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Background: The relationship between acute gastrointestinal symptoms and cortisol or adrenocorticotropic hormone (ACTH) levels
has rarely been reported. We hypothesized that the elevation of serum cortisol or ACTH levels may be correlated with the severity of
the acute gastrointestinal injury grade (AGI).

Methods: This study was an observational study. All patients were admitted to the ICU between 2019.1.1 and 2020.1.1.. Serum
ACTH and cortisol levels and clinical data were collected from the electronic medication records. The highest AGI grade during the
ICU stay was the major endpoint to observe. The patient was treated in a standard procedure in the ICU.

Results: A total of 235 patients were included in our study, 132 of whom developed AGI. In univariate regression, cortisol level was
found to be a risk factor for 28-day mortality. Serum cortisol and ACTH levels correlated with APACHE II, AGI grade, PCT, and CRP
levels. Spearman analysis and partial correlation analysis indicated that cortisol and ACTH levels were correlated with AGI grade.
Conclusion: The ACTH and cortisol levels were positively correlated with the higher severity of AGI grade. The cortisol level may
be a useful way to access the GI injury.
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Introduction

Elevated serum corticosteroid levels have also been reported in critical illnesses.! Corticosteroid insufficiency is believed
to be a major phenotype caused by decreased cortisol clearance and target tissue resistance to cortisol.? In 2007, critical
illness-related corticosteroid insufficiency (CIRCI) was defined by the Society of Critical Care Medicine (SCCM) and
European Society of Intensive Care Medicine (ESICM) task force. It refers to the dysregulation of the hypothalamic-
pituitary-adrenal axis, altered cortisol metabolism, and peripheral tissue resistance to glucocorticoids. However, the
association between cortisol levels and the degree of illness or clinical outcome is unclear according to previous
studies.'** The adrenocorticotropic hormone (ACTH), whose function is to regulate cortisol levels, has also been reported
to be associated with the severity of critical illness.'

Critically ill patients showed a high heterogeneity. The relationship of ACTH or cortisol and patient’s outcome is
controversial in this population. The relationship between ACTH, cortisol, and mechanical ventilation (MV) has been
well-studied, showing CIRIC occurred in 33~22% MYV patients, and low cortisol level may be associated with difficult
weaning and prolonged ICU stay.* Higher plasma cortisol levels are associated with a higher mortality rate in COVID-
19 patients; however, ACTH levels have not been reported.® On the other hand, acute gastrointestinal injury (AGI) is also
a common syndrome in critical illness. The degree of AGI affects the outcome of the disease.” However, a relationship

between acute gastrointestinal symptoms and cortisol or ACTH levels has rarely been reported.
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How ACTH and cortisol levels are related to AGI grade is an important aspect of the characteristics of AGI and may
have an impact on the therapy choice or outcome. We hypothesized that the elevation of serum cortisol or ACTH levels
may be correlated with AGI severity. Therefore, we performed this study to explore the relationship between serum
cortisol or ACTH levels and AGI and to provide a basis for glucocorticoid application in the treatment of critically ill
patients.

Method

Patient Eligibility

This observational study was conducted in a 12-bed surgical ICU of a teaching hospital. All patients admitted between
2019.1.1, 2020.1.1 were enrolled in this study. The inclusion criteria were as follows: 1) ICU stay > 72 hours and 2) age
between 18~90-year-old. This study was approved by the Ethical Committee of Ruijin Hospital, Shanghai Jiao Tong
University approved the study. The study was conducted following the Declaration of Helsinki. Patients or their kins
were verbally informed about the use of their data. The consent was signed accordingly.

Data Collection

All the attending doctors in the department were trained to diagnose patients with AGI, following the 2012 ESICM
recommendations.® The AGI grades can be briefly described as follows: AGI grade I, the function of the GI was partially
impaired, symptom was self-limiting. AGI grade II, GI dysfunction required interventions and could be improved after
then. AGI grade III, the GI dysfunction was not improving despite interventions with the deterioration of other organ.
AGI grade IV, AGI became directly life-threatening, with worsening of Multi-organ Dysfunction Syndrome (MODS).®

AGI grade and gastrointestinal symptoms were evaluated daily during the ICU stay. AGI grades were defined
according to the highest AGI grade during the ICU stay. The need for cortisol or ACTH testing was regularly tested
on admission, as determined by the doctor in charge of the patient.

Clinical data collected from the electrical medication records included demographic data, Acute Physiology and
Chronic Health Evaluation (APACHE) II score, duration of ICU stay, Sequential Organ Failure Assessment (SOFA)
score, C-reactive protein (CRP), procalcitonin (PCT), cortisol level, ACTH level, 28-day mortality (28 days after ICU
admission), and ICU mortality. The primary endpoint was the highest AGI grade during ICU stay. The patient was treated
in a standard procedure in the ICU.

Statistical Analyses

SPSS version 22.0 (IBM) was used for statistical analyses. All calculation data are presented as frequencies and
percentages, means and standard deviations, or median and 25th/75th percentiles. Fisher’s exact test and the Kruskal—
Wallis test were used to compare categorical and continuous variables, respectively. Spearman correlation analysis, and
partial correlation analysis were used to investigate the correlation. All significance tests were 2-sided, with statistical
significance set at P < 0.05.

Result
A total of 235 patients were included in our study, 276 of whom were admitted to ICU. The patient characteristics are
listed in Table 1. The time of the first cortisol and ACTH levels were all within 36 h of ICU admission.

We use 28-day mortality as outcome parameter (Table 2). The death group had higher cortisol and ACTH levels
[Death vs survival: Cortisol 24.43 (15.15-38.62) vs 15.32 (9.63, 23.43) P<0.01; ACTH 33.04 (18.74,61.40) vs 11.15
(11.15,36.97) P=0.01].

Logistic regression was used to identify risk factors for 28-day mortality (Table 3). In univariate regression, cortisol
level was found to be a risk factor for 28-day mortality (OR 0.96 95% CI 0.93-0.99, P<0.01). SOFA (OR 0.78 95% CI
0.71-0.86, P<0.01), AGI grade (OR 0.68 95% CI 0.49-0.95, P=0.02), PCT (OR 0.98 95% CI 0.97-0.99, P=0.01) also
indicated to be a risk factor in univariate regression. Variables with P-values<0.05 were included in the multivariable
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Table | Characteristics of Patients and Baseline Information

Total Number 235

Age (years) 66(50,76)

Male (n) 137 58.30%

Charlson score 1(0,2)

Hypertension (n) 99 42.13%

Diabetes (n) 43 18.30%

BMI, kg/m? 23.39(20.76,25.72)

Morbidity
Major surgery (n) 75 31.91%
Shock (n). 48 20.43%
Septic shock (n). 40 17.02%
Respiratory failure (n) 88 37.45%
Sepsis (n) 84 35.74%
Heart failure, no. 8 3.40%
AKI (n) 17 7.23%
AGI (n) 132 56.17%

APACHEII score 17(13,22)

SOFA score 5(2,8)

Cortisol, ug/dl 15.43(6.98,23.63)

ACTH, pg/mL 21.93(11.54,39.19)

CRP, mg/L 82(30,159)

PCT, pg/mL 0.92(0.3,3.4875)

Hospital stays, day 26(16,45)

ICU stay, day 10(4,21)

New onset infection in 14 days (n) 49 20.85%

28-ICU day death (n) 27 11.49%

Hospital death (n) 33 14.04%

ICU death (n) 25 10.64%

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ
Failure Assessment; CRP, C-reactive protein; PCT, procalcitonin; AGI, Acute gastrointestinal injury;
ACTH, adrenocorticotropic-hormone; AKI, Acute kidney injury; ICU, intensive care unit.

Table 2 Patient’s Characteristics for Survival in 28 Days

Death Survival P
APACHE Il score 22 (15, 28) 16 (13, 21) 0.0l
Age 70 (58, 75) 65 (48, 76) 0.27
Charlson Index 2(0,3) 1 (0, 2) 0.03
SOFA score I (7,14) 427 <0.01
AGI grade 2 (0,3) 1 (0,2) 0.03
Cortisol, ug/dl 24.43 (15.15, 38.62) 15.32 (9.63, 23.43) <0.01
ACTH, pg/mL 33.04 (18.74, 61.40) 11,15 (11.15, 36.97) 0.0l
CRP mg/L 117 (59,18) 80 (27,15) 0.04
PCT pg/mL 2.57 (0.96,20.26) 0.56 (0.01,1.95) <0.01

Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure
Assessment; CRP, C-reactive protein; PCT, procalcitonin; AGI, Acute gastrointestinal injury; ACTH, adrenocortico-
tropic-hormone.

logistic regression. In multivariate regression analysis, cortisol level, AGI grade and PCT were not risk factor for 28-day
mortality, while SOFA was (OR 0.82 95% CI 0.72-0.89, P<0.01).

Spearman analysis was used to determine the correlation between cortisol and ACTH levels and the other parameters
(Table 4A). Both cortisol and ACTH levels were correlated with APACHE II (correlation coefficient: cortisol 0.29 95%
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Table 3 Logistic Regression for 28-Day Mortality of the

Patients
OR 95% CI P
Uni-variate
APACHE Il 0.96 0.93-1.00 0.06
Charlson Index 0.77 0.56-1.01 0.06
SOFA score 0.78 0.71-0.86 <0.01
AGI grade 0.68 0.49-0.95 0.02
Cortisol, ug/dl 0.96 0.93-0.99 <0.01
ACTH, pg/mL 0.99 0.99-1.00 0.50
CRP, mg/L 0.99 0.99-1.00 0.07
PCT, pg/mL 0.98 0.97-0.99 0.01
Multivariate
SOFA score 0.80 0.72-0.89 <0.01
Cortisol, ug/dl 0.99 0.94-1.01 0.23
AGI grade 0.99 0.66—1.46 0.68
PCT, pg/mL 1.00 0.98-1.02 0.52

Abbreviations: APACHE I, Acute Physiology and Chronic Health
Evaluation; SOFA, Sequential Organ Failure Assessment; CRP, C-reactive
protein; PCT, procalcitonin; AGI, Acute gastrointestinal injury; ACTH,
adrenocorticotropic-hormone; Cl, confidence interval.

Table 4 (A) Correlation of Cortisol or ACTH and Other Parameters. (B) Correlation of AGI and Other Parameters, Unadjust. (C)
Correlation of AGI Grade and Other Parameters, Adjusted

(A)
Correlation 95% CI P*
Cortisol
Age 0.0l (-0.12, 0.14) 0.8
Charlson Index —0.50 (—0.18, 0.08) 0.45
APACHE I score 0.29 (0.16, 0.41) <0.01
SOFA score 0.27 (.15, 0.40) <0.01
AGlI grade 0.37 (0.251, 0.48) <0.01
ACTH, pg/mL 0.24 (0.11, 0.36) <0.01
CRP, mg/L 0.43 (0.32, 0.53) <0.01
PCT, pg/mL 0.27 (0.15, 0.39) <0.01
ACTH
Age -0.27 (-0.16, 0.11) 0.68
Charlson Index —-0.13 (—0.26, 0.00) 0.04
APACHEII score 0.1 (0.01, 0.27) 0.03
SOFA score 0.15 (0.01, 0.27) 0.03
AGlI grade 0.21 (0.08, 0.32) <0.01
Cortisol, pg/mL 0.54 (0.44, 0.63) <0.01
CRP, mg/L 0.21 (0.08, 0.33) <0.01
PCT, pg/mL 0.18 (0.05, 0.30) <0.01
(Continued)
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Table 4 (Continued).

(B)
Non-AGI AGI | AGI I AGI 1l AGI IV Correlation | P*
(95% CI)
N 101 37 54 36 5
Age 65 (51,75) 71 (62,79) 62 (52,74) 57 (45,72) 68 (50,82) 0.25 0.34
(-0.19,0.70)
Charlson 1(0,2) 1 (0,3) 1 (0,2) 0 (0,1) 1 (0,2) 0.14 0.04
Index (0.01, 0.26)
APACHEII 15 (12,21) 15 (11,17.5) 18 (13,25) 19 (13,22) 22 (19,28) 0.176 <001
score (0.05,0.30)
SOFA score 42,7 5(3,7) 6 (211 6 (211 9 (7,11) 0.20 <0.0!
(0.07,0.32)
Cortisol, ug/dl 11.65 14.77 19.41 20.72 33.24 0.3 <001
(5.03,19.89) (8.64,24.56) (11.52,31.93) (14.51,33.53) (29.03,36.00) (0.18,0.42)
ACTH, pg/mL 18.05 21.56 24.49 30.53 32.92 0.2l <001
(9.92,34.62) (10.63,32.12) (10.84,48.95) (18.24,52.29) (12.59,25.98) (0.08,0.33)
CRP, mg/L 51 (14,108) 70 (35,120) 99 (57,193) 143 184 0.37 <001
(94,199) (167,264) (0.25, 0.48)
PCT, pg/mL 0.27 0.56 1.00 0.94 63.51 0.32 <001
(0.05, 1.40) (0.22,0.75) (0.51,3.06) (0.37,0.94) (42.54,79.23) (0.20,0.43)
©)
Correlation (95% CI) P*
ACTH, pg/mL 0.05 0.01,0.58 0.04
Cortisol, ug/dl 0.03 0.01,0.26 0.03

Notes: *Spearman correlation analysis. #Partial correlation analysis.
Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; CRP, C-reactive protein; PCT, procalcitonin;
AGI, Acute gastrointestinal injury; ACTH, adrenocorticotropic-hormone; Cl, confidence interval.

CI0.16-0.41, P<0.01; ACTH 0.14 95% CI 0.01-0.27, P=0.03), AGI grade (correlation coefficient: cortisol 0.37 95%
CI10.25-0.48, P<0.01; ACTH 0.21 95% CI10.08-0.32, P<0.01), PCT (correlation coefficient: cortisol 0.27 95% CI 0.15-
0.39, p<0.01; ACTH 0.18 95% CI 0.05-0.30, P<0.01), and CRP (correlation coefficient: cortisol 0.43 95% CI10.32-0.53,
P<0.01; ACTH 0.21 95% CI 0.08-0.33, P<0.01) levels.

We use the AGI grade as the outcome, the grade of AGI is correlated with the cortisol and ACTH level (Table 4B,
correlation coefficient: cortisol 0.31 95% CI0.18-0.42, p<0.01; ACTH 0.21 95% CI0.08-0.33, p<0.01). We found
a correlation between ACTH or cortisol levels and the SOFA, PCT, CRP, and APAHCHE 1I scores. We used partial correlation
analysis to adjust for the effects of SOFA, PCT, CRP, and APACHE II scores; the correlation of cortisol levels still existed
(Table 4C, correlation coefficient: cortisol 0.05 95% C10.01-0.58, p=0.04; ACTH 0.03 95% CI10.01-0.26, p=0.03).

Discussion
AGI and ACTH-Cortisol Level

In this study, we found that ACTH and cortisol levels were associated with the degree of AGI, which is in accordance
with our hypothesis.

Gastrointestinal symptoms are associated with hypothalamic-pituitary-adrenal (HPA) function. In healthy individuals,
more diarrhea and early satiety were found in those with high or low post-dexamethasone cortisol levels than those with
intermediate post-dexamethasone cortisol levels.” Patients with major depression exhibited more GI symptoms than
healthy population after dexamethasone suppression test.'® The relationship between GI symptoms and cortisol or ACTH
levels in ICU patients has rarely been reported. Our study showed that ACTH and cortisol levels were associated with the
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degree of AGI in ICU population, which is accordance with the above studies. The AGI grade includes a wide range of
GI symptoms, and the relationship between these symptoms and cortisol or ACTH levels should be investigated in future
studies. In a healthy population, combined training increases GI symptoms as well as cortisol, interleukin-6 level.''
These results, together with ours, indicate a potential causality between systemic inflammation and GI symptoms. GI
symptoms may be a good indicator of response between cortisol levels and the acute inflammation level.

In acute stress model, GI mucosa injury/bleeding is associated with increased ACTH and cortisol level.'? Alain-
Pascal et al reported that high level of cortisol and ACTH increased the risk of GI bleeding in patients with traumatic
brain injury."® Kang et al reported higher GI bleeding incidence in septic patients treating with steroid."* High cortisol
level might also be a contributing factor for gastric ulcer complications by slowing down the ulcer healing process.'” In
our study, it is difficult to correlate GI bleeding to high cortisol level or ACTH level, as patients usually underwent major
GI surgery. But it is reasonable that their risk of bleeding was higher in patients with higher cortisol levels. Thus, in AGI
patients, aggressive strategy should be adapted to prevent stress ulcer especially in those with high level of cortisol or
ACTH.

Cortisol and ACTH Level in Critical lliness

Cortisol and ACTH levels reflect the degree of stress in many population.'® Increased cortisol and ACTH levels have
been observed in critically ill patients or after a major surgery.' In critical illness patients, the metabolism of ACTH and
cortisol is complex. In the hyperacute phase, the HPA-axis is centrally activated, and a fast decline in cortisol carrier
proteins, albumin and cortisol-binding globulin, and cortisol metabolism in liver and kidney further increase the amount
of free cortisol in the circulation. Meanwhile, the therapeutic measures such as fluid therapy, vasopressors and hydro-
cortisone usage had great impact on cortisol and ACTH measuring, leading to difficulties in interpreting the result.'” In
our study, the survival group had higher ACTH and cortisol levels on the first day, which is in accordance with the
pattern in acute state.

In the critically ill population, a decrease in ACTH and increase in cortisol levels were found to be associated with
patient mortality in some studies.'®'® The hospital mortality was higher in ICU patients diagnosed with ACTH-cortisol
dissociation.”® The mechanism of dissociation is not clear. According to Van den Berghe et, dissociation mainly happens
in subacute or prolonged phase of critical illness and proopiomelanocortin-mediated stimulation of the adrenal cortex
may play an important role'” Long stayed ICU patients (>14 days) may develop Persistent Inflammation,
Immunosuppression, and Catabolism Syndrome (PICS), and may be characterized by increasing in serum cortisol and
decreasing in serum ACTH levels (ACTH-cortisol dissociation).”' In our study, very few patients stayed long (>14 days)
in ICU. But we will pay further concern on long stayed ICU patients in future.

The relationship between cortisol level and stress or inflammation is complex. ACTH and cortisol levels are important
for revealing not only the function of the HPA, but also the actual level of endocrine function in a particular state of
patients. Thus, a set of tests to show the whole picture of ACTH, cortisol and HPA axis in ICU patients is essential, even
though many factors make interpretation difficult. Particularly, to better understanding the metabolism of cortisol, cortisol
carrier proteins, such as albumin and cortisol-binding globulin, should also be tested. Regular tests (ie every week) are
especially necessary in AGI patients or long-stayed ICU patients. It is recommended to use a stimulation test to evaluate
HPA function to diagnose CIRCI. However, studies have shown that the relationship between test results and patient
outcomes is unclear,?” while the risk of GI bleeding increases even after low dose of dexamethasone admission in the
test. So the stimulation test should only do when CIRCI was highly suspected.

Limitation

This study has several limitations. First, this study was conducted at a single center, and most patients were admitted
after surgery. Therefore, it may be difficult to represent other ICU populations, such as those in internal medicine or
emergency ICU. Second, this was an observational study; therefore, it could not show causality between AGI and
cortisol or ACTH levels. However, further studies on this mechanism are required. Third, we did not include
biomarkers (such as citrulline, intestinal fat acid-binding protein, and intestinal alkaline phosphatase) for GI function.
Additionally, the intestinal microbiome plays an important role in the GI response to cortisol or ACTH.?**** However,
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these tests are expensive and difficult to interpret. Further investigations are warranted to combine biomarkers and
microbiome change.

Conclusion

Our study indicated that higher ACTH or cortisol levels were correlated with a higher severity of AGI. A regular test of
cortisol and ACTH levels may be helpful in assessing GI injuries in ICU patients, especially in AGI patients. Further
studies are required to confirm these results.
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