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Early temporal dynamics of the phosphorus to calcium
ratio for severity prediction in acute pancreatitis:
A retrospective cohort study

Akut pankreatitte siddet 6ngorusu icin fosfor/kalsiyum oraninin erken zamansal
dinamikleri: Retrospektif kohort caligmasi
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ABSTRACT ¢ Background and Aims: Acute pancreatitis ranges from mild disease to severe forms associated with organ failure and mor-
tality. Early risk stratification is essential, yet current scoring systems may not fully reflect early metabolic alterations. While hypocalcemia is a
recognized severity marker, the prognostic role of phosphorus remains unclear. This study evaluated whether early phosphorus-to-calcium ratio
changes within 48 hours predict disease severity in acute pancreatitis. Materials and Method: This retrospective single-center study included
adults hospitalized with acute pancreatitis between January 2023 and December 2025. Phosphorus-to-calcium ratio was calculated from routinely
recorded serum phosphorus and calcium levels at admission, 24, and 48 hours. Severity was defined according to the Revised Atlanta Classifica-
tion. Multivariable logistic regression and receiver operating characteristic analyses were performed. Results: A total of 182 patients were includ-
ed [mean age 56.8 + 15.9 years; 100 male (54.9%)]. Mild acute pancreatitis occurred in 140 patients (76.9%), moderately severe in 32 (17.6%),
and severe in 10 (5.5%). Persistent organ failure occurred in 12 (6.6%), intensive care unit admission in 14 (7.7%), and in-hospital mortality in 3
patients (1.6%). Phosphorus-to-calcium ratio values increased during the first 48 hours and were higher in moderate-to-severe/severe disease.
After adjustment for age, creatinine, C-reactive protein level, and clinical severity score, the 48-hour change in the phosphorus-to-calcium ratio
remained independently associated with severity (Odds ratio 1.64, 95% confidence interval 1.14 - 2.36, p = 0.008). Conclusion: Early phos-
phorus-to-calcium ratio dynamics may serve as a simple adjunct biomarker to existing clinical scores for predicting severity in acute pancreatitis.
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OZET e Giris ve Amac: Akut pankreatit, hafif seyirli hastaliktan organ yetmezligi ve mortalite ile iligkili agir formlara kadar degisebilen bir klinik
tabloya sahiptir. Erken risk siniflandirmasi 6nemlidir; ancak mevcut skorlama sistemleri erken metabolik degisiklikleri tam olarak yansitmayabilir.
Hipokalsemi bilinen bir siddet belirteci olmakla birlikte, fosforun prognostik rolii net degildir. Bu galismada, ilk 48 saat igindeki fosfor-kalsiyum orani
degisimlerinin hastalik siddetini 6ngériip 6ngéremeyecegdi dederlendirildi. Gere¢ ve Yontem: Bu retrospektif tek merkezli calismaya Ocak 2023
ile Aralik 2025 tarihleri arasinda akut pankreatit nedeniyle hastaneye yatirilan eriskin hastalar dahil edildi. Fosfor-kalsiyum orani, basvuru aninda
ve 24. ile 48. saatlerde 6lgulen serum fosfor ve kalsiyum diizeylerinden hesaplandi. Hastalik siddeti Revize Atlanta Siniflamasi’na gore tanimlandi.
Gok degiskenli lojistik regresyon ve alici calisma &zelligi egrisi analizleri yapildi. Bulgular: Toplam 182 hasta galismaya dahil edildi [ortalama yas
56.8 £ 15.9 yil; 100 erkek (%54.9)]. Hastalarin 140'inda (%76.9) hafif, 32’sinde (%17.6) orta-adir ve 10’unda (%5.5) agir akut pankreatit saptandi.
Persistan organ yetmezligi 12 hastada (%6.6), yogun bakim Unitesi yatisi 14 hastada (%7.7) ve hastane i¢i mortalite 3 hastada (%1.6) gorildu.
Fosfor-kalsiyum orani ilk 48 saat iginde artis gosterdi ve orta-agir/agir hastalikta daha yiiksekti. Yas, kreatinin, C-reaktif protein diizeyi ve klinik
siddet skoru icin yapilan diizeltme sonrasinda, 48. saatteki fosfor-kalsiyum orani deg@isimi hastalik siddeti ile bagimsiz olarak iliskili bulundu (risk
orani 1.64; %95 glven araligi 1.14 - 2.36; p = 0.008). Sonuc: Erken dénem fosfor-kalsiyum orani dinamikleri, akut pankreatitte hastalik siddetini
6ngdérmede mevcut klinik skorlara tamamlayici basit bir biyobelirteg olarak kullanilabilir.

Anahtar kelimeler: Akut pankreatit, biyobelirtecler, fosfor, kalsiyum

Correspondence: Yavuz Emre PARLAR e Department of Gastroenterology, Sincan Training and Research Hospital, Gokcek, 250. Street
2/A, 06949 Sincan/Ankara, Tirkiye ® E-mail: yavuzemreparlar@gmail.com e Fax: 0312 272 62 40 e Parlar YE, Coskun M, Oztiirk B.
® Early temporal dynamics of the phosphorus to calcium ratio for severity prediction in acute pancreatitis: A retrospective cohort study ® The
Turkish Journal of Academic Gastroenterology 2026;25:45-53. Doi: 10.17941/agd.1922737


https://orcid.org/0000-0002-7349-8415
https://orcid.org/0009-0008-2437-0512
https://orcid.org/0000-0002-5935-4319

e

Parlar YE et al.

INTRODUCTION

Acute pancreatitis (AP) is a common gastrointes-
tinal emergency characterized by a broad clinical
spectrum ranging from mild, self-limiting disease
to severe forms associated with persistent organ
failure and increased mortality (1). Early risk
stratification remains a cornerstone of clinical
management, as timely identification of high-risk
patients allows appropriate monitoring, early in-
tensive care support, and prevention of complica-
tions (2). Although the Revised Atlanta Classifica-
tion provides standardized definitions for disease
severity, predicting progression during the early

phase of AP remains challenging (3).

Several clinical scoring systems, including bedside
index for severity in acute pancreatitis (BISAP),
Ranson, and acute physiology and chronic health
evaluation II (APACHE II), have been developed to
estimate disease severity and prognosis (4). Among
these, the BISAP score has gained popularity due
to its simplicity and early applicability; however,
even simplified clinical tools may not fully capture
early metabolic and biochemical alterations oc-
curring during the initial phase of the disease (5).
Consequently, there has been increasing interest
in identifying easily obtainable laboratory-based
biomarkers that can complement established scor-
ing systems and enhance early prognostic assess-

ment.

Metabolic and electrolyte disturbances are integral
components of AP pathophysiology. Hypocalcemia
has long been recognized as a marker of severe
disease, reflecting fat necrosis, systemic inflam-
mation, and organ dysfunction (6). In contrast, the
prognostic role of serum phosphorus has received
relatively limited attention, despite its association
with cellular injury, metabolic stress, and inflam-
matory processes (7). Recent studies have high-
lighted the potential value of dynamic biomarkers

and ratio-based indices in improving early risk

prediction, suggesting that changes over time may
provide additional prognostic information beyond
single measurements (8). Moreover, several recent
investigations evaluating inflammatory and bio-
chemical ratios have demonstrated that combining
simple laboratory parameters with clinical scores
may improve risk stratification without increasing
complexity (9,10). In this context, combining meta-
bolically linked electrolytes into a single ratio may
provide a more integrated reflection of early sys-

temic stress than isolated laboratory parameters.

The phosphorus-to-calcium ratio (PCR) may rep-
resent a simple and easily applicable marker re-
flecting early metabolic imbalance in AP. Howev-
er, data regarding the temporal evolution of PCR
during the first 48 hours and its incremental value
when integrated with established clinical scores re-
main limited. Therefore, this study aimed to eval-
uate the association between early PCR dynamics
and disease severity in AP and to assess whether
PCR may serve as an adjunct biomarker alongside
established tools such as the BISAP score.

MATERIALS and METHOD
Study Design and Setting

This retrospective, single-center observational co-
hort study was conducted at the Department of
Gastroenterology, Sincan Training and Research
Hospital (Ankara, Turkey). Adult patients hospi-
talized with acute pancreatitis between January
2023 and December 2025 were screened for eli-
gibility. The study protocol was approved by the
institutional ethics committee and conducted in
accordance with the Declaration of Helsinki. Due
to the retrospective design, informed consent was

waived.

Patient Selection

The diagnosis of acute pancreatitis was established
based on at least two of the following criteria: char-
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acteristic abdominal pain, serum amylase and/or
lipase levels greater than three times the upper
limit of normal, and imaging findings consistent
with acute pancreatitis. Patients younger than 18
years, those with chronic pancreatitis, end-stage
renal disease or dialysis treatment, metabolic
disorders affecting calcium or phosphorus metab-
olism, incomplete clinical records, or missing phos-
phorus or calcium measurements within the first
48 hours were excluded. After applying exclusion
criteria, 182 patients were included in the final

analysis, as illustrated in the study flow diagram.

Data Collection and Definitions

Clinical and laboratory data were retrospectively
obtained from electronic hospital records. Routine-
ly recorded serum phosphorus and calcium levels
obtained at admission, 24 hours, and 48 hours
were used to calculate the phosphorus-to-calcium
ratio (PCR). For PCR calculation, total serum cal-
cium values obtained from routine laboratory mea-
surements were used; corrected calcium values
were not applied. Temporal changes in PCR were
evaluated by comparing measurements across the
first 48 hours. The change in PCR was defined as
the difference between PCR at 48 hours (APCR48)
and baseline PCR. Disease severity was classified
according to the Revised Atlanta Classification.
The BISAP score was calculated using data ob-
tained within the first 24 hours.

Outcomes

Primary outcome was moderately severe/severe
acute pancreatitis according to the Revised Atlanta
Classification. Moderately severe and severe acute
pancreatitis were analyzed together as a composite
outcome due to the relatively limited number of se-
vere cases, which could reduce statistical power if
analyzed separately. Secondary outcomes included
persistent organ failure, intensive care unit admis-

sion, and in-hospital mortality.

Statistical Analysis

Continuous variables were expressed as mean =+
standard deviation or median values depending
on distribution characteristics. Between-group
comparisons were performed using independent
samples t-test or Mann—Whitney U test for con-
tinuous variables and chi-square or Fisher’s exact
test for categorical variables. Temporal changes
in PCR values were evaluated across predefined
time points. Multivariable logistic regression anal-
ysis was used to identify independent predictors
of moderately severe/severe acute pancreatitis, in-
cluding age, creatinine, C-reactive proteine (CRP),
BISAP score, and APCR48. Variables included in
the multivariable model were selected based on
clinical relevance and variables showing p < 0.10
in univariate analysis. Predictive performance was
evaluated using receiver operating characteristic
(ROC) curve analysis comparing BISAP, PCR48,
APCR48, and the combined BISAP + PCR48 mod-
el. Optimal cut-off values were determined using
Youden’s index. Statistical analyses were per-
formed using IBM SPSS Statistics and R software,
with a two-sided p-value < 0.05 considered statis-
tically significant.

Ethics Approval

This study was approved by the Ethics Committee
of Sincan Training and Research Hospital, Uni-
versity of Health Sciences (Approval No: SEAH-
BAEK-2026-174; Date: February 17, 2026). Since
this was a retrospective study, informed consent
was waived. The study was conducted in accor-
dance with the principles of the Declaration of Hel-

sinki.

RESULTS

A total of 182 patients were included in the analy-
sis. The mean age was 56.8 + 15.9 years, and 100
patients (54.9%) were male. According to the Re-
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vised Atlanta Classification, 140 patients (76.9%)
had mild acute pancreatitis, 32 (17.6%) had mod-
erately severe disease, and 10 (5.5%) had severe
disease. Baseline demographic, clinical, and labo-
ratory characteristics according to disease severity
are summarized in Table 1.

Temporal evaluation of PCR values demonstrated
progressive increases during the first 48 hours,
with consistently higher levels observed in patients
with moderate-to-severe/severe disease compared
with mild cases (Table 2). The separation between
severity groups became more evident at later time
points, as illustrated by the PCR trajectory over 0,
24, and 48 hours (Figure 1).

Table 1 Baseline characteristics

Clinical outcomes stratified by disease severity
are presented in Table 3. Persistent organ failure
occurred in 12 patients (6.6%), intensive care unit
(ICU) admission was required in 14 (7.7%), and
in-hospital mortality was observed in 3 patients
(1.6%). Increasing disease severity was associated

with higher rates of adverse outcomes.

In multivariable logistic regression analysis in-
cluding age, creatinine, CRP, BISAP score, and
APCR48, BISAP score remained the strongest in-
dependent predictor of moderately severe/severe
acute pancreatitis, while APCR48 also demonstrat-
ed an independent association (OR 1.64, 95% CI
1.14 - 2.36, p = 0.008) (Table 4).

Variable Mild AP (n = 140)
Age (years) 56.5+ 15.5
Male sex, n (%) 74 (52.9)
BMI (kg/m?2) 27.6 4.3
Biliary etiology, n (%) 82 (58.6)
Alcohol etiology, n (%) 21 (15.0)
BISAP score 1.3+£0.9
CRP (mg/L), median (IQR) 65 (40 - 110)
Creatinine (mg/dL) 0.95 + 0.35
Calcium (mg/dL) 8.4 +0.7
Phosphorus (mg/dL) 3.5+0.9

Baseline PCR (median, IQR) 0.38(0.31-0.45)

Mod/Severe AP (n = 42) p value
58.0+ 16.0 0.99
26 (61.9) 0.28
28.1 4.5 0.46
23 (54.8) 0.66
7(16.7) 0.79
20+1.0 < 0.001
95 (60 - 160) 0.07
1.10 = 0.45 0.88
8.0+0.8 0.006
3.8+ 1.0 0.11
0.46 (0.38 - 0.58) 0.006

AP: Acute pancreatitis; BMI: Body-mass index; BISAP: Bedside index for severity in acute pancreatitis; CRP: C-reactive protein; IQR: Interquartile range; PCR:

Phosphorus-to-calcium ratio.

Table 2 PCR temporal changes

Parameter Mild AP

PCR at admission 0.38 £ 0.09
PCR at 24h 0.39+0.10
PCR at 48h 0.41 +£0.11
APCR48 0.04 £ 0.07

Mod/Severe AP p
0.46 +0.12 0.006
0.51+0.13 0.002
0.55+0.14 < 0.001
0.09 £ 0.09 0.003

AP: Acute pancreatitis; PCR: Phosphorus-to-calcium ratio; APCR48: Change in PCR during first 48 hours.
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Figure 1 PCR trajectory first 48 hours in acute pancreati-
tis. Temporal trajectory of PCR during the first 48 hours af-
ter admission. PCR values increased over time, with higher
levels observed in patients with moderately severe/severe
acute pancreatitis compared with mild disease. The dyna-
mic change in PCR (APCR48) reflects evolving metabolic
alterations associated with disease progression.

AP: Acute pancreatitis; PCR: Phosphorus-to-calcium ratio.

Table 3 Clinical outcomes

Receiver operating characteristic (ROC) analysis
demonstrated acceptable discrimination for se-
verity prediction (Figure 2). BISAP showed the
highest performance [Area under the curve (AUC)
0.76], followed by PCR48 (AUC 0.71) and APCR48
(AUC 0.66). The combined BISAP + PCR48 model
yielded a modest improvement in predictive per-
formance (AUC 0.77).

Optimal cut-off values for PCR48 and APCR48
were determined using ROC curve analysis for
major clinical outcomes, including mortality, per-
sistent organ failure, and ICU admission (Table 5).
PCR48 demonstrated acceptable discriminatory
ability across outcomes, with AUC values ranging
from 0.71 to 0.74. The optimal PCR48 threshold for
predicting persistent organ failure was identified
as 0.52, yielding 75% sensitivity and 70% specific-
ity. For mortality prediction, a slightly higher cut-
off of 0.58 showed balanced performance (sensitiv-
ity 67%, specificity 82%).

Outcome Mild AP
Persistent organ failure 2 (1.4%)
ICU admission 5(3.6%)
Mortality 0 (0%)

LOS (days) 6(4-9)

Mod/Severe AP p
10 (23.8%) < 0.001
9 (21.4%) < 0.001
3(7.1%) 0.003
11(7-16) < 0.001

AP: Acute pancreatitis; ICU: Intensive care unit; LOS: Length of hospital stay.

Table 4 Multivariable logistic regression for prediction of moderately severe/severe AP

Variable Adjusted OR
Age (per year) 1.01
Creatinine 1.24
CRP 1.005
BISAP score 2.68
APCR48 1.64

95% Cl p value
0.99-1.03 0.21
0.87-1.76 0.24

0.999 - 1.011 0.09
1.72-4.18 < 0.001
1.14-2.36 0.008

BISAP: Bedside index for severity in acute pancreatitis; CRP: C-reactive protein; OR: Odds ratio; APCR48: Change in PCR during first 48 hours.
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Table 5 Optimal cut-off values of PCR48 and APCR48 for adverse clinical outcomes

Outcome Marker Cut-Off Value

Mortality PCR48 0.58
APCR48 0.1

Persistent organ failure PCR48 0.52
APCR48 0.08

ICU hospitalization PCR48 0.50
APCR48 0.07

Sensitivity Specificity AUC (95% CI)
67% 82% 0.72 (0.61 - 0.83)
67% 75% 0.68 (0.57 - 0.79)
75% 70% 0.74 (0.65 - 0.82)
72% 65% 0.69 (0.60 - 0.78)
71% 63% 0.71(0.62 - 0.79)
68% 60% 0.66 (0.57 - 0.75)

AUC: Area under curve; ICU: Intensive care unit; APCR48: Change in PCR during first 48 hours; PCR: Phosphorus-to-calcium ratio.
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Figure 2 ROC curve for prediction of moderately severe/
severe AP. Receiver operating characteristic curve analysis
comparing the discriminatory performance of BISAP sco-
re, PCR48, and APCR48 for predicting moderately severe/
severe acute pancreatitis. The BISAP score demonstrated
the highest discriminative ability (AUC 0.76), followed by
PCR48 (AUC 0.71) and APCR48 (AUC 0.66). The combined
BISAP+PCR48 model showed modest incremental impro-
vement (AUC 0.77), suggesting potential additive prog-
nostic value when metabolic parameters are integrated
with established clinical scores.

ROC: Receiver operating characteristic; AP: Acute pancreatitis; BISAP: Bedsi-

de index for severity in acute pancreatitis, AUC: Area under curve, APCR48:
Change in PCR during first 48 hours.

DISCUSSION

In this retrospective cohort study, we demonstrated
that the PCR calculated in the early phase of acute
pancreatitis, particularly APCR48, was associated
with disease severity. Both PCR48 and APCR48

showed significant associations with moderately
severe/severe disease, and APCR48 remained in-
dependently associated with severity after adjust-
ment for age, creatinine, CRP, and BISAP score
in multivariable analysis. However, PCR-based
parameters did not outperform established clinical
scoring systems, with BISAP demonstrating the
highest discriminatory performance. Neverthe-
less, the combined evaluation of PCR48 with BIS-
AP provided a modest but statistically significant
incremental prognostic benefit.

Early risk stratification is a cornerstone of clinical
management in acute pancreatitis. Several clinical
scoring systems, including APACHE II, Ranson,
and BISAP, have been extensively validated for
predicting mortality and severe disease (1,11,12).
Among these, BISAP has gained prominence due
to its simplicity and early applicability in clinical
practice (12). In our cohort, the higher AUC ob-
served for BISAP compared with PCR is consistent
with existing literature and reinforces the contin-
ued importance of structured clinical scoring sys-
tems. These findings suggest that PCR should be
positioned not as an independent scoring tool but

rather as a complementary metabolic parameter.

In recent years, the prognostic role of inflammato-
ry and ratio-based biomarkers has been increas-
ingly investigated. Zahorec introduced the concept
of the neutrophil-lymphocyte stress factor, demon-

strating that simple ratios derived from routine
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laboratory parameters may reflect the severity of
systemic inflammatory responses (13). Similar-
ly, Azab and colleagues reported that the neutro-
phil-to-lymphocyte ratio (NLR) was superior to
total leukocyte count in predicting intensive care
requirement and hospital length of stay in acute
pancreatitis (14). The lactate dehydrogenase/al-
bumin ratio has also been proposed as a marker
associated with adverse outcomes in inflammatory
conditions (15). A common feature of these studies
is the integration of biologically meaningful labo-
ratory parameters into composite ratios that may
better capture the overall inflammatory burden.
Consistent with these findings, studies from Tur-
key have also reported that the neutrophil-to-lym-
phocyte ratio may predict clinically important
outcomes in acute pancreatitis, including acute
kidney injury, intensive care requirement, pro-
longed hospitalization, and mortality (16,17). PCR
represents a similar approach; however, data eval-
uating this ratio in acute pancreatitis, particularly

with respect to temporal changes, remain limited.

Electrolyte disturbances constitute an integral
component of the pathophysiology of acute pancre-
atitis. Hypocalcemia has long been recognized as a
marker of severe disease and has been associated
with fat necrosis and systemic inflammatory pro-
cesses (18,19). In contrast, the prognostic role of
phosphorus metabolism has been less extensively
explored. Some studies have suggested that hypo-
phosphatemia may be associated with severe dis-
ease, while others indicate that phosphate alter-
ations may reflect systemic stress responses and
organ dysfunction (20,21). Importantly, most pri-
or investigations have relied on single time-point
measurements. The novelty of our study lies in
evaluating the dynamic interaction between phos-
phorus and calcium through ratio-based analysis
and assessing its early temporal trajectory. The
observed increase in PCR during the first 48 hours

among patients with more severe disease supports

the hypothesis that temporal metabolic trends may
better reflect ongoing inflammatory progression.

The independent association between APCR48 and
disease severity observed in our analysis suggests
that dynamic changes may provide more clinically
relevant information than isolated measurements.
This finding aligns with experimental and clinical
evidence indicating that inflammation and meta-
bolic stress evolve over time rather than present-
ing as static processes (22). Nonetheless, the mod-
erate discriminatory performance indicates that
PCR reflects only one component of the complex
pathophysiological cascade underlying acute pan-
creatitis.

In combined model analyses, integrating PCR48
with BISAP resulted in a modest yet statistical-
ly significant improvement in predictive perfor-
mance. Similar findings have been reported for
other biomarkers such as NLR, where combined
models outperform single parameters but typically
yield only incremental gains (14,23). Accordingly,
our results support the interpretation of PCR as
a complementary biomarker reflecting early meta-
bolic imbalance rather than a replacement for es-
tablished clinical scoring systems.

Strengths of this study include standardized eval-
uation of laboratory parameters at predefined
early time points, the use of the Revised Atlanta
Classification for severity assessment, and com-
prehensive comparison with both clinical scores
and relevant clinical outcomes. However, several
limitations should be acknowledged. The retrospec-
tive single-center design may limit generalizabili-
ty, and the relatively low number of severe cases
may reduce statistical power for certain analyses
and may increase the risk of model overfitting and
instability of coefficient estimates in multivariable
logistic regression analysis. Additionally, phospho-
rus levels may be influenced by renal function and
overall metabolic status, and residual confounding
cannot be fully excluded.
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In conclusion, PCR48 and particularly APCR48 are
associated with disease severity in acute pancre-
atitis and may reflect early metabolic alterations
accompanying disease progression. Rather than
replacing established clinical scoring systems,
PCR may serve as a practical adjunct biomarker
that enhances early risk stratification when inter-
preted alongside validated tools such as BISAP.
Because PCR is derived from routinely measured
laboratory parameters, it may be easily incorporat-
ed into early clinical assessment without adding
complexity to existing risk stratification tools.
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