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Background: Patients with acute pancreatitis (AP) commonly present with thyroid dysfunction in clinic. The present study aimed to
characterize thyroid dysfunction in AP patients, identify the risk factors, assess its dynamics during AP resolution and evaluate its
value for predicting AP severity.

Methods: A total of 182 AP patients and 61 age- and gender-matched patients with chronic pancreatitis (CP) were enrolled.
Demographic characteristics, biochemical parameters and thyroid function were collected.

Results: AP patients had an average age of 53.3+16.7 years and 61.5% were males; CP patients had an average age of 52.7+11.9 years
and 59.0% were males. Compared with CP group, the level of T3, T4, FT3 and TSH was significantly lower in AP group. A high
prevalence of thyroid dysfunction (87.4%), manifested as decreased thyroid hormones and TSH, was observed in AP patients. The
extent of hormone reduction was progressively exacerbated with increasing the disease severity. Albumin (Alb) was independently
positive correlation, and hs-CRP and lactate (Lac) were independently negatively correlated with thyroid function. The levels of
thyroid hormones and TSH increased during AP resolution. TSH demonstrated superior predictive value for moderate-to-severe AP
compared to traditional markers (hs-CRP, Alb, Ca) and established severity scores (APACHE II, BISAP). The cut-off value of TSH
was 0.42 plU/mL with the highest AUC (0.772 (0.693-0.851)) and the highest Youden’s index (0.478).

Conclusion: Thyroid dysfunction was common in AP patients, characterized by a reduction in thyroid hormones and TSH. Lower
Alb and higher hs-CRP and Lac were independent risk factors of thyroid dysfunction. During AP resolution, thyroid dysfunction could
spontaneously recover. Furthermore, a low level of TSH at admission showed promising predictive value for moderate to severe AP in
the early stage.
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Introduction
As an essential part of endocrine system, the thyroid gland producing and secreting thyroid hormones plays crucial roles in
regulating the energy metabolism, cardiovascular function (heart rate and contractility), and the development of the nervous
and musculoskeletal systems.' Thyroid hormones consist mainly of thyroxine (T4, ~90%) and triiodothyronine (T3, ~10%).
As the active form, T3 binds directly to nuclear thyroid hormone receptors, whereas T4 converts to T3 to exert its biological
effects.” Under physiological conditions, circulating levels of T4 and T3 are maintained within a stable range through negative
feedback inhibition of thyroid stimulating hormone (TSH) and thyrotropin-releasing hormone.> However, in critical ill-
ness, alterations in thyroid hormone levels are not always due to intrinsic thyroid disease but often represent an adaptive
physiological response known as non-thyroidal illness syndrome (NTIS). This dysregulation of the hypothalamic-pituitary-
thyroid axis underlies multiple disorders characterized by thyroid dysfunction phenotypes. *°

Acute pancreatitis (AP) is a prevalent inflammatory condition of pancreas that can process to multi-organ dysfunction
syndrome, characterized by cardiovascular failure, acute respiratory distress syndrome, acute kidney injury and gastro-
intestinal injury.®® The systemic inflammatory response in AP, characterized by a cytokine storm (eg, IL-6, TNF-a), is
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known to inhibit peripheral conversion of T4 to T3 and suppress TSH secretion, providing a pathophysiological link
between AP and thyroid hormone alterations.” "' However, the impact of AP on endocrine system remains inadequately
characterized. Clinical observations frequently identify thyroid dysfunction in AP patients, yet limited research has
focused on the association. Key unresolved questions contain: (1) the characteristics of thyroid dysfunction; (2) the
potential risk factors of thyroid dysfunction; (3) the necessity for clinical intervention; and (4) its prognostic value in
predicting AP severity. Early and accurate prediction of AP severity is clinically urgent to guide timely intensive
interventions, improve patient triage, and potentially reduce mortality. '?

To bridge the gaps, the study was designed to: (1) characterize thyroid dysfunction profiles and identify their risk
factors in AP patients; (2) longitudinally evaluate the natural trajectory of thyroid dysfunction following clinical
resolution of AP; (3) determine the prognostic value of thyroid dysfunction for AP severity and compare it with
traditional biomarkers and established severity scores.

Methods

Participants

This was a retrospective study. A total of 182 adult patients diagnosed with AP in Beijing Friendship Hospital, Capital
Medical University from January 2017 to December 2023 were enrolled. To serve as a control, 61 age- and gender-
matched patients with chronic pancreatitis (CP) were recruited at a ratio of approximately 3:1. We specifically selected
patients with CP who were in a clinically stable phase, without elevated inflammatory markers and with normal thyroid
function, as controls. This design allowed us to contrast thyroid alterations in the acute inflammatory state of AP against
a baseline of stable pancreatic disease, minimizing confounding from demographic factors while focusing on changes
related to acute illness.'® There were 29 AP patients who had follow-up thyroid function data collected during outpatient
visits at varying time points (ranging from 1 to 9 months) after the baseline assessment. These data were included to
longitudinally analyze changes in thyroid function from baseline to after clinical improvement.

Inclusion criteria were as follows: 1. age was equal or older than 18 years; 2. the Han nationality; 3. for the case
group, meeting the AP diagnostic criteria,'? which required at least two of the following three criteria: 1) persistent pain
in upper abdomen with or without radiating to the back, 2) amylase and/or lipase increasing more than three-times the
upper limit of normal, 3) evidence of AP from abdominal imaging examinations including contrast-enhanced computed
tomography (CT) or magnetic resonance imaging (MRI) or abdominal ultrasound; 4. for the control group, meeting the
CP diagnostic criteria,'* which required at least one of the following criteria: 1) evidence of CP revealed by CT/magnetic
resonance cholangiopancreatography (MRCP)/endoscopic retrograde cholangiopancreatography (ERCP)/endoscopic
ultrasonography (EUS), 2) evidence of CP revealed by histopathology; 5. for the control group, who were in a stable
phase with no elevation of inflammatory indicators (eg, normal white blood cell count and hs-CRP) and had thyroid
function (T3, T4, FT3, FT4, TSH) within the normal reference ranges.

Exclusion criteria were as follows: 1. with a previous history of thyroid disease; 2. with other diseases that affected
thyroid function; 3. recently receiving drugs that affected thyroid hormone secretion and metabolism, such as gluco-
corticoids, amiodarone; 4. with a previous history cancer, chronic liver and kidney disease, autoimmune diseases; 5.
without sufficient or detailed medical records.

This study was approved by the Scientific Ethics Committee of Beijing Friendship Hospital, Capital Medical
University (Approval number: 2021-P2-432-01). The committee granted a waiver of informed consent for this retro-
spective analysis of anonymized clinical data, as the research involved no more than minimal risk to participants, and
obtaining consent was impracticable given the study’s retrospective nature. This waiver is in accordance with national
regulations and ethical guidelines (eg, the Ethical Review Measures for Biomedical Research Involving Humans,
2016). All patient data were kept confidential and used solely for research purposes.

Clinical Evaluation for AP
According to the guidelines for diagnosis and treatment of acute pancreatitis in China (2021):'* AP was classified as biliary
origin acute pancreatitis (BAP), hypertriglyceridemia-related acute pancreatitis (HAP), alcohol-related acute pancreatitis
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(AAP) and others by the etiologies. And by the severity, AP was classified as mild acute pancreatitis (MAP), moderately
severe acute pancreatitis (MSAP) and severe acute pancreatitis (SAP) based on the revised Atlanta classification (RAC). MAP
was defined as AP without organ failure and local or systemic complications. MSAP was defined as AP with transient organ
failure and/or local complications (spontancously resolved within 48h). SAP was defined as AP with persistent organ failure
(persisting for at least 48h). Organ failure was assessed based on the modified Marshall scoring system, which was defined as
a score more than 2. Additionally, to benchmark the predictive performance of TSH against established tools, the Acute
Physiology and Chronic Health Evaluation II (APACHE II) and the Bedside Index for Severity in Acute Pancreatitis (BISAP)
scores were calculated for all AP patients upon admission based on clinical data from the first 24 hours.

Biochemical Measurements

All serum biochemical parameters were measured in the central clinical laboratory of Beijing Friendship Hospital,
Capital Medical University. Serum samples were obtained from all patients between 8:00 and 10:00 am after an overnight
fast. Blood samples for thyroid function and other biochemical markers were collected within 48 hours after admission.
The median (interquartile range) time from symptom onset to blood sampling was 4 (3, 5) days (mean &+ SD: 4.27 £ 1.70
days), which captures the early inflammatory phase of AP. Triiodothyronine (T3), thyroxine (T4), free triiodothyronine
(FT3), free thyroxine (FT4) and thyroid stimulating hormone (TSH) were quantified using an access immunoassay
system (Unicel DxI 800; Beckman Coulter, America). The reference ranges of these indicators were 66—161 ng/dL for
T3, 54.4-118.5 ng/mL for T4, 2.144.21 pg/mL for FT3, 0.59-1.25 ng/mL for FT4, 0.49-4.91 ulU/mL for TSH,
respectively. The definition of thyroid dysfunction was that one or more of these indicators were outside the reference
range. Meanwhile, blood routine examination, hypersensitive C reactive protein (hs-CRP), alanine aminotransferase
(ALT), aspartate transaminase (AST), gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), albumin
(Alb), total bilirubin (TBil), direct bilirubin (DBil), total cholesterol (TC), triglyceride (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), creatinine (Cr), calcium (Ca), lactate (Lac), amylase
(AMY) and lipase (LPS) levels were measured using automated analyzers.

Statistical Analysis

Continuous data of normal distribution were expressed as mean + standard deviation (SD). Continuous data of abnormal
distribution were expressed as median (P,sq,, P7sg). Categorical data were expressed as number and percentage (%).
Independent sample #-test, rank-sum test and chi-square test were utilized to analyze continuous variables and categorical
variables in cross-sectional comparison. ANOVA was used to analyze continuous variables among three groups, and
Bonferroni post-hoc test was used for pairwise comparisons. The distribution of TSH was highly skewed (Shapiro—Wilk
P < 0.001); therefore, a logarithmic transformation [In(TSH)] was applied to achieve normality for use in multiple linear
regression analysis. Multiple linear regressions were applied to examine the influence factors of thyroid hormones and
In(TSH). Multicollinearity among independent variables (including hs-CRP and Lac) was assessed using Variance
Inflation Factors (VIF); all VIF values were <5, indicating no significant multicollinearity (Supplementary Table S1)

Paired samples #-test and paired rank-sum test were used to longitudinally compare the change of thyroid function
between baseline and after AP improvement. Receiver operating characteristic (ROC) curve analysis was performed to
investigate the predictive values of thyroid function, biochemical markers, and severity scores (APACHE 11, BISAP) for
moderate to severe AP by calculating the cut-off value, area under curve (AUC), Youden’s index, sensitivity (SE),
specificity (SP), positive predictive value (PPV) and negative predictive value (NPV). All statistical analyses were
performed using SPSS version 27.0 software for Windows (SPSS Inc., Chicago, IL, USA). The statistical significance
was indicated as two-tailed P < 0.05.

Results

Characteristics of Thyroid Dysfunction in AP Patients
The study enrolled 182 AP patients (average age 53.3 + 16.7 years; 61.5% male) and 61 CP controls (average age 52.7 + 11.9
years; 59.0% male). AP subtypes included 102 (56%) BAP, 38 (21%) HAP, 8 (4%) AAP and 34 (19%) other etiologies
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(Supplemental Figure 1). Compared with CP patients, AP patients exhibited significantly elevated levels of white blood cell,

hematocrit, hs-CRP, ALT, AST, GGT, TBil, DBil, TC, AMY and LPS, alongside reduced Ca and Alb concentrations
(Table 1). Notably, Alb levels were significantly higher in the stable CP group compared to the AP group (Table 1), reflecting

the different metabolic and nutritional baselines between the acute illness and stable chronic disease states.

Thyroid dysfunction was present in 87.4% of AP patients. Among these patients with thyroid dysfunction, 70.4%
were classified as MSAP or SAP. The specific hormonal abnormalities detected included decreased levels of T3 (61.5%),
T4 (9.9%), FT3 (20.3%), and FT4 (4.9%), as well as decreased TSH (71.4%) (Supplemental Figure 2). Thyroid
dysfunction in AP patients was characterized by decreased levels of thyroid hormones (decreased levels of at least
one thyroid hormone: T3, T4, FT3, or FT4, and TSH). In AP group, serum levels were: T3, 60.4 + 19.3 ng/dL; T4,79.3 +
21.8 ng/dL; FT3,2.49 + 0.45 pg/mL; and TSH,0.27 [0.17, 0.55] pIU/mL. All these values were significantly lower than
those in CP group (T3: P < 0.001; T4: P = 0.018; FT3: P < 0.001; TSH: P < 0.001) (Table 1).

Table 1 Comparative Characteristics of AP vs. CP Patients

AP (n=182) CP (n=61) P
Males (n (%)) 112 (61.5%) 36 (59.0%) 0.727
Age (years) 53.3%16.7 52.7£11.9 0.774
WBC (10°/L) 11.4+6.8 5.8£1.5 <0.001
HGB (g/L) 138+20 13113 <0.001
HCT (%) 41.1£55 39.5+3.5 0.006
PLT (10°/L) 22673 227+56 0.914
hs-CRP (mg/L) 26.3%12.3 1.21£1.75 <0.001
ALT (IU/L) 31 (14, 106) 21 (15, 30) <0.001
AST (IU/L) 24 (16, 49) 21 (17, 26) 0.040
GGT (UIL) 80 (31, 216) 27 (19, 44) <0.001
ALP (IU/L) 87 (70, 140) 88 (73, 101) 0.812
Alb (g/L) 36.3+4.4 39.6+2.7 <0.001
TBil (umol/L) 20.1 (14.3,31.8) | 11.3 (85, 15.7) | <0.00l
DBil (umol/L) 5.5 (3.6, 10.7) 1.9 (1.5, 2.8) <0.001
TC (mmol/L) 5.05+2.3 4.5+0.9 0.008
TG (mmol/L) 1.4 (1.0, 2.9) 1.3 (09, 1.7) 0.794
HDL-C (mmol/L) 1.0+0.4 1.0£0.3 0.8lI1
LDL-C (mmol/L) 3.0£1.8 2.6£0.6 0.057
Cr (umol/L) 68.5£24.9 67.2£23.3 0.734
Ca (mmol/L) 2.16£0.14 2.27+0.11 <0.001
Lac (mmol/L) 2.40+0.73 2.18+0.56 0.066
AMY (U/L) 442 (151, 1043) 55 (39, 89) <0.001
LPS (U/L) 543 (152, 1344) 29 (14, 86) <0.001
T3 (ng/dL) 60.4£19.3 93.7%15.1 <0.001
T4 (ng/dL) 79.3+21.8 86.7£18.3 0.018
FT3 (pg/mL) 2.49+0.45 3.02+0.37 <0.001
FT4 (ng/dL) 0.84+0.16 0.87+0.14 0.243
TSH (plU/mL) 0.27 (0.17, 0.55) | 2.09 (1.43, 3.04) | <0.00I

Abbreviations: AP, acute pancreatitis; CP, chronic pancreatitis; WBC, white
blood cell; HGB, hemoglobin; HCT, hematocrit; PLT, platelet; hs-CRP, hypersen-
sitive C reactive protein; ALT, alanine aminotransferase; AST, aspartate transa-
minase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; Alb,
albumin; TBil, total bilirubin; DBIl, direct bilirubin; TC, total cholesterol; TG,
triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; Cr, creatinine; Ca, serum calcium; Lac, lactate; AMY,
amylase; LPS, lipase; T3, triiodothyronine; T4, thyroxine; FT3, free triiodothyr-
onine; FT4, free thyroxine; TSH, thyroid stimulating hormone.
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Severity-Stratified Reductions in Thyroid Hormones Across AP Patients

Among the 182 AP patients, severity stratification identified 64 (35.2%), 69 (37.9%), and 49 (26.9%) as MAP, MSAP and
SAP cases, respectively. No significant intergroup differences existed in age or gender distribution. Compared to MAP
patients, those with MASP/SAP exhibited significantly elevated white blood cell counts, hs-CRP and Lac, alongside reduced
Ca and Alb level. Critically, thyroid hormone levels demonstrated severity-dependent reductions: SAP patients showed the
lowest values: T3 (47.5 £ 15.9 ng/dL), T4 (70.9 + 18.5 ng/dL), FT3 (2.30 £ 0.42 pg/mL), TSH (0.19 (0.09-0.27) pIU/mL).
MSAP patients displayed intermediate levels: T3 (60.3 = 15.9 ng/dL), T4 (78.5 £ 17.4 ng/dL), FT3 (2.48 + 0.43 pg/mL), TSH
(0.26 (0.17-0.44) uIU/mL). MAP patients had the highest levels: T3 (70.1 = 19.6 ng/dL), T4 (86.4 +25.8 ng/dL), FT3 (2.67 +
0.44 pg/mL), TSH (0.51 (0.28-0.89) uIU/mL) (Table 2).

Table 2 Differential Patterns of Demographic, Clinical and Laboratory Profiles in AP
Severity Cohorts

MAP (n=64) MSAP (n=69) SAP (n=49) P
Males (n (%)) 37 (57.8%) 41 (59.4%) 34 (69.4%) 0.410
Age (years) 53.5%16.2 50.1%15.5 57.4+18.1 0.067
BAP/HAP/AAP/other AP 32/11/4/17 35/18/3/13 35/9/1/4 0.091
WBC (10°/L) 8.2+3.4° 11.6£4.2° 14.245.4° <0.001
HGB (g/L) 13816 13923 13920 0.909
HCT (%) 41.124.6 41.36.4 40.945.2 0.930
PLT (10°/L) 234+66 227+63 21793 0.491
hs-CRP (mg/L) 19.8+14.4* 28.7£10.3° 30.6+8.6° <0.001
ALT (IU/L) 37 (17, 112) 22 (12, 86) 56 (24, 144) 0.004
AST (IU/L) 25 (17, 49) 19 (14, 40) 33 (20, 86) 0.007
GGT (UIL) 98 (32, 269) 44 (26, 152) 120 (47, 303) 0.063
ALP (1U/L) 87 (70, 138) 80 (64, 113) 99 (72, 163) 0.107
Alb (g/L) 37.643.3° 36.6+4.3° 34.3+4.9° <0.001
TBil (umol/L) 18.0 (13.0,26.7) | 184 (11.8,304) | 283 (17.6,35.8) | 0.00I
DBil (umol/L) 5.7 (3.3, 9.6) 47 (32, 7.9) 8.3 (4.1, 19.1) 0.039
TC (mmol/L) 5.0+2.3 5.642.6 44+18 0.029
TG (mmol/L) 1.3 (1.0, 2.0) 1.6 (1.0, 4.0) 1.2 (0.9, 2.3) 0.219
HDL-C (mmol/L) 1.1£0.3 1.1£0.5 0.940.3 0.155
LDL-C (mmol/L) 3.0+1.2 33426 2.5£1.0 0.075
Cr (umol/L) 70.8+17.4 68.1£31.5 65.9422.5 0.576
Ca (mmol/L) 2.21£0.10° 2.1740.14° 2.0740.16° <0.001
Lac (mmol/L) 2.07+0.49* 2.35+0.74%° 2.70+0.80° <0.001
AMY (U/L) 336 (111, 620) | 426 (152, 1021) | 709 (349, 1484) | 0.005
LPS (U/L) 484 (120, 832) | 401 (143, 1500) | 1234 (239, 2655) | 0.323
T3 (ng/dL) 70.1£19.6° 60.3+15.9° 47.5%15.9¢ <0.001
T4 (ng/dL) 86.4+25.8° 78.5+17.4%° 70.9+18.5° <0.001
FT3 (pg/mL) 2.67+0.44° 2.48+0.43%° 2.3040.42° <0.001
FT4 (ng/dL) 0.86+0.17 0.83£0.15 0.83£0.15 0.576
TSH (ulU/mL) 0.51 (0.28, 0.89)* | 0.26 (0.17, 0.44)® | 0.19 (0.09, 0.27)° | <0.001

Notes: *>“Mean significant differences between groups after pairwise comparison (all P < 0.017 in Bonferroni post-
hoc test). Groups sharing the same letter are not significantly different.

Abbreviations: MAP, mild acute pancreatitis; MSAP, moderate severe acute pancreatitis; SAP, severe acute
pancreatitis; BAP, biliary origin acute pancreatitis; HAP, hypertriglyceridemia-related AP; AAP, alcohol-related
acute pancreatitis; WBC, white blood cell; HGB, hemoglobin; HCT, hematocrit; PLT, platelet; hs-CRP, hypersensi-
tive C reactive protein; ALT, alanine aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyl trans-
peptidase; ALP, alkaline phosphatase; Alb, albumin; TBil, total bilirubin; DBil, direct bilirubin; TC, total cholesterol;
TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; Cr,
creatinine; Ca, serum calcium; Lac, lactate; AMY, amylase; LPS, lipase; T3, triiodothyronine; T4, thyroxine; FT3, free
triiodothyronine; FT4, free thyroxine; TSH, thyroid stimulating hormone.
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Risk Factors of Thyroid Dysfunction in AP Patients

To identify the independent determinants of thyroid function in AP patients, hematocrit, hs-CRP, Ca, Alb and Lac from the
univariate correlation analysis and age and gender were entered into the model for multivariate testing. As shown in Table 3,
after controlling for confounding factors, Alb was positively correlated to T3 (B = 0.41, P <0.001) and FT3 (B =0.33, P <
0.001), hs-CRP was negatively correlated to T3 (3 =—0.21, P=0.003), T4 (3 =-0.15, P=0.043), FT3 (B =—0.14, P=0.048),
FT4 (3 =-0.17, P =0.032), In(TSH) (B =-0.20, P=0.011), and Lac was negatively correlated to T4 (B =—0.18, P =0.021),
FT3 (B =-0.24, P=0.001), FT4 (B =—0.17, P = 0.026).

Dynamic Changes of Thyroid Function After AP Recovering

Follow-up thyroid function data were available for 29 AP patients. (15.9% of the total AP cohort). The follow-up time
points varied (1-9 months) as this was a retrospective review of medical records, not a prospectively planned follow-up
study, which is a limitation. At baseline, these patients exhibited high rates of thyroid hormone deficiencies: decreased T3
(58.6%), T4 (17.2%), FT3 (31.0%), FT4 (13.8%), and TSH (86.2%). Following clinical improvement of AP, significant
increases were observed in T3 (90.0 £ 30.2 ng/dL), FT3 (3.07 £ 0.61 pg/mL), and TSH (1.22 (0.82—1.80) pIU/mL) (all
P <0.001) compared to baseline. Although T4 (87.4 = 21.6 ng/dL) and FT4 (0.88 + 0.16 ng/dL) showed non-significant
upward trends, these dynamic changes collectively indicate spontaneous normalization of thyroid dysfunction with
disease recovering (Table 4).

Values of Thyroid Function in Predicting Severity of AP

ROC curve analysis compared the diagnostic utility of thyroid parameters (TSH, T3, T4), conventional severity
biomarkers (hs-CRP, Alb, Ca) and established severity scores (APACHE II, BISAP) for predicting moderate-severe
AP. The cut-off values, AUC, SE, SP, PPV and NPV were derived and contrasted in Table 5 and Figure 1. The AUC and
Youden’s index of TSH in predicting moderate-severe AP was 0.772 (0.693-0.851) and 0.478, which was the highest
among these indicators, with the SE 0.661, SP 0.817, PPV 0.793 and NPV 0.639. The best cut-off values of TSH for
predicting moderate to severe of AP were 0.42ulU/mL. Importantly, the AUC of TSH was also higher than those of
traditional biomarkers (hs-CRP, Alb, Ca) and the established severity scores APACHE II and BISAP in this cohort
(Table 5 and Figure 1).

Table 3 Independent Influence Factors of
Thyroid Function in AP Patients

Variables B P

T3 (ng/dL) Alb 0.41 | <0.001
hs-CRP —0.21 | 0.003

T4 (ng/dL) Lac —0.18 | 0.021
hs-CRP —0.15 | 0.043

FT3 (pg/mL) Alb 0.33 | <0.001
Lac —0.24 | 0.001

hs-CRP —0.14 | 0.048

FT4 (ng/dL) Lac —0.17 | 0.026
hs-CRP —0.17 | 0.032

In(TSH) hs-CRP —0.20 | 0.011

Note: B was adjusted for age, gender;, hematocrit, hs-
CRP, serum calcium, Alb and Lac.

Abbreviations: T3, triiodothyronine; T4, thyroxine;
FT3, free triiodothyronine; FT4, free thyroxine; TSH,
thyroid stimulating hormone; hs-CRP, hypersensitive
C reactive protein; Alb, albumin; Lac, lactate.
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Table 4 Changes of Thyroid Function in AP Patients After

Recovering
N=29 Baseline Follow-Up P
T3 (ng/dL) 60.6+18.9 90.0+30.2 <0.001
T4 (ng/dL) 79.5£24.7 87.4+21.6 0.074
FT3 (pg/mL) 2.45+0.55 3.07+0.61 <0.001
FT4 (ng/dL) 0.83+0.20 0.88+0.16 0.077
TSH (ulU/mL) | 0.27 (0.17, 0.55) | 1.22 (0.82, 1.80) | <0.001

Abbreviations: T3, triiodothyronine; T4, thyroxine; FT3, free triiodothyr-
onine; FT4, free thyroxine; TSH, thyroid stimulating hormone.

Table 5 Values of Thyroid Disfunction in Predicting Moderate to Severe AP

Cut-off value AUC (95% CI) SE SP PPV | NPV | Youden’s Index
T3 (ng/dL) 61.10 0.704 (0.621-0.787) | 0.732 | 0.642 | 0.828 | 0.539 0.374
T4 (ng/dL) 83.40 0.609 (0.517-0.701) | 0.464 | 0.734 | 0.735 | 0.508 0.198
FT3 (pg/mL) 24| 0.655 (0.567-0.743) | 0.714 | 0.532 | 0.793 | 0.470 0.246
FT4 (ng/dL) 0.85 0.541 (0.447-0.635) | 0.536 | 0.569 | 0.682 | 0.400 0.105
TSH (ulU/mL) 0.42 0.772 (0.693-0.851) | 0.661 | 0.817 | 0.793 | 0.639 0.478
hs-CRP (mg/L) 24.80 0.670 (0.574-0.766) | 0.853 | 0.534 | 0.788 | 0.660 0.407
Alb (g/L) 34.70 0.615 (0.529-0.702) | 0.839 | 0.422 | 0.814 | 0.43I 0.261
Ca (mmol/L) 2.10 0.654 (0.571-0.737) | 0911 | 0.404 | 0.857 | 0.444 0.315
APACHE Il score 6.50 0.549 (0.440-0.659) | 0.337 | 0.806 | 0.820 | 0.315 0.143
BISAP score 1.50 0.691 (0.603-0.780) | 0.406 | 0.884 | 0.891 | 0.387 0.290

Abbreviations: AP, acute pancreatitis; AUC, area under curve; Cl, confidence interval; SE, sensitivity; SP, specificity; PPV, positive
predictive value; NPV, negative predictive value; T3, triiodothyronine; T4, thyroxine; FT3, free triiodothyronine; FT4, free thyroxine;
TSH, thyroid stimulating hormone; hs-CRP, hypersensitive C reactive protein; Alb, albumin; Ca, serum calcium.

Discussions

Our data revealed significant associations between thyroid dysfunction and AP. Nearly 90% AP patients exhibited thyroid
dysfunction characterized by the decreased level in both thyroid hormones and TSH. Besides, lower Alb and higher Lac
and hs-CRP were found as independent risk factors for thyroid dysfunction in AP patients. Furthermore, our longitudinal
data suggest that thyroid dysfunction could spontaneously return to normal with AP recovering. Most importantly, TSH
could be a potential biomarker to predict AP severity, showing superior predictive value compared to traditional markers
and established severity scores in our analysis.

Thyroid dysfunction was highly prevalent in AP patients, characterized by the reduction in serum T3, T4, FT3 and TSH,
and accompanied by the worsening of AP, the level of T3, T4, FT3 and TSH gradually decreased. These characteristics align
with the biochemical profile of non-thyroidal illness syndrome (NTIS), which was reported in a variety of acute illnesses
including COVID-19, sepsis, anorexia nervosa, myocardial infarction, cerebral infarction and many other disorders.'*'® In
mild condition, only a decrease in serum T3 levels was observed, while throughout deterioration of condition, a drop in serum
T4 would occur as well.'” This impairment results from reduced activity of thyroxine 5’-deiodinase, which catalyzes the
conversion from T4 to T3.?° Furthermore, feedback regulation of thyroid axis was also out of the order. Furthermore,
inflammatory cytokines (eg, IL-6, TNF-a) released during the systemic inflammatory response syndrome (SIRS) in AP can
directly suppress hypothalamic-pituitary-thyroid axis function, leading to reduced TSH secretion and exacerbating the NTIS
phenotype.” ! Recent studies have further elucidated that oxidative stress and mitochondrial dysfunction in critical illness
also contribute to the dysregulation of thyroid hormone metabolism.?'

The pathogenesis of NTIS is complicated and multifactorial. Several possible mediators have been identified
including a lack of nutrients, hypoxia, oxidative stress and release of cytokines.”>** The present study evidenced that
with the increasing of Alb, thyroid dysfunction was revising; inversely, with the increasing Lac and hs-CRP, it was
worsening. Diet prohibition was a necessary therapeutic measure for AP patients, and the level of albumin reflected the
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Figure | ROC curves evaluating thyroid hormones, biochemical markers, and severity scores for predicting moderate-to-severe AP. (A) Thyroid function panel: T3
(triiodothyronine), T4 (thyroxine), FT3 (free triiodothyronine), FT4 (free thyroxine), TSH (thyroid-stimulating hormone). (B) hs-CRP (Hypersensitive C-reactive protein).
(C) Alb (Albumin). (D) Ca (calcium). (E) APACHE Il score. (F) BISAP score.

patient’s nutritional status,?* thus a high level of Alb could prevent thyroid dysfunction in AP patients. This aligns with
recent findings highlighting the role of nutritional status in modulating the endocrine response to stress. 2> The level of
Lac represented the degree of tissue hypoxia.’® Thus, a high level of Lac could aggravate thyroid dysfunction in AP
patients. The level of hs-CRP is an indicator of reflecting the severity of inflammation. Higher hs-CRP concentrations are
associated with increased release of inflammatory cytokines, which could impair the hypothalamic—pituitary—thyroid
axis, reduce the release of TSH and inhibit the synthesis or conversion of thyroid hormones.” '

The necessity of treating reduced thyroid hormone levels in NTIS remains debated, as conclusive evidence for long-
term efficacy of alternative therapies is lacking.?’ >° Some studies have indicated that the alteration of thyroid function in
the illness condition represent an adaptive response to protect the organism against the hyper- catabolism and deleterious
energy expenditure.’’** But another study indicated that NTIS could create a state of persistent hypothyroidism.>* It was
also reported that thyroid hormone alternative therapy could increase the rate of remission of NTIS in patients with
nephrotic syndrome.>* As concerns AP patients in the present study, 29 patients have follow-up thyroid function data.
Thyroid dysfunction could spontaneously return to normal with the disease recovering in one to nine months. Therefore,
the treatment of thyroid dysfunction in AP patients should be focused on management of underlying medical illness and
dynamic monitoring of thyroid function. However, the small follow-up sample size (n=29) and the retrospective nature of
follow-up data collection, with non-standardized time points, introduce potential selection bias and limit statistical power.
Thus, these findings regarding spontaneous recovery should be interpreted with caution and require confirmation in larger
prospective studies. Additionally, it should be noted that many AP patients undergo CT imaging with iodine-based
contrast media, which may acutely influence thyroid function due to iodine load; however, our study design did not
specifically adjust for this potential confounder. Future studies with larger cohorts are needed to confirm the observation.

It is crucial to rapidly identify and assess the severity of AP in the early stage to prevent disease aggravation.'?
Although some biomarkers had been found to be related with AP severity, there was limited attention to dynamic changes
of endocrine system during the disease progression.>> Although some score models could assess the disease severity to
some extent, these methods were complex or time consuming to assess the prognosis of the disease, which could not
better meet the clinical needs.>® In contrast, a single, rapidly available laboratory parameter like TSH could offer
practical advantages in the emergency setting. Hence, it was critical to identify rapidly more severe cases in the early
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stage and to take intensive interventions to prevent the poor outcome. The predictive value for severity of AP among
thyroid dysfunction and other traditional pancreatic severity markers including hs-CRP, Alb and Ca and established
severity scores (APACHE II, BISAP) were compared in this study, we found that TSH was another applicable indicator,
which might be superior to other related biomarkers and established severity scores in this cohort. However, the
predictive performance of TSH needs to be validated in broader and specific patient populations, such as the elderly,
those with underlying comorbidities (eg, chronic kidney disease, heart failure), or different ethnicities, as these factors
might influence thyroid hormone metabolism and the NTIS response.’’*® There were two previous studies identifying
that FT3 being valuable to predict the disease severity of AP and better compared to traditional serum indicators and
scoring systems.*”** But in the early stage of disease, TSH was better than FT3 to predict severity of AP. This may be
because TSH, as the primary regulator of the thyroid axis, shows an earlier and more sensitive suppression in response to
severe inflammation and stress compared to peripheral thyroid hormones. Therefore, detection of thyroid function in the
initial stage of AP could help to identify more severe cases in the clinical work.

This study has several limitations. First, its retrospective design precluded the collection of dynamically monitored
thyroid function data. Consequently, we were unable to analyze variations in thyroid function across different stages of
AP. Second, we analyzed the follow-up data of thyroid function in AP patients and found that thyroid dysfunction could
spontaneously return to normal; however, the follow-up sample size was limited (n=29) and the follow-up time points
were not standardized, which may affect the results and introduce selection bias. Third, while restricting the study
population to individuals of Han nationality enhanced genetic homogeneity, it limits the generalizability of the findings to
other ethnic groups. Fourth, we used stable CP patients as controls rather than healthy individuals; while this controls for
some pancreatic-related factors, differences in nutritional status (eg, Alb) between groups were noted, which itself is
a driver of NTIS. Further prospective multicenter study with large sample could be necessary to provide the clinical rules
for intervention on thyroid dysfunction in patients with AP.

Conclusions

In conclusion, thyroid dysfunction was commonly presented in the patients with AP, characterized by the decreased level
of thyroid hormones and TSH. Lower serum Alb and higher Lac and hs-CRP were identified as independent risk factors
of thyroid dysfunction. Preliminary follow-up data suggest that with AP recovering, thyroid dysfunction could sponta-
neously return to normal, though this observation needs confirmation in larger prospective studies. TSH could be
a potential biomarker to predict the severity of AP in the early stage, demonstrating promising predictive value compared
to traditional markers and severity scores. Future research should focus on validating TSH in diverse populations and
investigating its utility in guiding early therapeutic decisions.
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