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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim: To evaluate the associations of C-reactive protein 

(CRP), fecal elastase-1 (FE-1), interleukin-2 receptor (IL-2R), 
interleukin-6 (IL-6), and transforming growth factor-beta 1 
(TGF-β1) with the symptom-based dehydration category and 
season of presentation in chronic pancreatitis; clinical-group 
comparisons were secondary.

Materials and methods: Of 132 consecutive inpatient records 
screened in 2023–2025, 80 with complete results for the five 
laboratory outcomes were analyzed and 52 incomplete records 
were excluded; each patient contributed one observation. 
Unadjusted Kruskal–Wallis, Mann–Whitney U, and Spearman 
analyses used Holm correction. Five linear models with HC3 
robust standard errors simultaneously adjusted for dehydration 
category, summer presentation, clinical group, age, sex, and 
disease duration.

Results: Unadjusted analyses associated higher dehydration 
category with higher CRP and IL-6 and lower FE-1. After 
mutual adjustment, only IL-6 remained associated with each 
one-category increase in dehydration (+36.94 pg/mL; 95% CI, 
17.98–55.90; Holm-adjusted p=0.0011). Summer presentation 
was independently associated with higher CRP (+8.46 mg/L) 
and IL-6 (+44.23 pg/mL), lower FE-1 (−22.89 µg/g), and lower 
TGF-β1 (−61.12 pg/mL) (all Holm-adjusted p<0.05), but not 
IL-2R. The five outcomes did not differ across clinical groups.

Conclusion: After adjustment, dehydration category remained 
independently associated only with IL-6, whereas summer 
presentation retained associations with CRP, IL-6, FE-1, and 
TGF-β1. The retrospective observational design precludes 
causal attribution to heat or dehydration.

Key words. Chronic pancreatitis, C-reactive protein, 
interleukin-6, fecal elastase-1, dehydration, season of 
presentation, retrospective study.
Introduction.

Chronic pancreatitis (CP) is a fibroinflammatory syndrome 
that develops as a pathological, sustained response to injury 
of the pancreatic parenchyma in individuals with genetic, 
metabolic, toxic, autoimmune, obstructive, or other risk factors. 
As the disease progresses, parenchymal atrophy, fibrosis, ductal-
system deformity, pain, and exocrine and endocrine dysfunction 
may develop [1-17].

Activation of pancreatic stellate cells plays a central role in 
pancreatic fibrogenesis. Upon activation, these cells acquire 
a myofibroblast-like phenotype and produce excessive 
extracellular matrix proteins; inflammatory mediators and 
autocrine–paracrine signaling help maintain this process [1,3]. 

Interleukin-6 (IL-6) is a major mediator of the inflammatory 
response, whereas transforming growth factor-beta 1 (TGF-β1) 
is regarded as a profibrogenic signal associated with pancreatic 
stellate-cell activation and collagen synthesis [18-20].

In a prospective biomarker analysis based on the PROCEED 
cohort, circulating IL-6 and IL-8 concentrations were higher 
in patients with CP than in healthy controls and increased with 
the addition of metabolic complications, including exocrine 
pancreatic dysfunction and diabetes [7]. These findings 
suggest that circulating cytokines may help characterize the 
clinical heterogeneity of CP; however, no single biomarker 
independently establishes disease activity or fibrosis.

Exocrine pancreatic insufficiency may manifest as steatorrhea, 
diarrhea, bloating, weight loss, and nutrient malabsorption 
[4,18]. Endocrine dysfunction and the risk of pancreatogenic 
diabetes are also clinically important in CP; a small retrospective 
Central Asian study reported a clinical association between CP 
and impaired glucose metabolism [12].

When idiopathic disease is considered, recurrent acute 
pancreatitis, hypertriglyceridemia, hypercalcemia, medication-
related causes, anatomical abnormalities, and genetic factors 
should be evaluated systematically [9,19]. Pancreatic 
disease occurring with ulcerative colitis is also etiologically 
heterogeneous. In a large multicenter cohort, most cases of 
autoimmune pancreatitis associated with inflammatory bowel 
disease were type 2 disease [5]. Therefore, autoimmune and 
medication-related pancreatic injury should be considered in the 
differential diagnosis of patients with ulcerative colitis.

Studies of acute biliary pancreatitis have shown that systemic 
inflammatory markers, C-reactive protein (CRP), and oxidative-
stress indicators vary with disease severity [13,14]. These 
observations support the biological importance of systemic and 
oxidative mechanisms in pancreatic inflammation, but evidence 
from acute pancreatitis cannot be directly extrapolated to CP or 
to the effects of a hot climate.
Aim of the study.

The primary aim of this study is to evaluate the associations 
of CRP, fecal elastase-1, interleukin-2 receptor (IL-2R), IL-6, 
and TGF-β1 with the retrospectively assigned symptom-based 
dehydration category and season of presentation in patients 
with chronic pancreatitis. The secondary aims are to compare 
these laboratory outcomes across the three clinical groups and 
to examine correlations among the outcomes.
Materials and Methods.

Medical records of 80 patients with chronic pancreatitis 
(CP) treated in the Department of Gastroenterology of the 
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Surkhandarya Regional Multidisciplinary Medical Center 
between 2023 and 2025 were retrospectively reviewed. Before 
data extraction and analysis, all patient information was de-
identified.
Patient selection.

Inpatient records were screened consecutively until 80 eligible 
cases were identified. Eligibility required documented chronic 
pancreatitis in one of the three study groups and complete results 
for all five laboratory outcomes. Of 132 records screened, 52 
were excluded for incomplete laboratory data; no imputation 
was used. Screening then stopped although other patients with 
chronic pancreatitis were treated during the study period. One 
hospitalization per patient was included, and the 80 analyzed 
records had no missing laboratory outcomes.
Diagnostic definition and supporting evidence.

Chronic pancreatitis was the treating gastroenterologist’s 
routine-care diagnosis supported by compatible symptoms 
and structural and/or functional findings; no uniform imaging 
score was retrospectively applied. Structural evidence included 
pancreatic-duct dilatation or narrowing and calcifications 
or calculi. Ultrasonography was available in all 80 patients, 
CT in 5, and conventional MRI in 4; MRCP and endoscopic 
ultrasonography were not performed. Fecal elastase-1 assessed 
exocrine function: <100 µg/g indicated strong evidence of 
insufficiency, whereas 100–200 µg/g was indeterminate [18].
Clinical-group classification.

Patients were classified as chronic pancreatitis without a 
documented specific etiology (n=20), chronic pancreatitis 
with documented cholecystitis (n=40), or chronic pancreatitis 
with ulcerative colitis (n=20). These routine-record clinical 
associations were not definitively adjudicated etiologic 
categories.
Etiologic assessment.

Records were reviewed for alcohol exposure, medication use, 
family history, triglycerides, calcium, autoimmune-pancreatitis 
work-up, prior acute pancreatitis, and structural causes. These 
routine-care assessments were incomplete and nonuniform; no 
standardized etiologic protocol was used.

Extracted variables were age, sex, disease duration, presentation 
month and season, dehydration-classification symptoms, six 
major clinical manifestations, chronic anemia, hypertension, 
treatment, and the five outcomes (CRP, fecal elastase-1, IL-2R, 
IL-6, and TGF-β1). Table 1 variables had no missing data.
Laboratory measurements.

All specimens were collected at index admission before any 
treatment or infusion. Serum CRP was measured on a Mindray 
BS-200E analyzer (reference <8 mg/L). Stool fecal elastase-1 
was assayed by ELISA (ScheBo Biotech AG, Germany) on a 
Bio-Rad Model 680 reader; >200 µg/g was normal, 100–200 
µg/g indeterminate, and <100 µg/g markedly reduced. No 
patient received pancreatic enzyme replacement therapy at 
collection. Serum IL-6 was measured by chemiluminescence 
on a Mindray CL-1000i analyzer (reference <7 pg/mL). Serum 
soluble IL-2R and TGF-β1 were assayed by ELISA using kits 
from the State Research Institute of Highly Pure Biopreparations 
(Saint Petersburg, Russia) and DRG Diagnostica (Germany), 

respectively, with Bio-Rad Model 680 reading. Archived 
records lacked the CRP and IL-6 reagent manufacturers, assay-
specific detection limits, exact storage conditions, internal/
external quality-control details, IL-2R and TGF-β1 reference 
intervals, and detailed stool handling.
Treatment documentation.

After collection, all patients received indicated standard 
inpatient treatment, including infusion, analgesic/antispasmodic 
therapy, and proton-pump inhibitors; all 20 patients with 
ulcerative colitis received mesalazine or sulfasalazine.
Assessment of dehydration.

Physician-authors retrospectively applied one study-specific 
rule to admission symptoms recorded before treatment; no 
validated scale was used. Mild meant thirst or dry mouth without 
marked systemic symptoms; moderate meant either with at least 
one of weakness, sweating, dark urine, or reduced oral intake; 
severe meant several pronounced findings, including marked 
thirst or weakness, dizziness, dark urine, or general deterioration. 
Laboratory outcomes were not used for classification.
Seasonal classification.

Season was assigned from the index hospitalization month: 
summer was June–August, and September–May was the 
comparison group. Month and year were retained descriptively. 
This calendar proxy did not measure ambient temperature, 
humidity, fluid intake, or individual heat exposure.
Analytical priorities.

No preregistration existed. Primary unadjusted analyses 
assessed each outcome against dehydration category and season; 
mutually adjusted models addressed confounding. Clinical-
group comparisons and biomarker correlations were secondary. 
This reporting hierarchy was not prespecified.

Statistical analysis. Continuous variables are median [Q1–Q3] 
and categorical variables n (%). Clinical groups and dehydration 
categories were compared with Kruskal–Wallis tests; pairwise 
Mann–Whitney U tests used within-outcome Holm adjustment. 
Categorical variables used the Fisher–Freeman–Halton Monte 
Carlo test (50,000 resamples) and Cramér’s V. Spearman 
correlations had 95% bootstrap confidence intervals (5,000 
resamples), with Holm correction across 10 biomarker pairs. 
Seasonal comparisons used Mann–Whitney U tests with Holm 
correction across five outcomes. Each outcome was modeled by 
ordinary least squares with HC3 robust standard errors; Holm 
correction was applied separately to the five dehydration and 
five summer coefficients. All tests were two-sided (α=0.05). 
Python 3.12.13, pandas 2.2.3, NumPy 2.3.5, and SciPy 1.17.0 
were used.

Regression specification and diagnostics. Each model used 
80 complete observations and eight parameters (intercept 
plus seven predictor degrees of freedom; residual df=72). 
Dehydration was ordinal (mild=1, moderate=2, severe=3), so β 
is the adjusted mean change per category and has no reference 
category. Summer=1 versus September–May=0; male=1 versus 
female=0. Clinical-group indicators used chronic pancreatitis 
without documented specific etiology as reference. Age and 
disease duration were continuous per year; component symptoms 
were excluded because they defined dehydration. For every 
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term, Table 5 reports unstandardized β, HC3 95% confidence 
intervals, and exact raw two-sided p values; Table 3 adds Holm-
adjusted p values for the primary exposures. Diagnostics were 
variance inflation factors, R², adjusted R², leave-one-out PRESS 
R², Breusch–Pagan, Shapiro–Wilk, leverage, and Cook’s 
distance. Models were exploratory association analyses, not 
prediction models.

Ethical considerations. Patient data were de-identified before 
analysis. The Local Ethics Committee of the Termez Branch 
of Tashkent State Medical University approved the study and 
waived the requirement for written informed consent (Protocol 
No. 18, 13 March 2023). Only anonymized, aggregate data were 
analyzed.
Results.

Of 132 consecutive inpatient records screened, 80 met the 
eligibility criteria and were included; 52 were excluded because 
the required laboratory data were incomplete. Each included 
patient contributed one hospitalization and one observation.

All 80 patients underwent abdominal ultrasonography; 
CT and conventional MRI were available in 5 (6.3%) and 4 
(5.0%) patients, respectively. No patient underwent MRCP or 
endoscopic ultrasonography. Pancreatic-duct abnormalities 
(dilatation, narrowing, or both) were documented in 72 patients 
(90.0%). Pancreatic calcifications or calculi were documented 
in 33 unique patients (41.3%): by ultrasonography in 24, CT in 
5, and MRI in 4. Fecal elastase-1 was <100 µg/g in 28 patients 
(35.0%), 100–200 µg/g in 52 (65.0%), and >200 µg/g in 0 
patients (0%).

Regarding etiologic assessment, all patients denied current 
alcohol use; some reported remote use that had ceased at least 
4–5 years earlier, but lifetime amount and duration were not 
documented consistently. Mesalazine or sulfasalazine use was 
documented in all 20 patients with ulcerative colitis, but its 
temporal relationship to pancreatitis and drug causality could 
not be determined from the records. No specific autoimmune-
pancreatitis assessment was documented. Serum triglyceride 
results were not available uniformly; elevated values were 
recorded in three patients. Serum calcium was not measured. No 
genetic testing was performed, and no family history suggestive 
of hereditary pancreatitis was documented. Available imaging 
did not identify a clear primary obstructive cause; however, 
the absence of MRCP and endoscopic ultrasonography limited 
comprehensive assessment. The number of patients with prior 
recurrent acute pancreatitis could not be established reliably 
from the records.

Baseline characteristics by clinical group are summarized 
in Table 1. The cohort comprised 47 women (58.8%) and 33 
men (41.3%); sex distribution differed across groups (Monte 
Carlo p=0.039; Cramér’s V=0.291). Median age did not show 
a statistically significant between-group difference (p=0.054), 
whereas disease duration differed (p<0.001). Between-group 
comparisons of dehydration category and season yielded 
p=0.630 and p=1.000, respectively. These nonsignificant 
comparisons should not be interpreted as evidence that the 
clinical groups were equivalent.

Pain (92.5%), dyspepsia (86.3%), and bloating (78.8%) were 
the most frequent clinical manifestations. Chronic anemia was 
documented in 15 patients (18.8%) and differed across groups 

(p=0.030); hypertension was present in 19 (23.8%; p=0.184). 
All 80 patients received standard inpatient treatment after 
specimen collection; mesalazine or sulfasalazine use was 
documented in all 20 patients with ulcerative colitis, and no 
patient was receiving pancreatic enzyme replacement therapy 
at stool sampling. There were no missing data for the variables 
shown in Table 1.
Primary analyses: symptom-based dehydration category and 
season of presentation:

In unadjusted analyses, the retrospectively assigned symptom-
based categories were mild (n=22), moderate (n=38), and severe 
(n=20). With increasing symptom-based category, median 
CRP increased from 13.5 [12.2–20.6] to 22.1 [18.6–26.2] and 
24.1 [21.5–27.2] mg/L (H=19.62; Holm-adjusted p<0.001; 
ε²=0.229). IL-6 increased from 281.9 [234.4–305.1] to 317.8 
[255.2–344.7] and 366.6 [334.4–396.0] pg/mL (H=23.19; 
Holm-adjusted p<0.001; ε²=0.275), whereas fecal elastase-1 
decreased from 132.7 [115.9–142.5] to 104.7 [93.0–116.6] and 
92.6 [68.3–107.9] µg/g (H=14.65; Holm-adjusted p=0.0020; 
ε²=0.164). IL-2R and TGF-β1 did not differ across dehydration 
categories. Pairwise comparisons showed that, for CRP and fecal 
elastase-1, the mild category differed from both the moderate 
and severe categories; for IL-6, all three pairwise comparisons 
were significant (Holm-adjusted p<0.05 within each outcome).

Across all 80 index hospitalizations, monthly presentation 
counts were January 1, February 3, March 6, April 7, May 7, 
June 15, July 23, August 6, September 5, October 5, November 
0, and December 2. Calendar-year counts were 29 in 2023, 
21 in 2024, and 30 in 2025. Forty-four presentations occurred 
in summer (June 15, July 23, and August 6), including 14 in 
2023, 13 in 2024, and 17 in 2025; 36 presentations occurred 
outside summer. In summer versus other seasons, median CRP 
was 24.6 [21.9–28.2] versus 15.2 [12.4–19.0] mg/L (Holm-
adjusted p<0.001), and IL-6 was 340.1 [312.3–391.4] versus 
285.2 [228.3–315.7] pg/mL (Holm-adjusted p<0.001); fecal 
elastase-1 was lower, at 95.5 [69.1–115.1] versus 127.3 [108.2–
139.3] µg/g (Holm-adjusted p<0.001). Although the unadjusted 
p value for TGF-β1 was 0.038, the difference was not significant 
after adjustment across the five laboratory outcomes (Holm-
adjusted p=0.076); IL-2R also did not differ (Holm-adjusted 
p=0.828). The distribution of dehydration categories differed 
between summer and other-season presentations (Monte Carlo 
p<0.001; Cramér’s V=0.456). Summer accounted for 5 of 22 
mild, 22 of 38 moderate, and 17 of 20 severe presentations.

Because summer presentation and the ordinal symptom-based 
dehydration category were correlated (rₛ=0.455; p=0.00002235), 
both were entered simultaneously in the multivariable models. 
After adjustment for season, clinical group, age, sex, and disease 
duration, each one-category increase in dehydration remained 
associated with IL-6 (+36.94 pg/mL; 95% confidence interval, 
17.98–55.90; raw p=0.0002260; Holm-adjusted p=0.001130). 
The dehydration coefficients for CRP, fecal elastase-1, IL-2R, 
and TGF-β1 did not remain significant after Holm adjustment. 
Independently, summer presentation was associated with higher 
CRP (+8.46 mg/L; 6.43–10.48; raw p=3.788E−12; Holm-
adjusted p=1.894E−11), higher IL-6 (+44.23 pg/mL; 8.74–
79.73; raw p=0.01531; Holm-adjusted p=0.04357), lower fecal 
elastase-1 (−22.89 µg/g; −36.11 to −9.67; raw p=0.0009379; 
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Marker Mild (n=22) Moderate (n=38) Severe (n=20) H Holm-adjusted p rₛ
CRP, mg/L 13.5 [12.2–20.6] 22.1 [18.6–26.2] 24.1 [21.5–27.2] 19.62 <0.001 0.480
Fecal elastase-1, µg/g 132.7 [115.9–142.5] 104.7 [93.0–116.6] 92.6 [68.3–107.9] 14.65 0.0020 −⁠0.420
IL-2R, pg/mL 772.0 [760.1–800.1] 786.5 [766.5–814.9] 797.5 [774.0–810.3] 1.85 0.795 0.153
TGF-β1, pg/mL 844.4 [727.1–891.5] 834.4 [725.1–917.6] 772.2 [738.1–833.3] 0.73 0.795 −⁠0.081
IL-6, pg/mL 281.9 [234.4–305.1] 317.8 [255.2–344.7] 366.6 [334.4–396.0] 23.19 <0.001 0.540

Table 2. Comparison of laboratory outcomes by symptom-based dehydration category. Values are median [Q1–Q3]; Holm-adjusted p, adjustment 
across five laboratory outcomes; rₛ, ordinal Spearman coefficient.

Characteristic Overall (n=80) Group I (n=20) Group II (n=40) Group III (n=20) Missing, n p value
Demographic characteristics
Age, years 52.4 [47.5–56.4] 48.7 [47.2–52.6] 53.3 [47.5–59.5] 52.3 [49.4–55.8] 0 0.054
Female sex 47 (58.8) 12 (60.0) 28 (70.0) 7 (35.0) 0 0.039
Male sex 33 (41.3) 8 (40.0) 12 (30.0) 13 (65.0) 0 —
Disease history
Disease duration, years 9.2 [7.4–11.2] 10.5 [9.4–11.9] 9.5 [8.1–11.5] 7.0 [5.7–8.3] 0 <0.001
Symptom-based dehydration category
Mild 22 (27.5) 6 (30.0) 10 (25.0) 6 (30.0) 0 0.630
Moderate 38 (47.5) 9 (45.0) 22 (55.0) 7 (35.0) 0 —
Severe 20 (25.0) 5 (25.0) 8 (20.0) 7 (35.0) 0 —
Season of presentation
Winter 7 (8.8) 2 (10.0) 3 (7.5) 2 (10.0) 0 1.000
Spring 16 (20.0) 4 (20.0) 8 (20.0) 4 (20.0) 0 —
Summer 44 (55.0) 11 (55.0) 22 (55.0) 11 (55.0) 0 —
Autumn 13 (16.3) 3 (15.0) 7 (17.5) 3 (15.0) 0 —
Clinical symptoms at presentation
Pain syndrome 74 (92.5) 19 (95.0) 35 (87.5) 20 (100.0) 0 0.303
Dyspepsia 69 (86.3) 19 (95.0) 34 (85.0) 16 (80.0) 0 0.396
Bloating 63 (78.8) 17 (85.0) 31 (77.5) 15 (75.0) 0 0.823
Diarrhea/steatorrhea 51 (63.8) 10 (50.0) 25 (62.5) 16 (80.0) 0 0.148
Asthenia/general weakness 58 (72.5) 14 (70.0) 30 (75.0) 14 (70.0) 0 0.847
Weight loss 43 (53.8) 10 (50.0) 21 (52.5) 12 (60.0) 0 0.876
Dry mouth/thirst 55 (68.8) 12 (60.0) 29 (72.5) 14 (70.0) 0 0.664
Increased sweating 50 (62.5) 12 (60.0) 26 (65.0) 12 (60.0) 0 0.865
Dark urine 40 (50.0) 10 (50.0) 20 (50.0) 10 (50.0) 0 1.000
Dizziness 30 (37.5) 6 (30.0) 15 (37.5) 9 (45.0) 0 0.630
Documented comorbidities
Chronic anemia 15 (18.8) 3 (15.0) 4 (10.0) 8 (40.0) 0 0.030
Hypertension 19 (23.8) 7 (35.0) 6 (15.0) 6 (30.0) 0 0.184
Treatment
Standard inpatient treatment after 
specimen collection 80 (100.0) 20 (100.0) 40 (100.0) 20 (100.0) 0 —

Mesalazine or sulfasalazine 20 (25.0) 0 (0.0) 0 (0.0) 20 (100.0) 0 —
Pancreatic enzyme replacement 
at stool sampling 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 —

Values are median [Q1–Q3] or n (%). Groups: I, chronic pancreatitis without a documented specific etiology; II, chronic pancreatitis with 
documented cholecystitis; III, chronic pancreatitis in patients with ulcerative colitis. Symptom rows show the presence of the listed symptom. 
Missing, n is the number of patients with unavailable data for each variable. Continuous variables were compared with the Kruskal–Wallis test 
and categorical variables with the Fisher–Freeman–Halton Monte Carlo test (50,000 resamples). Treatment rows were not tested because standard 
care was uniform, mesalazine/sulfasalazine use was specific to ulcerative colitis, and pancreatic enzyme replacement use was uniformly absent. 
Between-group p values are unadjusted descriptive comparisons; a nonsignificant p value does not establish equivalence.

Table 1. Baseline characteristics, comorbidities, and treatment by clinical group.
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Outcome n R² Adjusted R² PRESS R² Breusch–Pagan p Maximum Cook’s D
CRP 80 0.611 0.573 0.514 0.3383 0.0858
Fecal elastase-1 80 0.306 0.239 0.147 0.3496 0.1131
IL-2R 80 0.112 0.026 −0.100 0.6860 0.0752
TGF-β1 80 0.198 0.120 0.024 0.01450 0.1315
IL-6 80 0.384 0.324 0.237 0.2681 0.1241

Table 4. Regression model diagnostics.

All models estimated eight parameters including the intercept (residual df=72). PRESS R² is the leave-one-out predicted coefficient of determination. 
Predictor VIFs were 1.11–2.10; no Cook’s distance exceeded 1.0. HC3 robust standard errors were used for coefficient inference.

Marker Dehydration β (95% CI) p (raw; Holm) Summer β (95% CI) p (raw; Holm)
CRP, mg/L +1.58 (0.04 to 3.12) 0.04456; 0.1782 +8.46 (6.43 to 10.48) 3.788E−12; 1.894E−11
Fecal elastase-1, µg/g −8.69 (−18.42 to 1.03) 0.07898; 0.2369 −22.89 (−36.11 to −9.67) 0.0009379; 0.003752
IL-2R, pg/mL +7.04 (−2.64 to 16.72) 0.1514; 0.3029 −3.17 (−17.67 to 11.34) 0.6648; 0.6648
TGF-β1, pg/mL +10.00 (−20.43 to 40.43) 0.5146; 0.5146 −61.12 (−109.76 to −12.47) 0.01452; 0.04357
IL-6, pg/mL +36.94 (17.98 to 55.90) 0.0002260; 0.001130 +44.23 (8.74 to 79.73) 0.01531; 0.04357

Table 3. Mutually adjusted associations of symptom-based dehydration category and summer presentation with laboratory outcomes. Values are 
unstandardized β coefficients (95% confidence intervals); p columns show exact raw and Holm-adjusted p values.

Each model used n=80 complete observations and simultaneously included dehydration category, summer presentation, clinical group, age, sex, 
and disease duration. Reference categories were September–May, female sex, and chronic pancreatitis without a documented specific etiology. 
Dehydration was an ordinal term (1–3), and age and disease duration were entered per year. HC3 robust standard errors were used. Holm 
adjustment was applied separately across the five dehydration coefficients and the five summer coefficients. The table reports the two exposure 
coefficients of primary interest; complete coefficient estimates for every model term are provided in Table 5. CI, confidence interval.

Outcome / model term β 95% CI Exact p
CRP, mg/L
Intercept 25.84 17.21 to 34.48 8.2740E−08
Symptom-based dehydration category (per one-category increase) 1.58 0.04 to 3.12 0.04456
Summer presentation (vs September-May) 8.46 6.43 to 10.48 3.7880E−12
Age (per year) −0.15 −0.29 to −0.01 0.03858
Male sex (vs female) 1.56 −0.39 to 3.50 0.11442
Disease duration (per year) −0.56 −1.03 to −0.08 0.02245
CP with documented cholecystitis (vs CP without documented specific etiology) 0.41 −2.00 to 2.83 0.7335
CP in patients with ulcerative colitis (vs CP without documented specific etiology) −3.11 −6.10 to −0.13 0.04132
Fecal elastase-1, µg/g
Intercept 153.28 97.70 to 208.87 5.5459E−07
Symptom-based dehydration category (per one-category increase) −8.69 −18.42 to 1.03 0.07898
Summer presentation (vs September-May) −22.89 −36.11 to −9.67 0.0009379
Age (per year) −0.29 −1.14 to 0.56 0.49905
Male sex (vs female) −2.51 −14.65 to 9.64 0.68197
Disease duration (per year) −0.22 −2.89 to 2.45 0.86772
CP with documented cholecystitis (vs CP without documented specific etiology) 2.13 −13.15 to 17.41 0.78221
CP in patients with ulcerative colitis (vs CP without documented specific etiology) 2.88 −14.22 to 19.97 0.73827
IL-2R, pg/mL
Intercept 785.49 724.29 to 846.68 7.0430E−38
Symptom-based dehydration category (per one-category increase) 7.04 −2.64 to 16.72 0.15144
Summer presentation (vs September-May) −3.17 −17.67 to 11.34 0.6648
Age (per year) 0.37 −0.81 to 1.55 0.53257
Male sex (vs female) −12.57 −26.75 to 1.62 0.08158
Disease duration (per year) −1.89 −4.71 to 0.93 0.18559
CP with documented cholecystitis (vs CP without documented specific etiology) −7.90 −23.93 to 8.14 0.32965
CP in patients with ulcerative colitis (vs CP without documented specific etiology) −16.45 −38.59 to 5.69 0.14284
TGF-β1, pg/mL
Intercept 879.92 649.17 to 1110.68 8.4831E−11
Symptom-based dehydration category (per one-category increase) 10.00 −20.43 to 40.43 0.51457

Table 5. Complete coefficient estimates from the mutually adjusted linear regression models.
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Values are unstandardized β coefficients with HC3-based 95% confidence intervals. Exact p values are two-sided and unadjusted; Holm-adjusted p 
values for the dehydration and summer coefficients are reported in Table 3. Coefficients for the other terms are shown for adjustment transparency; 
their nominal p values were not multiplicity-adjusted and should not be interpreted as confirmatory tests. Each model included all listed terms 
simultaneously and used n=80 complete observations. Dehydration was coded 1–3; summer was compared with September–May; male sex with 
female sex; and both clinical group indicators with chronic pancreatitis without a documented specific etiology. Age and disease duration were 
entered per year. CI, confidence interval; CP, chronic pancreatitis.

Outcome / model term β 95% CI Exact p
Summer presentation (vs September-May) −61.12 −109.76 to −12.47 0.01452
Age (per year) −2.92 −6.61 to 0.76 0.11809
Male sex (vs female) −19.00 −64.57 to 26.58 0.40877
Disease duration (per year) 7.58 −0.72 to 15.88 0.07266
CP with documented cholecystitis (vs CP without documented specific etiology) 58.75 7.80 to 109.70 0.02444
CP in patients with ulcerative colitis (vs CP without documented specific etiology) 32.77 −34.23 to 99.78 0.3328
IL-6, pg/mL
Intercept 315.67 167.21 to 464.14 6.5712E−05
Symptom-based dehydration category (per one-category increase) 36.94 17.98 to 55.90 0.000226
Summer presentation (vs September-May) 44.23 8.74 to 79.73 0.01531
Age (per year) −1.31 −3.66 to 1.03 0.26702
Male sex (vs female) −5.67 −34.22 to 22.88 0.69342
Disease duration (per year) −2.62 −8.28 to 3.05 0.35984
CP with documented cholecystitis (vs CP without documented specific etiology) 3.13 −31.42 to 37.69 0.85709
CP in patients with ulcerative colitis (vs CP without documented specific etiology) −22.31 −65.93 to 21.31 0.31136

Marker CP without documented
etiology (n=20)

CP with documented
cholecystitis (n=40)

CP in patients with UC 
(n=20) H p Holm-adjusted p

CRP, mg/L 21.6 [17.9–24.4] 21.5 [16.4–26.1] 20.5 [14.6–26.7] 0.22 0.895 1.000
Fecal elastase-1, µg/g 107.7 [83.9–129.0] 109.8 [92.9–130.7] 108.2 [93.0–120.1] 0.05 0.975 1.000
IL-2R, pg/mL 790.0 [769.4–812.3] 790.0 [763.8–814.7] 776.1 [754.6–803.0] 1.50 0.473 1.000
TGF-β1, pg/mL 786.2 [725.1–869.4] 862.5 [733.1–924.6] 780.3 [726.1–850.4] 4.07 0.130 0.652
IL-6, pg/mL 321.1 [274.8–361.3] 323.6 [261.7–386.8] 312.2 [284.6–340.6] 0.47 0.790 1.000

Table 6. Comparison of laboratory markers across clinical groups. Values are median [Q1–Q3]; p, Kruskal–Wallis test; Holm-adjusted p, 
adjustment across five laboratory outcomes.

Holm-adjusted p=0.003752), and lower TGF-β1 (−61.12 
pg/mL; −109.76 to −12.47; raw p=0.01452; Holm-adjusted 
p=0.04357), but not with IL-2R (−3.17 pg/mL; −17.67 to 11.34; 
raw and Holm-adjusted p=0.6648) (Table 3). These findings 
represent mutually adjusted associations and do not establish a 
causal effect of heat or dehydration.

All five models included 80 observations and eight estimated 
parameters (10.0 observations per parameter). Variance inflation 
factors ranged from 1.11 to 2.10. R² ranged from 0.112 to 0.611, 
adjusted R² from 0.026 to 0.573, and PRESS-based predicted 
R² from −0.100 to 0.514 (Table 4). The Breusch–Pagan test 
indicated heteroscedasticity for the TGF-β1 model (p=0.01450) 
but not for the other models (p=0.2681–0.6860), supporting 
use of HC3 inference. Maximum Cook’s distance ranged from 
0.0752 to 0.1315, and no observation exceeded 1.0. Residual 
Shapiro–Wilk p values exceeded 0.20 for four models; the IL-
2R model showed a departure from normality (p=0.02881). The 
negative predicted R² for IL-2R indicated no useful leave-one-
out predictive performance.

Complete coefficient estimates for all terms in the five mutually 
adjusted models are presented in Table 5.

Secondary analyses: clinical-group comparisons and 
biomarker correlations:

None of the five laboratory outcomes differed across clinical 
groups: CRP, H=0.22, p=0.895; fecal elastase-1, H=0.05, 

p=0.975; IL-2R, H=1.50, p=0.473; TGF-β1, H=4.07, p=0.130; 
and IL-6, H=0.47, p=0.790. Holm-adjusted p values for the five 
laboratory outcomes ranged from 0.652 to 1.000. No evidence 
was found that cytokine or CRP levels differed among the three 
clinical groups (Table 6).

In correlation analyses, IL-6 showed a moderate positive 
association with CRP (rₛ=0.460; 95% bootstrap confidence 
interval, 0.262–0.634; Holm-adjusted p<0.001). CRP was 
negatively associated with fecal elastase-1 (rₛ=−0.403; 95% 
confidence interval, −0.570 to −0.202; Holm-adjusted p=0.0019), 
and fecal elastase-1 was also negatively correlated with IL-6 
(rₛ=−0.402; 95% confidence interval, −0.576 to −0.204; Holm-
adjusted p=0.0019). The remaining correlations involving 
IL-2R and TGF-β1 were not significant after adjustment for 
multiple comparisons.
Discussion.

The unadjusted pattern—higher CRP and IL-6 and lower fecal 
elastase-1 with increasing symptom-based dehydration category 
and during summer—changed after mutual adjustment. Only 
IL-6 remained associated with dehydration category, whereas 
summer retained associations with higher CRP and IL-6 and 
lower fecal elastase-1 and TGF-β1. Confounding by season may 
therefore partly explain the unadjusted dehydration associations 
with CRP and fecal elastase-1. The five outcomes did not differ 
across clinical groups.
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The positive correlation of IL-6 with CRP and its negative 
correlation with fecal elastase-1 suggest that systemic 
inflammatory activity and exocrine dysfunction may occur 
concurrently. In the PROCEED cohort, IL-6 and IL-8 were also 
higher in patients with CP than in healthy controls and increased 
with the presence of exocrine dysfunction and diabetes [7]. 
However, correlation does not establish directionality or 
a causal mechanism, and the present study did not include a 
healthy control group.

TGF-β1 did not differ across clinical groups or dehydration 
categories and was not significantly correlated with IL-6. In 
human pancreatic stellate cells and tissue from alcohol-related 
CP, IL-6 has been shown to enhance stellate-cell activation and 
type I collagen synthesis through the TGF-β1/Smad2/3 pathway 
[20]. This mechanistic evidence provides biological context, 
but our serum findings do not directly confirm an IL-6/TGF-β1 
relationship or pancreatic fibrosis.

Fecal elastase-1 results require particular caution. The American 
Gastroenterological Association recommends performing 
the test on a semi-solid or solid stool specimen; <100 µg/g 
provides strong evidence of exocrine pancreatic insufficiency, 
whereas 100–200 µg/g is considered indeterminate [18]. In a 
study of watery stool specimens, 29 of 41 initially low results 
(71%) at ≤199 µg/g were ≥200 µg/g when retested on formed 
stool [8]. Because diarrhea or steatorrhea was documented 
in 63.8% of the cohort and stool consistency could not be 
retrospectively determined, dilution-related underestimation 
and misclassification between fecal elastase-1 categories cannot 
be excluded. Accordingly, these categories should be interpreted 
as descriptive laboratory strata rather than definitive diagnostic 
classifications.

The ulcerative colitis group requires careful etiologic 
interpretation. In the multicenter study by Eder et al., 72% of 
autoimmune pancreatitis cases associated with inflammatory 
bowel disease were type 2 autoimmune pancreatitis, and 79% 
were associated with ulcerative colitis [5]. In the present 
cohort, mesalazine or sulfasalazine exposure was documented 
in all 20 patients with ulcerative colitis, but a temporal 
relationship and drug causality could not be established, and 
no specific autoimmune-pancreatitis assessment was available. 
Accordingly, this group should be interpreted as a clinical 
association rather than a uniform pancreatic etiology.

The group with documented cholecystitis likewise represents 
a clinical association and does not by itself establish a single 
biliary mechanism. Incomplete metabolic and autoimmune 
testing, the absence of genetic testing, and limited advanced 
pancreatic imaging prevented exhaustive etiologic adjudication.

Mutual adjustment helped distinguish overlapping seasonal 
and symptom-based dehydration associations but could not 
establish a mechanism or causality. Acute biliary pancreatitis 
studies report inflammatory and oxidative-stress changes 
with severity [13,14], although acute and chronic processes 
are not directly comparable. Recurrent acute pancreatitis, 
occult hypertriglyceridemia, and structural factors also require 
systematic evaluation in idiopathic disease [9, 19]. Because 
ambient temperature, humidity, individual heat exposure, and 
fluid intake were not measured, season cannot be interpreted as 
a direct effect of heat or dehydration.

Study Limitations.
The retrospective single-center design, relatively small and 

unequal groups totalling 80 patients, absence of a healthy 
control group, and stopping of record screening once 80 eligible 
cases had been identified limit generalizability. Because not all 
chronic-pancreatitis admissions during the study period were 
screened, selection bias cannot be excluded. Diagnostic imaging 
was not standardized: although abdominal ultrasonography was 
available for all patients, only 5 had CT and 4 had MRI, and 
neither MRCP nor endoscopic ultrasonography was performed. 
The chronic-pancreatitis diagnoses were not retrospectively re-
adjudicated using a uniform imaging score. Because etiologic 
investigations were based on information available in routine 
medical records and were not standardized across all patients, 
some etiologic uncertainty remains. The clinical groups should 
therefore be interpreted as pragmatic categories for comparison 
rather than definitive etiologic phenotypes. Dehydration 
categories were assigned retrospectively by the physician-
authors using a study-specific symptom-based rule applied to 
admission complaints. This rule was not an externally validated 
dehydration scale, and objective physiologic measures were 
not incorporated into category assignment. Accordingly, the 
categories should be interpreted as symptom-based ordinal 
classifications rather than direct measurements of volume 
depletion. Stool consistency could not be retrospectively 
determined. Given that diarrhea or steatorrhea was documented 
in 63.8% of the cohort, dilution-related underestimation 
and category misclassification of fecal elastase-1 cannot 
be excluded. In addition, the absence of patients with fecal 
elastase-1 >200 µg/g precluded comparison with a group having 
preserved exocrine function. TGF-β1 was not a direct imaging 
or histological measure of fibrosis. Season does not substitute 
for measured ambient conditions or individual heat exposure. 
Although variance inflation factors did not indicate problematic 
multicollinearity, the sample size limited the number of 
covariates that could be included. Adjustment was confined to 
available variables; body mass index, nutritional status, diabetes 
status, measured ambient conditions, and individual fluid intake 
were unavailable. HC3 regression cannot eliminate residual 
confounding. Although multiple comparisons were controlled 
using the Holm method, the seasonal and regression findings 
should be interpreted cautiously.

Regression-related limitations. Each model estimated 
eight parameters from only 80 observations, equivalent to 
10 observations per parameter. This is a limited ratio for a 
multivariable model and leaves a material risk of overfitting 
and coefficient instability despite restricting the covariates to 
clinically relevant variables available in the records. PRESS-
based predicted R² values were lower than the apparent R² 
values and were negative for IL-2R, indicating limited internal 
predictive performance for some outcomes. No external 
validation, penalized regression, or shrinkage method was 
performed. Consequently, the regression results should be 
interpreted as exploratory adjusted associations rather than a 
validated prediction model; the diagnostics do not eliminate 
residual confounding or model misspecification.

The incomplete archival reporting of assay-specific detection 
limits, specimen-storage conditions, quality-control procedures, 
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selected reagent manufacturers, and reference intervals limits 
full methodological reproducibility; these details could not be 
reconstructed retrospectively.
Conclusion.

Higher symptom-based dehydration category was unadjustedly 
associated with higher CRP and IL-6 and lower fecal elastase-1. 
After adjustment for season, clinical group, age, sex, and disease 
duration, only IL-6 remained associated with dehydration after 
Holm correction; summer remained associated with higher CRP 
and IL-6 and lower fecal elastase-1 and TGF-β1. No outcome 
differed across clinical groups. The retrospective design, 
symptom-based classification, and unmeasured heat exposure 
preclude causal interpretation.
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СВЯЗЬ ЦИТОКИНОВОГО ПРОФИЛЯ И 
ЭКЗОКРИННОЙ ФУНКЦИИ ПОДЖЕЛУДОЧНОЙ 
ЖЕЛЕЗЫ С КАТЕГОРИЕЙ ОБЕЗВОЖИВАНИЯ, 
ОПРЕДЕЛЁННОЙ ПО СИМПТОМАМ ПРИ 
ПОСТУПЛЕНИИ, И СЕЗОНОМ ОБРАЩЕНИЯ 
ПРИ ХРОНИЧЕСКОМ ПАНКРЕАТИТЕ: 
РЕТРОСПЕКТИВНОЕ ИССЛЕДОВАНИЕ
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РЕЗЮМЕ.
Цель: оценить связь C-реактивного белка (CRP), 

фекальной эластазы-1 (FE-1), рецептора интерлейкина-2 
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(IL-2R), интерлейкина-6 (IL-6) и трансформирующего 
фактора роста бета-1 (TGF-β1) с симптоматической 
категорией обезвоживания и сезоном обращения при 
хроническом панкреатите; сравнение клинических групп 
было вторичной задачей.

Материалы и методы: из 132 последовательно 
просмотренных стационарных историй болезни за 2023–
2025 гг. проанализированы 80 с полными результатами 
пяти лабораторных показателей; 52 неполные истории 
исключены. Каждый пациент представил одно наблюдение. 
Нескорректированные критерии Краскела–Уоллиса, 
Манна–Уитни U и корреляция Спирмена применялись с 
поправкой Холма. Пять линейных моделей с робастными 
стандартными ошибками HC3 одновременно учитывали 
категорию обезвоживания, обращение летом, клиническую 
группу, возраст, пол и длительность заболевания.

Результаты: в нескорректированных анализах более 
высокая категория обезвоживания была связана с более 
высокими CRP и IL-6 и более низкой FE-1. После взаимной 
корректировки только IL-6 сохранял связь с повышением 
категории обезвоживания на одну ступень (+36,94 пг/мл; 
95% ДИ 17,98–55,90; p Холма=0,0011). Обращение летом 
независимо было связано с более высокими CRP (+8,46 мг/л) 
и IL-6 (+44,23 пг/мл), более низкими FE-1 (−22,89 мкг/г) и 
TGF-β1 (−61,12 пг/мл) (все p Холма<0,05), но не с IL-2R. 
Пять показателей не различались между клиническими 
группами.

Заключение: после корректировки категория 
обезвоживания сохраняла независимую связь только с IL-6, 
тогда как обращение летом — с CRP, IL-6, FE-1 и TGF-β1. 
Ретроспективный наблюдательный дизайн не позволяет 
установить причинную роль жары или обезвоживания.

Ключевые слова: хронический панкреатит, C-реактивный 
белок, интерлейкин-6, фекальная эластаза-1, обезвоживание, 
сезон обращения, ретроспективное исследование.
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