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Abstract

Background The stress hyperglycemia ratio (SHR), adjusted for average glycemic status, is suggested for assessing actual
blood glucose levels. Its link with adverse outcomes is known in certain populations, yet its impact on sepsis patients’ prog-
nosis is unclear. This study explores the association between SHR and mortality in sepsis.

Methods We included 13,199 sepsis patients in this study and categorized SHR into distinct groups. Additionally, we utilized
restricted cubic spline analysis to evaluate the correlation between SHR as a continuous variable and mortality. The primary
outcome was 1-year all-cause mortality. Logistic regression and Cox proportional hazards models were employed to assess
the associations between the SHR and both in-hospital mortality and 1-year mortality, respectively.

Results Among the study participants, 4,690 (35.5%) patients died during the 1-year follow-up. After adjusting for con-
founding variables, we identified a U-shaped correlation between SHR and 1-year mortality. Using an SHR of 0.99 as the
reference point, the hazard ratio for predicted 1-year mortality increased by 1.17 (95% CI 1.08 to 1.27) per standard deviation
above 0.99, whereas each standard deviation increase predicted the hazard ratio of 0.52 (95% CI 0.39 to 0.69) below 0.99.
Furthermore, we found that SHR could enhance the predictive performance of conventional severity scores.

Conclusion There exists a U shaped association between SHR and mortality in sepsis patients, where both low and high
SHR values are associated with an increased risk of poor outcomes.
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Introduction various factors that contribute to sepsis outcomes, with a

particular focus on identifying markers and predictors of

Sepsis, a life-threatening condition resulting from a dysregu-
lated host response to infection, remains a pervasive global
health concern [1]. Its prevalence and morbidity rates are on
the rise, and both contribute significantly to the challenges
faced by healthcare systems worldwide [2, 3]. Furthermore,
sepsis is linked to an unacceptably high mortality rate, with
a 90-day mortality rate of more than 35% [4, 5]. It is esti-
mated that approximately 2.8 million deaths worldwide
can be attributed to sepsis each year [2, 6]. In recent years,
researchers and clinicians have been tirelessly exploring
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mortality [7-9].

Stress hyperglycemia, marked by a transient surge in
blood glucose levels in response to illness-induced stress,
is a prevalent occurrence in critically ill individuals [10].
Moreover, several studies have demonstrated that hyper-
glycemia is associated with an increased risk of adverse
outcomes [11, 12]. Nevertheless, it is important to recog-
nize that admission blood glucose (ABG) measurement
may not provide a comprehensive portrayal of the acute
hyperglycemic state, as these values can be influenced by
an individual’s chronic glucose status [13]. Consequently,
numerous research inquiries have emerged, proposing the
stress hyperglycemia ratio (SHR) as an invaluable metric
for characterizing the acute hyperglycemic condition and as
a prognostic indicator of adverse outcomes among critically
ill patients [14-17].

However, our current knowledge regarding the association
between SHR and mortality in patients with sepsis remains
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limited. While high blood glucose in patients without dia-
betes contributes to sepsis diagnosis, current sepsis sever-
ity models and prognostic scores do not account for blood
glucose [18, 19]. Moreover, although several studies have
demonstrated the prognostic value of stress hyperglycemia
in sepsis [20, 21], the relationship between SHR and mortal-
ity in sepsis continues to be undefined. This study seeks to
address this critical gap in our knowledge, shedding light on
the potential significance of SHR as a prognostic marker in
sepsis and ultimately contributing to improved patient care
and outcomes in this challenging clinical context.

Methods
Study population

This study was a retrospective, observational cohort study.
The dataset used in this study originates from the Medi-
cal Information Mart for Intensive Care IV (MIMIC-1V),
a publicly accessible database compiled from electronic
health records at the Beth Israel Deaconess Medical Center
(BIDMC). Data for MIMIC-IV were collected from patients
who received care at the emergency department or intensive
care units at BIDMC during the period spanning from 2008
to 2019. As a result, the MIMIC-1V database comprises a
substantial cohort, encompassing a total of 256,878 unique
individuals. This rich and extensive dataset forms the basis
for our research, allowing us to explore and analyze critical
aspects of healthcare and patient outcomes in a real-world
clinical setting. The author (Le Li) obtained the neces-
sary authorization to access the database. It is important
to highlight that our study is centered on the analysis of a
third-party, openly accessible database, which has already
undergone institutional review board (IRB) approval. As
a consequence, our own institution’s IRB review process
was determined to be exempt. Furthermore, in this dataset,
a variety of methods such as de-identification, date shift-
ing, and format conversion have been meticulously imple-
mented to effectively erase any identifiable patient informa-
tion. Patients aged 18 years or older, diagnosed with sepsis
according to the Sepsis-3 criterion (infection with organ
dysfunction) [22], were eligible for inclusion in this study.
Conversely, individuals who did not receive blood glucose
or glycosylated hemoglobin Alc (HbAlc) measurements
were excluded. SHR was calculated as SHR = ABG (mg/
dL)/(28.7 x HbAlc (%) — 46.7). Based on the SHR value,
patients were divided into seven groups with an interval of
0.25, ranging from <0.50 to > 1.75 [16].
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Data collection

Data pertaining to baseline characteristics within the first
24 h of ICU admission were extracted from the MIMIC-IV
database. These included demographic information such as
sex and age and essential clinical parameters such as weight
and urine output (UO). Measures of illness severity, includ-
ing the Sequential Organ Failure Assessment (SOFA), quick
Sequential Organ Failure Assessment (QSOFA), Simplified
Acute Physiology Scores II (SAPS II), and Logistic Organ
Dysfunction System (LODS), were also retrieved. In addi-
tion, vital signs such as systolic blood pressure (SBP), heart
rate, temperature, and respiratory rate, and general labo-
ratory tests (white blood cell count [WBC], serum creati-
nine [SCr], blood urea nitrogen [BUN]) were documented.
Medical history variables encompassed insulin usage, anti-
biotic administration, mechanical ventilation (MV), and
renal replacement treatment (RRT). Comorbidities were
identified based on documented ICD-9 codes and included
conditions such as hypertension, diabetes mellitus (DM),
congestive heart failure (CHF), acute myocardial infarction
(AMI), old myocardial infarction (OMI), stroke, acute kid-
ney injury (AKI), chronic kidney disease (CKD), liver dis-
ease (including hepatitis and liver cirrhosis), anemia, cancer,
and dyslipidemia.

In this study, variables exhibiting more than 40% miss-
ing values were excluded. For variables with less than 5%
missing data, mean imputation was employed as a method
for data completion. For variables missing 5% to 40% of
their values, multiple imputation was conducted utilizing
the multivariate imputation by chained equations (MICE)
package in R, providing a robust approach to addressing
missing data [23].

Outcomes

The primary endpoint in this study was the one-year all-
cause mortality rate after discharge. The secondary endpoint
pertained to in-hospital mortality, encompassing fatalities
occurring in both the ICU and general ward settings. Mortal-
ity data for discharged patients were retrieved from the US
Social Security Death Index.

Statistical analysis

The participants were divided into seven groups based on
the SHR value. The Kolmogorov—Smirnov test is employed
to assess whether continuous variables exhibit normality.
Continuous variables following a normal distribution were
summarized with mean + standard deviation, while nonnor-
mally distributed variables were described using the median
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and interquartile range (IQR). For categorical variables, we
provide the quantity and percentage frequency. To assess
group differences in continuous variables, we used Wilcoxon
t tests, and for categorical variables, we employed chi-square
or Fisher’s exact tests as appropriate. To examine the asso-
ciation between SHR and one-year mortality, we conducted
univariate and multivariate Cox regression analyses, present-
ing hazard ratios (HRs) along with their 95% confidence
intervals (CIs). The Schoenfeld residuals method is used to
test the proportional hazards assumption of the Cox regres-
sion model. We utilized Kaplan—Meier survival analysis to
assess the primary outcome event incidence rates across
SHR-defined groups, with intergroup differences evalu-
ated using the log-rank test. For evaluating the relationship
between SHR and in-hospital mortality, we conducted uni-
variate and multivariate logistic regression analyses, and the
findings were reported in terms of odds ratios (ORs) accom-
panied by their respective 95% Cls. The reference group for
this analysis was defined as the SHR interval with the lowest
incidence rate. Furthermore, we employed a restricted cubic
spline (RCS) regression model with four assumed knots to
delineate the associations between the SHR and HR or OR.

In the context of the multivariate regression model,
we proactively addressed the potential concern of overfit-
ting. To do so, we assessed the degree of multicollinearity
among variables by calculating variance inflation factors
(VIF). Variables with VIF values exceeding or equal to 5
were systematically excluded from the model to mitigate
multicollinearity-related issues. Consequently, the variables
incorporated into our models for adjustment encompassed
a wide range of factors. These included demographics (age,
sex, weight, UO), comorbidities (CHF, DM, hypertension,
pneumonia, stroke, AKI, CKD, liver disease, cancer, dys-
lipidemia, anemia), laboratory tests (WBC, SCr, BUN),
medical treatments (insulin and antibiotic use, MV, RRT).
We selected variables for multivariable-adjustment based
on their clinical relevance and established associations with
the outcome, as evidenced in prior literature [16], ensuring
a robust analysis by accounting for potential confounders.

Additionally, we conducted subgroup analyses by strati-
fying outcomes based on variables such as age, sex, and
the presence of comorbidities, including DM, hyperten-
sion, pneumonia, AMI, stroke, and AKI. These subgroup
analyses were carried out using regression models that were
comprehensively adjusted to account for potential confound-
ing factors. Certain subgroup analyses aim to explore the
diverse impacts of SHR based on demographic variables and
relevant health conditions, aiming for a more targeted and
clinically applicable insight.

To assess whether the inclusion of SHR improves the pre-
dictive accuracy of adverse outcome events when integrated
with existing severity of illness scores (SAPS II, SOFA
score, gSOFA, LODS score), we computed the area under

the curve (AUC). We then conducted comparisons between
the different models using the DeLong test.

Results
Baseline characteristics

After a meticulous review of 27,139 sepsis patients admitted
to the ICU from the MIMIC-IV database, a total of 13,199
qualified patients were ultimately included in this study (Fig-
ure S1). The median age of the study cohort was 68.3 years
(with an interquartile range of 58.7-77.8), and among these
individuals, 8021 (60.8%) were male. The participants were
stratified into seven distinct groups (groups 1-7) based on
their SHR levels: <0.50 (n=373), 0.50-0.74 (n=1550),
0.75-0.99 (n=4816), 1.00-1.24 (n=3015), 1.25-1.49
(n=1553), 1.50-1.74 (n=796), and > 1.75 (n=1096).
Among these seven groups, the distribution of one-year
mortality rates exhibits a U shaped pattern, with the low-
est one-year mortality rate observed in Group 3 (Fig. 1).
Baseline characteristics grouped according to SHR value are
shown in Table 1. To provide additional context, Table S1
offers a comparison of baseline characteristics between
survivors and non-survivors during the in-hospital period,
and Table S2 presents a similar comparison for the 1-year
follow-up. In addition, the comparison of baseline character-
istics between included and excluded patients was conducted
to evaluate the selection bias (Table S3).

Clinical outcomes for all-cause mortality

After a 1-year follow-up period, a total of 4690 patients
(35.5%) experienced mortality, with an additional 1433
individuals (10.9%) succumbing during their hospital stay.
Cox regression analyses conducted in this study revealed a
significant association between SHR and 1-year mortality in
sepsis patients. In the regression models, none of the varia-
bles exhibited a VIF greater than 5. In the unadjusted model,
we observed a U shaped relationship between 1-year mortal-
ity and SHR (Figure S2). This relationship persisted in the
multivariable-adjusted model. Using Group 3 as the refer-
ence, groups 1, 2,4, 5, 6, and 7 exhibited an elevated risk of
1-year mortality, with HRs of 1.64 (95% CI 1.40-1.91), 1.34
(95% CI 1.22-1.47), 1.18 (95% CI 1.09-1.29), 1.49 (95%
CI 1.35-1.64), 1.46 (95% CI 1.30-1.65), and 1.70 (95%
CI 1.53-1.89), respectively (Fig. 2). Furthermore, logistic
regression was employed to examine the association between
in-hospital mortality and SHR. Similar to the 1-year mortal-
ity findings, we identified a U-shaped association between
in-hospital mortality and SHR in both unadjusted (Figure
S3) and adjusted (Figure S4) models. After adjusting for
potential covariates, the ORs for groups 1, 2, 4, 5, 6, and 7
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were 1.83 (95% CI 1.32-2.54), 1.47 (95% CI 1.21-1.79),
1.28 (95% CI 1.09-1.50), 1.86 (95% CI 1.55-2.23), 1.93
(95% CI 1.53-2.42), and 2.73 (95% CI 2.26-3.31), respec-
tively. The Kaplan—Meier curves depicted in Fig. 3 clearly
demonstrate that patients falling within the SHR range of
0.75-0.99 exhibited the lowest one-year mortality rate (log-c
p<0.001).

Additionally, we employed the RCS curve to assess the
continuous-scale relationship between all-cause mortality
and SHR. As depicted in Fig. 4, the U shaped association
between 1-year mortality and SHR was evident. Using an
SHR of 0.99 as the reference point, the hazard ratio for pre-
dicted 1-year mortality increased by a factor of 1.17 (95%
CI 1.08 to 1.27) per standard deviation above 0.99, whereas
each standard deviation increase predicted the HR of 0.52
(95% CI 0.39 to 0.69) below 0.99. Similarly, this U shaped
relationship was also observed in the prediction of in-hos-
pital mortality (Figure S5). For SHR values below 0.99, an
increase in standard deviation was associated with an OR of
0.48 (95% CI10.26 to 0.91) for in-hospital mortality, whereas
when SHR exceeded 0.99, the odds ratio per standard devia-
tion increase was 1.37 (95% CI 1.16 to 1.61).

Moreover, there exist established scoring systems for the
diagnosis and risk stratification of sepsis patients, including
the SOFA and qSOFA scores, which demonstrate precision
in predicting the prognosis of sepsis patients. To further sub-
stantiate the prognostic value of SHR in the assessment of
sepsis patients, we evaluated whether the addition of SHR to
conventional disease severity scoring systems could further
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enhance predictive efficacy. The findings indicate that the
incorporation of the SHR index alongside SAPS II, SOFA,
gSOFA, and LODS scores leads to a significant enhance-
ment in the model’s predictive capacity for mortality (all
DeLong test p values <0.05) (Table 2). Furthermore, the
predictive performances, both before and after the inclusion
of SHR, for patients with and without DM are presented in
Tables S5 and S6, respectively.

Subgroup analysis

In this study, we incorporated age, gender, and comorbidi-
ties, including DM, hypertension, pneumonia, AMI, stroke,
and AKI, as stratification factors for conducting subgroup
analyses. Across all subgroups, a consistent U-shaped asso-
ciation between SHR and one-year mortality was observed.
Notably, significant interactions were identified, particu-
larly between DM and non-DM patients. Patients without
DM exhibited a comparatively higher risk of in-hospital
mortality in contrast to patients with DM (p for interac-
tion <0.001). Additionally, similar noteworthy interactions
were also observed with respect to pneumonia. The impact
of SHR on one-year mortality was more pronounced among
patients without pneumonia as compared to those with
pneumonia (p for interaction < 0.001). The other detailed
subgroup analyses are presented in Table 3. Furthermore,
we conducted subgroup analyses for SHR and in-hospital
mortality, yielding similar results (Table S3).
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Table 1 Baseline characteristics grouped according to SHR levels

Variables Total Groups (groups 1-7) divided by SHR p value
<0.50 0.50-0.74 0.75-0.99 1.00-1.24 1.25-1.49 1.50-1.74 >1.75
Sample, % 13,199 (100) 373 (2.1) 1550 (12.2) 4816 (44.5) 3015 (22.8) 1553(9.0) 796 (4.6) 1096 (4.8)
Age, year 68.3 (58.7— 65.0 (56.4— 68.8 (59.5— 68.7 (59.7- 68.6 (58.7— 68.0 (58.6— 69.1 (58.5— 65.3 (55.0— <0.001
77.8) 72.6) 78.1) 78.3) 78.1) 71.7) 78.0) 75.5)
Male, % 8021 (60.8) 217 (58.2) 913 (58.9) 3086 (64.1) 1826 (60.6) 906 (58.3) 450 (56.5) 623 (56.8) <0.001
Weight, Kg 82.0 (69.5- 82.2 (67.9- 81.0 (68.2—- 82.8 (70.4— 82.0 (69.4- 82.0 (69.0- 82.0 (69.3—- 80.0 (68.0- <0.001
96.9) 99.9) 96.6) 97.2) 96.8) 97.3) 96.4) 95.1)
UO, mL/Kg/h 0.82 (0.51- 0.76 (0.38— 0.83 (0.51- 0.85 (0.56— 0.82 (0.53— 0.78 (0.47- 0.74 (0.45- 0.79 (0.44- <0.001
1.23) 1.20) 1.22) 1.25) 1.24) 1.19) 1.17) 1.23)
Severity of illness
SOFA score 5(3-8) 5(3-8) 5(3-8) 5@3-7) 5(3-8) 5(3-8) 6 (4-8) 6 (4-10) <0.001
qSOFA score 0(0-1) 0(0-1) 0(0-1) 5@3-7) 5(3-8) 1(0-1) 1(0-1)) 1(0-1) <0.001
SAPS 1II score 36 (29-45) 38 (29-47) 37 (29-45) 35 (28-43) 36 (29-44) 37 (29-46) 38 (31-47) 40 (32-50) <0.001
LODS score 5@3-7) 5(3-8) 5(5-7) 4(3-7) 4(3-7) 5@3-7) 5(3-8) 6 (4-8) <0.001
Vital signs
SBP, mmHg 114 (106-124) 115 (105--129) 114 (106-123) 113 (106-122) 115 (106-126) 115 (106-127) 115 (106-127) 115 (105-127)  0.001
Heart rate, bpm 83 (75-94) 83 (74-94) 82 (74-92) 82 (75-91) 84 (75-95) 85 (76-95) 86 (77-97) 87 (76-98) <0.001
Temperature, C ~ 36.9 (36.6— 36.7 (36.5— 36.8 (36.5— 36.8 (36.6— 36.9 (36.6— 36.9 (36.6— 36.9 (36.6— 36.9 (36.6— <0.001
37.1) 37.0) 37.0) 37.0) 37.1) 37.1) 37.1) 37.1)
RR, bpm 19 (16-21) 18 (16-21) 18 (16-21) 18 (16-21) 19 (17-21) 19 (17-22) 19 (17-22) 20 (17-23) <0.001
Comorbidities
T2DM, % 6309 (47.8) 337 (90.3) 929 (59.9) 1693 (35.2) 1324 (43.9) 791 (50.9) 488 (61.3) 747 (68.2) <0.001
Hypertension, % 9278 (70.3) 259 (69.4) 1115 (71.9) 3382 (70.2) 2134 (70.8) 1093 (70.4) 569 (71.5) 726 (66.2) 0.070
CHF, % 5298 (40.1) 195 (52.3) 715 (46.1) 1778 (36.9) 1135 (37.6) 634 (40.8) 354 (44.5) 487 (44.4) <0.001
AML % 1736 (13.2) 59 (15.8) 204 (13.2) 485 (10.1) 388 (12.9) 221 (14.2) 139 (17.5) 240 (21.9) <0.001
OML % 2478 (18.8) 92 (24.7) 352 (22.7) 874 (18.2) 504 (16.7) 292 (18.8) 155 (19.5) 209 (19.1) <0.001
Stroke, % 3997 (30.3) 110 (29.5) 485 (31.3) 1356 (28.2) 947 (31.4) 490 (31.5) 250 (31.4) 359 (32.8) 0.007
Pneumonia, % 4761 (36.1) 172 (46.1) 573 (37.0) 1437 (29.8) 1090 (36.2) 629 (40.5) 362 (45.5) 498 (45.4) <0.001
AKI, % 6706 (50.8) 277 (74.3) 863 (55.7) 2016 (41.9) 1455 (48.3) 830 (53.4) 479 (60.2) 786 (71.7) <0.001
CKD, % 4491 (34.0) 236 (63.3) 643 (41.5) 1394 (29.0) 928 (30.8) 512 (33.0) 306 (38.4) 472 (43.1) <0.001
Liver disease, % 1693 (12.8) 74 (19.8) 194 (12.5) 459 (9.5) 414 (13.7) 247 (15.9) 131 (16.5) 174 (15.9) <0.001
Anemia, % 8412 (63.7) 291 (78.0) 1070 (69.0) 2845 (59.1) 1869 (62.0) 1025 (66.0) 524 (65.8) 788 (71.9) <0.001
Cancer, % 2071 (15.7) 88 (23.6) 323 (20.8) 751 (15.6) 462 (15.3) 186 (12.0) 128 (16.1) 133 (12.1) <0.001
Dyslipidemia, % 8124 (61.6) 261 (70.0) 1040 (67.1) 3045 (63.2) 1782 (59.1) 903 (58.2) 464 (58.3) 629 (57.4) <0.001
Laboratory tests
WBC,x10M9/L  9.5(6.9-12.3) 89 (6.8-11.3) 89 (6.6-11.3)  9.3(6.9-12.0) 9.6 (6.9-12.5)  10.0(7.1-13.0) 9.8(7.0-13.1)  10.8 (6.8-14.9) <0.001
SCr, mg/dL 1.0 (0.8-1.4) 1.1 (0.8-1.9) 1.0 (0.8-1.4) 1.0 (0.8-1.3) 1.0 (0.8-1.3) 1.0 (0.8-1.4) 1.1(0.8-1.4) 1.2 (0.9-1.6) <0.001
BUN, mg/dL 19 (14-26) 22 (15-36) 19 (14-27) 18 (14-25) 18 (13-25) 19 (14-27) 20 (14-29) 22 (15-33) <0.001
Medical history
Insulin use, % 4361 (33.0) 263 (70.5) 672 (43.4) 1188 (24.7) 875 (29.0) 534 (34.4) 321 (40.3) 508 (46.4) <0.001
Antibiotic, % 11,915 (90.3) 349 (93.6) 1388 (89.6) 4243 (88.1) 2714 (90.0) 1424 (91.7) 757 (95.1) 1040 (94.9) <0.001
MV, % 5543 (42.0) 158 (42.4) 685 (44.2) 2031 (42.2) 1299 (43.1) 655 (42.1) 328 (41.2) 388 (35.4) <0.001
RRT Ist24h, % 647 (4.9) 49 (13.1) 90 (5.8) 153 (3.2) 122 (4.1) 89 (5.7) 58(7.3) 86 (7.9) <0.001

SHR stress hyperglycemia ratio, SOFA sequential organ failure assessment, gSOFA quick sequential organ failure assessment, SAPS /I simplified
acute physiology score II, LODS logistic organ dysfunction system, SBP systolic blood pressure, RR respiratory rate, 72DM type 2 diabetes mel-
litus, AMI acute myocardial infarction, OMI old myocardial infarction, AKI acute kidney injury, CKD chronic kidney disease, WBC white blood
cell count, SCr:serum creatinine, BUN blood urea nitrogen, MV mechanical ventilation, RRT renal replacement therapy

Discussion

In this study, we have reported a U-shaped relation-
ship between SHR and all-cause mortality among sepsis
patients. Specifically, the mortality rate reached its low-
est point when the SHR value was approximately 0.99,

with both lower and higher levels of SHR being linked to
an increased risk of mortality. Additionally, our findings
indicate that SHR could serve as an effective predictor for
assessing poor prognosis and has the potential to augment
the performance of traditional severity scoring systems.
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Relative hyperglycemia rather than absolute hypergly-
cemia is identified as a better biomarker at risk of critical
illness [13]. Zhou et al. conducted a study involving 1,904
patients with acute decompensated heart failure, examin-
ing the relationship between SHR and all-cause mortality
over a 3-year follow-up period. Their findings indicated
that SHR effectively predicted poor prognosis, revealing
a U-shaped association between SHR and mortality [24].
In a separate study, Wei et al. enrolled a cohort of 1,099
patients diagnosed with ST-elevation myocardial infarction
who underwent percutaneous coronary intervention. The
primary outcomes of interest included in-hospital death
and all-cause mortality. Their investigation demonstrated a
significant association between SHR and an elevated risk
of both in-hospital death and all-cause mortality in these
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patients [25]. Taking into account the potential impact of
patients’ previous glycemic status, the SHR provides a more
robust assessment of hyperglycemia and its prognostic value
across a wide spectrum of patient populations.

The association between SHR and outcomes in patients
with sepsis remains unclear. In 2020, Fabbri et al. con-
ducted a retrospective observational study, a total of 915
patients with sepsis and DM were included for analysis.
The authors divided patients into low SHR (< 1.14) and
high SHR (> 1.14) groups and found that SHR > 1.14 was
highly associated with all-cause mortality (OR =5.25,
95% CI 3.62-7.63) [26]. However, this binary classifica-
tion approach implies an assumption of a linear relationship
between SHR and outcome events. In fact, through the uti-
lization of a multi-categorical approach and RCS analysis,
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Fig.4 Restricted cubic spline analysis. The U-shaped association between SHR and 1-year mortality was evident in both (A) the unadjusted

model and (B) the adjusted model

Table 2 Prediction performance

A Models AUC (95% CI) Models AUC (95% CI) p for comparison

of each predictive model for

outcomes In-hospital mortality
SAPS 1T 0.720 (0.706-0.734) +SHR 0.726 (0.712-0.740) 0.001
SOFA score 0.714 (0.699-0.729) +SHR 0.719 (0.704-0.734) 0.010
gqSOFA score 0.730 (0.717-0.743) +SHR 0.747 (0.733-0.761) <0.001
LODS score 0.753 (0.739-0.767) +SHR 0.759 (0.745-0.773) <0.001

1-year mortality

SAPS 1T 0.665 (0.655-0.675) +SHR 0.668 (0.658-0.678) 0.030
SOFA score 0.602 (0.592-0.613) +SHR 0.609 (0.598-0.619) <0.001
qSOFA score 0.626 (0.617-0.635) +SHR 0.636 (0.626-0.646) <0.001
LODS score 0.644 (0.634-0.654) +SHR 0.649 (0.639-0.659) <0.001

AUC area under the curve, other abbreviations are as same as Table 1

we discovered that in sepsis patients, the correlation between
SHR and mortality is U shaped, rather than linear. A U
shaped relationship between SHR and prognosis has also
been observed in patients with acute coronary syndrome
(ACS). In a study conducted by Yang et al., which involved
5562 ACS patients, the relationship between SHR and major
adverse cardiovascular events (MACE) over a 2-year fol-
low-up period was investigated. The findings unveiled this
U shaped association, indicating that when SHR deviated
from the inflection point of 0.78, the risk of MACE signifi-
cantly increased [27]. However, the underlying mechanisms
of the U shaped association of SHR and prognosis remain
unclear. Previous studies have suggested that mild-to-mod-
erate stress-induced hyperglycemia can enhance cardiac
output, optimize cellular glucose utilization, and diminish

myocardial cell apoptosis. These physiological adaptations
could form the basis for the observed protective effects
in states of elevated stress hyperglycemia. Such adaptive
responses are thought to confer a survival edge in the face
of acute stress and critical illness, enabling the organism to
more effectively meet the heightened metabolic demands
posed by these strenuous conditions. [28—30]. Further stud-
ies are required to clarify the protective mechanisms.
Furthermore, we observed significant interactions
between pneumonia and the association between SHR and
mortality. While the U shaped association between SHR and
prognosis was evident in both pneumonia and non-pneu-
monia patients, the relationship between SHR and all-cause
mortality was more pronounced in patients without pneu-
monia. Similar interactions were also observed concerning
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Table 3 Subgroup analysis for the association between SHR and 1-year mortality through hazard ratio

Subgroups Groups divided by SHR p for interaction
<0.50 0.50-0.74 0.75-0.99 1.00-1.24 1.25-1.49 1.50-1.75 >1.75
Age 0.190
>65 1.66 (1.36— 1.35(1.21- Ref 1.14 (1.03- 1.44 (1.29- 1.50 (1.30- 1.61 (1.41-
2.03) 1.51) 1.25) 1.62) 1.73) 1.83)
<65 1.67 (1.30- 1.30 (1.08- Ref 1.30 (1.12- 1.58 (1.33— 1.33 (1.05- 1.85 (1.55-
2.15) 1.56) 1.51) 1.88) 1.68) 2.20)
Sex 0.156
Male 1.79 (1.46- 1.36 (1.20- Ref 1.24 (1.12— 1.55 (1.37- 1.56 (1.33—- 1.82 (1.59-
2.18) 1.54) 1.38) 1.77) 1.83) 2.08)
Female 1.43 (1.12— 1.30 (1.12— Ref 1.10 (0.97- 1.40 (1.21- 1.34 (1.12- 1.54 (1.31-
1.83) 1.51) 1.25) 1.62) 1.62) 1.81)
DM <0.001
Yes 1.40 (1.19- 1.16 (1.03- Ref 0.98 (0.87- 1.33 (1.17- 1.19 (1.02- 1.35 (1.19-
1.66) 1.32) 1.11) 1.51) 1.39) 1.53)
No 2.74 (1.71- 1.47 (1.27- Ref 1.36 (1.21- 1.59 (1.38- 1.88 (1.55- 2.55 (2.14-
4.38) 1.71) 1.52) 1.84) 2.28) 3.04)
Hypertension 0.031
Yes 1.83 (1.53- 1.37 (1.22— Ref 1.24 (1.12- 1.48 (1.32— 1.48 (1.28- 1.65 (1.45-
2.20) 1.53) 1.36) 1.66) 1.71) 1.87)
No 1.25 (0.93- 1.30 (1.08- Ref 1.07 (0.92— 1.52 (1.28- 1.46 (1.16— 1.80 (1.50—
1.69) 1.55) 1.25) 1.80) 1.83) 2.15)
Pneumonia <0.001
Yes 1.32 (1.07- 1.24 (1.08- Ref 1.05 (0.94- 1.21 (1.06— 1.10 (0.94- 1.21 (1.05-
1.62) 1.41) 1.18) 1.38) 1.30) 1.40)
No 1.91 (1.51- 1.37 (1.19- Ref 1.22 (1.08- 1.59 (1.39- 1.67 (1.40- 2.09 (1.79-
2.40) 1.58) 1.37) 1.83) 2.00) 2.43)
AMI 0.530
Yes 1.35 (0.94- 1.04 (0.81- Ref 0.94 (0.76— 1.21 (0.96- 1.16 (0.88- 1.43 (1.14-
1.95) 1.32) 1.16) 1.53) 1.52) 1.78)
No 1.69 (1.43- 1.39 (1.25- Ref 1.23 (1.12- 1.53 (1.38- 1.54 (1.34- 1.75 (1.56—
2.01) 1.54) 1.34) 1.70) 1.76) 1.97)
Stroke 0911
Yes 1.52 (1.18- 1.27 (1.09- Ref 1.17 (1.03- 1.51 (1.30- 1.38 (1.13- 1.66 (1.41-
1.97) 1.47) 1.32) 1.75) 1.67) 1.96)
No 1.67 (1.37- 1.37 (1.21- Ref 1.18 (1.06— 1.45 (1.28- 1.48 (1.27- 1.71 (1.49-
2.03) 1.55) 1.31) 1.64) 1.73) 1.95)
AKI <0.001
Yes 1.34 (1.13- 1.15 (1.03- Ref 1.01 (0.91- 1.18 (1.05- 1.10 (0.95- 1.17 (1.04-
1.59) 1.29) 1.10) 1.32) 1.27) 1.32)
No 2.10 (1.44- 1.54 (1.28- Ref 1.42 (1.22- 1.87 (1.56— 1.98 (1.57- 272 (2.21-
3.04) 1.86) 1.65) 2.23) 2.49) 3.36)

HR hazard ratio; other abbreviations are as same as Table 1

glucose metabolic statuses, where patients without DM
exhibited a higher risk of all-cause mortality compared to
those with DM. Whereas the underlying mechanisms of
these interactions were uncertain, some findings may help to
explain these results. It is recognized that diabetic patients,
who experience ongoing inflammation activation and oxi-
dative stress, may demonstrate an adaptive response to the
series of pathophysiological processes triggered by stress
hyperglycemia [31-33]. Similarly, the acute aggregation
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of inflammatory and chemotactic factors and oxidative
stress induced by pneumonia may also give rise to adaptive
responses to stress hyperglycemia and the related patho-
physiological processes [34].

In summary, we underscore that recognizing the
U-shaped association between SHR and mortality invites
a refined approach in sepsis management, highlighting
the need for maintaining glucose levels within an optimal
range to mitigate mortality risk and suggesting personalized
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treatment strategies based on individual patient profiles and
risk factors.

Limitations

While this study is the first to unveil the U-shaped associa-
tion between SHR and all-cause mortality in sepsis patients,
it is important to acknowledge certain limitations. Firstly,
this is a retrospective study conducted within a large cohort
of critically ill patients, and thus, a causal relationship
between SHR and prognosis cannot be established. Sec-
ondly, due to the unavailability of follow-up data beyond
one year in this cohort, an assessment of the long-term asso-
ciation between SHR and adverse outcomes is precluded.
Thirdly, the predictive value of SHR for mortality necessi-
tates validation in external cohorts. Therefore, the findings
of this study should be interpreted with caution.

Conclusion

In conclusion, this study has unveiled a U-shaped associa-
tion between SHR and all-cause mortality in sepsis patients.
The results underscore that mortality rates are elevated at
both low and high SHR levels, with the inflection point for
poor prognosis identified at 0.99. Additionally, SHR emerges
as a novel and effective biomarker for mortality prediction,
demonstrating the potential to augment the predictive preci-
sion of conventional severity scores. Future large-scale pro-
spective studies are warranted to further corroborate these
findings.
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