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Abstract

Background: Intrahepatic cholestasis of pregnancy (ICP) is associated with an increased risk of
adverse perinatal outcomes. Simple prognostic biomarkers are needed for risk stratification. The
Albumin-Bilirubin (ALBI) score and Aspartate Aminotransferase to Alanine Aminotransferase ratio
(De Ritis) are established liver function indices, but their comparative utility for predicting adverse
perinatal outcomes in ICP remains inadequately explored. This study aimed to evaluate and compare
the prognostic performance of the ALBI score and the De Ritis ratio for predicting ICP and adverse
perinatal outcomes. Methods: A retrospective study was conducted utilizing a publicly available
dataset comprising 100 pregnant women with a diagnosis of ICP. The ALBI score and De Ritis ratio
were calculated from serum biomarkers. Univariate and multivariable logistic regression were used
to assess associations, presented as odds ratios (OR) with 95% confidence intervals (CI). Predictive
performance was evaluated using Receiver Operating Characteristic (ROC) curve analysis, reporting
the area under the curve (AUC), sensitivity, and specificity. Results: In univariate analysis, the ALBI
score was a significant predictor of adverse outcomes (OR=20.54, p<0.001), while the De Ritis ratio
was not (OR=0.78, p=0.42). The ALBI score demonstrated significantly superior discriminatory power
(AUC=0.712). In multivariable models adjusting for gestational age, maternal age, ALP, and GGT, the
ALBI score remained a strong, independent predictor (fully adjusted OR=21.65, p=0.006), whereas the
De Ritis ratio was consistently non-significant. A model combining both scores showed good
predictive performance (AUC=0.714), which was significantly enhanced to an excellent level
(AUC=0.845) after full adjustment for clinical covariates. Conclusion: The ALBI score is a significant
and independent predictor of ICP and adverse perinatal outcomes in the pregnancy, demonstrating
good prognostic utility. In contrast, the De Ritis ratio showed no meaningful predictive value. The
ALBI score could serve as a useful clinical tool for risk assessment in this patient population.

Keywords: intrahepatic cholestasis of pregnancy; pregnancy complications; prognosis; aspartate
aminotransferases; alanine transaminase; liver function tests

Introduction

Intrahepatic Cholestasis is the consequence of impaired bile formation and decrease in bile flow,
which is present in several chronic diseases and pregnancy [1-3]. Several natural components and
diorders exacerbate cholestasis [4]. Intrahepatic Cholestasis of Pregnancy (ICP) represents the most
common pregnancy-specific hepatic disorder characterized by impaired bile acid transport and
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subsequent hepatocellular dysfunction, leading to altered serum levels of bilirubin and albumin
typically emerging in the third trimester. It is recognized as one of the most prevalent hepatic
conditions associated with pregnancy [5-7]. The incidence of ICP varies widely among populations,
ranging from 0.6-0.7% in women of European ancestry to over 4% in certain indigenous South
American populations, with reported rates of 1.75% in mainland China [5,7,8]. Genetic
predispositions, particularly mutations in hepatobiliary transport proteins, as well as hormonal
changes during pregnancy, have been implicated in the development and severity of ICP, alongside
potential environmental and dietary factors [5-7].

ICP is characterized by pruritus and elevated serum bile acids, and is associated with an
increased risk of adverse perinatal outcomes, including preterm birth, meconium-stained amniotic
fluid, and stillbirth, and these risks are closely linked to maternal total bile acid levels exceeding 40
pmol/L [5,7,8]. Biochemical markers, including aminotransferases, alkaline phosphatase, and
bilirubin, are commonly elevated, although their specificity for ICP diagnosis is limited [7,8]. While
total bile acids (TBA) remain the gold standard for diagnosis, there is a growing interest in cost-
effective prognostic tools. The albumin-bilirubin (ALBI) score has recently shown promise for
predicting disease severity, demonstrating positive correlations with TBA levels [9]. However, its
prognostic performance has not been directly compared to other readily available indices, such as the
De Ritis ratio (AST/ALT), within the same ICP cohort. A head-to-head comparison is necessary to
determine which marker offers superior utility for clinical risk stratification.

Despite these advances, accurate early identification of women at risk for adverse outcomes
remains challenging, and there is a need for reliable, easily obtainable liver function indices to
improve risk stratification in clinical practice [6,9]. Among these, the De Ritis ratio has been proposed
as a simple indicator of hepatocellular injury that may complement existing markers [6,7]. Therefore,
this study aimed to conduct a direct comparative analysis of the ALBI and the De Ritis ratio for
predicting adverse perinatal outcomes in intrahepatic cholestasis of pregnancy, to determine which
biomarker holds greater prognostic utility.

Materials and Methods

Study Design and Population

This retrospective study utilized a publicly available dataset published by CUI (2025) on
Zenodo, titled “The relationship between the Albumin to Fibrinogen Ratio and Adverse perinatal
outcomes in intrahepatic cholestasis of pregnancy” (DOI: 10.5281/zenodo.17060064) [10]. The original
dataset comprised clinical and laboratory data from 100 pregnant subjects diagnosed with ICP. For
the purpose of this secondary analysis, we extracted the relevant variables necessary to calculate the
ALBI grade and the De Ritis ratio for each subject. ALBI and De Ritis ratios are simple to calculate
[11-13]. The primary outcome was a composite of adverse perinatal outcomes associated with ICP,
as defined in the original study’s outcomes.

Data Extraction and Variable Definition

The necessary variables were extracted directly from the provided dataset. These included
serum albumin (g/L), total bilirubin (umol/L), AST (U/L), and ALT (U/L). The ALBI score was
calculated using the established formula: ALBI score = (logio bilirubin in umol/L x 0.66) + (albumin in
g/L x -0.085). The De Ritis ratio was calculated simply as AST (U/L) divided by ALT (U/L) [11-13].
The primary endpoint for this analysis was a composite of adverse perinatal outcomes, as defined in
the original dataset. This binary outcome (presence or absence of any adverse outcome) was used for
all logistic regression and ROC analyses.

Statistical Analysis

Continuous variables are presented as mean + standard deviation or median with interquartile
range based on their distribution. Categorical variables are presented as numbers and percentages
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(n, %). Univariate and multivariable binary logistic regression analyses were performed to assess the
associations between the ALBI score, De Ritis ratio, and the adverse outcome endpoint, presented as
odds ratios (OR) with 95% confidence intervals (CI). The predictive performance of each marker and
the combined models was evaluated using Receiver Operating Characteristic (ROC) curve analysis,
reporting the area under the curve (AUC) and its 95% CI. The optimal cut-off value was determined
using Youden’'s Index (J). The DeLong test was used to compare AUCs. Model fit was assessed using
the corrected Akaike Information Criterion (AICc). A two-tailed p-value < 0.05 was considered
statistically significant. Analyses were performed using GraphPad Prism version 8.4.0 and MedCalc
statistical software version 20.104.

Results
Baseline Characteristics

The mean maternal age was 29.5 + 4.2 years. At the time of analysis, the mean gestational age
was 38.0 + 1.2 weeks. Liver function profiles revealed elevated hepatobiliary enzymes; the mean ALT
and AST levels were 75.7 U/L (+90.8) and 60.4 U/L (£62.9), respectively, with median values of 29.6
U/L and 29.2 U/L indicating a right-skewed distribution. Similarly, mean alkaline phosphatase (ALP)
and gamma-glutamyl transferase (GGT) levels were 226.6 U/L (£115.2) and 42.3 U/L (+81.2),
respectively. The mean total bilirubin level was 10.8 pmol/L (£6.3), while the mean albumin level was
31.5 g/L (+3.2). The median ALBI score was -2.04 (mean: -2.04 + 0.30), and the median De Ritis ratio
was 1.06 (mean: 1.29 + 0.69).

Univariate Logistic Regression Analysis

Univariate logistic regression analysis was performed to assess the association of the De Ritis
ratio and the ALBI score with ICP (Table 1). The analysis revealed a stark contrast in the predictive
utility of the two biomarkers. The De Ritis ratio was not a significant predictor of adverse perinatal
outcomes (OR =0.78, 95% CI: 0.41 to 1.42; p =0.42), with its model demonstrating poor discriminatory
power, evidenced by an area under the ROC curve of 0.549 and a classification accuracy of only 65%.
In direct contrast, the ALBI score was a highly significant predictor (OR =20.54, 95% CI: 3.96 to 139.5;
p<0.001). The model for ALBI showed substantially better performance, with a significantly larger
AUC of 0.712 and a higher overall classification accuracy of 73%, confirming its superior prognostic
utility for identifying adverse outcomes in this cohort of subjects.

Table 1. Univariate Logistic Regression Analysis of De Ritis Ratio and ALBI Score for Predicting ICP and Its
Adverse Perinatal Outcomes.

Variable Odds Ratio P- AUC (95% P-value Model Fit Overall Correct
(95% CI) value CI) (AUQ) (AICc) Classification
(%)
De Ritis 0.78 (041 - 042 0.549 (0.430 - 0.42 133.0 65.0
ratio 1.42) 0.668)
ALBI 2054 (3.96 - <0.001 0.712 (0.601 - <0.001 119.4 73.0
score 139.5) 0.824)

Abbreviations: ALBI, Albumin-Bilirubin; AUC, Area Under the Receiver Operating
Characteristic Curve; AICc, Corrected Akaike Information Criterion; CI, Confidence Interval.
Note: A lower AICc value indicates a better-fitting model. Statistically significant values (p <

0.05) are presented in bold.

Multivariable Logistic Regression Analysis

Four sequential multivariable models were constructed (Table 2). In Model 1 (including only the
two scores), the ALBI score remained a strong, significant predictor (OR = 20.88, 95% CI: 3.85-149.1;
p=0.001), while the De Ritis ratio was non-significant (OR=1.03, p=0.937). The model AUC was 0.714.
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In Model 2, adjusted for maternal age and gestational age (GA), GA was a significant
independent predictor (OR = 0.32, 95% CI: 0.16-0.56; p=0.0003). The ALBI score retained its strong
association (OR = 15.38, 95% CI: 2.23-136.1;, p=0.008), and the model’s discriminatory power
improved (AUC=0.815).

Table 2. Multivariable Logistic Regression Models for Predicting ICP and Its Adverse Perinatal Outcomes.

Variable Model 1: Only Model 2: + Model 3: + Liver Model 4: Full
Scores Demographics Enzymes Model
aOR (95% CI)  aOR (95% CD) aOR (95% CI) aOR (95% CI)
ALBI Score 20.88 (3.85-  15.38 (2.23-136.1) 24.81 (4.25-197.1) 21.65 (2.78-
149.1) 232.6)
De Ritis ratio 1.03 (0.53-1.97)  0.98 (0.47-2.05) 0.97 (0.46-2.03) 0.81 (0.34-1.88)
Gestational Age - 0.32 (0.16-0.56) - 0.27 (0.12-0.50)
Age - 1.02 (0.90-1.16) - 1.02 (0.89-1.17)
ALP - - 1.00 (1.00-1.01) 1.00 (1.00-1.01)
GGT - - 0.99 (0.98-1.00) 0.98 (0.96-1.00)
Model Fit
AlCc 121.5 105.2 119.6 101.1
AUC (95% CI) 0.714  (0.603- 0.815 (0.723-0.907) 0.743 (0.638-0.848)  0.845 (0.763-
0.825) 0.928)
Classification 74.0 79.0 72.7 79.8
%

Abbreviations: aOR, adjusted Odds Ratio; CI, Confidence Interval; ALP, Alkaline
Phosphatase; GGT, Gamma-Glutamyl Transferase; AICc, Corrected Akaike Information
Criterion; AUC, Area Under the ROC Curve.

Note: Statistically significant results (p < 0.05) are presented in bold. The reference model for
AICc comparison is the intercept-only model (AICc = 131.5). Model 3 and the Full Model (Model
4) were run on 99 observations due to one missing data point. Lower AICc values indicate a

better-fitting model.

Model 3, adjusted for ALP and GGT, showed that neither enzyme was a significant predictor. In
this context, the ALBI score demonstrated an even stronger independent effect (OR = 24.81, 95% CI:
4.25-197.1; p=0.0009).

The final, fully adjusted model (Model 4) confirmed that GA (OR = 0.27, 95% CI: 0.12-0.50;
p=0.0002) and the ALBI score (OR = 21.65, 95% CI: 2.78-232.6; p=0.006) were the only significant
independent predictors. The De Ritis ratio was consistently non-significant across all models. The full
model achieved excellent discriminatory power (AUC = 0.845).

Predictive Performance (ROC Analysis)

The ALBI score alone demonstrated a significant and moderate predictive ability for adverse
outcomes (AUC = 0.712, p<0.001). At its optimal cut-off value of > -1.92, it yielded a sensitivity of
57.1% and a specificity of 81.5%. The De Ritis ratio showed no significant discriminatory power (AUC
=(0.549, p=0.42). The ROC curves for the multivariable models illustrate the progressive improvement
in predictive performance with the addition of clinical covariates (Figure 1).
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Figure 1. Receiver Operating Characteristic (ROC) curves for the four multivariate logistic regression models
predicting adverse perinatal outcomes in ICP in intrahepatic cholestasis of pregnancy. (A) Model 1: ALBI score
and De Ritis ratio. (B) Model 2: Adjusted for maternal Age and Gestational Age (GA). (C) Model 3: Adjusted for
Alkaline Phosphatase (ALP) and Gamma-Glutamyl Transferase (GGT). (D) Model 4: Fully adjusted model (Age,
GA, ALP, GGT, ALBI, and De Ritis ratio). The corresponding Area under the Curve (AUC) values demonstrate

the improving discriminatory power with successive model adjustments.
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Figure 2. Receiver Operating Characteristic (ROC) curve for the Albumin-Bilirubin (ALBI) score alone in
predicting adverse perinatal outcomes in ICP. The area under the curve (AUC) was 0.712 (p<0.001), indicating a
significant and moderate predictive ability. The optimal cut-off point (>-1.92), determined by the Youden Index,
is indicated.
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Figure 3. Receiver Operating Characteristic (ROC) curve for the De Ritis ratio (AST/ALT) alone in predicting
adverse perinatal outcomes in ICP. The area under the curve (AUC) was 0.549 (p=0.42), which is not significantly

different from 0.5, indicating a lack of discriminatory power.

Discussion

This study demonstrates that the ALBI score is a significant and independent predictor of
adverse perinatal outcomes in women with ICP, whereas the De Ritis ratio lacks prognostic utility in
this context. The robust performance of the ALBI score, which persisted after adjusting for key clinical
and biochemical confounders, underscores its potential as a valuable risk-stratification tool. These
results indicate that ALBI is a robust marker for identifying women at risk for ICP complications,
outperforming the simple AST/ALT ratio in our study [14,15].

Our findings regarding the prognostic utility of the ALBI score extend the existing literature,
which has primarily focused on its diagnostic potential. For instance, Ozkavak et al. reported that
ALBI scores were significantly elevated in ICP patients and demonstrated diagnostic value for
identifying ICP [9]. While their study focused on diagnosis, our results directly address prognosis,
showing that a higher ALBI score is strongly associated with an increased risk of adverse perinatal
events. This prognostic role is further supported by a recent prospective UKOSS study by Nana et
al., which found that the worst ALBI score during pregnancy predicted preterm birth (AUROC=0.74)
and maternal ICU admission in women with cirrhosis [16]. Although their population had more
advanced liver disease, it corroborates the value of ALBI in predicting obstetric complications rooted
in hepatic dysfunction.

In contrast to our findings, some studies have suggested a diagnostic role for the De Ritis ratio.
For example, Yilmaz et al. reported an AUC of 0.770 for detecting ICP itself [17]. However, this
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contrasts with its lack of prognostic utility for adverse outcomes in our study, highlighting the critical
distinction between diagnosing a condition and predicting its complications. While the De Ritis ratio
is biologically plausible as a marker of hepatic stress, and some studies have reported correlations
with disease severity markers [14,18,19], it consistently failed to demonstrate significant predictive
value for adverse perinatal outcomes in our analysis. This suggests that the simple balance between
AST and ALT release is not a primary driver of the fetal complications in ICP.

The clinical implications of our study are noteworthy. Early identification of pregnant women
at risk for ICP-related complications is crucial to optimize surveillance and intervention strategies, as
conventional markers like fasting bile acids can be difficult or costly to measure routinely [15,18].
ALBI offers a simple, easily calculable index from standard laboratory tests that can inform risk
stratification, potentially guiding closer monitoring, timely initiation of ursodeoxycholic acid
therapy, or consideration for early delivery in high-risk cases [9,15,18]. Furthermore, while ALBI
correlates moderately with bile acid levels, it also integrates the patient’s nutritional and hepatic
synthetic status through albumin, providing a broader picture of maternal hepatic function than bile
acids alone [9,15].

Nevertheless, certain limitations must be acknowledged. As a secondary analysis of an existing
dataset, our study was constrained by the variables and outcome definitions available in the original
source, which may not capture all relevant clinical endpoints. Our analysis was based on a relatively
small retrospective study, and while the results are consistent with larger studies, validation in larger
multicenter prospective studies is warranted. Additionally, the ALBI score does not directly measure
bile acids, which remain the gold standard for ICP diagnosis; thus, ALBI should be considered
complementary rather than a replacement marker. The De Ritis ratio, despite its low predictive value
in our study, may still hold utility in specific subgroups or in combination with other liver-related
scores such as APRI or MELD, as suggested by previous literature [18,19].

The ALBI score is a significant and independent predictor of adverse perinatal outcomes in
intrahepatic cholestasis of pregnancy, demonstrating superior prognostic utility compared to the De
Ritis ratio. Its calculation from readily available laboratory parameters makes it a practical and cost-
effective tool for risk stratification. Incorporating the ALBI score into the clinical assessment of ICP
patients could enhance management and improve perinatal outcomes.

The biological plausibility of our findings is strong. The ALBI score incorporates albumin, a
marker of hepatic synthetic function and nutritional status, and bilirubin, which reflects excretory
capacity. In ICP, where the primary pathology involves impaired biliary excretion, subsequent
hepatocellular dysfunction can compromise synthetic function. Therefore, the ALBI score provides a
composite snapshot of liver health that appears more prognostically relevant than isolated markers
of cholestasis (like ALP) or hepatocellular injury (like aminotransferases or the De Ritis ratio).

The consistent lack of predictive value for the De Ritis ratio in our analysis suggests that the
simple balance between AST and ALT release is not a primary driver of adverse outcomes in ICP.
This may be because aminotransferase elevations in ICP are often heterogeneous and do not
consistently reflect the severity of the underlying cholestatic process that dictates fetal risk.

The clinical implication of our study is that the ALBI score, derived from routine, low-cost tests,
can help identify ICP patients at the highest risk for adverse outcomes. This could guide more
intensive monitoring, earlier pharmacological intervention, or timely decision-making regarding
delivery, particularly in settings where serial bile acid measurement is impractical.

Limitations

Our study has limitations. Its retrospective design and use of a single, pre-existing dataset limit
our ability to control for all potential confounders or to validate the specific adverse outcomes
comprising the endpoint. The sample size, while adequate for this initial comparison, is modest. This
is reflected in the wide confidence intervals for the ALBI score’s odds ratio, and it limits the power
for more extensive subgroup analyses.
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Prospective, multi-center studies with standardized outcome definitions are needed to validate
these findings and establish clinically actionable ALBI score thresholds.

Conclusion

In conclusion, the ALBI score demonstrates significant and independent prognostic utility for
adverse perinatal outcomes in women with ICP, substantially outperforming the De Ritis ratio.
Derived from routine laboratory parameters, it offers a practical and cost-effective tool for risk
stratification, particularly in resource-limited settings. Future prospective, multicenter studies are
warranted to validate these findings, establish definitive clinical cut-offs, and integrate the ALBI score
into comprehensive management algorithms for ICP.
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