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Novel cortisol trajectory sub‑phenotypes 
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Abstract 

Background  Sepsis is a heterogeneous syndrome. This study aimed to identify new sepsis sub-phenotypes using 
plasma cortisol trajectory.

Methods  This retrospective study included patients with sepsis admitted to the intensive care unit of Zhongshan 
Hospital Fudan University between March 2020 and July 2022. A group-based cortisol trajectory model was used 
to classify septic patients into different sub-phenotypes. The clinical characteristics, biomarkers, and outcomes were 
compared between sub-phenotypes.

Results  A total of 258 patients with sepsis were included, of whom 186 were male. Patients were divided into two 
trajectory groups: the lower-cortisol group (n = 217) exhibited consistently low and slowly declining cortisol levels, 
while the higher-cortisol group (n = 41) showed relatively higher levels in comparison. The 28-day mortality (65.9% 
vs.16.1%, P < 0.001) and 90-day mortality (65.9% vs. 19.8%, P < 0.001) of the higher-cortisol group were significantly 
higher than the lower-cortisol group. Multivariable Cox regression analysis showed that the trajectory sub-phenotype 
(HR = 5.292; 95% CI 2.218–12.626; P < 0.001), APACHE II (HR = 1.109; 95% CI 1.030–1.193; P = 0.006), SOFA (HR = 1.161; 
95% CI 1.045–1.291; P = 0.006), and IL-1β (HR = 1.001; 95% CI 1.000–1.002; P = 0.007) were independent risk factors 
for 28-day mortality. Besides, the trajectory sub-phenotype (HR = 4.571; 95% CI 1.980–10.551; P < 0.001), APACHE II 
(HR = 1.108; 95% CI 1.043–1.177; P = 0.001), SOFA (HR = 1.270; 95% CI 1.130–1.428; P < 0.001), and IL-1β (HR = 1.001; 95% 
CI 1.000–1.001; P = 0.015) were also independent risk factors for 90-day mortality.

Conclusion  This study identified two novel cortisol trajectory sub-phenotypes in patients with sepsis. The trajecto-
ries were associated with mortality, providing new insights into sepsis classification.
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Introduction
Sepsis is a life-threatening organ dysfunction caused by 
a dysregulated host response to infection [1]. The course 
of sepsis is highly heterogeneous due to different causal 

agents, patient conditions, comorbidities, and treat-
ments, resulting in highly variable patient outcomes with 
the same treatments in different septic patients [2]. Con-
sequently, identifying patient subgroups precisely is cru-
cial to optimize sepsis treatment and improve prognosis.

Despite significant advances in modern medicine, 
accurately assessing the severity and effectively predict-
ing the prognosis of sepsis remains a major challenge. 
Sepsis is a dynamic condition that exhibits different bio-
logical responses over minutes to hours [3, 4], and static 
laboratory tests often fail to recognize sepsis sub-pheno-
types that evolve [5, 6]. Group-based trajectory modeling 
(GBTM) has become an important topic in the field of 
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critical care as a new phenotypic grouping tool that can 
be used to analyze potential categories using changes in 
indicators in the time dimension [7–9]. Recent studies 
on sepsis sub-phenotypes utilizing the GBTM approach 
have incorporated routinely accessible clinical variables, 
such as inflammation factors [10] and vital signs [7, 9].

Sepsis is associated with an abnormal response of 
the hypothalamic–pituitary–adrenal (HPA) axis [11]. 
Cytokines (including IL-1, IL-6, and TNF-α) stimulate 
the HPA axis, increasing the secretion of corticotropin-
releasing hormone (CRH) and adrenocorticotropic hor-
mone (ACTH) [12, 13]. The body can counteract the 
inflammatory response by activating the HPA axis to 
increase cortisol levels [14, 15], which has immunosup-
pressive effects, decreases cytokine concentrations, and 
maintains vascular tension, catecholamine sensitivity, 
and endothelial integrity [15]. Nevertheless, with sepsis 
progression, the typical cortisol secretion and feedback 
mechanisms of the HPA axis can be disturbed, and criti-
cal illness-related corticosteroid insufficiency (CIRCI) 
may occur, leading to uncontrolled inflammatory 
responses and disturbed circadian rhythms [12]. There-
fore, in patients with sepsis, cortisol levels are highly het-
erogeneous [14].

The current understanding regarding whether the cor-
tisol trajectory in septic patients can be used to identify 
sepsis sub-phenotypes remains unclear. This study aimed 
to investigate a novel plasma cortisol trajectory to iden-
tify new sepsis sub-phenotypes.

Methods
Study design and patients
This retrospective study included patients diagnosed 
with sepsis at the intensive care unit (ICU) of Zhongshan 
Hospital Fudan University between March 2020 and July 
2022. Sepsis was diagnosed according to the third inter-
national consensus definition of sepsis [16]. The study 
was approved by the Ethics Committee of Zhongshan 
Hospital, Fudan University (#B2021-501R). The require-
ment for informed consent was waived by the commit-
tee. The exclusion criteria were as follows: (1) < 18 years 
old, (2) ICU stay < 72  h, (3) pregnancy, (4) history of 
corticosteroid treatment or with drugs that affect adre-
nal function during hospitalization or within 1  year 
period before admission, or (5) pituitary or adrenal gland 
abnormalities.

Data collection and outcome
The demographic and clinical characteristics of the 
patients, including age, sex, acute physiology and chronic 
health status score II (APACHE II) [17], SOFA score [18], 
body mass index (BMI), the source of infection at ICU 
admission, and comorbidities were collected within the 

first 24  h after admission to the ICU. Laboratory data 
were collected from the patient charts, including blood 
routine examination, C-reaction protein (CRP), procal-
citonin (PCT), tumor necrosis factor-α (TNF-α), inter-
leukins (ILs), albumin (Alb), creatinine (Cr), alanine 
transaminase (ALT), aspartate aminotransferase (AST). 
All biochemical measurements were performed at the 
Clinical Chemistry Laboratory of the study hospital.

Routine twice-daily cortisol screenings were con-
ducted at 08:00 and 16:00 for all sepsis patients in our 
ICU to monitor potential variations in cortisol levels and 
rhythms. To minimize disturbances to patients’ sleep, 
midnight data were not collected. The cortisol levels 
measured at 08:00 and 16:00 during the first 3 days fol-
lowing sepsis diagnosis were defined as T1 to T6, respec-
tively. Specifically, T1 refers to 08:00 on the first day after 
sepsis diagnosis, T2 to 16:00 on the same day, T3 to 08:00 
on the second day, T4 to 16:00 on the second day, T5 to 
08:00 on the third day, and T6 to 16:00 on the third day. 
All patients were followed for 90 days from ICU admis-
sion. The primary outcome of the present study was 
the 28-day mortality. The secondary outcomes were the 
90-day mortality, the duration of mechanical ventilation, 
and the length of ICU and hospital stays.

Statistical analysis
The GBTM to establish the distinct trajectories of cor-
tisol was conducted using the TRAJ package for Stata 
17.0 (StataCorp LP, College Station, TX, USA) [19]. This 
model [20] delineates the dynamics between cortisol con-
centrations and time across various trajectories. The cal-
culated likelihoods were termed posterior probabilities of 
group affiliation. Based on the array of cortisol measure-
ments, the patients were categorized into the trajectory 
sub-phenotype for which they had the highest prob-
ability of group membership. The determination of the 
ideal count of latent groups within a preferred grouping 
was influenced by multiple factors [7]. Firstly, enhanced 
model fit correlates with increased log-likelihood ratios 
and higher entropy values, the latter maintaining a 
threshold of no less than 0.7. Secondly, optimal model fit 
was associated with reduced values of the Akaike Infor-
mation Criterion (AIC), Bayesian Information Criterion 
(BIC), and the sample-size corrected BIC [21]. Thirdly, 
a critical criterion was that each identified group’s aver-
age posterior probability (AvePP) had to meet or exceed 
70%. Fourthly, each identified category constituted at 
least 1% of the overall sample volume. Lastly, the ability 
of the model to be clinically interpretable was an essen-
tial consideration.

The statistical analyses were all performed using SPSS 
22.0 (IBM, Armonk, NY, USA), R 4.2.1 (Thermo Fisher 
Scientific, Waltham, MA, USA), or GraphPad Prism 8.0.2 



Page 3 of 9Leng et al. Critical Care          (2024) 28:290 	

(GraphPad Software Inc., San Diego, CA, USA). Nor-
mally distributed continuous variables were described as 
means ± standard deviations (SDs). Medians and inter-
quartile ranges (IQRs) were used for the continuous vari-
ables that were non-normally distributed. Depending on 
their distributions, between-group comparisons were 
performed using parametric (Student’s t-test) or non-
parametric tests (Mann–Whitney U-test). Categorical 
variables were described as n (%), with intergroup com-
parisons conducted using the chi-squared test or Fisher’s 
exact test. Univariable and multivariable Cox propor-
tional hazard models were constructed to identify the 
factors associated with 28- and 90-day mortalities. The 
variables that were significant in the univariable were 
included in the multivariable Cox regression analyses. 
The 28- and 90-day cumulative survival probability was 
examined using the Kaplan–Meier method. Subgroup 
analysis was conducted for sex, age, BMI, with or without 
high blood pressure (HBP), diabetes mellitus (DM), and 
coronary artery disease (CAD). Multiple imputation (MI) 
based on five imputed data sets was used to address the 
missing data with SPSS 22.0 (IBM, Armonk, NY, USA). 
Statistical significance was determined by two-sided 
P < 0.05.

Results
From March 2020 to July 2022, 3986 patients were admit-
ted to the ICU, of which 457 were diagnosed with sep-
sis. According to the exclusion criteria, 199 patients 
were excluded: 11 were < 18  years old, 72 stayed in the 
ICU < 72 h, 18 were pregnant, 72 had corticosteroid treat-
ment or drugs that affect adrenal function, and 26 had 
a history of pituitary or adrenal gland abnormalities. 

Therefore, 258 patients were included in this study. The 
missing data rate was 1.04% (Supplementary Table 1).

Cortisol trajectories and model adequacy
Two cortisol trajectories were identified using a GBTM 
approach. The lower-cortisol group included 217 patients 
(84%), and the higher-cortisol group consisted of 41 
patients (16%). The cortisol levels in the lower-cortisol 
group persisted at a relatively low starting level with a 
slow and steadily decreasing trend. On the other hand, 
the cortisol levels in the higher-cortisol group were 
elevated noticeably at the beginning (> 1500  nmol/L), 
had sustained high levels at T2-4, and a rapid decrease 
at T5-6 but remained significantly higher than in the 
lower-cortisol group (Fig. 1). Model adequacy was evalu-
ated. The entropy value was 0.906 (expected > 0.7 for ade-
quacy). The levels of AIC and BIC were the lowest. The 
AvePP of the two trajectories were 98% and 92%, respec-
tively (expected > 70% for adequacy). Finally, the ability of 
the trajectory model was clinically interpretable.

Clinical characteristics and biomarker comparison
No significant differences were observed between the 
trajectory groups in age, sex, BMI, comorbidity, blood 
routine, liver or kidney function (all P > 0.05). Com-
pared with the lower-cortisol group, patients in the 
higher-cortisol group showed significantly higher SOFA 
scores (P < 0.001) and APACHE II scores (P = 0.001), 
PCT (P = 0.004), TNF-α (P < 0.001), IL-6 (P = 0.007), 
IL-1β (P = 0.004), IL-10 (P < 0.001), and IL-8 (P = 0.003) 
(Table 1).

Fig. 1  Group-based trajectory modeling of cortisol levels in septic patients. The dotted gray line represents the 95% confidence interval
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Mortality and patient outcomes
There were no significant differences in the duration of 
mechanical ventilation, the length of ICU, or hospital stay 
between the two groups. The 28-day mortality (65.9% 
vs. 16.1%, HR = 5.140; 95% CI 2.426–10.890, P < 0.001) 
and 90-day mortality (65.9% vs. 19.8%, HR = 5.037; 95% 
CI 2.388–10.620, P < 0.001) of the patients in the higher-
cortisol group was significantly higher than in the lower-
cortisol group (Table 1 and Fig. 2).

Independent influence factors of 28‑day and 90‑day 
mortality
Univariable analysis revealed that the trajectory sub-
phenotype was significantly associated with both 28-day 
mortality (HR = 6.152; 95% CI 3.698–10.235; P < 0.001) 
and 90-day mortality (HR = 5.129; 95% CI 3.156–8.335; 
P < 0.001). Other significant factors for 28-day mortal-
ity included APACHE II, SOFA, MV duration, length 
of hospital stay, IL-1β, and IL-10. Significant fac-
tors for 90-day mortality included BMI, APACHE II, 
SOFA, MV duration, ICU days, and IL-1β (all P < 0.05) 
(Table  2). Multivariable Cox regression analysis showed 
that the trajectory sub-phenotype (HR = 5.292; 95% CI 
2.218–12.626; P < 0.001), APACHE II (HR = 1.109; 95% 
CI 1.030–1.193; P = 0.006), SOFA (HR = 1.161; 95% CI 
1.045–1.291; P = 0.006), and IL-1β (HR = 1.001; 95% CI 
1.000–1.002; P = 0.007) were independent risk factors for 
28-day mortality. Besides, the trajectory sub-phenotype 
(HR = 4.571; 95% CI 1.980–10.551; P < 0.001), APACHE 
II (HR = 1.108; 95% CI 1.043–1.177; P = 0.001), SOFA 
(HR = 1.270; 95% CI 1.130–1.428; P < 0.001), and IL-1β 
(HR = 1.001; 95% CI 1.000–1.001; P = 0.015) were also 
independent risk factors for 90-day mortality (Table 2).

Subgroup analysis
The subgroup analyses included all 258 patients revealed 
that the cortisol trajectory sub-phenotype remained a 
significant risk factor for 28- and 90-day mortality after 
stratification by sex, age, BMI, and HBP (all P < 0.05) 
(Fig.  3). A gender subgroup analysis was performed to 
mitigate concerns regarding generalizability due to gen-
der bias. In the male and female subgroups, the cortisol 
trajectory subtype grouping still exhibited statistically 
significant differences in HR for 28- and 90-day mortality, 
unaffected by gender (Fig. 3).

Discussion
The study identified two distinct sepsis sub-pheno-
types based on plasma cortisol trajectory, revealing that 
patients in the higher-cortisol group had significantly 
higher 28-day and 90-day mortality rates compared to 
those in the lower-cortisol group. Cortisol trajectory 

Table 1  Characteristics of the patients according to the 
trajectory

BMI, body mass index; APACHE II, acute physiology and chronic health 
evaluation; SOFA, sequential organ failure assessment; WBC, white blood 
cell count; Lym, lymphocyte; Neu, neutrophils; RBC, red blood cell count; 
Hb, hemoglobin; PLT, platelet; CRP, C-reactive protein; PCT, procalcitonin; 
TNF-α, tumor necrosis factor-α; IL-6, interleukin-6; IL-1β, interleukin-1β; IL-10, 
interleukin-10; IL-8, interleukin-8; Alb, albumin; Cr, creatinine; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; MV, mechanical ventilation; 
ICU, intensive care unit

Variable The lower-cortisol 
group (n = 217)

the higher-
cortisol group 
(n = 41)

P

Age (years) 66.9 ± 15.0 67.5 ± 15.1 0.833

Sex, n (%) 0.850

Male 157 (72.4%) 29 (70.7%)

Female 60 (27.6%) 12 (29.3%)

BMI (kg/m2) 23.2 ± 3.6 23.0 ± 3.7 0.732

Source of infection, n (%) 0.463

Abdominal infection 178 (82.0%) 34 (82.9%)

Thoracic or lung infec-
tions

31 (14.3%) 5 (12.2%)

Soft tissue and skin 
infection

4 (1.8%) 0%

Intracranial infection 4 (1.8%) 2 (4.9%)

Comorbidity (%)

High blood pressure 33.2% 24.4% 0.272

Diabetes mellitus 14.3% 17.1% 0.643

Coronary artery disease 11.1% 4.9% 0.387

Kidney dysfunction 3.7% 9.8% 0.103

APACHE II 16 (12–20) 21 (15–24.5) 0.001

SOFA 6 (5–9) 9.5 (7–11)  < 0.001

WBC (× 109/L) 12.78 ± 9.34 10.96 ± 9.41 0.257

Lym (× 109/L) 0.88 ± 0.67 0.63 ± 0.49 0.210

Neu (× 109/L) 11.62 ± 9.8 9.88 ± 8.87 0.294

RBC (× 1012/L) 3.34 ± 0.73 3.30 ± 0.91 0.846

Hb (g/L) 108.0 ± 25.4 107.1 ± 29.3 0.831

PLT (× 109/L) 171.2 ± 103.8 153.1 ± 114.6 0.315

CRP (mg/L) 130.5 ± 112.4 111.6 ± 114.3 0.380

PCT (ng/mL) 20.8 ± 26.2 27.8 ± 23.4 0.004

TNF-α (pg/mL) 24.3 (14.8–36.7) 35.4 (25–59.9)  < 0.001

IL-6 (pg/mL) 193 (74.7–715) 741 (140–1000) 0.007

IL-1β (pg/mL) 5 (5–16.3) 9.2 (5–55) 0.004

IL-10 (pg/mL) 12.5 (7–26) 48.6 (25.5–116)  < 0.001

IL-8 (pg/mL) 81.5 (45–247) 189 (86–466) 0.003

Alb (g/L) 30.2 ± 5.2 31.5 ± 5.4 0.367

Cr (mg/dL) 100 (72.5–194.5) 104 (77–179) 0.916

ALT (U/L) 29 (19–73.5) 27 (19–46) 0.293

AST (U/L) 44 (26–118) 41 (25–60.5) 0.315

MV duration (h) 33 (10–102) 50 (29–131) 0.191

Length of hospital stay 
(days)

16 (10.5–27) 15 (8.25–20) 0.243

Length of ICU stay 
(days)

5 (3–13.5) 6 (3–12.75) 0.494

28-day mortality, n (%) 35 (16.1%) 27 (65.9%)  < 0.001

90-day mortality, n (%) 43 (19.8%) 27 (65.9%)  < 0.001
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sub-phenotype was identified as an independent pre-
dictor of mortality, highlighting their potential utility in 
guiding treatment strategies in sepsis management. This 
study is the first to use GBTM to identify two distinct 
cortisol trajectory sub-phenotypes in septic patients. This 
finding provides new insights into the dynamic role of 
cortisol in sepsis.

Previous studies have shown that critically ill patients, 
especially those with sepsis, have a disruption of the nor-
mal organization of the HPA axis, which may result in an 
excessive increase in plasma cortisol and correlate with 
disease severity [12, 22]. In addition, increased blood bile 
acid concentrations in critically ill patients may inhibit 
cortisol metabolizing enzymes, leading to increased cor-
tisol [23]. A downregulation of glucocorticoid receptors 
(GR) activity can also result in glucocorticoid resistance, 
which may cause an increase in sepsis mortality [24]. 
Cortisol rhythms are disrupted, and circadian rhythms 
are lost in patients with sepsis [14]. Still, the exact rhyth-
mic trajectory is unknown, and few studies were reported 
about cortisol trajectory sub-phenotypes in sepsis. The 
literature suggests that the need for longitudinal data tra-
jectories may be more helpful in effectively differentiat-
ing sub-phenotypes rather than values at individual time 
points for the more complex factors in patients with sep-
sis [7, 25].

In the present study, the higher-cortisol group was 
associated with a significantly higher 28- and 90-day 
mortality compared with the lower-cortisol group. The 
present study also showed that the trajectory group, 
APACHE II score, SOFA score, and IL-1β were inde-
pendent risk factors for 28- and 90-day mortality. The 
high mortality is consistent with the high inflammatory 
state that leads to excessive activation of the necroinflam-
matory cell death pathways in multiple organs [26, 27] 

or may be due to unresolved inflammation or immune 
suppression [28, 29]. Meanwhile, cytokines involved in 
immune dysregulation play an important role in patients 
with sepsis, among which IL-1β acts as a pro-inflamma-
tory cytokine, causing organ destruction in sepsis and 
activating inflammatory vesicles (including NLRP3 in 
macrophages and endothelial cells) [30]. In addition, 
macrophage-produced IL-1β destabilizes the vascula-
ture, which further induces inflammatory progression 
and tissue damage [31]. It is also possible that cytokines 
directly affect the adrenal glands and regulate cortisol 
secretion [32, 33], which may be responsible for persis-
tently high cortisol levels. Further understanding of the 
pathophysiology and biological mechanisms underlying 
these sub-phenotypes could be crucial for developing the 
next generation of management strategies for sepsis [34]. 
Notably, in our study’s higher-cortisol group, no deaths 
were observed between 28 and 90 days of follow-up. The 
absence of mortality events after day 28 in the higher-
cortisol group may be attributed to the following rea-
sons. First, the patients in the higher-cortisol group were 
generally more critically ill, resulting in a higher risk of 
mortality within the initial 28 days, with a mortality rate 
of 65.9%. Consequently, the most critically ill patients 
tended to succumb early, leading to no additional deaths 
between days 28 and 90 in this group [35–37]. Second, 
the small sample size could be involved, as mentioned in 
the limitations.

The HR for the cortisol trajectory sub-phenotype in 
the present study was significantly higher than the HR 
of the APACHE II score, which is known to predict the 
prognosis of critically ill patients and patients with sep-
sis [38, 39]. It suggests that the cortisol trajectory group 
may be more valuable for discriminating the differ-
ences in the heterogeneity of sepsis and may serve as a 

Fig. 2  The 28-day survival probability curve (A) and the 90-day survival probability curve (B) of patients between the two sub-phenotypes
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reference for the classification of future sepsis treat-
ments. Current sepsis management guidelines [1, 40–42] 
do not provide recommendations for precise treatment 
based on cortisol levels, underscoring the potential for 
further research into cortisol trajectories in sepsis. For 
instance, we hypothesize that patients with a high corti-
sol trajectory might not require corticosteroid therapy, 
at least not in the early stages, whereas those with a low 
cortisol trajectory may benefit from earlier and more 

aggressive corticosteroid treatment. This study may offer 
some initial insights into the development of more pre-
cise, individualized corticosteroid therapy strategies for 
heterogeneous conditions. Still, how the management 
of the two subtypes could be optimized requires further 
studies. The subgroup analysis showed that high corti-
sol levels (i.e., the higher-cortisol group) indicated high 
mortality regardless of sex, age, BMI, or HBP, suggest-
ing that the cortisol trajectory grouping is a potentially 

Table 2  Cox univariate and multivariate regression of 28- and 90-day mortality

BMI, body mass index; APACHE II, acute physiology and chronic health evaluation; SOFA, sequential organ failure assessment; MV, mechanical ventilation; ICU, 
intensive care unit; WBC, white blood cell count; Neu, neutrophils; Lym: Hb, hemoglobin; PLT, platelet; CRP, C-reactive protein; PCT, procalcitonin; TNF-α, tumor 
necrosis factor-α; IL-6, interleukin-6; IL-1β, interleukin-1β; IL-10, interleukin-10; IL-8, interleukin-8; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Alb, 
albumin; Cr, creatinine

Variables 28-day mortality 90-day mortality

Univariable Multivariable Univariable Multivariable

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Trajectory sub-pheno-
type

6.152 (3.698–10.235)  < 0.001 5.292 (2.218–12.626)  < 0.001 5.129 (3.156–8.335)  < 0.001 4.571 (1.980–10.551)  < 0.001

Sex (%) 0.829 (0.463–1.484) 0.528 0.748 (0.428–1.307) 0.308

Age (years) 0.995 (0.979–1.012) 0.573 0.995 (0.979–1.010) 0.995

BMI (kg/m2) 0.949 (0.893–1.008) 0.092 0.939 (0.890–0.991) 0.022

Source of infection, 
n (%)

1.410 (0.983–2.021) 0.062 1.379(0.974–1.952) 0.070

High blood pressure 1.332 (0.747–2.339) 0.337 1.182(0.704–1.986) 0.527

Diabetes mellitus 1.002 (0.494–2.033) 0.996 1.082(0.568–2.059) 0.811

Coronary artery disease

0.417 (0.131–1.332) 0.140 0.357(0.112–1.136) 0.357

Kidney dysfunction 1.005 (0.528–2.075) 0.472 1.093(0.672–2.093) 0.592

APACHEII 1.109 (1.071–1.149)  < 0.001 1.109 (1.030–1.193) 0.006 1.118 (1.081–1.155)  < 0.001 1.108 (1.043–1.177) 0.001

SOFA 1.186 (1.120–1.256)  < 0.001 1.161 (1.045–1.291) 0.006 1.179 (1.118–1.244)  < 0.001 1.270 (1.130–1.428)  < 0.001

MV (hours) 1.001 (1.000–1.002) 0.045 1.002 (1.001–1.002)  < 0.001

Length of hospital stay 
(days)

0.977 (0.957–0.998) 0.030 0.999 (0.987–1.012) 0.936

ICU days (days) 1.001 (0.983–1.018) 0.961 1.015 (1.004–1.026) 0.009

WBC (× 109/L) 0.987 (0.958–1.017) 0.384 0.993 (0.967–1.019) 0.586

Neu (× 109/L) 0.984 (0.954–1.015) 0.300 0.990 (0.963–1.017) 0.450

Lym (× 109/L) 1.096 (0.929–1.292) 0.277 1.100 (0.942–1.287) 0.234

Hb (g/L) 0.996 (0.986–1.006) 0.453 0.994 (0.984–1.037) 0.198

PLT (× 109/L) 1.0001 (0.997–1.002) 0.713 0.999 (0.997–1.002) 0.531

CRP (mg/L) 1.001 (0.999–1.004) 0.309 1.002 (0.999–1.004) 0.199

PCT (ng/mL) 0.999 (0.990–1.009) 0.892 1.003 (0.996–1.011) 0.351

TNF-α (pg/mL) 1.013 (1.007–1.019)  < 0.001 1.002 (0.993–1.015) 0.432

IL-6 (pg/mL) 1.000 (0.997–1.001) 0.073 1.001 (1.000–1.001) 0.075

IL-1β (pg/mL) 1.003 (1.000–1.005)  < 0.001 1.001 (1.000–1.002) 0.007 1.002 (1.000–1.006)  < 0.001 1.001 (1.000–1.001) 0.015

IL-10 (pg/mL) 1.002 (1.000–1.004) 0.037 1.002 (0.991–1.011) 0.078

IL-8 (pg/mL) 1.000 (0.998–1.001) 0.123 1.000 (1.000–1.070) 0.197

ALT (U/L) 1.000 (0.999–1.001) 0.680 1.000 (0.999–1.001) 0.656

AST (U/L) 1.000 (0.999–1.002) 0.497 1.000 (0.999–1.001) 0.587

Alb (g/L) 0.959 (0.879–1.046) 0.341 0.962 (0.884–1.048) 0.337

Cr (μmol/L) 1.003 (0.999–1.005) 0.365 0.981 (0.825–1.005) 0.378
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superior sepsis subgroup indicator. Nevertheless, accu-
rately assessing the severity and effectively predicting 
the prognosis of sepsis remains a major challenge. The 
significance of the identified sub-phenotypes lies in the 

potential need to adjust corticosteroid therapy strategies 
based on different cortisol trajectories to optimize the 
therapeutic outcomes.

Fig. 3  Forest plots of subgroup analysis for 28-day mortality (A) and 90-day mortality (B) of the cortisol trajectory group. BMI, Body mass index; HBP, 
High blood pressure; DM, Diabetes mellitus; CAD, Coronary artery disease
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Currently, there are various methods for classifying 
sepsis trajectory sub-phenotypes. Trajectories based 
on body temperature (hyperthermic, slow resolvers; 
hyperthermic, fast resolvers; normothermic; hypother-
mic) have been shown to distinguish between sepsis 
sub-phenotypes and are associated with mortality, with 
the highest mortality observed in hypothermic patients 
[8, 9, 25]. Bhavani et  al. [7] proposed four sepsis sub-
phenotypes based on vital sign trajectories, which 
were associated with different treatment responses. Xu 
et al. [34] established four trajectories based on SOFA 
scores: rapidly worsening, delayed worsening, rapidly 
improving, and delayed improving, all of which were 
associated with mortality. Additionally, another classifi-
cation based on the frequency of infections before sep-
sis was linked to mortality [43]. This study is the first 
to identify trajectory sub-phenotype in sepsis patients 
from the perspective of cortisol, providing valuable 
insights into existing dynamic models. However, a com-
prehensive comparison of these different trajectories 
is still lacking, and direct comparisons among studies 
are challenging due to patient heterogeneity. Future 
research should aim to concurrently examine multiple 
trajectories within the same cohort to identify which 
provides the most accurate associations with patient 
outcomes.

This study has limitations. Firstly, it was a retrospec-
tive single-center study with a limited sample size, 
resulting in limited generalizability. Secondly, this 
study only included cortisol measurements twice daily, 
and the absence of midnight cortisol measurement 
may have biased the results. Thirdly, due to excluding 
patients treated with corticosteroids, there is a lack of 
exploration into the responsiveness to corticosteroid 
therapy during different cortisol trajectory sub-pheno-
type patients. Fourthly, patients with ICU stays of less 
than 72 h were not included, which may limit the gen-
eralizability of our conclusions. Therefore, future stud-
ies need to be prospective, with more rigorous designs, 
larger sample sizes, and more comprehensive time 
rhythm data to validate these results.

In conclusion, this study identified two distinct sep-
sis sub-phenotypes using plasma cortisol trajectory. 
The lower-cortisol group exhibited consistently low 
and slowly declining cortisol levels, while the higher-
cortisol group showed relatively higher levels than the 
lower-cortisol group. A novel cortisol trajectory sub-
phenotype was identified as an independent predictor 
of mortality, providing new insights into sepsis classifi-
cation and highlighting its potential in treatment strat-
egies for sepsis management.
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