), 7 heart failure hospitalizations
(4.2%), and 9 recurrences of myocarditis (5.5%).

K-M survival analysis showed that there was no sig-
nificant difference in the incidence of long-term MACE be-
tween the two groups divided around the SHR cutoff of
1.39 (Fig. 2; log-rank p = 0.319), although patients with
SHR >1.39 had a tendency to suffer from more long-term
MACE:s within the first two years.

Long-term MACE

—_
32 1004
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© —
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=
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> 70 T T T 1
w 0 2 4 6 8
Years
No. at risk
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SHR< 1.39 135 114 72 40 19

Fig. 2. Long-term MACE-free survival of patients with acute
myocarditis, with SHR >1.39 and <1.39. There was no sig-
nificant difference in the two survival curves. Long-term MACE
included deaths, heart transplantations, rehospitalization for heart
failure, and sustained ventricular arrhythmias (>30 s), and my-
ocarditis relapse. MACE, major adverse cardiac events; SHR,

stress hyperglycemia ratio.

To determine whether the SHR was an independent
predictor of short-term and long-term adverse outcomes, lo-
gistic and Cox regression analyses were performed (Table 2
and Supplementary Table 2). For the primary endpoint
(in-hospital MACE), multivariate logistic analysis showed
that SHR >1.12 (hazard ratio [HR]: 3.946, 95% confidence
interval [CI]: 1.098-14.182; p = 0.035), baseline LVEF
(HR: 0.887, 95% CI: 0.844-0.932; p < 0.001), C-reactive
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Table 2. Univariate and Multivariate Logistic Analysis for
In-hospital MACE.

HR 95% CI p value
Univariate regression
Age, year 1.036 1.010-1.063 0.006
Gender 2.893 1.444-5.795 0.003
BMI, kg/m? 0.949 0.876-1.029 0.206
Diabetes 4.500  0.729-27.793 0.105
QRS interval >120 ms 5207  2.187-12.394  <0.001
WBC at admission, x10%/L  1.261 1.141-1.393 <0.001
ALT >120 IU/L 11.062  4.568-26.784  <0.001
Creatinine, pmol/L 1.019 1.005-1.032 0.006
Troponin I, ng/mL 1.047 1.012-1.083 0.008
CRP, mg/L 1.018 1.010-1.027 <0.001
RV, mm 1.061 0.996-1.166 0.214
LVEF at admission (%) 0.896 0.867-0.925 <0.001
SHR >1.12 4.524 2.243-9.123 <0.001
Multivariate regression

Age, y 1.003 0.959-1.049 0.900
Gender 1.728 0.174-1.923 0.372
Diabetes 0.639  0.027-14.965 0.781
QRS interval >120 ms 4.141  0.986-17.393 0.052
WBC at admission, x109/L  0.932 0.774-1.122 0.456
ALT >120 IU/L 5.566  1.347-22.997 0.018
Creatinine, pmol/L 0.998 0.984-1.013 0.833
Troponin I, ng/mL 1.054 0.995-1.117 0.071
CRP, mg/L 1.021 1.009-1.032 <0.001
LVEF at admission, % 0.887 0.844-0.932 <0.001
SHR >1.12 3.946  1.098-14.182 0.035

In-hospital MACE included death, heart transplantation, need mechanic
circulatory support to maintain hemodynamic stability and transfer to
ICU due to worsening of conditions during hospitalization. BMI, body
mass index; WBC, white blood cell; ALT, alanine transaminase; CRP, C
reactive protein; LVEF, left ventricular ventricle ejection fraction; SHR,
stress hyperglycemia ratio.

protein level (HR: 1.021, 95% CI: 1.009-1.032; p < 0.001),
and alanine transaminase >120 IU/L (HR: 5.566, 95% CI:
1.347-22.997; p = 0.018) were independent predictors. For
the secondary endpoint (long-term MACE), multivariate
Cox analysis demonstrated that BMI (HR: 0.824, 95% CI:
0.744-0.912; p < 0.001), diabetes mellitus (HR: 6.727,
95% CI: 1.231-36.756; p = 0.028), creatinine level (HR:
1.007, 95% CI: 1.002-1.012; p = 0.007), troponin I level
(HR: 1.019, 95% CI: 1.001-1.037; p = 0.035), and right
ventricular diameter (HR: 1.185, 95% CI: 1.054-1.332; p
= 0.004) were independent predictors. According to the
above results, the SHR level was an independent predictive
factor for in-hospital MACE but not for long-term progno-
sis in patients with acute myocarditis.

3.5 Sensitivity Analysis

Sensitivity analysis was carried out to test the associ-
ation between the SHR and adverse outcomes in patients
without diabetes mellitus. The five patients diagnosed with
diabetes mellitus were excluded, and both logistic and Cox
regression analyses were performed (Supplementary Ta-
bles 3,4). The results suggested that the SHR remained an
independent predictor of in-hospital adverse outcomes in
patients with acute myocarditis, even for nondiabetic pa-
tients.
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4. Discussion

This study is, the first to explore the association be-
tween the SHR and short-term and long-term prognoses in
patients with acute myocarditis. The following are its two
main findings: (1) Patients with a higher SHR were in more
serious condition, had more complications and were more
likely to need MCS to maintain hemodynamic stabilization.
(2) The SHR was independently associated with in-hospital
outcomes but not with long-term prognosis in patients with
acute myocarditis.

Stress hyperglycemia is defined as a transient episode
of hyperglycemia resulting from acute illness, which can
resolve automatically after the acute disease abates in most
cases [1,17]. When the body is under stress, the neu-
roendocrine system is activated, including enhancement of
the sympathetic nervous system and elevated levels of cat-
echolamines, steroid hormones, inflammatory cytokines,
and glucagon, which can lead to insulin resistance by ac-
celerating the decomposition of liver glycogen and gluco-
neogenesis [2]. Several studies [18-23] have showed an
independent association between stress hyperglycemia and
poor outcomes in patients with acute cardiovascular dis-
eases, especially those with acute myocardial infarction.
The underlying mechanisms of the negative impact of acute
hyperglycemia on cardiovascular diseases may include ox-
idative stress, endothelial dysfunction, impaired platelet ni-
tric oxide responsiveness, atherogenic and prothrombotic
effects, proinflammatory effects, and mitochondrial impair-
ment [2,24-30]. In addition, acute hyperglycemia may
cause a negative effect on patients with viral infection [31].
Considering that the main pathophysiological mechanism
of acute myocarditis is acute inflammatory damage to car-
diomyocytes, and that its main etiology is viral infection,
we hypothesized that stress hyperglycemia was also asso-
ciated with poor prognosis in patients with acute myocardi-
tis. However, there are no uniform diagnostic criteria for
stress hyperglycemia, and acute hyperglycemia cannot be
fully reflected by glucose at admission. The chronic av-
erage glucose level, which can be estimated as estimated
average glucose (mmol/L) = [(1.59 x HbAlc %) — 2.59],
should not be ignored. Roberts ef al. [3] proposed a com-
posite index, namely, the SHR, which could balance acute
admission glucose and chronic average glucose, and found
that the SHR was a better predictor of in-hospital death and
need for critical care than absolute hyperglycemia in pa-
tients acutely admitted to a tertiary hospital. Since then,
a series of studies have suggested that the SHR is closely
related to adverse outcomes in patients with various acute
illnesses, including acute myocardial infarction, acute heart
failure, stroke, and COVID-19. Marenzi ef al. [5] prospec-
tively enrolled 1553 patients with AMI from June 2010 to
June 2016. Admission glucose and HbAlc were examined
for all patients at the hospital, and the primary endpoint
was defined as the combination of in-hospital death, car-
diogenic shock, and acute pulmonary edema. The results

showed that SHR >1.3 (odds ratio [OR]: 3.91, 95% CI:
2.83-5.42; p < 0.001) was independently associated with
in-hospital adverse outcomes. Gao et al. [6] consecutively
enrolled 1300 patients with ST-segment elevation myocar-
dial infarction (STEMI) treated with percutaneous coronary
intervention from January 2013 to June 2018. The study
endpoint was defined as in-hospital MACE. The findings
of that study indicated that the SHR was closely related to
in-hospital outcomes in STEMI patients regardless of di-
abetic status (diabetic patients: OR: 2.45; 95% CI: 1.24—
4.82; p = 0.010; nondiabetic patients: OR: 5.84; 95% CI:
2.50-13.66; p < 0.001). Carrera ef al. [7] evaluated the
association between the SHR and four-year mortality in a
cohort of patients hospitalized for acute heart failure. They
consecutively included 1062 patients between January 2005
and December 2012. The results showed that the SHR was
negatively associated with long-term mortality (HR: 0.79,
95% CI: 0.64-0.99; p < 0.040). The discrepant outcomes
may be explained as follows. First, the glucose level at ad-
mission of enrolled patients in Carrera ef al.’s [7] study was
relatively low, suggesting that the incidence of stress hy-
perglycemia may have been too low. Moreover, the impact
on mortality of an imbalance between glucose at admission
and chronic glucose control may have been magnified be-
cause the authors did not exclude patients with acute hy-
poglycemia because the proportion of diabetic patients was
relatively high.

In this study, we discovered that the SHR could re-
flect the severity of acute myocarditis. The higher the SHR
was, the higher the inflammation index, the worse the car-
diac function, and the higher the incidence of MCS appli-
cation, which is, to some extent, consistent with previous
studies on other cardiovascular diseases [4,32,33]. More-
over, the SHR was an independent risk factor for in-hospital
outcomes but not for long-term prognosis, although patients
with SHR >1.39 had a tendency to suffer from more long-
term MACE within the first two years. This phenomenon
illustrates the short-term predictive value of the SHR, which
was in accordance with the pathophysiological mechanism
of stress hyperglycemia, namely, most cases were transient
hyperglycemia and resolve themselves spontaneously. The
outcomes could be partly ascribed to the length of follow-
up; that is, with a longer follow-up, the association between
the SHR and adverse outcomes became nonsignificant re-
gardless of whether the correlation between diabetes melli-
tus and poor prognosis was significant, which is in line with
previous studies [19,34]. In the sensitivity analysis we per-
formed to exclude patients with diabetes mellitus to avoid a
potential influence of that disease, the results remained ro-
bust, suggesting that the SHR correlated with in-hospital
outcomes in the overall population or in nondiabetic pa-
tients with acute myocarditis. In the future, we should em-
phasize the occurrence of stress hyperglycemia and glu-
cose management, preferably with insulin, when treating
patients with acute myocarditis.
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5. Strengths and Limitations

This might be the first study to concentrate on the
impact of the SHR on adverse outcomes in patients with
myocarditis. The baseline characteristics were comprehen-
sive, and the endpoints included in-hospital outcomes and
long-term outcomes. One limitation is that, in view of its
retrospective nature and the exclusion of subjects with un-
measured HbAlc, recall bias and selection bias might be
present. The proportion patients who underwent EMB was
relatively low, so many patients were diagnosed according
to clinical criteria. Moreover, the glucose data after hos-
pitalization and discharge were incomplete, which made it
impossible to determine the changes in abnormal glucose
metabolism.

6. Conclusions

The SHR was independently associated with in-
hospital adverse outcomes in patients with acute myocardi-
tis but not with long-term prognosis. More multicenter,
prospective cohort studies are needed to explore its predic-
tive value in different populations.
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