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Abstract

Background: The stress-induced hyperglycemic ratio (SHR) is an index that reflects the imbalance between acute stress-
induced glucose fluctuations and baseline glucose metabolism levels. Currently, there are few studies on the SHR index and its
prognostic significance in heart failure (HF) patients undergoing invasive mechanical ventilation. This study aimed to investigate
the relationship of SHR with the risk of death in HF patients requiring invasive ventilation.

Methods: Conduct a retrospective cohort study based on the Medical Information Mart for Intensive Care IV (MImMIC-1IV)
database. Include adult heart failure patients who received invasive ventilation and divide them into quartile groups according to
the level of the Systemic Heart Rate éHR). The primary endpoints of the observation are the 30-day all-cause mortality rate and
the all-cause mortality rate in the Intensive Care Unit (ICU), while the secondary endpoints are the 365-day all-cause mortality rate
and the all-cause mortality rate during hospitalization. The Kaplan-Meier curve is used to compare the survival outcomes between
groups. A Cox proportional hazards regression model that adjusts for demographic characteristics, underlying diseases, and the
severity of critical ilinesses is employed to evaluate the relationship between SHR and the mortality rate. The Restricted Cubic Spline
(RCS) is utilized to test the nonlinear association between the two, and subgroup analysis is carried out to verify the consistency of
the results across different groups.

Results: Among the 1,038 eligible patients, the mean age was 68.50 years (range: 59.46 - 77.48 years), and 639 (61.56%) of them
were male. The Kaplan-Meier curve showed that the higher the SHR index, the higher the risk of all-cause mortality in patients at
30 days (log-rank test, p = 0.011) and in the ICU (log-rank test, p = 0.0029). An increase in SHR was independently associated with an
increased risk of 30-day and ICU mortality. Compared with the second quartile group Q2, the 30-day mortality rate in the group with
the highest SHR was significantly higher (HR =159, 95% CI11.08, 2.33), and the ICU mortality rate in the group with the highest SHR was
significantly higher (HR =1.86, 95% CI 110, 314). The restricted cubic spline analysis showed a non-linear dose-response relationship
between SHR and 30-day all-cause mortality (o for non-linearity < 0.05), and the risk of 30-day and ICU all-cause mortality gradually
increased with the increase of the SHR index. The risks of 30-day and all-cause mortality in the ICU gradually increased. The results
of the subgroup analysis confirmed that it remained stable in the subgroup of patients with Coronary Heart Disease (CHD).

Conclusion: In critically ill heart failure (HF) patients receiving invasive ventilation, a higher stress hyperglycemia ratio (SHR)
index is significantly associated with an increased risk of 30-day and all-cause mortality in the intensive care unit (ICU). Meanwhile,
the SHR index is an independent predictor of mortality in critically ill HF patients who require invasive ventilation.
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Introduction

Heart failure (HF), representing the advanced stage of
cardiovascular diseases, poses a major global public health
challenge. With around 64.3 million HF patients worldwide,
the condition places a significant strain on healthcare systems
[1,2]. In ICUs, acute decompensated HF patients often require
invasive ventilation due to respiratory failure, frequently
accompanied by multi-organ dysfunction [3,4]. Despite this,
studies on prognostic markers for critically ill HF patients
undergoing invasive ventilation are limited. Identifying and
addressing risk factors are essential for improving survival in
this population.

Emerging evidence highlights the stress-induced
hyperglycemia ratio (SHR) as a key predictor of poor
outcomes in critically ill patients. For instance, elevated SHR
levels in acute myocardial infarction patients are strongly
linked to cardiogenic shock and in-hospital mortality [5].
Similarly, in sepsis, SHR is associated with organ dysfunction
progression and 28-day mortality [6]. SHR also shows
significant prognostic value in stroke patients [7]. However,
its role in HF patients requiring invasive ventilation remains
underexplored.

SHR, a marker of metabolic dysregulation in critical illness,
is tied to heightened inflammation, endothelial damage, and
immune suppression [8]. Traditional glucose measures, such
as fasting glucose and HbAlc, are often skewed by baseline
glucose levels during acute stress. To address this, SHR—
calculated as the ratio of admission glucose to estimated
average glucose (derived from HbAlc)—provides a more
accurate reflection of acute glucose fluctuations by accounting
for baseline glucose status [9,10].

This study aims to explore the predictive value of the
stress hyperglycemia ratio (SHR) for the 30-day and all-
cause mortality in the intensive care unit (ICU) among heart
failure patients receiving invasive mechanical ventilation.
The research findings may provide new insights into the early
identification of these patients and strategies for improving
their prognosis.

Methods

Data source

This retrospective investigation employed clinical data
extracted from the Medical Information Mart for Intensive
Care IV (MIMIC-1V v3.0), a publicly accessible repository
designed for critical care research. As an evolution of the
earlier MIMIC-III platform, MIMIC-IV integrates expanded
datasets with optimized structural frameworks, enhancing
interoperability and analytical utility. The database aggregates
de-identified health records from Beth Israel Deaconess
Medical Center (BIDMC) spanning 2008 to 2019, comprising
190,000+ unique patients and 450,000+ hospitalization
events. Comprehensive variables are catalogued, including

https://doi.org/10.29328/journal.jccm.1001218

demographic profiles, laboratory metrics, pharmacological
interventions, perioperative documentation, diagnostic
classifications, and longitudinal survival outcomes. To ensure
compliance with ethical standards, all researchers completed
mandatory training modules endorsed by the National
Institutes of Health (NIH) and Collaborative Institutional
Training Initiative (CITI), specifically addressing human
subject protection protocols. Institutional review board
approval was waived due to the anonymized nature of the
dataset, which excludes protected health identifiers.

Study design and population

Our analysis included 94,458 patients admitted to the ICU
for the first time. We excluded patients based on the following
criteria: (1) ICU stay <2 hours; (2) lack of HbAlc data within
90 days of admission or fasting glucose data within 24 hours
of admission; (3) no invasive ventilation during admission; (4)
no diagnosis of coronary heart disease (CHD) at admission;
and (5) incomplete BMI data. Ultimately, 1,038 patients met
the inclusion criteria and were divided into four groups based
on SHR quartiles (Figure 1).

Data extraction

Data extraction was performed using Navicat Premium
(Version 16.1.15) and SQL. This study examined a variety of
variables, which were classified as follows:

1) Demographic information: age, gender, body mass
index (BMI);

2) Past medical history and surgical history: diseases such
as hypertension, diabetes, cerebrovascular disease,
atrial fibrillation (AF), myocardial infarction, etc.;
history of surgeries like cardiac surgery, percutaneous
coronary intervention (PCI), coronary artery bypass
grafting (CABG);

3) Vital signs: heart rate (rate), systolic blood pressure
(sbp), diastolic blood pressure (dbp), mean blood
pressure (mbp), respiratory rate (resp), body
temperature (temperature), oxygen saturation (spo2),
maximum glycosylated hemoglobin (Hb1cmax);

Patients in the MIMIC-IV database with a first 1CU admission
{n=94,458)

A

Excluding patients which hospitalized in the ICU W |
for less than 2 hours and those not diagnosed with
heart failure or nod receiving invasive ventilation

(n=23.241)

Excluding patients whose HbA lc data within %0
days of I or fasting blood glucose data
within 24 hours of admission were unavailable,
and those with missing BMI values
{n=T0,179)

Analysis Cohort
(n = 1,038)

,_

Giroupl Group2 B Groupd Groupd
(n=239) {n=259) ) {n = 262) {n=258)

Figure I: Flow of included patients through the trial
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4) Laboratory indicators: hematocrit (hct), hemoglobin
(hb), platelets (plt), white blood cells (wbc), anion
gap (agap), blood urea nitrogen (bun), creatinine
(cr), blood glucose (glu), sodium (na), potassium (k),
alanine aminotransferase (ALT), alkaline phosphatase
(ALP), aspartate aminotransferase (AST), maximum
partial pressure of carbon dioxide (PCO,_mmHg_max),
maximum lactate value (lactate_max), minimum
oxygenation index (Pa0,FiO, ratio_min), minimum pH
value (ph_min), minimum base excess (baseexcess_
mEq.L_min);

5) Hospitalization duration and outcomes: Length of
hospital stay, length of stay in the Intensive Care Unit
(ICU), in-hospital death, death in the ICU, 30-day
mortality rate (death within 30 days of discharge),
and 365-day mortality rate (death within 365 days of
discharge);

6) Disease severity scores: Sequential Organ Failure
Assessment (SOFA), Simplified Acute Physiology
Score II (SAPSII), Oxford Acute Disease Severity Score
(OASIS), Systemic Inflammatory Response Syndrome
(SIRS), Glasgow Coma Scale (GCS), Charlson
Comorbidity Index (CCI);

7) Medication usage: usage of medications such as
vasoactive drugs, dopamine, dobutamine, epinephrine,
norepinephrine, vasopressin, angiotensin-converting
enzyme inhibitors (ACEI), antibiotics, angiotensin II
receptor blockers (ARB), antiplatelet agents, statins, all
anticoagulants, beta blockers, calcium channel blockers,
and other antiarrhythmics. All initial measurements
of blood biochemical variables were conducted upon
admission and before any therapeutic interventions.
Variables with missing values exceeding 20% were
excluded from the analysis.

Study outcomes

The primary outcomes of this study are the 30-day
mortality (death within 30 days after discharge) and the all-
cause mortality rate in the Intensive Care Unit (ICU). The
secondary outcomes are the 365-day mortality (death within
365 days after discharge) and the all-cause mortality rate
during hospitalization.

Calculation of SHR

SHR was calculated using the formula: [Admission glucose
(mg/dL)] / [28.7 x HbAlc (%) -46.7]. Admission glucose
and HbA1lc data were directly extracted from the MIMIC-IV
database.

Statistical analysis

Firstly, the Wilcoxon rank-sum test was used for continuous
variables, and the results were presented as the median and
interquartile range (IQR). For categorical variables, the chi-
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square test or Fisher’s exact test was applied, and the results
were expressed as absolute numbers and percentages.

The Kaplan-Meier (KM) curve was used to determine
the incidence of primary and secondary outcomes, and
stratification was performed according to the quartiles of
the SHR index. Univariate Cox analysis was used to evaluate
the relationship between the SHR index and 30-day, 365-
day, ICU, and hospital all-cause mortality. A multivariate Cox
proportional-hazards regression model was constructed
by including clinically relevant variables or those with a
univariate relationship with the outcomes. Model 1 included
sex, age, and BMI, while Model 2 was adjusted for sex, age,
BM]I, CHD, hypertension, diabetes, AF, cancer, AKI stage, PCI,
cerebrovascular disease, CABG, WBC, hb, plt, bun, cr, lactate_
max, rate, sbp, dbp, resp, temperature, spo2, vasoactive drugs,
ACE], antibiotics, ARB, antiplatelet agents, and statins. In both
models, the second quartile (Q2) of the SHR index was used
as the reference group. Meanwhile, the SHR index was treated
as a continuous variable, and restricted cubic spline (RCS)
analysis was used to examine the dose-response relationship
between the SHR index and the risk of primary outcomes. If a
non-linear relationship was detected, a Cox threshold analysis
model was used to determine the inflection point between the
SHR index and all-cause mortality.

In addition, subgroup analyses were performed based on
gender (male, female), age (25.88 < Q1 < 62.75; 62.75<Q2 <
74.51;74.51<Q3<96.3), BMI (13.62<Q1<26.18; 26.03 <Q2
< 32.08; 32.03 < Q3 < 97.43), history of PCI, history of CABG,
history of diabetes, history of hypertension, AF, and history
of CHD. All statistical analyses were performed using SPSS
software (Version 22.0) and R software (Version 4.4.2), with a
significance level set at p < 0.05.

Results

Baseline characteristics

This study analyzed the data of 94,458 patients from the
MIMIC-1V database, among whom 1,038 patients met the
inclusion criteria. The average age of the participants was
68.50 years (range: 59.46 - 77.48 years), and 639 (61.56%)
of them were male. According to the quartiles of the stress
hyperglycemia ratio (SHR) index at admission, the study
participants were divided into four groups: Q1 (<1.14),
Q2 (1.14 < SHR < 1.43), Q3 (1.43 < SHR < 1.87), and Q4
(SHR > 1.87). Table 1 shows the baseline characteristics
of these groups. Among the participants in the group with
the highest SHR index (Q4), the prevalence rates of cardiac
surgery, percutaneous coronary intervention (PCI), diabetes,
myocardial infarction, and Coronary Heart Disease (CHD)
were higher. Meanwhile, the probabilities of using vasoactive
drugs, dopamine, dobutamine, epinephrine, norepinephrine,
and vasopressin were also higher. Compared with the other
groups, theirlevels ofhemoglobin (hb), white blood cells (wbc),
anion gap (agap), blood urea nitrogen (bun), creatinine (cr),
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Table 1: Baseline characteristics of patients grouped according to SHR index quartiles.

Variable Total (n =1038) Q1 (n=259) Q2 (n =259) Q3 (n=262) Q4 (n=258) p. value
sex 0.96
Female 399(38.44) 101(39.00) 96(37.07) 103(39.31) 99(38.37)
Male 639(61.56) 158(61.00) 163(62.93) 159(60.69) 159(61.63)
age 68.50(59.46,77.48) 70.22(60.32,78.48) 68.66(60.21,79.07) 69.24(59.72,77.74) 66.55(57.82,74.69) 0.13
los_hospital_day 20.02 +18.92 20.24 £ 15.60 21.13+17.88 20.57 £24.26 18.12 +16.62 0.29
death_hosp_yn 0.30
alive 825(79.48) 213(82.24) 210(81.08) 206(78.63) 196(75.97)
death 213(20.52) 46(17.76) 49(18.92) 56(21.37) 62(24.03)
death_icu_yn <0.01
alive 890(85.74) 227(87.64) 235(90.73) 222(84.73) 206(79.84)
death 148(14.26) 32(12.36) 24(9.27) 40(15.27) 52(20.16)
hadm_status_yn_30 0.04
alive 794(76.49) 206(79.54) 205(79.15) 202(77.10) 181(70.16)
death 244(23.51) 53(20.46) 54(20.85) 60(22.90) 77(29.84)
hadm_status_yn_90 0.56
alive 728(70.13) 186(71.81) 183(70.66) 187(71.37) 172(66.67)
death 310(29.87) 73(28.19) 76(29.34) 75(28.63) 86(33.33)
hadm_status_yn_180 0.84
alive 678(65.32) 173(66.80) 171(66.02) 171(65.27) 163(63.18)
death 360(34.68) 86(33.20) 88(33.98) 91(34.73) 95(36.82)
hadm_status_yn_365 0.60
alive 622(59.92) 162(62.55) 159(61.39) 151(57.63) 150(58.14)
death 416(40.08) 97(37.45) 100(38.61) 111(42.37) 108(41.86)
BMI 29.21(24.91,34.60) 29.72(25.07,35.89) 29.20(24.52,33.86) 29.38(25.08,35.24) 28.59(24.71,33.83) 0.42
height 1.70(1.63,1.78) 1.70(1.63,1.78) 1.70(1.63,1.78) 1.70(1.63,1.78) 1.70(1.63,1.78) 0.88
weight 84.30(70.00,102.89) 86.60(69.75,104.13) 84.20(70.93,101.23) 83.28(70.25,105.33) 83.50(70.00,99.68) 0.44
Cardiac_surgery 0.04
no 687(66.18) 172(66.41) 176(67.95) 186(70.99) 153(59.30)
yes 351(33.82) 87(33.59) 83(32.05) 76(29.01) 105(40.70)
PCI <0.001
no 925(89.11) 240(92.66) 238(91.89) 235(89.69) 212(82.17)
yes 113(10.89) 19(7.34) 21(8.11) 27(10.31) 46(17.83)
CABG 0.42
no 933(89.88) 227(87.64) 234(90.35) 241(91.98) 231(89.53)
yes 105(10.12) 32(12.36) 25(9.65) 21(8.02) 27(10.47)
hct 36.20(31.00,41.60) 34.90(30.30,39.90) 36.10(30.85,41.90) 36.95(31.25,41.45) 36.60(31.63,42.70) 0.07
hb 11.60(9.80,13.48) 11.20(9.55,13.05) 11.60(9.80,13.70) 11.70(9.80,13.30) 12.00(10.30,13.60) 0.03
plt 227.00(170.25,290.75) 218.00(160.50,283.50) 215.00(161.50,279.00) 246.00(186.25,309.75) 230.00(177.50,291.75) <0.001
wbc 14.40(10.80,19.10) 12.60(9.40,17.00) 13.40(10.45,17.30) 15.05(11.43,19.33) 16.80(13.20,22.70) <0.0001
agap 18.01 +5.27 15.97 + 4.06 17.22 +4.94 18.25+4.81 20.62 +5.99 <0.0001
bun 30.00(21.00,50.00) 30.00(20.00,46.50) 29.00(20.00,48.50) 29.00(21.00,48.75) 33.00(24.00,55.75) 0.02
cr 1.50(1.10,2.50) 1.30(1.00,2.00) 1.40(1.10,2.30) 1.55(1.10,2.50) 1.90(1.20,2.80) <0.0001
glu 191.00(145.00,271.75) 125.00(109.00,155.00) 164.00(142.50,198.50) 205.00(176.25,255.00) 332.50(259.25,443.50) <0.0001
na 140.00(137.00,143.00) 140.00(137.00,143.50) 140.00(137.00,143.00) 140.00(137.00,143.00) 140.00(137.00,144.00) 0.49
k 4.70(4.20,5.38) 4.50(4.00,5.10) 4.60(4.20,5.20) 4.70(4.20,5.50) 5.00(4.50,5.70) <0.0001
alt 38.00(20.00,88.75) 29.00(17.50,59.80) 36.00(21.00,69.50) 35.50(19.00,75.75) 59.50(25.00,191.45) <0.0001
alp 90.10(68.00,125.00) 90.00(69.00,120.00) 93.00(68.00,129.00) 88.00(68.25,122.00) 94.00(67.00,131.50) 0.97
ast 65.00(32.00,168.00) 49.00(28.00,99.30) 66.00(30.00,142.50) 59.00(32.00,126.05) 118.00(42.25,412.00) <0.0001
PCO2_mmHg max 50.00(43.00,59.00) 50.00(42.00,57.80) 50.00(42.00,58.00) 50.00(43.00,57.75) 51.00(45.00,62.00) 0.24
lactate_max 2.20(1.56,4.00) 1.80(1.30,2.59) 1.98(1.40,2.80) 2.20(1.60,3.90) 3.70(2.21,7.18) <0.0001
Pa02FiO2ratio_min 134.29(80.00,216.60) 154.00(98.33,230.30) 149.20(90.86,225.30) 133.14(82.20,218.66) 100.00(63.50,177.50) <0.0001
ph_min 7.29(7.20,7.36) 7.32(7.26,7.38) 7.31(7.25,7.37) 7.28(7.20,7.36) 7.22(7.13,7.30) <0.0001
baseexcess_mEq.L_min -3.00(-8.00,0.00) -0.60(-4.00,1.00) -1.60(-5.20,1.00) -4.00(-8.00,0.00) -8.00(-12.00,-3.85) <0.0001
vasoactive <0.01
no 563(54.24) 156(60.23) 149(57.53) 141(53.82) 117(45.35)
yes 475(45.76) 103(39.77) 110(42.47) 121(46.18) 141(54.65)
dopamine 0.03
no 971(93.55) 245(94.59) 247(95.37) 248(94.66) 231(89.53)
yes 67(6.45) 14(5.41) 12(4.63) 14(5.34) 27(10.47)
dobutamine 0.02
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no 918(88.44) 238(91.89) 233(89.96) 232(88.55) 215(83.33)
yes 120(11.56) 21(8.11) 26(10.04) 30(11.45) 43(16.67)
epinephrine <0.01
no 955(92.00) 239(92.28) 245(94.59) 246(93.89) 225(87.21)
yes 83(8.00) 20(7.72) 14(5.41) 16(6.11) 33(12.79)
norepinephrine <0.0001
no 673(64.84) 188(72.59) 174(67.18) 172(65.65) 139(53.88)
yes 365(35.16) 71(27.41) 85(32.82) 90(34.35) 119(46.12)
vasopressin <0.0001
no 931(89.69) 240(92.66) 237(91.51) 242(92.37) 212(82.17)
yes 107(10.31) 19(7.34) 22(8.49) 20(7.63) 46(17.83)
acei 0.61
no 673(64.84) 176(67.95) 166(64.09) 170(64.89) 161(62.40)
yes 365(35.16) 83(32.05) 93(35.91) 92(35.11) 97(37.60)
antibiotic 0.47
no 69(6.65) 19(7.34) 18(6.95) 12(4.58) 20(7.75)
yes 969(93.35) 240(92.66) 241(93.05) 250(95.42) 238(92.25)
arb 0.48
no 891(85.84) 219(84.56) 217(83.78) 230(87.79) 225(87.21)
yes 147(14.16) 40(15.44) 42(16.22) 32(12.21) 33(12.79)
antiplatelet 0.70
no 238(22.93) 56(21.62) 61(23.55) 56(21.37) 65(25.19)
yes 800(77.07) 203(78.38) 198(76.45) 206(78.63) 193(74.81)
tating 0.34
no 293(28.23) 65(25.10) 69(26.64) 77(29.39) 82(31.78)
yes 745(71.77) 194(74.90) 190(73.36) 185(70.61) 176(68.22)
calcium_channel_blocker <0.01
no 914(88.05) 220(84.94) 218(84.17) 233(88.93) 243(94.19)
yes 124(11.95) 39(15.06) 41(15.83) 29(11.07) 15(5.81)
other_antiarrhythmics 0.41
no 702(67.63) 182(70.27) 173(66.80) 182(69.47) 165(63.95)
yes 336(32.37) 77(29.73) 86(33.20) 80(30.53) 93(36.05)
Hypertension 1.00
no 193(18.59) 49(18.92) 47(18.15) 49(18.70) 48(18.60)
yes 845(81.41) 210(81.08) 212(81.85) 213(81.30) 210(81.40)
diabetes 0.06
no 471(45.38) 122(47.10) 130(50.19) 119(45.42) 100(38.76)
yes 567(54.62) 137(52.90) 129(49.81) 143(54.58) 158(61.24)
Cerebrovascular.disease 0.02
no 728(70.13) 172(66.41) 171(66.02) 186(70.99) 199(77.13)
yes 310(29.87) 87(33.59) 88(33.98) 76(29.01) 59(22.87)
AF 0.07
no 533(51.35) 130(50.19) 119(45.95) 136(51.91) 148(57.36)
yes 505(48.65) 129(49.81) 140(54.05) 126(48.09) 110(42.64)
Mild liver.disease 0.79
no 924(89.02) 234(90.35) 229(88.42) 230(87.79) 231(89.53)
yes 114(10.98) 25(19.65) 30(11.58) 32(12.21) 27(10.47)
ischemic.stroke <0.01
no 863(83.14) 210(81.08) 202(77.99) 219(83.59) 232(89.92)
yes 175(16.86) 49(18.92) 57(22.01) 43(16.41) 26(10.08)
Malignant_cancer 0.89
no 972(93.64) 244(94.21) 241(93.05) 247(94.27) 240(93.02)
yes 66(6.36) 15(5.79) 18( 6.95) 15(5.73) 18(6.98)
Myocardial_infarction <0.0001
no 583(56.17) 168(64.86) 149(57.53) 156(59.54) 110(42.64)
yes 455(43.83) 91(35.14) 110(42.47) 106(40.46) 148(57.36)
AKI_stage 2.21+0.85 2.20+0.86 2.18+0.85 2.16 £ 0.89 2.30£0.79 0.22
CHD <0.01
no 379(36.51) 107(41.31) 106(40.93) 97(37.02) 69(26.74)
yes 659(63.49) 152(58.69) 153(59.07) 165(62.98) 189(73.26)
sofa 7.00(4.00,9.00) 6.00(3.50,8.00) 6.00(4.00,9.00) 6.00(4.00,9.00) 8.00(5.00,10.00) <0.0001
sapsii 41.00(33.25,51.00) 39.00(32.00,47.00) 41.00(33.00,49.00) 41.50(34.00,51.00) 46.00(37.00,57.00) <0.0001
oasis 37.00(32.00,42.00) 35.00(30.00,40.00) 37.00(31.50,43.00) 37.50(32.00,42.00) 38.00(33.00,44.00) <0.0001
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sirs 3.00(2.00,3.00) 3.00(2.00,3.00) 3.00(2.00,3.00) 3.00(2.00,3.00) 3.00(3.00,4.00) <0.0001
Ges 15.00(14.00,15.00) 15.00(14.00,15.00) 15.00(13.00,15.00) 15.00(14.00,15.00) 15.00(14.00,15.00) 0.12
ccl 7.00(5.00,9.00) 7.00(5.00,9.00) 7.00(5.00,9.00) 7.00(5.00,8.00) 7.00(5.00,9.00) 0.73
rate 83.82(72.87,96.00) 80.33(71.23,91.99) 83.89(73.34,97.55) 85.41(74.11,95.88) 86.31(74.61,99.01) <0.01
shp 112.37(103.69,123.90) = 113.97(104.60,126.90) = 112.93(103.49,123.47) | 112.37(105.63,123.90) = 110.50(101.18,121.31) 0.02
dbp 61.96(55.08,68.93) 61.03(55.02,68.55) 62.35(54.82,69.00) 61.92(54.46,68.38) 62.58(55.54,69.53) 0.48
mbp 76.79(71.35,83.85) 76.55(70.00,83.97) 76.76(71.40,84.00) 76.29(71.75,83.08) 77.92(72.12,84.96) 0.66
resp 20.07(17.91,22.94) 19.50(17.84,22.00) 19.92(17.56,21.87) 19.98(17.56,23.03) 21.37(18.74,24.32) <0.0001
temperature 36.94(36.64,37.31) 36.95(36.64,37.35) 36.98(36.70,37.35) 36.96(36.66,37.30) 36.87(36.53,37.23) 0.02
spo2 97.42(95.92,98.81) 97.37(95.70,98.40) 97.27(96.03,98.81) 97.60(96.38,98.95) 97.49(95.69,98.88) 0.13
HAb1cmax 6.10(5.50,7.10) 6.20(5.70,7.10) 6.10(5.60,6.90) 5.95(5.40,7.10) 6.00(5.50,7.30) 0.08

SHR 1.43(1.14,1.87) 0.99(0.87,1.07) 1.28(1.22,1.37) 1.62(1.52,1.74) 2.40(2.08,2.95) <0.0001

blood glucose (glu), potassium (k), alanine aminotransferase T R =,

(alt), aspartate aminotransferase (ast), maximum lactate value

(lactate max), Sequential Organ Failure Assessment (SOFA) =

score, Simplified Acute Physiology Score II (SAPSII), Oxford

Acute Disease Severity Score (OASIS), heart rate (rate), and g = e M

respiratory rate (resp) were higher. The mortality rate of the ‘é o ' L—rl————-—

Q4 group at the 30-day time point when discharged from the g “‘“z“”r":] .

hospital was significantly higher than that of the other groups: § noE ' _l_,

the 30-day mortality rate (20.46% vs. 20.85% vs. 22.90% vs. pasic] ‘ ‘

29.84%, p = 0.04). Similarly, the ICU mortality rate of the Q4 000

group was significantly higher than that of the other groups 9 2 ::y 80 &0

(12.36% vs. 9.27% vs. 15.27% vs. 20.16%, p < 0.01).

Results of the Kaplan-Meier curve study

The Kaplan-Meier curves (Figures 2,3) showed that there
were differences in the 30-day and ICU mortality rates among
the four quartile groups of the SHR. The patients in the group
with the highest SHR index (Q4) had significantly higher
30-day and ICU mortality rates compared to those in the
groups with lower SHR indices (log-rank p < 0.05). However,
there were no significant differences in the survival rates
regarding the 365-day and in-hospital mortality rates among
the four quartile groups of the SHR (log-rank test, p > 0.05)
(Figures S1,52).

SHRQ +

Q2 < 01 < Q3 <+ 4

1.00

Survival parbability
&
(=]

p=0.01

0 10 20 30
day

Number at risk

Q14 259 207 133 a7
Q3{ 262 194 139 111
Q44 257 176 112 83

0 10 20 30

Figure 2: Kaplan-Meier survival analysis curves for all-cause mortality
with 30-day.
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MNumber at risk

Figure 3: Kaplan-Meier survival analysis curves for all-cause mortality
during ICU stay.

Association between SHR and clinical outcomes

To investigate the independent impact of the SHR index
on mortality, two Cox regression models were employed,
as shown in Tables 2,3. After adjusting for sex, age, and BMI
(Model 2), using the second quartile group Q2 as the reference
value, the hazard ratios (HRs) and 95% confidence intervals
(CIs) for the SHR index categories Q1 (<1.14), Q2 (1.14 < SHR
<1.43),Q3 (1.43 < SHR < 1.87), and Q4 (SHR > 1.87) were as
follows: After adjustingin Model 3, the HRs for 30-day all-cause
mortality were 1.02 (0.69, 1.51), 1.00 (reference), 1.22 (0.83,
1.78), and 1.61 (1.10, 2.35) respectively, and the HRs for ICU
all-cause mortality were 1.12 (0.64, 1.95), 1.00 (reference),
1.62(0.95,2.75),and 1.86 (1.10, 3.14) respectively. Moreover,
a significant trend was found in both cases (p for trend < 0.05).
The results indicated that as the SHR index increased, the risk
of 30-day and ICU all-cause mortality was higher. However,
after controlling for potential confounding variables according
to Model 3, no significant correlation was found between the
SHR index and 365-day and in-hospital all-cause mortality
(Tables S1,S2).

Restricted cubic spline analysis and threshold
effect analysis

As shown in Figure 4, the Restricted Cubic Spline (RCS)
curveanalysisrevealed thatthere wasanon-linearrelationship
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Figure S1: Kaplan-Meier survival analysis curves for all-cause mortality
with 365-day.
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ure $2: Kaplan-Meier survival analysis curves for all-cause mortality
during hospitalization.

Table 2: Cox proportional hazard models for 30-day all-cause mortality.

Table 3: Cox proportional hazard models for all-cause mortality during ICU stay.

crude model Model 1 Model 2
Character
95%CI P 95%CI p 95%CI
SHR 1.1(1.02,1.19) | 0.02 | 1.1(1.02,1.19) | 0.02 |1.12(1.01,1.24)| 0.03
Q2 ref ref ref
Q1 1.27(0.75,2.16) | 0.38 1.18(0.69,2.01) 0.54 1.12(0.64,1.95) 0.69
Q3 1.8(1.08,2.98) | 0.02 |1.79(1.08,2.97) 0.02 |1.62(0.95,2.75)| 0.07
Q4 2.25(1.39,3.65) | 0.001 2.28(1.40,3.71) <0.0011.86(1.10,3.14)| 0.02
p for trend
(Median <0.001 <0.001 0.01
value)
HR: Hazard Ratio, CI: Confidence Interval
Model 1: Crude; Model 2: Sex, Age, BMI; Model 3: Sex, age, BMI, CHD, Hypertension,
diabetes, AF, Malignant_cancer, AKI_stage, PCI, Cerebrovascular.disease, CABG, whbc,
hb, plt, bun, cr, lactate_max, rate, sbp, dbp, resp, temperature, spo2, vasoactive, acei,
antibiotic, arb, antiplatelet, tating

Table S1: Cox proportional hazard models for 365-day all-cause mortality.

Character Model 1 Model 2 Model 3
95%CI p 95%(CI p 95%CI
SHR 1.03(0.96,1.10) | 0.44 1.03(0.96,1.09) 0.45  1.04(0.97,1.12) 0.30
Q2 ref ref ref
Q1 0.96(0.73,1.27)  0.77 /1.02(0.77,1.35) 0.91  1.07(0.80,1.43) 0.67
Q3 0.98(0.75,1.28) | 0.87 |1.05(0.80,1.38) 0.70 | 1.09(0.83,1.44) = 0.54
Q4 1.18(0.90,1.55) | 0.24 /1.31(0.99,1.72)| 0.06 = 1.3(0.96,1.76) | 0.08
p for
trend(Median 0.12 0.04 0.11
value)
HR: Hazard Ratio, CI: Confidence Interval
Model 1: Crude; Model 2: Sex, Age, BMI; Model 3: Sex, age, BMI, CHD, Hypertension,
diabetes, AF, Malignant_cancer, AKI_stage, PCI, Cerebrovascular.disease, CABG, wbc,
hb, plt, bun, cr, lactate_max, rate, sbp, dbp, resp, temperature, spo2, vasoactive, acei,
antibiotic, arb, antiplatelet, tating

Table S2: Cox proportional hazard models for all-cause mortality during hospitalization.
Model 1 Model 2 Model 3
95%(CI p 95%(CI

Character

95%CI p

SHR 1.02(0.95,1.10) | 0.54 1 1.02(0.95,1.10) = 0.59 | 1.01(0.92,1.12) 0.77
Q2 ref ref ref
Q1 0.95(0.64,1.42) | 0.81 0.92(0.62,1.38) | 0.69 | 0.94(0.62,1.43)  0.78
Q3 1.2(0.82,1.76) | 0.35 | 1.22(0.83,1.80) | 0.30 | 1.31(0.88,1.95) | 0.18
Q4 1.44(0.99,2.10)  0.06 | 1.52(1.04,2.21) = 0.03 | 1.24(0.83,1.87) 0.30
p for
trend(Median 0.02 0.005 0.15
value)
HR: Hazard Ratio, CI: Confidence Interval
Model 1: Crude; Model 2: Sex, Age, BMI; Model 3: Sex, age, BMI, CHD, Hypertension,
diabetes, AF, Malignant_cancer, AKI_stage, PCI, Cerebrovascular.disease, CABG, whbc,
hb, plt, bun, cr, lactate_max, rate, sbp, dbp, resp, temperature, spo2, vasoactive, acei,
antibiotic, arb, antiplatelet, tating

Table S3: Threshold effect analysis of SHR index on 30-day allcause mortality.

Model 1 Model 2 Model 3
Character
95%CI 95%CI 95%CI
SHR 1.08 <0.001| 1.05(0.99,1.11) | 0.10 | 1.06(0.99,1.13)  0.12
(1.04,1.13) ’ ’ o ’ ’ o ’
Q2 ref ref ref
Q1 0.97(0.67,1.42) 0.89 1(0.68,1.46) 0.99 | 1.02(0.69,1.51)  0.92
Q3 1.12(0.77,1.61) | 0.56 | 1.18(0.81,1.70) | 0.39 | 1.22(0.83,1.78) | 0.31
Q4 1.61(1.14,2.28) | 0.01 | 1.76(1.24,2.50) | 0.002 | 1.61(1.10,2.35) | 0.01
p for trend
(Median 0.001 <0.001 0.01
value)

HR: Hazard Ratio, CI: Confidence Interval

Model 1: Crude

Model 2: Sex, Age, BMI

Model 3: Sex, age, BMI, CHD, Hypertension, diabetes, AF, Malignant_cancer, AKI_stage,
PCI, Cerebrovascular.disease, CABG, wbc, hb, plt, bun, cr, lactate_max, rate, sbp, dbp,
resp, temperature, spo2, vasoactive, acei, antibiotic, arb, antiplatelet, tating

Variable Model1 Model2 Model3
Standard cox 1.081(1.038,1.126) | 1.049(0.991,1.110) | 1.058(0.986,1.135)
regression <0.001 0.097 0.118
Log-likelihood value -1613.763 -1587.376 -1487.846
two-piecewise linear 1P = 1.432 1P = 1.432 1P = 1.432
regression
Log-likelihood value -1610.598 -1583.928 -1485.786
SHR < 1P 1.272(0.515,3.141)  1.182(0.478,2.919) | 0.957(0.354,2.588)
0.603 0.718 0.931
SHR = 1P 1.02(0.939,1.109) | 1.02(0.942,1.105) | 1.024(0.920,1.141)
0.635 0.624 0.663
p for L(’f;;l;ehh""d 0.042 0.032 0.127
Model 1: Crude; Model 2: Sex, Age, BMI; Model 3: Sex, age, BMI, CHD, Hypertension,
diabetes, AF, Malignant_cancer, AKI_stage, PCI, Cerebrovascular.disease, CABG, wbc,
hb, plt, bun, cr, lactate_max, rate, sbp, dbp, resp, temperature, spo2, vasoactive, acei,
antibiotic, arb, antiplatelet, tating
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between the SHR index and 30-day all-cause mortality after
controlling for potential confounding factors. To further
investigate this non-linear relationship, a Cox proportional
hazards model and a two-segment Cox proportional hazards
model (Table S3) were employed (the log-likelihood ratio
of both models, p < 0.05). The analysis determined that the
inflection point of the relationship between SHR and all-cause
mortality was 1.432.

Subgroup analysis

As shown in Figures 5-8, to further explore whether the
relationship between the SHR level and the all-cause mortality
at 30 days and 365 days, as well as the all-cause mortality
during the ICU stay and hospitalization, persists under
different conditions, subgroup analyses were conducted for
gender, age, BMI, diabetes status, PCI, CABG, AF, CHD, and
hypertension:

In the subgroup analysis of 30-day mortality, stratified by
age, for the age group (74.51 <Q3<96.3): HR=1.312 (95% CI
1.102-1.561, p = 0.002). There was an interaction effect with p
=0.031. The risk for females was significantly higher than that
for males, and the interaction was significant (p = 0.026). For
the obese population (32.03 < Q3 <97.43): HR = 1.476 (95%
CI1.111-1.960, p = 0.007), and the interaction was significant
(p = 0.017). Patients with concurrent Coronary Heart Disease
(CHD) had the highest risk (HR = 1.416, 95% CI 1.187-1.688,
p < 0.001), and the interaction was extremely significant (p <
0.001). The risk for patients with concurrent atrial fibrillation
(AF) was significantly increased (HR = 1.243, 95% CI 1.030-
1.500, p < 0.05). The risk for patients after coronary artery
bypass grafting (CABG) was significantly increased (HR =
1.838,95% C11.193-2.831, p=0.006), and the interaction was
significant (p = 0.036). Meanwhile, the risk for patients after
Percutaneous Coronary Intervention (PCI) was significantly
increased (HR = 1.448, 95% CI 1.062-1.974, p = 0.019), and
the interaction was significant (p = 0.045). Non-diabetic
patients and non-hypertensive patients had higher risks, and
the interactions were both significant (p = 0.005).
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Figure 4: Restricted cubic spline analysis for 30-day all-cause mortality.
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character 95% CI
ageQ
Q1 1.318(0.971,1.791)
Q2 1.027(0.936,1.126)
Q3 1.312(1.102,1.561)
sex
Male 1.022(0.940,1.112)
Female 1.310(1.087,1.578)
BMIQ
Q1 1.000(0.907,1.103)
Q2 1.271(0.989,1.633)
Q3 1.476(1.111,1.960)
PCI
no 1.031(0.956,1.111)
yes 1.448(1.062,1.974)
CABG
no 1.038(0.972,1.109)
yes 1.838(1.193,2.831)
diabetes
yes 1.012(0.915,1.119)
no 1.351(1.146,1.592)
Hy pertension
yes 1.031(0.958,1.109)
no 1.395(1.107,1.757)
AF
no 1.029(0.950,1.116)
yes 1.243(1.030,1.500)
CHD
yes 1.416(1.187,1.688)

no

0.983(0.851,1.135)

p for interaction

0.077
0.579
0.002

0.605
0.005

0.994
0.061
0.007

0427
0.019

0.268
0.006

0.823
<0.001

0414
0.005

0.480
0.023

<0.001
0.814

0.031

0.026

0.017

0.045

0.036

0.005

0.036

0.087

< 0.001

5,

Figure 5: Forest plots of stratified analyses of SHR index and 30-day all-

cause mortality. Sex, Age (25.88 < Q1 < 62.75; 62.75 < Q2 < 74.51; 7451 < Q3 <
96.3), BMI (13.62 < Q1 < 26.18; 26.03 < Q2 < 32.08; 32.03 < Q3 < 97.43), PC|, CABG,
diabetes, hypertension, AF, and CHD.
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ageQ

Q1

Q2

Q3
sex

Male

Female
BMIQ
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Qz

Q3
PCI
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yes
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no
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yes
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Hy pertension

yes
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CHD

yes

no

95% ClI

1.121(0.848,1.482)
1.006(0.914,1.107)
1.240(1.032,1.489)

0.999(0.911,1.096)
1.166(0.962,1.413)

0.967(0.858,1.089)
1.116(0.860,1.449)
1.321(1.033,1.690)

0.994(0.905,1.093)
1.382(1.039,1.837)

1.005(0.926,1.090)
1.850(1.245,2.750)

0.985(0.880,1.102)
1.258(1.061,1.491)

1.011(0.934,1.004)
1.226(0.940,1.599)

0.982(0.874,1.104)
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0.904
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0.026
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0.002
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0.008
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0.457

0.113

0.158

0.067

0.032

0.014

0.021

0.285

0.044

0.006

Figure 6: Forest plots of stratified analyses of SHR index and 365-day all-
cause mortality. Sex, Age (25.88 <Ql<6275; 6275 < Q2 <7451; 7451 < Q3 <
96.3), BMI (13.62 < Q1 < 26.18; 26.03 < Q2 < 32.08; 32.03 < Q3 < 97.43), PCI, CABG,
diabetes, hypertension, AF, and CHD.
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character 95% CI p p for interaction

ageQ ! 0.242
Q1 1.207(0.938,1.794) 1 0.116
Q2 1.000(0.901,1.111) 4 0.996
Q3 1.165(0.925,1.466) e 0.194

sex : 0.163
Male 0.996(0.899,1.104) 4 0.939
Female 1.162(0.955,1.489) e 0.121

BMIQ ! 0.097
Q1 0.978(0.866,1.104) ) 0.718
Q2 1.077(0.777,1.493) e 0.656
Q3 1.403(1.034,1.902) : . 0.030

PCI 1 0.266
no 1.002(0.911,1.102) + 0.969
yes 1.265(0.892,1.793) : . 0.187

CABG [ 0.377
no 1.014(0.936,1.099) 'r 0.729
yes 1.240(0.733,2.098) + | » 0.423

diabetes ! 0.152
yes 0.999(0.897,1.112) . 0.979
no 1.183(0.963,1.453) e 0.109

Hy pertension : 0.517
yes 1.011(0.931,1.098) » 0.795
no 1.155(0.825,1.617) e 0.403

AF K 0.487
no 1.013(0.8923,1.113) » 0.783
yes 1.092(0.872,1.366) . 0.443

CHD X 0.006
yes 1.308(1.080,1.583) : L 0.006
no 0.916(0.709,1.183) + & 0.502

1 2

Figure 7: Forest plots of stratified analyses of SHR index and in-hospital
all-cause mortality. Sex, Age (25.88 <Ql1<6275; 6275 < Q2<74.51; 7451 < Q3

< 96.3), BMI (13.62 <Ql<26.18;26.03<Q2<3208;32.03<Q3«< 97.43), PCI, CABG,
diabetes, hypertension, AF, and CHD.

character 95% CI P p for interaction

ageQ ! 0.158
Q1 1.552(1.079,2.233) . 0.018
Q2 1.082(0.972,1.205) o 0.148
Q3 1.207(0.959,1.519) -» 0.109

sex ' 0.353
Male 1.084(0.975,1.205) :O 0.134
Female 1.219(0.983,1.511) : . 0.072

BMIQ ! 0.048
Q1 1.036(0.884,1.213) ? 0.665
Q2 1.210(0.898,1.632) . 0.210
Q3 1.583(1.134,2.209) — 0.007

PCI 1 0.94
no 1.093(0.998,1.187) |» 0.055
yes 1.206(0.845,1.722) : b 0.302

CABG 1 0.862
no 1.103(1.021,1.192) . 0.013
yes 1.029(0.557,1.900) & 0.928

diabetes ! 0.179
yes 1.076(0.958,1.209) . 0.216
no 1.274(1.036,1.566) e 0.022

Hypertension : 0.29
yes 1.084(0.988,1.188) . 0.088
no 1.335(0.980,1.817) : . 0.067

AF ' 0.481
no 1.085(0.985,1.194) . 0.098
yes 1.181(0.942,1.480) e 0.150

CHD . 0.033
yes 1.362(1.108,1.673) : i 0.003
no 1.021(0.817,1.276) » 0.857

Figure 8: Forest plots of stratified analyses of SHR index and ICU all-cause

mortality. Sex, Age (25.88 < Ql < 62.75; 62.75 < Q2 < 74.51; 74.51 < Q3 < 96.3), BMI
(13.62 < Q1 26118; 26.03 < Q2 < 32.08; 32.03 < Q3 < 97.43), PCI, CABG, diabetes,
hypertension, AF, and CHD.
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In the subgroup analysis of ICU mortality, for the obese
population (32.03 < Q3 <97.43): HR = 1.583 (95% CI 1.134-
2.209,p=0.007),and theinteraction wasssignificant (p=0.048).
The risk for patients with concurrent Coronary Heart Disease
(CHD) was significant, and the interaction was significant
(p = 0.033). Non-diabetic patients had a higher risk (HR =
1.274, 95% CI 1.036-1.566, p = 0.022). The risk for patients
who did not receive coronary artery bypass grafting (CABG)
increased (HR = 1.103, 95% CI 1.021-1.192, p = 0.013), but
the interaction was not significant (p = 0.862). In the subgroup
analysis of ICU mortality, it remained stable in the subgroups
of age, gender, percutaneous coronary intervention (PCI)
surgery, hypertension, and atrial fibrillation (AF).

In the subgroup analysis of in-hospital mortality, for the
obese population (32.03 < Q3 < 97.43): HR = 1.403 (95% CI
1.034-1.902, p = 0.030), and the interaction did not reach
significance (p = 0.097). The risk for patients with concurrent
coronary heart disease (CHD) persisted (HR = 1.308, 95% CI
1.080-1.583, p = 0.006), and the interaction was significant
(p = 0.006). However, it remained stable in the subgroups
of age, gender, percutaneous coronary intervention (PCI)
surgery, coronary artery bypass grafting (CABG) surgery,
hypertension, diabetes mellitus, and atrial fibrillation (AF).

In the subgroup analysis of 365-day mortality, for the age
group (74.51 < Q3 <96.3): HR = 1.240 (95% CI 1.032-1.489,
p = 0.021), and the interaction was not significant (p = 0.113).
The risk for patients after coronary artery bypass grafting
(CABG) was still significant, and the interaction was significant
(p =0.014). The risks for patients with coronary heart disease
(CHD) and non-diabetic patients were significant, and the
interactions were both significant (p = 0.006). The risk for
patients who received percutaneous coronary intervention
(PCI) was significant (HR = 1.382, 95% CI 1.039-1.837, p =
0.026), and the interaction was significant (p = 0.032).In the
subgroup analysis of 365-day mortality, it remained stable in
the subgroups of gender and hypertension.

Discussion

This study systematically explored for the first time the
predictive value of the stress hyperglycemia ratio (SHR) for
the 30-day, 365-day, ICU, and in-hospital all-cause mortality
risks in patients with heart failure complicated by tracheal
intubation. Moreover, the study used multiple statistical
models for analysis (Kaplan-Meier curve, Cox regression,
restricted cubic splines, and subgroup analysis). The results
of this study found that as the SHR index increased, the 30-day
and ICU all-cause mortality risks in patients with heart failure
complicated by tracheal intubation increased significantly.
The findings of this study are expected to guide treatment
methods to reduce the short-term mortality risk of patients
with heart failure complicated by tracheal intubation.

Heartfailure, asthe terminal stage of various cardiovascular
diseases, is closely related to its severity and prognosis
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[11,12]. Epidemiological data show that patients with acute
decompensated heart failure need to be admitted to the ICU
for invasive ventilation support due to respiratory failure
or circulatory collapse, and the in-hospital mortality rate is
relatively high [13,14]. Such patients usually have multiple
organ failure (such asrenal insufficiency and liver dysfunction)
[15,16]. In this study, it was found that the Sequential Organ
Failure Assessment (SOFA) score and the Simplified Acute
Physiology Score II (SAPS II) were significantly increased,
which also reflected the severity and complexity of their
conditions. It is worth noting that the tracheal intubation rate
of patients with heart failure in the ICU is positively correlated
with the severity of the disease [17]. Tracheal intubation itself
is not only a means of life support but also a sign of severe
illness. Intubated patients often face a higher risk of death
due to high inflammatory load, hemodynamic instability, and
metabolic disorders (such as elevated lactate and electrolyte
imbalance) [18,19]. The 1,083 patients included in this study
had an average age of 68.50 years, and the proportion of
underlying diseases such as Coronary Heart Disease (CHD)
and diabetes mellitus was relatively high, further confirming
the high-risk characteristics of this population.

This study found that the stress hyperglycemia ratio
(SHR) was significantly associated with the short-term (30-
day) all-cause mortality rate in patients with heart failure.
The hazard ratios (HRs) of the 30-day and ICU all-cause
mortality rates in the highest quartile of SHR classification
were 1.61 (1.10, 2.35) and 1.86 (1.10, 3.14), respectively.
However, there was no significant association with the long-
term (365-day) all-cause mortality rate. This indicates that
SHR may be an important indicator for evaluating short-
term clinical outcomes. Specifically, the 30-day mortality rate
in the Q4 group (SHR > 1.87) was significantly higher than
that in other groups (29.84% vs. other groups), suggesting
that a higher SHR value may indicate a higher short-term
mortality risk. This association still existed in the multivariate
Cox regression model. Even after adjusting for confounding
factors such as gender, age, and Body Mass Index (BMI), SHR
was still an independent risk predictor. Previous studies have
also found that compared with patients with a lower SHR at
baseline, patients with a higher SHR had an increased risk of
all-cause death during the follow-up period, and a high SHR
was associated with a poor clinical prognosis in patients with
heart failure [20]. Yan F, et al. found that an increase in SHR
was associated with an increased risk of adverse events, and a
higher SHR was significantly associated with an increased risk
of 28-day all-cause mortality after discharge and in-hospital
mortality in patients with sepsis [21]. This is consistent with
our results, and the SHR index is significantly associated
with the short-term all-cause mortality rate in patients with
heart failure. Moreover, SHR has important value in reflecting
metabolic disorders under acute critical conditions, but its
impact on long-term survival (such as the 365-day mortality
rate) may weaken as the condition stabilizes.

https://doi.org/10.29328/journal.jccm.1001218

It is worth noting that there is a significant association
between SHR and in-ICU mortality, while the mortality rate
in the general ward did not show a similar relationship. This
means that SHR not only reflects the severity of the disease
but is also an important indicator for evaluating critically ill
patients, especially those with heart failure who require ICU
care. This is consistent with previous research results. SHR is
associated with ICU mortality and 1-year all-cause mortality
in critically ill patients and has an increasing predictive value
in different disease scores. SHR is significantly associated with
ICU mortality (HR = 2.92, p < 0.05) [22]. A cohort study also
found that the stress hyperglycemia evaluated by SHR was
significantly associated with the ICU mortality rate of patients
[23]. This is consistent with the conclusion of our study. After
adjusting for confounding variables, the HRs of the all-cause
mortalityrateintheICUwere 1.12 (0.64,1.95),1.00 (reference),
1.62 (0.95, 2.75),and 1.86 (1.10, 3.14), respectively. However,
there was also no significant correlation between SHR and in-
hospital mortality. The possible reason is that compared with
the ICU period, the risk of death in the general ward is reduced.
This may be because the condition of such patients is not as
severe as that of patients who died during the critical period.
In addition, during the period when patients are transferred
to the inpatient department for treatment, they may receive
stricter blood glucose management or multidisciplinary
comprehensive treatment, which may alleviate the continuous
damage caused by hyperglycemia.

This study revealed a significant association between
the Stress Hyperglycemia Ratio (SHR) and the short-term
all-cause mortality rate in patients with heart failure who
received invasive mechanical ventilation. It is worth noting
that glycated hemoglobin (HbA1c) reflects the average blood
glucose level over the past 2-3 months and mainly reflects the
chronic metabolicstate, and it cannot capture the blood glucose
fluctuations during the acute stress period. By combining the
admission blood glucose (reflecting the acute stress response)
with HbAlc (reflecting the chronic metabolic background),
SHR can more accurately evaluate the severity of metabolic
disorders [24]. For example, in this study, although the HbA1c
of patients in the Q4 group may not be significantly abnormal,
their admission blood glucose was significantly increased,
leading to a significant increase in SHR, thus predicting the
short-term mortality risk. Random blood glucose only reflects
the blood glucose level at a single time point and is easily
affected by factors such as stress and eating. Y-W Su, et al.
found that by adjusting the baseline blood glucose level, SHR
can more accurately reflect the hyperglycemia level under
acute stress conditions, and thus has a greater predictive
value than a single blood glucose indicator [25]. Although the
significance of SHR in general critical illnesses is gradually
becoming clear, there is still a significant gap in the research
on SHR in patients with heart failure complicated by invasive
ventilation. This study, for the first time, confirmed that SHR
has a unique predictive value for critically ill patients with
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heart failure who received tracheal intubation and provides a
basis for optimizing critical care management strategies.

Asanindicator ofacute metabolic disorders, the association
between SHR (stress hyperglycemia ratio) and the short-term
mortality risk of patients with heart failure involves complex
pathophysiological mechanisms and mainly exerts its effects
through the following pathways: A prospective study found
that an increase in SHR was associated with the release of pro-
inflammatory factors (such as interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-a)), which caused inflammation
and immune disorders in the human body and further affected
the survival outcome of patients [26]. The study by Jay S
Skyler, et al. found that patients with heart failure are often
in a high-stress state due to low cardiac output, insufficient
tissue perfusion, and excessive activation of the sympathetic
nervous system. The activation of the sympathetic nervous
system promotes the massive release of catecholamines,
inhibits insulin secretion, and exacerbates insulin resistance
(IR), leading to enhanced gluconeogenesis and increased
hepatic glucose output, forming stress hyperglycemia. At
the same time, a rapid increase in blood glucose will lead
to the generation of a large amount of Reactive Oxygen
Species (ROS). Excessive ROS will cause oxidative damage
to cardiac cells [27]. In addition, the study by A. Pandolfi, et
al. found that by integrating acute blood glucose fluctuations
and the chronic glucose metabolism background, SHR can
more comprehensively reflect the degree of metabolic
disorders in the body [28]. Stress hyperglycemia may lead
to a hypercoagulable state of the blood and increase the
risk of thrombosis. Affecting the function of platelets, it
makes them more likely to aggregate. At the same time, it
will also change the activity of coagulation factors, leading
to an imbalance in the coagulation system and triggering
serious heart diseases such as myocardial infarction [29].
Tracheal intubation, as an important intervention measure
for patients with heart failure in the ICU, indicates that the
patient’s condition is critical. This study showed that the
30-day and ICU mortality rates of intubated patients were
as high as 29.84% and 20.16%, respectively. A retrospective
study found that, as a means of life support for patients with
severe heart failure, invasive ventilation may further activate
the systemic inflammatory response through mechanical
stretch and the generation of oxygen-free radicals, which will
exacerbate metabolic imbalance [30]. In addition, the cohort
study by Zehuo Lin, et al. found that SHR was independently
associated with the risks of pulmonary infection and major
adverse cardiovascular events (MACE) during hospitalization
in patients with ST-segment elevation myocardial infarction
(STEMI) who received percutaneous coronary intervention
(PCI) treatment, and a higher SHR was associated with a higher
incidence of pulmonary infection during hospitalization [31].
A retrospective study also showed that stress hyperglycemia
can impair the function of immune cells, increase the
incidence of ventilator-associated pneumonia and sepsis,
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and indirectly increase the risk of death [32]. SHR can lead
to endothelial dysfunction, promote microthrombosis
formation, and accelerate atherosclerosis [33]. Insulin
resistance, which is closely related to SHR, will also disrupt
the normal myocardial energy metabolism. The ability of the
myocardium to effectively utilize glucose to produce energy is
impaired, leading to a decrease in cardiac contractility and an
increased susceptibility to further damage [34]. In addition,
the study by Wang Liao, et al. found that the high SHR state,
through activating the renin-angiotensin-aldosterone system
(RAAS) and pro-inflammatory factors (such as IL-6 and
TNF-a), aggravates the systemic inflammatory response,
promotes myocardial fibrosis and an increase in ventricular
stiffness, forming a vicious cycle [35]. SHR has a synergistic
effect with inflammatory markers. Although this study did not
directly detect inflammatory factors such as IL-6 or C-reactive
protein (CRP), previous studies have confirmed that SHR is
highly correlated with these markers [36,37]. The SOFA score
of patients in the Q4 group in this study was significantly
increased, indicating multiple organ dysfunction, which
is closely related to the systemic inflammatory response
mediated by SHR.

The stratified analysis showed that the association
between SHR and all-cause mortality had significant
heterogeneity in different subgroups. The mortality risk of
patients with CHD was significantly increased in all periods
(p < 0.05). In the subgroup of patients after coronary artery
bypass grafting (CABG), the 30-day and 365-day risks reached
HR = 1.838 and 1.850, respectively, and the interaction was
significant (p = 0.036 and 0.014). The possible mechanisms
include: Patients after CABG develop a systemic inflammatory
response due to surgical stress and cardiopulmonary bypass,
which exacerbates insulin resistance. In addition, patients
with CHD have insufficient coronary artery reserve, and a
high SHR further impairs myocardial energy metabolism,
leading to a vicious cycle [38,39]. Patients without diabetes
have a weaker compensatory ability for acute hyperglycemia
and lack the adaptation to chronic hyperglycemia. Therefore,
fluctuations in SHR are more likely to trigger an oxidative
stress storm [40].

On the contrary, there was no significant association in the
subgroups of age (62.75 < Q2 < 74.51 years), BMI (< 32.08),
male gender, no PCI, hypertension, and no atrial fibrillation
(AF) (p > 0.05). Elderly and obese patients may have formed
some compensatory mechanisms due to chronic metabolic
disorders (such as the secretion of anti-inflammatory factors
by adipose tissue), which weakens the short-term impact
of SHR [41,42]; patients with hypertension often receive
treatment with renin-angiotensin system (RAS) inhibitors,
which may partially offset the toxic effects of hyperglycemia
by improving endothelial function [43]. It is worth noting
that in the 30-day all-cause mortality rate, the mortality risk
in the age Q3 subgroup (74.51 < Q3 < 96.3 years) increased
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significantly (HR = 1.312, p = 0.002), and the risk was higher
in women (HR = 1.310, p = 0.005). Young patients have a more
intense sympathetic nerve response, and a high SHR may
exacerbate myocardial damage through immune activation;
in women, fluctuations in estrogen levels affect the stability
of glucose metabolism. Especially before menopause, they are
more likely to have out-of-control blood glucose under stress.

This study has many advantages. It is the first to confirm
that SHR can be used as an independent predictor of the
mortality risk in patients with heart failure who received
invasive ventilation. Its clinical application may help to
identify high-risk patients early and guide individualized
blood glucose management. However, this study has the
following limitations:

1. This study is a retrospective study based on single-
center data from the MIMIC-IV database, and it is
difficult to exclude unmeasured confounding factors
(such as nutritional status and the use of sedative
drugs).

2. There is a bias in the measurement of blood glucose
data in the study. The blood glucose value at admission
was not distinguished between fasting and random
measurement, which may affect the accuracy of the
SHR calculation.

3. There is a lack of exploration of the mechanism: The
lack of dynamic inflammatory markers (such as IL-6
and CRP) and myocardial metabolic imaging data limits
the in-depth interpretation of the causal relationship

4. Limitation of the study sample size: Some results in the
subgroup analysis may be biased due to insufficient
sample size, and a larger-scale prospective study
is needed for verification. Future research should
combine multi-omics technologies and dynamic blood
glucose monitoring to further clarify the molecular
mechanism between SHR and the prognosis of heart
failure, and explore risk-stratification intervention
strategies based on SHR.

Conclusion

In conclusion, SHR is not only an effective tool for
evaluating the short-term mortality risk of patients with heart
failure but also a useful indicator for identifying high-risk
patients in the ICU. Future research should further explore the
potential of using SHR in combination with other biomarkers
and verify these findings through larger-scale prospective
studies to improve the treatment outcomes and survival rates
of patients with heart failure.
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