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Background: Stress hyperglycemia, a critical illness response, is linked to poor outcomes. Its impact on
geriatric sepsis patients remains unclear. This study investigates stress hyperglycemia’s influence in ge-
riatric sepsis patients.

Methods: These patients were identified by searching the 10th revision of the International Classifica-
tion of Diseases codes that were sepsis-related diagnoses, and they were categorized into two age
groups: 18-65 years and over 65 years. Stress hyperglycemia was assessed using the glycemic gap (the
difference between admission glucose and estimated average glucose (eAG)) and glycemic ratio (the ra-
tio of admission glucose to eAG). Mortality risk during hospitalization was assessed using logistic re-
gression and ROC analysis.

Results: The study analyzed 16,582 sepsis patients, with 9,602 in the older group (> 65 years) and 6,980
in the younger group. The diabetic patients were 29.5% in the younger group and 37.7% in the older
group. Comorbidities, except obesity, were more prevalent in the older group. The older group had
higher initial glucose levels, while younger patients had higher HbA1C levels. In younger patients, a
higher glycemic ratio was significantly associated with increased in-hospital mortality (p = 0.0492). In
contrast, among older diabetic patients, both the glycemic gap and ratio were lower in non-survivors
than in survivors, and a higher glycemic ratio was independently associated with reduced mortality (ad-
justed RR=0.67, 95% Cl = 0.451-0.996, p = 0.048).

Conclusion: Stress hyperglycemia in older sepsis patients may indicate preserved endocrine function
and a better prognosis, warranting age-specific hyperglycemia management strategies.

Copyright © 2025, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Sepsis, a critical condition, induces life-threatening multiple or- tality of sepsis.

spective of their diabetes status.?? Though diabetes is a common
comorbidity in patients with sepsis, it is not associated with the mor-
2223 |nstead, stress hyperglycemia was indicated as an

gan dysfunction by a dysregulated host response to infection. It is a
common, costly, and lethal condition in hospitals worldwide. Hyper-
glycemia frequently occurs in critically ill patients, including those
without pre-existing diabetes. This stress-induced hyperglycemia re-
sults from excessive counterregulatory hormones, such as catechol-
amines, cortisol, growth hormones, and cytokines, which promote
gluconeogenesis and insulin resistance.’ Large glucose fluctuations
could trigger endothelial dysfunction and oxidative stress responses,
leading to multiple organ failure.! Previous studies suggest that stress
hyperglycemia is related to poor outcomes among critical patients.z_20

A meta-analysis by Wang et al. indicated that blood glucose
levels were related to mortality among patients with sepsis, irre-
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independent mortality factor in patients with sepsis.24

Those aged greater than 65 years comprise more than 60% of
patients with sepsis.25 This demographic is more vulnerable to sepsis
due to factors such as comorbidities and age-related physiological
changes, including endocrine dysfunction.26 Aging is associated with
a progressive decline in endocrine function — such as reduced adre-
nal reserve, decreased thyroid hormone levels, and impaired growth
hormone secretion — which may influence the body’s response to
critical illness.?”"28 While stress hyperglycemia has been identified as
a predictor of adverse outcomes in critically ill patients, it remains
unclear whether older patients are more susceptible to stress-in-
duced hyperglycemia than younger populations. Nevertheless, age-
related endocrine changes may affect glucose metabolism under
stress, potentially influencing the prognostic significance of hyper-
glycemia in older patients with sepsis.28 Despite the prevalence of
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sepsis in this population, little is known about how age-related en-
docrine changes interact with stress hyperglycemia to influence cli-
nical outcomes. This knowledge gap highlights the importance of
evaluating the glycemic response in older patients with sepsis.

To ensure clarity, we explicitly define key terms in this study.
Stress hyperglycemia refers to the elevation of blood glucose levels
in response to acute illness, independent of pre-existing diabetes.
Glycemic gap is calculated as the difference between admission glu-
cose and estimated average glucose (eAG), where eAG is derived us-
ing the formula AG (mg/dl) =28.7 * HbAlc—46.7.%° Glycemicratio is
defined as the ratio of admission glucose to estimated average glu-
cose. The glucose value mentioned in the study was according to the
report from initial blood examination after admission. These two
metrics quantify the discrepancy between acute and baseline glu-
cose levels, reflecting the extent of stress hyperglycemia. This ap-
proach allows for adjusting glucose metrics based on the patient’s
baseline glycemic control, a critical factor in sepsis-related studies.
The choice of these metrics is justified by previous studies indicating
their validity in predicting outcomes in critically ill patients.l_ZI’24

This study investigates stress hyperglycemia’s influence on in-
hospital mortality among geriatric sepsis patients. By analyzing the
relationship between glucose fluctuations and outcomes, we aim to
understand whether stress hyperglycemia reflects preserved endo-
crine function and serves as a prognostic biomarker in this popula-
tion. Understanding this relationship could lead to age-specific man-
agement strategies for hyperglycemia in sepsis patients, potentially
improving survival rates in older adults.

2. Materials and methods
2.1. Data source

Our data were extracted from the Medical Information Mart for
Intensive Care (MIMIC)-IV database, which contains detailed clinical
data from over 40,000 ICU admissions at Beth Israel Deaconess Med-
ical Center (BIDMC) between 2008 and 2019.%° patients’ information
was collected, including gender, age, date of death, final diagnosis,
chronic systemic disorders, antibiotics administration, and labora-
tory values. Liao, one of our authors, had full access to the database
and performed the data extraction (certificate number: 45984821).
Since the patient identifiers were removed and the data were ob-
tained from publicly available sources, the requirement for informed
consent was waived. Authorization was obtained from the Massa-
chusetts Institute of Technology Affiliates to use the data. This study
was approved by the expedited review process of the TMU-Joint In-
stitutional Review Board and monitored by TMU-JIRB (TMU-JIRB
No.: N202209084).

2.2. Patient selection

Patients aged 18 or older who were admitted with a diagnosis of
sepsis were eligible for inclusion. Sepsis was defined according to the
Sepsis-3 criteria.3! These patients were identified by searching the 10th
revision of the International Classification of Diseases (ICD-10) codes
that were sepsis-related diagnoses (Supplement). We then reviewed
the associated data of the identified patients and selected those who
had their blood glucose levels measured at their initial presentation.
HbA1c level data were also collected within three months before or
after admission. The participants were divided into two age groups: the
younger group (aged 18-65) and the older group (aged over 65). The
age cutoff of 65 years was chosen because it is a commonly accepted
threshold for defining geriatric populations in sepsis studies.

Y.-C. Lin et al.

Patients lacking HbAlc data when admission were excluded.
The rationale for excluding these patients was that the calculation of
stress hyperglycemia, such as the glycemic gap and glycemic ratio,
requires both admission glucose and baseline glycemic control data
derived from HbA1c values. Since the MIMIC-1V database does not
allow retrospective supplementation of missing data, these values
are essential for the analysis.

The date of death was collected if the patient expired during
hospitalization and was applied to measure the in-hospital mortality
rate.

2.3. Stress hyperglycemia

Stress hyperglycemia is defined as the glycemic gap (the differ-
ence between admission glucose and eAG) and the glycemic ratio
(the ratio of admission glucose to eAG). The admission glucose value
and the eAG value were collected in the initial blood examination
after admission. The eAG was calculated by Glycated hemoglobin
(HbA1c) with the formula: (AG (mg/dl) = 28.7 * A1C — 46.7).2° These
metrics were selected based on their ability to account for both
acute glucose changes and baseline glycemic control. Previous re-
search supports their utility in reflecting stress-induced glucose
changes and their impact on outcomes in critical care.1 2% The ra-
tionale for utilizing these specific metrics lies in their capacity to dis-
tinguish the acute stress response from pre-existing glycemic condi-
tions, ensuring a nuanced analysis of the effects of stress hypergly-
cemia in sepsis outcomes.

2.4. Statistical analysis

We used medians and quartiles to present the distribution of
variables. The distribution of baseline characteristics between young
patients and older patients was examined by t-tests and chi-squared
tests. Logistic regression models were used to estimate the risk ra-
tios (RRs) and 95% confidence intervals (Cls) of mortality of the gly-
cemic gap and ratio, adjusted by other variables. Logistic regression
was chosen as it is well-suited for binary outcome variables such as
mortality and allows for the adjustment of potential confounders.
Although logistic regression traditionally yields odds ratios (ORs), we
reported risk ratios to enhance interpretability, given that the mor-
tality rate in our cohort was relatively high (> 10%), which can cause
ORs to substantially overestimate effect sizes. This approach allows
for a more clinically intuitive interpretation of relative risk, especially
in the context of outcome incidence in critical care populations.

The selection of covariates was guided by their clinical rele-
vance and potential impact on stress hyperglycemia or mortality, as
identified in previous studies. 172124 Age was included due to its role
as both an effect modifier and independent predictor of mortality
and endocrine response during critical iliness. Diabetes mellitus
(DM) was adjusted for given its direct impact on baseline glycemic
status and its potential to confound glycemic gap and ratio calcula-
tions. In addition to age and DM, we adjusted for sex and common
comorbidities — including coronary artery disease, hypertension,
pulmonary disease, cerebrovascular accident, malignancy, chronic
kidney disease, hyperlipidemia, heart failure, and obesity — to mini-
mize residual confounding in the multiple regression models.

We also performed receiver operating characteristic (ROC) an-
alysis of stress glycemia for predicting in-hospital mortality. The pre-
dictive performance was evaluated with the area under ROC curve
(AUROC), and the optimal cutoff value with the best discrimination
ability was estimated by the Youden index. ROC analysis was se-
lected because it provides a robust framework for evaluating the dis-
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criminatory power of predictive variables.

For the subgroup analyses, we implemented stratified analyses
based on age to control for within-group variance. This approach al-
lowed us to assess whether the association between stress hyper-
glycemia and mortality differed across younger and older patient
groups. Additionally, multiple adjustments were applied in the logis-
tic regression models to account for potential confounders, including
age, sex, and comorbidities (coronary artery disease, diabetes mel-
litus, hypertension, pulmonary disease, cerebrovascular accident,
malignancy, chronic kidney disease, hyperlipidemia, heart failure,
and obesity). By including these covariates, we aimed to minimize
the influence of confounding factors on the observed relationships
within each subgroup. Furthermore, we examined interactions be-
tween glycemic metrics and age to identify modifying effects that
could impact the association between stress hyperglycemia and
mortality in different age groups. These steps ensured a more pre-
cise and reliable analysis of subgroup-specific outcomes.

Stratified analyses were conducted to assess the modifying ef-
fect of age on the glycemic gap on mortality. We set the significance
level at 0.05. All the statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC).

3. Results

We identified 16,582 adult patients diagnosed with sepsis after
admission (Table 1). There were 9,602 patients aged 65 years and
older (the older group), and 6,980 patients were younger (the youn-
ger group). The diabetic patients were 29.5% in the younger group
and 37.7% in the older group. The comorbidities were listed. Com-
pared to the younger group, all comorbidities, except obesity, com-
prised a higher percentage in the older group, and obesity was more
common in the younger group (14.17% in the younger group; 9.43%
in the older group, p < 0.0001). Stress hyperglycemia was analyzed
through the initial glucose level, HbA1C, the glycemic ratio, and the
glycemic gap of the older and the younger groups. The median initial
glucose level was higher in the older group (younger group: 116.0
(Q1=95.0,Q3 =155.0); older group: 122.0 (Q1 =99.0, Q3 = 163.0); p
=0.0097). The median HbA1C level was higher in the younger group
(younger group: 6.3 (Q1 = 5.5, Q3 = 8.4); older group: 6.2 (Q1 = 5.6,
Q3 =7.2); p=0.0097). The glycemic gap and ratio medians were not
significantly different between the two groups, but both were higher

Table 2
Stress hyperglycemia and in-hospital mortality.
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in the younger group.

The in-hospital mortality analysis is presented in Table 2. Survi-
vors had higher HbA1lc either in young and older patients. Higher
glycemic gap and glycemic ratio associated with mortality in younger
patients, while lower glycemic gap and glycemic ratio associated
with mortality in older patients. However, the glycemic ratio was sig-
nificantly related to mortality only in the younger group (p = 0.0492).
After multiple adjustments, the glycemic gap and ratio had similar
risks associated with mortality in both groups.

In the younger group, the ROC analysis showed that the AUROC
of the glycemic gap was 0.5963 (95% Cl = 0.5361, 0.6566, p =
0.0017), and the AUROC of the glycemic ratio was 0.6064 (95% Cl =
0.5431, 0.6696, p = 0.0010) (Table 3). There was no distinguishing
value of glycemic gap or glycemic ration in the analyses of all pa-
tients and the older group.

In the subgroup analysis of diabetic patients (Table 4), both the
glycemic gap and glycemic ratio were significantly lower in non-sur-
vivors than in survivors within the older age group (gap: 29.9 vs.

Table 1
Basic characteristics of the patients and their comorbidities.

Age<65,n=6980 Age=>65,n=9602
Sex 0.011

p value

Female 3113 (44.6%) 4475 (46.6%)
Male 3867 (55.4%) 5127 (53.4%)
Comorbidities
CAD 1077 (15.4%) 3752 (39.1%)  <0.001
DM 2061 (29.5%) 3617 (37.7%)  <0.001
Hypertension 3117 (44.7%) 7130 (74.3%) <0.001
Pulmonary disease 1319 (18.9%) 2462 (25.6%) <0.001
CVA 468 (6.7%) 1077 (11.2%) <0.001
Malignancy 1456 (20.9%) 2386 (24.9%)  <0.001
CKD 1246 (17.9%) 3170 (33.0%) <0.001
Hyperlipidemia 1647 (23.6%) 4470 (46.6%) <0.001
Heart failure 1125 (16.1%) 3640 (37.9%) <0.001
Obesity 989 (14.2%) 905 (9.4%) <0.001
Glucose 116.0 (95.0, 155.0) 122.0(99.0,163.0)  0.010
HbA1C 6.3 (5.5, 8.4) 6.2 (5.6,7.2) 0.010
Glycemic gap 12.71(-19.9, 62.2) 10.5 (-16.2, 56.0) 0.802
Glycemic ratio 1.09 (0.9, 1.4) 1.08 (0.9, 1.4) 0.894

Data are presented as number (percentage) for sex and comorbidities, and
as median (interquartile range, IQR) for glucose, HbA1C, glycemic gap, and
glycemic ratio.

Survivors Non-survivors p value Multiple adjusted RR (95% Cl) p value

All

Glucose 141.8 (82.4) 147.0 (87.9) 0.003* 1.001 (1.000, 1.001) 0.002*

HbA1C 7.1(2.3) 6.5(1.8) <0.001* 0.86 (0.80, 0.92) <0.001*

Glycemic gap 33.7 (111.7) 32.7 (81.4) 0.858 1.000 (0.999, 1.001) 0.884

Glycemic ratio 1.2 (0.7) 1.2 (0.5) 0.669 1.03 (0.86, 1.24) 0.721
Age < 65 yr

Glucose 141.5 (91.3) 144.6 (91.8) 0.316 1.001 (1.000, 1.001) 0.107

HbA1C 7.4 (2.6) 6.6 (2.1) 0.001* 0.96 (0.83, 1.10) 0.530

Glycemic gap 31.7 (119.4) 46.8 (82.7) 0.143 1.001 (0.999, 1.003) 0.260

Glycemic ratio 1.2 (0.8) 1.4(0.6) 0.049* 1.13 (0.90, 1.43) 0.306
Age > 65yr

Glucose 142.0 (74.7) 148.2 (85.8) 0.003* 1.001 (1.001, 1.002) <0.001*

HbA1C 6.8 (1.9) 6.4 (1.6) 0.011* 0.90 (0.80, 1.01) 0.085

Glycemic gap 35.7 (103.7) 26.3(80.2) 0.194 0.999 (0.997, 1.001) 0.347

Glycemic ratio 1.2 (0.6) 1.2 (0.5) 0.404 0.90 (0.67, 1.21) 0.487

Data are presented as mean (standard deviation, SD). p values were calculated using the Mann-Whitney U test for continuous variables and chi-square test
for categorical variables. Multiple adjusted risk ratios (RRs) were estimated using multivariable logistic regression models. Covariates included in the model:
age, sex, diabetes mellitus, coronary artery disease, hypertension, pulmonary disease, cerebrovascular accident, malignancy, chronic kidney disease,
hyperlipidemia, heart failure, and obesity. A p value < 0.05 was considered statistically significant (*).
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55.0, p = 0.0348; ratio: 1.18 vs. 1.33, p = 0.0335). After adjusting for
age, sex, and comorbidities, a higher glycemic ratio was independ-
ently associated with a lower risk of in-hospital mortality in this
group (adjusted RR=0.67,95% Cl = 0.451-0.996, p = 0.048).

4. Discussion

We used data from the MIMIC-IV database to investigate the re-
lationship between stress hyperglycemia and sepsis in older pa-
tients. This study showed that the two age groups had no difference
in stress hyperglycemia levels. Higher stress hyperglycemia levels
(shown by glycemic ratio) were significantly related to higher mortal-
ity in the younger group. Stress hyperglycemia did not affect mortal-
ity in the older group, but it showed a trend of elevation in the survi-
vors.

The comorbidity analysis showed high consistency in that the
older group had significantly higher proportions of chronic ilinesses,
but patients in the younger group were significantly more obese (Ta-
ble 1). Previous literature showed a similar feature: the older group
had a higher percentage of these chronic diseases.?® The reason may
be that these comorbidities were age-related chronic diseases.

Stress hyperglycemia levels had no difference between the two
age groups in our study but had relatively lower levels among older

Table 3
Prediction of in-hospital mortality by stress hyperglycemia.
AUROC (95% Cl) p value Cutoff (Youden)
All patients
Glucose 0.51 (0.50, 0.52) 0.060 136.85
HbA1C 0.57 (0.54, 0.61) <0.001* 7.40
Glycemic gap 0.48 (0.44, 0.52) 0.265 124.00
Glycemic ratio 0.53 (0.49, 0.57) 0.160 1.26
Age < 65 yr
Glucose 0.49 (0.47, 0.51) 0.531 155.00
HbA1C 0.60 (0.54, 0.67) 0.002* 6.20
Glycemic gap 0.60 (0.54, 0.66) 0.002* 18.70
Glycemic ratio 0.61 (0.54, 0.67) 0.001* 1.37
Age > 65 yr
Glucose 0.52 (0.50, 0.53) 0.034* 132.03
HbA1C 0.55 (0.50, 0.59) 0.031* 7.60
Glycemic gap 0.52 (0.47, 0.57) 0.423 -18.35
Glycemic ratio 0.51 (0.46, 0.56) 0.632 0.82

AUROC = area under the receiver operating characteristic curve; Cl =
confidence interval. Optimal cutoff values were determined by the Youden
index. Stress hyperglycemia metrics (glucose, HbAlc, glycemic gap, glycemic
ratio) were tested for their ability to discriminate in-hospital mortality.
Statistical significance was defined as p < 0.05 (*).

Y.-C. Lin et al.

people. Stress hyperglycemia is described as the reaction to acuteill-
ness, which causes the production of excessive counterregulatory
hormones and leads to gluconeogenesis and insulin resistance. The
result can be indirectly observed by glucose fluctuations.! Older
adults have been found to have a decrease in hormone activities,
such as hypoadrenalism, hypothyroidism, and hypogonadism.27’28
Declines in growth hormone and insulin pulses are also well known.?®
This may be why stress hyperglycemia levels were relatively lower
among older people with sepsis in our study (Table 1). However, the
exact mechanism needs more evidence.

Our in-hospital mortality data demonstrated opposite results
between both groups (Table 2). In the younger population, the survi-
vors had lower glycemic gap and glycemia ratio. This finding was
comparable to previous studies that stress hyperglycemia was re-
lated to poor outcomes among critical patients.2'7’8'1l'16 In the geri-
atric population, we demonstrated that the survivors had stress
hyperglycemia (higher glycemic gap and glycemic ratio). There is a
novel strategy that suggests treating endocrine deficiency in older
adults with acute illness may result in a better prognosis.28'32_34
Blood glucose level is a direct reflex to endocrine functions.3? Stress
hyperglycemia in older adults may indicate effective endocrine func-
tion. Therefore, we hypothesized that stress hyperglycemia is a po-
tential prognostic predictor in older patients with sepsis.

Stress hyperglycemia is quantified using the glycemic ratio or
glycemic gap. Many studies have used one of both methods.} 2% we
used the receiver operating characteristic curve (ROC) to predict
in-hospital mortality by stress hyperglycemia (Table 3). The results
showed that we could use both methods to predict mortality only in
the younger group (AUROC = 0.6). Since there is little benefit in clinical
application, a better method or application should be investigated.

Subgroup analysis of diabetic patients demonstrated that the
survivors in the older group had higher stress hyperglycemia (Table
4). Previous sepsis studies have shown no association between dia-
betes and mortality, while stress hyperglycemia is an independent
mortality factor.?>?* Endocrine deficiency is relatively common in
older adults.?”?8 In older patients, B-cell dysfunction and hormonal
insufficiency are considered major contributors to glucose dysre-
gulation.28 Interestingly, our findings revealed that a higher glycemic
ratio was associated with lower in-hospital mortality in older dia-
betic patients. While this may seem counterintuitive, one possible
explanation is that stress hyperglycemia in older patients reflects
preserved neuroendocrine responsiveness to critical illness. Aging is
associated with a decline in stress hormone secretion, including cor-
tisol and growth hormone, which can impair the metabolic adapta-
tion to acute physiological stress.?”?8 |n this context, measurable

Table 4
Stress hyperglycemia and in-hospital mortality of DM patients.
Survivors Non-survivors p value Multiple adjusted RR (95% Cl) p value
Age <65yr
Glucose 198.0 (114.4) 186.8 (108.5) 0.123 0.999 (0.998-1.000) 0.156
HbA1C 8.7 (2.7) 8.1(2.3) 0.201 0.91 (0.77-1.07) 0.267
Glycemic gap 37.6 (132.0) 63.9 (97.7) 0.166 1.001 (0.999-1.004) 0.357
Glycemic ratio 1.2 (0.7) 1.4 (0.6) 0.122 1.41 (0.84-2.35) 0.194
Age > 65yr
Glucose 176.5 (96.7) 181.1(111.8) 0.301 1.001 (1-1.001) 0.207
HbA1C 7.6(2.1) 7.1(2.0) 0.029* 0.88 (0.78-1.01) 0.070
Glycemic gap 55.0 (129.5) 29.9 (92.6) 0.035* 0.998 (0.996-1) 0.062
Glycemic ratio 1.3(0.7) 1.2 (0.5) 0.034* 0.67 (0.45-1.00) 0.048*

Data are presented as mean (standard deviation, SD). p values were calculated using Mann-Whitney U tests. Multiple adjusted risk ratios (RRs) were
estimated using multivariable logistic regression models. Covariates included: age, sex, coronary artery disease, hypertension, pulmonary disease,
cerebrovascular accident, malignancy, chronic kidney disease, hyperlipidemia, heart failure, and obesity. This table presents the subgroup analysis for

diabetic patients only. A p value < 0.05 was considered statistically significant (*).
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stress hyperglycemia may indicate that a patient retains sufficient
endocrine reserve to mount a compensatory response.

Alternatively, patients who demonstrated stronger glycemic re-
sponses may have received earlier interventions or closer monitor-
ing, factors which could have contributed to improved outcomes. As
such, we interpret this finding with caution. Further prospective re-
search is needed to clarify whether stress hyperglycemia truly func-
tions as a marker of physiological resilience in older sepsis patients.

Therefore, our study suggests that stress hyperglycemia may
serve as a prognostic biomarker in older adults, especially among
diabetic patients. However, the underlying mechanisms require
further validation.

Stress hyperglycemia may serve as a useful biomarker with dif-
ferent meanings for younger and older sepsis patients. In younger
patients, higher stress hyperglycemia is linked to worse outcomes,
which matches findings from earlier studies showing that poor glu-
cose control leads to higher mortality in critically ill patients.2'7'8'11’16
However, in older patients, higher stress hyperglycemia in survivors
might suggest better-preserved endocrine function, showing that
their bodies can still respond to stress. This is different from younger
patients and might be due to age-related changes, like lower hor-
mone activity in older adults. Comparing our results with previous
studies on hormone changes in older sepsis patients, such as re-
duced adrenal and growth hormone function, supports the idea that
stress hyperglycemia could reflect better body function in older pa-
tients. 2728 Clinically, these findings suggest monitoring stress hyper-
glycemia in older patients to guide treatments, such as supporting
hormone functions to improve outcomes. Further research is ne-
eded to confirm these results and explore how stress hyperglycemia
works in older sepsis patients.

Our study has a few limitations. First, the MIMIC-IV database of-
fers a comprehensive scope of data collection, encompassing pa-
tient demographics, vital signs, laboratory test results, medication
records, and clinical outcomes. However, as a single-center data-
base, its findings may not be generalizable to broader populations
outside the Boston region. Additionally, the dataset is focused on
ICU patients, which may limit the representativeness of non-ICU hos-
pitalized patients. Second, continuous glucose measurements were
unavailable in the MIMIC-IV database, restricting our ability to as-
sess dynamic glucose fluctuations and their potential prognostic im-
plications. Stress hyperglycemia is inherently a dynamic process, and
a single glucose measurement at admission may not fully capture its
variability or peak values during the acute phase of sepsis. Future
studies employing continuous glucose monitoring could provide a
more comprehensive understanding of glycemic variability’s role in
sepsis outcomes. Third, we did not conduct stratified analyses for
differences in glucose, HbAlc, glycemic ratio, and glycemic gap be-
tween diabetic and non-diabetic patients. While these analyses could
provide additional insights, they fall beyond the scope of our current
research. This limitation has been noted, and we recommend future
studies to explore these differences more thoroughly. Fourth, we ex-
cluded patients without HbA1lc data, as both admission glucose and
HbA1c are required to calculate the glycemic gap and glycemic ratio.
While this approach ensured the validity of stress hyperglycemia
measurement, it may have introduced selection bias. Patients with
available HbAlc data were more likely to have diabetes or suspected
glucose dysregulation, potentially limiting the generalizability of our
findings to the broader sepsis population. However, because HbAlc
was routinely assessed in most ICU admissions, we believe the im-
pact of this exclusion was minimized, although it should still be con-
sidered when interpreting the results.Lastly, the absence of detailed
comorbidity data, particularly regarding the severity and duration of
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chronic conditions, introduces potential confounding factors. Al-
though we included common comorbidities in the multivariate an-
alyses, unrecorded conditions or missing severity data might ob-
scure the nuanced interplay between pre-existing health conditions
and stress hyperglycemia. These factors could significantly influence
the stress response and its association with mortality, underscoring
the need for future studies with more comprehensive data collec-
tion.3®

In conclusion, our study highlights the distinct impact of stress
hyperglycemia on sepsis outcomes in younger and older popula-
tions. In younger patients, elevated stress hyperglycemia is signifi-
cantly associated with increased mortality, reinforcing the role of
glucose dysregulation in poor outcomes for critically ill patients. In
contrast, stress hyperglycemia did not correlate significantly with
mortality in older patients, and elevated stress hyperglycemia was
even observed among survivors, particularly in diabetic patients.
The absence of elevated stress hyperglycemia in older septic pa-
tients suggests a poorer prognosis. However, further research is re-
quired to validate these findings and uncover the underlying mecha-
nisms. Clinically, these insights emphasize the need for age-specific
strategies in managing hyperglycemia in septic patients, as younger
and older patients may require different therapeutic approaches to
improve outcomes.
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