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Abstract
Introduction  The relationship between relative hyperglycemia and ventricular arrhythmia (VA) in critically ill patients 
admitted to intensive care units (ICU) remains unclear. This study aims to investigate the association between stress 
hyperglycemia ratio (SHR) and VA in this population.

Methods  This retrospective and observational study analyzed data from 4324 critically ill patients admitted to the 
ICU, obtained from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database. The SHR was calculated as 
the highest blood glucose level during the first 24 h of ICU admission divided by the admission blood glucose level. 
Based on the optimal cut-off values under the receiver operating characteristic curve, patients were stratified into 
high SHR (≥ 1.31) and low SHR (< 1.31) group. To investigate the impact of diabetes mellitus (DM) on the outcome, 
patients were stratified as low SHR/DM; low SHR/non-DM; high SHR/DM, and high SHR/non-DM. Restricted cubic 
spline (RCS) and logistic regression analysis were performed to analyze the relationship between SHR and VA.

Results  A total of 4,324 critically ill patients were included in this retrospective and observational study. The 
incidence of VA was higher in the high SHR group. Multiple-adjusted RCS revealed a “J-shaped” correlation between 
SHR and VA morbidity. The logistic regression model demonstrated that high SHR was associated with VA. The high 
SHR/non-DM group had a higher risk of VA than other groups stratified based on SHR and DM. Subgroup analysis 
showed that high SHR was associated with an increased risk of VA in patients with coronary artery disease.

Conclusion  High SHR is an independent risk factor and has potential as a biomarker of higher VT/VF risk in ICU-
admitted patients.
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Introduction
Ventricular arrhythmia (VA) is a significant clinical 
adverse event that is prevalent in patients admitted to 
the intensive care unit (ICU) and can be a direct cause 
of sudden cardiac death in hospitals. Timely defibrillation 
treatment is critical in restoring normal cardiac rhythms 
in cases of critical ventricular arrhythmias. Therefore, it 
is imperative to explore relevant biomarkers for predict-
ing and preventing VA.

Stress hyperglycemia (SH) is a physiological reaction 
that occurs in patients with severe diseases without dia-
betes mellitus (DM) due to stress [1]. Higher SH has been 
associated with a poor prognosis [2, 3]. SH was previ-
ously diagnosed based on blood glucose concentration 
at admission [2]. However, elevated blood glucose levels 
in patients with DM admitted to the ICU can be caused 
by either the physiological reaction to severe disease, 
chronic poor glycemic control, or both, which are clini-
cally indistinguishable [4, 5]. Consequently, Roberts et al. 
proposed a novel definition of SH using the stress hyper-
glycemia ratio (SHR) [6]. SHR is calculated based on the 
absolute levels of blood glucose and glycosylated hemo-
globin (HbA1c) [6]. HbA1c reflects the prior glucose 
status over the past three months, which is not easily 
affected by acute illness. Therefore, accurate quantifica-
tion of SH using SHR is a promising approach.

Apart from underlying ischemic or structural heart 
diseases, there is evidence suggesting that glucose levels 
play a crucial role in the diagnosis of VA, particularly in 
ICU patients [7, 8]. Extremely high or low glucose lev-
els have been found to lead to QT interval prolongation 
and increased QT dispersion, reflecting abnormal ven-
tricular myocardial repolarization [9]. To date, no study 
has explored the relationship between SHR and VA. The 
objective of this study was to investigate the association 
between SHR and VA in critically ill patients admitted to 
the ICU.

Materials and methods
Study population
This retrospective and observational study included a 
total of 4,324 critically ill patients. Data on initial glu-
cose and glycated hemoglobin values were obtained from 
the Medical Information Mart for Intensive Care IV 
(MIMIC-IV) database at PhysioNet, within 24 h of their 
ICU admission. MIMIC IV is publicly available, longi-
tudinal, and extensive critical care database approved 
by the ethics committee of Beth Israel Deaconess Medi-
cal Center and MIT. The first Author (HS) was certified 
(Record ID: 49,784,899) to access the database. Since all 
identifiable personal information was removed, patient-
informed consent was not required. Information on the 
first hospitalization was used for patients frequently 
admitted to the ICU. Exclusion criteria were as follows: 

(1) Patients ≤ 18 years old (n = 30); (2) Patients lacking 
either glucose or Hb1Ac data on their first day in the ICU 
(n = 16,947); (3) Patients who were discharged or died 
within 24 h (n = 1,263).

Variable extraction
Demographic information, vital signs, laboratory indices, 
and comorbidities data for patients’ first day of admission 
to the ICU were extracted from the MIMIC-IV database 
using PostgreSQL (version 14.5) and Navicat Premium 
(version 15.0) software. The extracted data included: (1) 
demographic information: age, gender, race, body mass 
index (BMI), and ICU type; (2) vital signs: respiration, 
heart rate, systolic blood pressure, diastolic blood pres-
sure, and blood oxygen saturation (SpO2); (3) laboratory 
indices: hemoglobin, white blood cell, platelet, glucose, 
HbA1c, lactic acid, creatinine, potassium, and sodium 
levels; (4) Comorbidities: coronary artery disease(CAD), 
DM, peripheral vascular disease, hypertension, chronic 
obstructive pulmonary disease (COPD), and conges-
tive heart failure. ICD-9 and ICD-10 codes were used 
together to determine the diagnosis of comorbidities.

SHR and VA
To calculate the average chronic glucose levels, we used 
the following formula: [(28.7*HbA1c%) − 46.7] /18.8 [10]. 
To calculate SHR, we divided the fasting blood glucose 
on the first day of ICU admission by the estimated mean 
chronic blood glucose and expressed the result as a per-
centage. The diagnosis of VA including ventricular tachy-
cardia (VT) (both non-sustained and sustained VT) and 
ventricular fibrillation (VF), was made based on the heart 
rhythm recorded by the electrocardiograph monitor dur-
ing the patient’s ICU hospitalization.

Statistical analysis
The optimal cut-off value of SHR for VA was determined 
using the receiver operating characteristic curve (ROC). 
T-tests, Pearson’s chi-square, and Fisher’s exact test were 
used for intergroup comparison. Baseline characteris-
tics were presented as average (standard deviation) or 
median (interquartile range) for continuous variables 
and quantities (percentage) for categorical variables. 
Restricted cubic spline (RCS) was created to explore the 
dose-response association between SHR and VA. Sub-
sequently, SHR was stratified according to DM and SHR 
cut-off value as follows: low SHR/DM; low SHR/non-DM; 
high SHR/DM; high SHR/non-DM). A multivariate logis-
tic hazards model was created to analyze the relationship 
between VA and SHR among these groups. Subgroup 
analysis was conducted to verify the effect of SHR on VA 
in subsets of participants based on gender, age (< 60 and 
≥ 60 years), BMI (< 30 and ≥ 30 kg/m2), CAD, hyperten-
sion, and DM. All analyses were performed using Stata 
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SE.15.0 and GraphPad Prism v8.0. A two-tailed P-value 
of < 0.05 was considered statistically significant.

Results
The study initially obtained data from 22,564 hospitalized 
patients in the MIMIC IV database, but after applying the 
exclusion criteria, a final cohort of 4,324 eligible patients 
was selected for analysis. Figure 1 depicts the flow chart 
of the patient selection. An ROC curve analysis was con-
ducted to determine the optimal cut-off value of SHR 
for VA. Using a cut-off value of 1.31, with a sensitivity of 
41%, specificity of 75%, and Youden index of 0.161, the 
study population was stratified into low SHR (< 1.31) and 
high SHR (≥ 1.31) groups.

Baseline characteristics
The mean age of the enrolled patients were 66.93 ± 13.22 
years, of which, 2,852 (65.9%) were males. The mean SHR 
index on the first day of ICU admission was 1.15 ± 0.36. 
The baseline characteristics of patients with and without 
VA are shown in Supplemental Table 1. Patients in the 
VA group were more likely to be male, diagnosed with 
CAD and congestive heart failure, and admitted to the 
CCU compared with those in non-VA group. Addition-
ally, patients in the VA group had lower heart rates and 
systolic blood pressure and showed higher levels of glu-
cose, creatinine, and SHR within 24 h.

Moreover, 251 patients (5.8%) developed VA, with 129 
in the low SHR group and 122 in the high SHR group. 
The incidence of VA was nearly 2-fold higher in the high 
SHR group compared to the low SHR group (Table  1). 
VT and VF-related morbidity were also investigated, 
and found to be significantly different between the two 
groups. Additionally, patients in the high SHR group had 

worse outcomes, including longer lengths of stay and a 
higher incidence of death in the ICU.

VA ventricular arrhythmia; CVICU Cardiac Vascular 
Intensive Care Unit; CCU Coronary Care Unit; MICU/
SICU Medical/Surgical Intensive Care Unit; NSICU 
Neuro Surgical Intensive Care Unit; TSICU Trauma Sur-
gical Intensive Care Unit; CAD coronary artery disease; 
COPD chronic obstructive pulmonary disease; DM dia-
betes mellitus; HbA1c glycosylated hemoglobin; SHR 
stress hyperglycemia ratio.

Association between SHR and VA
Logistic regression analysis was performed to deter-
mine whether SHR provides additional diagnostic value 
beyond established hyperglycemia criteria for VA. The 
result of multivariate logistic regression analysis revealed 
that only SHR demonstrated statistical significance, indi-
cating its superiority over prior definitions of higher aver-
age blood sugar in predicting VA among the ICU patients 
(Supplemental Tables 2–3).

RCS was used to analyze the dose-response relation-
ship between SHR on the first day of admission in the 
ICU and VA in critically ill patients. In the crude model, a 
“J-shaped” relationship was found between VA and SHR, 
where higher SHR levels (> 1.31) were associated with an 
increased risk of VA in the ICU (Fig. 2a). This relation-
ship remained significant even after adjusting for tradi-
tional risk factors (Fig. 2b).

Results from the univariate logistic model analysis 
showed that the occurrence of VA was significantly asso-
ciated with high SHR levels (OR 1.92, 95% CI: 1.48–2.47 
P < 0.001). Furthermore, multivariate logistic model anal-
ysis, after adjusting for traditional risk factors such as 
BMI, gender, age, hypertension, DM, and CAD, demon-
strated that high SHR levels were still a significant inde-
pendent risk factor for VA [OR 2.07, 95% CI: 1.59–2.69 
P < 0.001] (Table 2). Expanding upon this framework, this 
study also incorporated potential risk factors separately, 
including severity of illness score (SOFA SIRS OASIS), 
anticoagulants, insulin resistance (Triglyceride-Glucose 
Index), hyperglycemia, and inflammatory markers (Sys-
temic immune-inflammation index) as adjusted vari-
ables. Despite the inclusion of these variables, our results 
consistently revealed a statistically significant correlation 
between high SHR levels and the incidence of VA (Sup-
plemental Tables  4–6). When patients were stratified 
based on DM and a cut-off value of SHR, those with high 
SHR and without DM had a greater risk of VA [OR 2.22, 
95% CI: 1.49–3.28] (Table  2) compared to the remain-
ing groups. This relationship remained significant even 
after adjusting for variables [OR 2.38, 95% CI: 1.59–3.56]. 
However, this association was not statistically significant 
in the low SHR group.

Fig. 1  Flow chart of the screening of patient selection
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Table 1  Baseline characteristics and outcomes of patients based on the stress hyperglycemia ratio
Variables Low SHR (n = 2857) High SHR(n = 1467) P value
Demographics
  Age (years) 67.6 ± 12.6 65.6 ± 14.2 <0.001

  Gender, male, n (%) 1921 (67.2%) 931 (63.5%) 0.013

  Race, n (%) 0.003

    White 1890(66.2%) 893(60.9%)

    Hispanics 16(0.6%) 5(0.3%)

    Black 153(5.4%) 99(6.7%)

    Others 798(27.9%) 470(32.0%)

Body mass index (kg/m2) 29.1 ± 6.2 29.2 ± 6.7 0.67

First Care Unit, n (%) < 0.001

  CVICU 2141 (74.9%) 581 (39.6%)

  CCU 222 (7.8%) 285 (19.4%)

  MICU/SICU 252 (8.8%) 373 (25.4%)

  NSICU 177 (6.2%) 113 (7.7%)

  TSICU 65 (2.3%) 115 (7.8%)

Vital signs
  Respiratory Rate(beats/minute) 17.9 (16.2, 19.8) 18.8 (16.8, 21.4) < 0.001

  Heart rate (beats/minute) 80.1 (73.7, 87.5) 83.0 (74.4, 93.2) < 0.001

  Systolic blood pressure(mmHg) 113.4 (106.9, 121.2) 114.3 (106.0, 126.1) 0.083

  Diastolic blood pressure(mmHg) 58.7 (53.5, 64.8) 60.8 (54.3, 68.6) < 0.001

  SpO2 (%) 97.7 (96.5, 98.7) 97.7 (96.2, 98.8) 0.40

Comorbidities
  CAD, n (%) 1868 (65.4%) 694 (47.3%) < 0.001

  COPD, n (%) 139 (4.9%) 89 (6.1%) 0.094

  DM, n (%) 895 (31.3%) 473 (32.2%) 0.54

  Hypertension, n (%) 930 (32.6%) 363 (24.7%) < 0.001

  Congestive heart failure, n (%) 880 (30.8%) 553 (37.7%) < 0.001

  Peripheral vascular disease, n (%) 412 (14.4%) 238 (16.2%) 0.12

Severity of illness score
  SOFA score 5(3,7) 6(4,9) < 0.001

  OASIS score 31(26,37) 34(28,41) < 0.001

  SIRS score 3(2,3) 3(2,3) < 0.001

Laboratory tests
  Hemoglobin (g/dL) 11.5 (10.3, 12.8) 11.9 (10.4, 13.5) < 0.001

  White blood cell (K/µL) 14.5 (10.7, 18.4) 14.9 (11.6, 19.6) < 0.001

  Platelet (K/uL) 186.0 (149.0, 235.0) 199.0 (154.0, 257.0) < 0.001

  Glucose (mgl/L) 116.0 (103.0, 130.0) 171.0 (147.0, 209.0) < 0.001

  HbA1c (%) 5.8 (5.5, 6.4) 5.6 (5.3, 6.1) < 0.001

  Lactic acid(mmol/L) 1.8 (1.3, 2.6) 1.8 (1.3, 2.7) 0.39

  Creatinine (mg/dL) 1.0 (0.8, 1.2) 1.1 (0.9, 1.6) < 0.001

  Potassium (mmol/L) 4.5 (4.2, 4.8) 4.5 (4.2, 5.0) 0.11

  Sodium (mmol/L) 139.0 (137.0, 141.0) 140.0 (137.0, 142.0) < 0.001

Medicine and Outcomes
  Anticoagulants, n (%) 2621 (91.7%) 1385 (94.4%) < 0.001

  VA, n (%) 129 (4.5%) 122 (8.3%) < 0.001

    VT, n (%) 105(3.7%) 91(6.2%) < 0.001

    VF, n (%) 38(1.3%) 47(3.2%) < 0.001

  Length of stay in ICU, days 2.2 (1.3, 4.1) 3.8 (2.0, 7.7) < 0.001

  ICU death, n (%) 95 (3.3%) 192 (13.1%) < 0.001
Anticoagulants include heparin, warfarin, rivaroxaban and dabigatran
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In addition, we also examined the relationship between 
blood lipid markers and SHR and VA (Supplemental 
Table 7). Results revealed that total cholesterol (TC) lev-
els were significantly associated with SHR and VA, with 
patients in the high-SHR group tending to have lower 
total cholesterol levels. Interestingly, in both high- and 
low-SHR groups, VA patients had lower TC levels than 
non-VA patients.

Subgroup analysis
Subgroup analysis was performed to investigate the cor-
relation between SHR and VA patients among stratified 
by various risk factors. A significant relationship was 
observed between the SHR and VA in male patients [OR 
2.44, 95% CI: 1.79–3.32], those aged < 60 years [OR 3.04, 
95% CI: 1.85–4.99], those aged ≥ 60years [OR 1.76, 95% 
CI: 1.28–2.41], those with a BMI ≥ 30 [OR 2.24, 95% CI: 
1.44–3.46], and those with a BMI < 30 [OR 1.99, 95% CI: 
1.43–2.71]. Furthermore, a significant association was 
found between SHR and VA in patients with hyperten-
sion [OR 2.28, 95% CI: 1.39–3.73] and those without 
hypertension [OR 1.99, 95% CI: 1.46–2.71], as well as 
patients with DM [OR 1.79, 95% CI: 1.09–2.95] and those 

without DM [OR 2.18, 95% CI: 1.60–2.97] Notably, SHR 
had a greater predictive value among patients with CAD 
[OR 2.54, 95% CI: 1.84–3.51] (Fig. 3).

Discussion
This study enrolled 4,324 critically ill patients admitted 
to the ICU and found that SHR is an independent bio-
marker of VA, with an optimal cut-off value of 1.31 The 
correlation remained significant even after adjusting for 
various variables. To our knowledge, this is the first study 
to identify a meaningful association between SHR and 
the incidence of VA in ICU patients. Our findings sug-
gest that SHR might be a reliable predictor of VA among 
such patients. Our study demonstrated a “J-shaped” rela-
tionship between SHR and VA, consistent with previous 
descriptions of the relationship between SHR and other 
outcomes [6, 11]. Mild increases in SH have been shown 
to boost cellular glucose utilization in response to stress, 
and thus the J-shaped association of SHR with other out-
comes may be expected [12]. However, our RSC model 

Table 2  Logistic regression model analysis showing the relationship of ventricular arrhythmia and SHR between the different groups
Group Crude model Adjust model

OR (95%CI) P value OR (95%CI) P value
patients stratified by SHR a

Low SHR (< 1.31) Reference - Reference -

High SHR (≥ 1.31) 1.92 (1.48 to 2.47) < 0.001 2.07 (1.59 to 2.69) < 0.001

patients stratified by SHR and DM b

Low SHR/DM Reference - Reference -

Low SHR/non-DM 1.10(0.75 to 1.62) 0.640 1.10(0.74 to 1.63) 0.638

High SHR/DM 1.69(1.05 to 2.73) 0.032 1.86(1.15 to 3.01) 0.012

High SHR/ non-DM 2.22(1.49 to 3.28) < 0.001 2.38(1.59 to 3.56) < 0.001
a: adjusted variables were the same as the restricted cubic spline analysis
b: adjusted variables were the same as the restricted cubic spline analysis but excluding diabetes mellitus SHR: stress hyperglycemia ratio; DM: diabetes mellitus; OR: 
Odd ratio; CI: confidence interval

Fig. 3  Subgroup analysis to identify variables potentially impacting 
the association between stress hyperglycemia ratios and ventricu-
lar arrhythmia BMI body mass index; CAD coronary artery disease; SHR 
stress hyperglycemia ratio; ROC receiver operating curve; VA ventricular 
arrhythmia

 

Fig. 2  Restricted cubic spline showing the dose-response relation-
ship between stress hyperglycemia ratios and ventricular arrhythmia 
(a) crude model and (b) adjusted model
The dotted lines represent 95% confidence intervals, and the solid line 
represents odds ratios. The optimal cut-off value (1.31) of SHR determined 
by the receiver operating characteristic curve, was used as the reference. 
Correction variables include gender; age; body mass index; hypertension; 
diabetes mellitus; and coronary artery disease. OR odd ratio; SHR stress 
hyperglycemia ratio; VA ventricular arrhythmia
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analysis did not show statistical significance for the lower 
SHR range, which may be due to the small sample size 
in this group. Further studies are required studies to con-
firm these findings. High levels of blood glucose, or SH, 
are a common occurrence in critically ill patients admit-
ted to the ICU. This is because critical illnesses such as 
trauma, sepsis, and burns activate the sympathetic auto-
nomic nervous system, which stimulates in the produc-
tion of hormones such as epinephrine and glucagon [13]. 
These hormones can indirectly or directly antagonize 
insulin, resulting in insulin resistance and elevated blood 
glucose levels [13]. Furthermore, hyperglycemia exac-
erbates these processes by releasing more inflammatory 
cytokines, leading to a vicious cycle [14].

While SH is essential for survival, levels that exceed 
11.1 mmol/L have been reported to be associated with 
poor prognosis [15, 16]. Numerous studies have shown 
that SH is linked to adverse outcomes in various diseases 
[17–19]. However, these studies have relied on blood glu-
cose concentrations at admission and did not account 
for differences in patients’ history of blood glucose lev-
els. [20, 21]. In addition to acute stress, hyperglycemia 
in hospitalized patients may also result from long-term 
poor glycemic control. Therefore, a combination of SHR 
and HbA1c has been proposed as a new indicator of 
SH [6]. HbA1c has low biological variability and is not 
affected by acute stress responses [14]. It should be noted 
that the definition of SHR in our study could better opti-
mize and calculate the blood glucose status of each criti-
cally ill patient under stress. There is limited research on 
the relationship between SH and VA. It is thought that 
the pathogenesis of VA induced by SH may be due to 
increased radical production and sympathetic activity 
during stress reduced nitric oxide availability, and subse-
quent ventricular instability [22]. Previous studies have 
focused on patients with heart disease and measured 
blood glucose levels only at admission, without account-
ing for differences in chronic blood glucose levels for 
example, a study conducted in Spain found that elevated 
blood glucose levels on admission were associated with a 
more than two-fold increased risk of VA compared with 
patients to normal or lower blood glucose levels [23]. 
Similarly, Hoang V. Tran et al. [24] recently found that 
patient’s with high blood glucose levels on admission for 
acute myocardial infarction had a greater risk of devel-
oping VT during hospitalization. However, these stud-
ies measured the patient’s blood glucose concentration 
at admission (fasting or random blood glucose) without 
accounting for differences in chronic blood glucose level. 
Moreover, only patients with acute myocardial infarction 
and other heart diseases were included. VA caused by 
acute hyperglycemia cannot be ignored in critical illness, 
especially in patients without heart disease. Dongen et al. 
[25] found that high HbA1c levels were associated with 

an increased risk of VF among patients with and with-
out cardiovascular disease. Therefore, it is essential to 
investigate the association between SHR and VA in ICU 
patients, particularly for early prevention and treatment 
[26].

Our study investigated the relationship between SHR 
and new-onset VA in ICU patients stratified by DM and 
a cut-off value of SHR. Our study findings suggested 
that patients without a previous history of DM may be 
at a higher risk for new-onset VA, especially in the high 
SHR group. This relationship was further confirmed 
in subgroup analyses of DM. The discrepancy between 
our results and previous studies may be because ICU 
patients with a history of DM may have received antidia-
betic therapies [24, 27]. Additionally, in the presence of 
DM, there may be a “preconditioning phenomenon” that 
increases antioxidant defenses, and protects tissues from 
oxidative stress response caused by acute hyperglycemia 
[28]. Our subgroup analysis showed a significant interac-
tion between SHR and CAD (P interaction = 0.037). It has 
been demonstrated that SH could raise the concentra-
tion of free fatty acids through oxidative stress response 
and insulin resistance, which could directly impact the 
heart’s normal rhythm, especially in patients with pre-
existing myocardial ischemia [29, 30]. Therefore, severe 
SH may promote hemodynamic disturbance and myo-
cardial electrical instability in intensive care patients 
with CAD. Notably, our study also found that the rela-
tionship between SHR and VA was more significant in 
younger patients. Patients with a high SHR were gener-
ally younger than those with a low SHR, consistent with 
findings of similar studies in patients with myocardial 
infarction or other heart diseases [11]. Young patients 
in the ICU may have a more pronounced immunoreac-
tion and sympathetic activity in response to acute stress, 
which could increase the risk of VA. However, further 
studies are required to confirm these hypotheses.

Furthermore, this study has established an association 
between TC levels and VA. Previous studies have dem-
onstrated the link between TC and the risk of atrial or 
VA [31]. Cholesterol is a crucial component of cell mem-
brane formation. In myocardial cells, the absence of cho-
lesterol may undermine the stability of the myocardial 
cell membrane, modify the permeability of the potassium 
channel, and accelerate the emergence of cardiac electri-
cal dysfunction [32]. Therefore, cholesterol may exert an 
influence on the incidence of arrhythmia by regulating 
the lipid content of the cardiac membrane. [33]. How-
ever, further experimental approaches are needed to clar-
ify this potential relationship.

This study had a larger primary sample size than ear-
lier studies and included a diverse population of intensive 
care patients with different diagnoses and disease states, 
which enhances the clinical applicability of our findings. 
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A significant strength of this study was the use of a read-
ily available metric, SHR, to measure SH and determine 
its relationship with VA in ICU patients. As glucose and 
glycated hemoglobin are commonly measured in criti-
cally ill patients, the SHR can be easily calculated. How-
ever, the study has some limitations, including being a 
single-center, retrospective study, limited to patients 
in the MIMIC IV database, which may have resulted in 
selection bias. Additionally, a large number of patients 
were excluded due to missing HbA1c values, which may 
have introduced sample selection bias. The study did not 
measure SHR dynamically, and the impact of SHR vari-
ability on VA during hospitalization is unclear. Lastly, 
studies have shown that higher SH is associated with an 
increased risk of developing DM in the future [34], but 
our database did not include information on new DM 
during follow-up. Therefore, its impact on patient out-
comes could not be assessed.

Conclusions
High SHR was a marked risk predictor for higher VA risk 
in critically ill patients admitted to the ICU. Critically ill 
patients could benefit from this simple indicator for pre-
dicting VA earlier. Therefore, our study underscores the 
potential clinical utility of SHR as a simple and accessible 
risk indicator for predicting VA in critically ill patients.

Abbreviations
BMI	� body mass index
CVICU	� Cardiac Vascular Intensive Care Unit
CCU	� Coronary Care Unit
CAD	� coronary artery disease
COPD	� chronic obstructive pulmonary disease
CI	� confidence interval
DM	� diabetes mellitus
HbA1c	� glycosylated hemoglobin
ICU	� Intensive care unit
MICU/SICU	� Medical/Surgical Intensive Care Unit
MIMIC	� Medical information mart for intensive care
NSICU	� Neuro Surgical Intensive Care Unit
OR	� odd ratio
RCS	� Restricted cubic spline
SH	� stress hyperglycemia
SHR	� stress hyperglycemia ratio
SPO2	� blood oxygen saturation
TC	� Total cholesterol
TSICU	� Trauma Surgical Intensive Care Unit
VA	� ventricular arrhythmia
VT	� ventricular tachycardia
VF	� ventricular fibrillation.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12872-023-03208-9.

Additional File 1: Baseline characteristics of patients based on the ven-
tricular arrhythmia.

Acknowledgements
The authors gratefully acknowledge all the participants of MIMIC project. We 
thank Bullet Edits Limited for the linguistic editing and proofreading of the 
manuscript.

Authors’ contributions
HS, SW and CZ performed the conception and design of this manuscript. 
WG, XC and QZ provided useful suggestions in methodology. HS, SW and CZ 
performed the data analysis. HS, LY, and MN prepared the tables and figures. 
HS and TL drafted and revised the manuscript. All authors read and approved 
the final manuscript.

Funding
This work was sponsored by Tianjin Key Medical Discipline (Specialty) 
Construction Project (TJYXZDXK-035 A); Tianjin biomedical industry chain 
innovation Project (21ZXSYSY00030), Tianjin Health Research Project 
(TJWJ2022XK026), Tianjin Health Research Project (TJWJ2022MS020), 
Tianjin “Project + Team” Key Training Special Project (XC202040), Tianjin 
“131” Innovative Talent Team Project (201939), Key Project of Tianjin Natural 
Science Foundation (21JCZDJC00240), the Tianjin Municipal Health and 
Health Committee Science and Technology Project (ZD20001), Tianjin 
Health Committee traditional Chinese medicine and integrated traditional 
Chinese and Western medicine project (2021139), Tianjin Science and 
Technology Project (21JCYBJC01250), Tianjin Science and Technology Project 
(21JCYBJC01590).

Data Availability
The data that support the findings of this study are available from https://
mimic.mit.edu/. Although the database is publicly and freely available, 
researchers must complete the National Institutes of Health’s web-based 
course known as Protecting Human Research Participants to apply for 
permission to access the database. Data are available to researchers on 
request for purposes of reproducing the results or replicating the procedure 
by directly contacting the corresponding author.

Declarations

Ethics approval and consent to participate
This study was a retrospective analysis of data stored in a publicly available 
de-identifed database. The data is publicly available hence ethical approval 
statement and the informed consent is not required for the study.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 December 2022 / Accepted: 27 March 2023

References
1.	 Koracevic G, Zdravkovic M. What is stress hyperglycemia? A suggestion for an 

improvement of its definition. Acta Endocrinol (Buchar). 2021;17(4):548–51.
2.	 Zhang L, Wang Z, Xu F, Han D, Li S, Yin H, et al. Effects of stress hypergly-

cemia on short-term prognosis of patients without diabetes Mellitus in 
Coronary Care Unit. Front Cardiovasc Med. 2021. https://doi.org/10.3389/
fcvm.2021.683932.

3.	 Tuna M, Manuel DG, Bennett C, Lawrence N, van Walraven C, Keely E, et 
al. One- and five-year risk of death and cardiovascular complications for 
hospitalized patients with hyperglycemia without diagnosed diabetes: an 
observational study. J Hosp Med. 2014;9(6):365–71.

4.	 Koracevic G, Vasiljevic S, Velickovic-Radovanovic R, Sakac D, Obradovic S, 
Damjanovic M, et al. Stress hyperglycemia in acute myocardial infarction. 
Vojnosanit Pregl. 2014;71(9):858–69.

5.	 Xia Z, Gu T, Zhao Z, Xing Q, Zhang Y, Zhang Z, et al. The stress hypergly-
cemia ratio, a novel index of relative hyperglycemia, predicts short-term 

http://dx.doi.org/10.1186/s12872-023-03208-9
http://dx.doi.org/10.1186/s12872-023-03208-9
https://mimic.mit.edu/
https://mimic.mit.edu/
http://dx.doi.org/10.3389/fcvm.2021.683932
http://dx.doi.org/10.3389/fcvm.2021.683932


Page 8 of 8Shen et al. BMC Cardiovascular Disorders          (2023) 23:215 

mortality in critically ill patients after esophagectomy. J Gastrointest Oncol. 
2022;13(1):56–66.

6.	 Roberts GW, Quinn SJ, Valentine N, Alhawassi T, O’Dea H, Stranks SN, et al. 
Relative hyperglycemia, a marker of critical illness: introducing the stress 
hyperglycemia ratio. J Clin Endocrinol Metab. 2015;100(12):4490–7.

7.	 Singleton MJ, Soliman EZ, Bertoni AG, Whalen SP, Bhave PD, Yeboah J. Effect 
of intensive glycemic and blood pressure control on QT prolongation in 
diabetes: the ACCORD Trial. Diabetes. 2020;69(10):2186–93.

8.	 Inherited cardiac arrhythmias. Nat Rev Dis Primers. 2020;6(1):59.
9.	 Zaccardi F, Webb DR, Kurl S, Khunti K, Davies MJ, Laukkanen JA. Inverse asso-

ciation between fasting plasma glucose and risk of ventricular arrhythmias. 
Diabetologia. 2015;58(8):1797–802.

10.	 Luo J, Xu S, Li H, Li Z, Gong M, Qin X, et al. Prognostic impact of stress 
hyperglycemia ratio in acute myocardial infarction patients with and without 
diabetes mellitus. Nutr Metab Cardiovasc Dis. 2022;32(10):2356–66.

11.	 Yang J, Zheng Y, Li C, Gao J, Meng X, Zhang K, et al. The impact of the stress 
hyperglycemia ratio on short-term and long-term poor prognosis in patients 
with Acute Coronary Syndrome: insight from a large cohort study in Asia. 
Diabetes Care. 2022;45(4):947–56.

12.	 Losser MR, Damoisel C, Payen D. Bench-to-bedside review: glucose and stress 
conditions in the intensive care unit. Crit Care. 2010;14(4):231.

13.	 Marik PE, Bellomo R. Stress hyperglycemia: an essential survival response! Crit 
Care. 2013. https://doi.org/10.1186/cc12514.

14.	 Mifsud S, Schembri EL, Gruppetta M. Stress-induced hyperglycaemia. Br J 
Hosp Med (Lond). 2018;79(11):634–9.

15.	 van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz 
M, et al. Intensive insulin therapy in critically ill patients. N Engl J Med. 
2001;345(19):1359–67.

16.	 Wernly B, Lichtenauer M, Hoppe UC, Jung C. Hyperglycemia in septic 
patients: an essential stress survival response in all, a robust marker 
for risk stratification in some, to be messed with in none. J Thorac Dis. 
2016;8(7):E621–4.

17.	 Khalfallah M, Abdelmageed R, Elgendy E, Hafez YM. Incidence, predictors and 
outcomes of stress hyperglycemia in patients with ST elevation myocardial 
infarction undergoing primary percutaneous coronary intervention. Diab 
Vasc Dis Res. 2020. https://doi.org/10.1177/1479164119883983.

18.	 Chu J, Tang J, Lai Y, Gao Y, Ye Z, Guan C, et al. Association of stress hyperglyce-
mia ratio with intracoronary thrombus burden in diabetic patients with ST-
segment elevation myocardial infarction. J Thorac Dis. 2020;12(11):6598–608.

19.	 Chen X, Liu Z, Miao J, Zheng W, Yang Q, Ye X, et al. High stress hyperglycemia 
ratio predicts poor outcome after mechanical thrombectomy for ischemic 
stroke. J Stroke Cerebrovasc Dis. 2019;28(6):1668–73.

20.	 Kosiborod M, Rathore SS, Inzucchi SE, Masoudi FA, Wang Y, Havranek EP, et al. 
Admission glucose and mortality in elderly patients hospitalized with acute 
myocardial infarction: implications for patients with and without recognized 
diabetes. Circulation. 2005;111(23):3078–86.

21.	 Su G, Mi SH, Tao H, Li Z, Yang HX, Zheng H, et al. Impact of admission 
glycemic variability, glucose, and glycosylated hemoglobin on major 
adverse cardiac events after acute myocardial infarction. Diabetes Care. 
2013;36(4):1026–32.

22.	 Hegyi B, Ko CY, Bossuyt J, Bers DM. Two-hit mechanism of cardiac arrhythmias 
in diabetic hyperglycaemia: reduced repolarization reserve, neurohormonal 

stimulation, and heart failure exacerbate susceptibility. Cardiovasc Res. 
2021;117(14):2781–93.

23.	 Sanjuan R, Blasco ML, Martinez-Maicas H, Carbonell N, Minana G, Nunez J, 
et al. Acute myocardial infarction: high risk ventricular tachyarrhythmias and 
admission glucose level in patients with and without diabetes mellitus. Curr 
Diabetes Rev. 2011;7(2):126–34.

24.	 Tran HV, Gore JM, Darling CE, Ash AS, Kiefe CI, Goldberg RJ. Hyperglycemia 
and risk of ventricular tachycardia among patients hospitalized with acute 
myocardial infarction. Cardiovasc Diabetol. 2018. https://doi.org/10.1186/
s12933-018-0779-8.

25.	 van Dongen LH, Blom MT, Bardai A, Homma PCM, Beulens JWJ, van der 
Heijden AA, et al. High haemoglobin A1c level is a possible risk factor for ven-
tricular fibrillation in sudden cardiac arrest among non-diabetic individuals in 
the general population. Europace. 2020;22(3):394–400.

26.	 Annane D, Sebille V, Duboc D, Le Heuzey JY, Sadoul N, Bouvier E, et al. Inci-
dence and prognosis of sustained arrhythmias in critically ill patients. Am J 
Respir Crit Care Med. 2008;178(1):20–5.

27.	 Jacobi J, Bircher N, Krinsley J, Agus M, Braithwaite SS, Deutschman C, et al. 
Guidelines for the use of an insulin infusion for the management of hypergly-
cemia in critically ill patients. Crit Care Med. 2012;40(12):3251–76.

28.	 Bellis A, Mauro C, Barbato E, Ceriello A, Cittadini A, Morisco C. Stress-Induced 
Hyperglycaemia in non-diabetic patients with Acute Coronary Syndrome: 
from Molecular Mechanisms to New Therapeutic Perspectives. Int J Mol Sci. 
2021. https://doi.org/10.3390/ijms22020775.

29.	 Ding XS, Wu SS, Chen H, Zhao XQ, Li HW. High admission glucose levels pre-
dict worse short-term clinical outcome in non-diabetic patients with acute 
myocardial infraction: a retrospective observational study. BMC Cardiovasc 
Disord. 2019. https://doi.org/10.1186/s12872-019-1140-1.

30.	 Cheung NW, Wong KYC, Kovoor P, McLean M. Stress hyperglycemia: a pro-
spective study examining the relationship between glucose, cortisol and dia-
betes in myocardial infarction. J Diabetes Complications. 2019;33(4):329–34.

31.	 Çakar NE, İrdem A. P wave dispersion and ventricular repolarization 
changes in children with familial hypercholesterolemia. Cardiol Young. 
2020;30(11):1643–48.

32.	 Lee HJ, Lee SR, Choi EK, Han KD, Oh S. Low lipid levels and high variability are 
Associated with the risk of New-Onset Atrial Fibrillation. J Am Heart Assoc. 
2019;8(23):e012771.

33.	 Balse E, El-Haou S, Dillanian G, Dauphin A, Eldstrom J, Fedida D, et al. Choles-
terol modulates the recruitment of Kv1. 5 channels from Rab11-associated 
recycling endosome in native atrial myocytes. Proc Natl Acad Sci U S A. 
2009;106(34):14681–86.

34.	 Lazzeri C, Tarquini R, Giunta F, Gensini GF. Glucose dysmetabolism and prog-
nosis in critical illness. Intern Emerg Med. 2009;4(2):147–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1186/cc12514
http://dx.doi.org/10.1177/1479164119883983
http://dx.doi.org/10.1186/s12933-018-0779-8
http://dx.doi.org/10.1186/s12933-018-0779-8
http://dx.doi.org/10.3390/ijms22020775
http://dx.doi.org/10.1186/s12872-019-1140-1

	﻿Association of hyperglycemia ratio and ventricular arrhythmia in critically ill patients admitted to the intensive care unit
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Variable extraction
	﻿SHR and VA
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Association between SHR and VA
	﻿Subgroup analysis

	﻿Discussion
	﻿Conclusions
	﻿References


