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ABSTRACT

Objectives: This study aimed to evaluate the relationships between maternal and neonatal outcomes and the
Fibrosis-4 Index (FIB-4) and Aspartate Aminotransferase-to-Platelet Ratio Index (APRI) in healthy pregnancies,
late-onset preeclampsia (LOP), and early-onset preeclampsia (EOP).

Methods: A retrospective study was conducted on 239 pregnant women diagnosed with EOP (n=62), LOP
(n=56), and healthy pregnancies (n=121) at Etlik City Hospital. Maternal and neonatal outcomes, as well as
APRI, and FIB-4 scores were compared. Statistical analyses included ANOVA, chi-square tests, and ROC
curve analysis.

Results: EOP was associated with lower gestational age at birth, lower fetal birth weight, and higher NICU
admission rates compared to LOP and control groups. APRI scores were significantly elevated in LOP com-
pared to controls (P=0.012). FIB-4 scores were significantly higher in LOP than controls (P=0.005). ROC
analysis showed modest predictive power for APRI (AUC=0.614) and FIB-4 (AUC=0.617) in distinguishing
LOP from controls. The best cut-off values for APRI and FIB-4 were 0.2347 and 0.65, respectively.
Conclusions: Elevated APRI and FIB-4 scores in LOP suggest their potential roles as complementary markers
in preeclampsia management. However, their moderate predictive performance indicates the need for further
studies.
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lobally, preeclampsia remains one of the main
causes of morbidity and mortality among moth-
ers and newborns [1]. After 20 weeks of preg-
naficy, it is defined by newly developed hypertension
and proteinuria, or in the absence of proteinuria, by
the presence of disorders such as thrombocytopenia,
poor liver function, or fetal growth limitation.
Preeclampsia is broadly classified into early-onset
preclampsia (EOP), often presenting before 34 weeks

of gestation, and late-onset preeclampsia (LOP),
which manifests later. Early-onset preeclampsia is fre-
quently associated with placental dysfunction, leading
to severe maternal and neonatal complications [2].

In recent years, studies on biomarkers aimed at
predicting preeclampsia have appeared in the literature
[3]. Among these, the Aspartate Aminotransferase-
Platelet Ratio Index (APRI) emerged as a non-invasive
marker that was initially developed to assess liver fi-
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brosis [4]. Elevated APRI scores have been shown to
correlate with liver function impairment in various
pregnancy-related conditions, including HELLP syn-
drome (hemolysis, elevated liver enzymes, and low
platelets) and intrahepatic cholestasis of pregnancy.
FIB-4, like APRI, is a non-invasive biomarker used to
evaluate liver fibrosis. The pathophysiology of
preeclampsia is believed to be associated with sys-
temic inflammation and endothelial dysfunction. [5].
However, specific studies directly examining the use
of FIB-4 in preeclampsia or other pregnancy-related
conditions are limited.

Several studies have investigated the utility of
APRI in predicting adverse maternal and neonatal out-
comes. For instance, Tolunay et al. [6] demonstrated
that elevated first-trimester APRI scores could predict
the development of HELLP syndrome, with high sen-
sitivity and specificity. Similarly, APRI has been ex-
plored as a potential predictor of superimposed
preeclampsia in pregnancies complicated by chronic
hypertension [7]. These results emphasize the potential
role of APRI in identifying high-risk pregnancies
early, facilitating timely interventions.

The present study aims to evaluate and compare
APRI and FIB-4 scores among EOP, LOP and healthy
pregnancies, with a focus on their associations with
maternal and neonatal outcomes.

METHODS

This retrospective study was carried out at Etlik City
Hospital Perinatology Clinic between January 2022
and November 2024. Women diagnosed with
preeclampsia (early and late onset) and healthy preg-
nancies comprised the study group. Ethical approval
was obtained prior to the initiation of the study. Ethical
principles were followed throughout the study and all
necessary precautions were taken to ensure patient pri-
vacy and data confidentiality in accordance with insti-
tutional regulations.

Clinical and laboratory data of the mothers and
newborns were retrieved from the hospital's medical
record system. EOP and LOP were defined according
to ISSHP criteria [8]. The pregnancies included in the
study consisted of three groups: EOP, LOP and healthy
pregnancies. Women aged 18-45 who were diagnosed
with preeclampsia or have a healthy pregnancy, whose

pregnancy follow-up and birth took place in our clinic
were included in study. Exclusion criteria included
pregnancies with systemic diseases, pregnancies with
follow-up or delivery in another center, and pregnan-
cies with fetal anomalies.

Data collection was performed retrospectively and
included maternal blood pressure measurements, med-
ications used, and laboratory parameters. The study
collected maternal demographic data, preeclampsia-
related information, ultrasound measurements, med-
ications, maternal outcomes, complications associated
with preeclampsia (e.g., HELLP syndrome, eclampsia,
and severe hypertension), delivery methods and indi-
cations, birth weight, gestational age, and neonatal in-
tensive care unit (NICU) requirements. The following
formula was used to calculate the APRI: (AST / Upper
Limit of Normal AST) x 100 / Platelet count, where
AST levels were measured in U/L, the upper limit of
normal AST was defined based on laboratory refer-
ence ranges, and platelet counts were recorded in
x10%/L. The formula for calculating the FIB-4 index
was: (Age x AST) / (Platelet count x VALT).

Statistical Analysis

For the statistical analysis in this study, the Statis-
tical Package for the Social Sciences (SPSS) software
version 23.0 was used. Based on the results, appropri-
ate parametric or non-parametric tests were applied
after evaluating the normality of continuous variables.
Non-parametric tests, such as the Mann-Whitney U
test, were used for skewed data, whereas one-way
ANOVA and Tukey post-hoc tests were applied for
group comparisons of normally distributed variables.
The chi-square test was also used to assess categorical
variables. The diagnostic performance of the APRI
and FIB-4 scores was evaluated using receiver oper-
ating characteristic (ROC) curve analysis. Sensitivity,
specificity, and the area under the curve (AUC) were
calculated using ROC analysis. The cut-off point was
determined as the value that optimized the balance be-
tween sensitivity and specificity, ensuring both meas-
ures were maximized as much as possible.

RESULTS

The analysis of maternal age across the three groups
did not reveal a statistically significant overall differ-
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ence (P=0.057). Maternal BMI was significantly
higher in both preeclampsia groups compared to the
control group (P=0.001). Gestational age at diagnosis
was significantly earlier in the EOP group than in the
LOP group (P=0.001). White blood cell counts (WBC)
were significantly elevated in the EOP group com-
pared to both the LOP and control groups (P=0.011).
AST and ALT levels were higher in the EOP group
compared to the control group (P=0.020 and P=0.011,
respectively). Notably, the APRI score was signifi-
cantly higher in the LOP group compared to the con-
trol group (P=0.014). The FIB-4 index showed
significant differences among the groups (P=0.020),
with post-hoc analysis revealing that the LOP group
had significantly higher FIB-4 values compared to the
control group (P=0.005) (Table 1).

Neonatal outcomes showed significant differences
across the EOP, LOP, and control groups. Gestational
age at birth was significantly lower in the EOP group
compared to both the LOP and control groups
(P=0.001). Similarly, fetal birth weight was lowest in
the EOP group and highest in the control group
(P=0.001). The 1-minute Apgar scores were signifi-
cantly lower in the EOP group compared to the other
groups (P=0.001), while the 5-minute Apgar scores
were also significantly reduced in the LOP group com-
pared to the control group (P=0.011). The rate of ce-
sarean delivery was highest in the EOP group (80%),

followed by the LOP (75%) and control groups (60%;
P=0.0071). NICU admission rates were significantly
higher in the EOP group (58.1%) compared to the
LOP (25%) and control groups (10.7%; P=0.001)
(Table 2).

According to the ROC analysis results, APRI and
FIB-4 demonstrated a statistically significant distinc-
tion between late-onset preeclampsia and control
groups (APRI AUC: 0.614, P=0.010; FIB-4 AUC:
0.617, P=0.008). The cutoff point for APRI was deter-
mined to be 0.2347, with a sensitivity of 61% and a
specificity of 60%. For FIB-4, the optimal cutoff point
was 0.65, with a sensitivity of 57% and a specificity
of 56% (Fig. 1).

Chi-square analysis was performed between the
control group and the preeclampsia group based on the
cutoff points determined for APRI and FIB-4. The pro-
portion of individuals below the 0.23 cutoff point for
APRI was 57.6% in the control group and 42.4% in
the preeclampsia group, while the proportion of indi-
viduals above the cutoff point was 43.0% in the con-
trol group and 57.0% in the preeclampsia group
(P=0.024). The rate of individuals below the 0.65 cut-
off point for FIB-4 was 56.8% in the control group and
43.2% in the preeclampsia group, whereas the rate of
individuals above the cutoff point was 43.9% in the

control group and 56.1% in the preeclampsia group
(P=0.046) (Table 3, Fig. 2).
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Fig. 1. ROC Curve for diagnostic performance evaluation.
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Table 3. Distribution of APRI and FIB-4 according to cutoff values

Category Group Control) Preeclampsia Total

APRI (<0.23) <0.23 72 (57.6%) 53 (42.4%) 125 (52.3%)
APRI (=0.23) >0.23 49 (43.0%) 65 (57.0%) 114 (47.7%)
FIB-4 (<0.65) <0.65 71 (56.8%) 54 (43.2%) 125 (52.3%)
FIB-4 (=0.65) >0.65 50 (43.9%) 64 (56.1%) 114 (47.7%)

Data are shown as n (%). APRI= aspartate aminotransferase to platelet ratio index, FIB-4=fibrosis-4 score
Note: Counts and percentages for control and preeclampsia groups are presented based on the cutoff values for APRI (0.23)

and FIB-4 (0.65).

DISCUSSION

Our study identified significant differences in clinical
and neonatal outcomes among the EOP, LOP, and con-
trol groups. EOP was associated with lower gestational
age at birth, lower fetal birth weight, and higher NICU
admission rates compared to the LOP and control
groups. The APRI score in the LOP group was notice-
ably higher than that in the control group, while ele-
vated white blood cell counts (WBC) were observed
in the EOP group. These findings highlight distinct
clinical profiles across the groups and emphasize the
importance of these parameters in preeclampsia.
Neonatal outcomes showed marked differences among
the early-onset, late-onset preeclampsia, and control
groups, with the most adverse outcomes observed in

the early-onset preeclampsia group, particularly in pa-
rameters such as gestational age, birth weight, Apgar
scores, and NICU admissions.

Preeclampsia is a pregnancy-specific condition
that complicates approximately 5% of all pregnancies
[9]. Despite its relatively low prevalence, it holds sig-
nificant importance among pregnancy complications
due to its severe adverse maternal and fetal outcomes
[10]. Preeclampsia and its complications account for
10-15% of maternal death. Perinatal morbidity and
mortality rates are also markedly higher, especially in
preeclampsia that begins before the 34th week [11].
These serious outcomes highlight the need for studies
aimed at predicting and managing preeclampsia.

In this study, no statistically significant difference
in maternal age was observed among the groups

Distribution of Control and Preeclampsia Groups Based on APRI and FIB-4 Cutoffs
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Fig. 2. Distribution of control and preeclampsia groups according to APRI (0.23) and FIB-4 (0.65) cutoff values.
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(P=0.057). This finding aligns with existing literature,
which identifies advanced maternal age as a risk factor
associated with vascular and metabolic changes that
predispose individuals to hypertensive disorders in
pregnancy [12]. Nulliparity is also recognized as a po-
tential risk factor for preeclampsia [12]. However, in
our study, no significant difference was observed be-
tween the groups for gravida and parity (P=0.465 and
P=0.415, respectively). BMI was significantly higher
in both preeclampsia cohorts compared to the control
group (P=0.001). High BMI is a known contributing
factor to metabolic dysregulation, systemic inflamma-
tion, and endothelial dysfunction [13]. The similar
BMI observed between the EOP and LOP groups sug-
gests that obesity may contribute to the development
of both subtypes, although the severity and onset may
vary depending on other factors.

In our study, the WBC level in the EOP group
(12.0+£3.65) was significantly higher than that in the
LOP group (10.60+3.06; P=0.044) and the control
group (10.58+3.32; P=0.012), but no significant dif-
ference was observed between the LOP and control
groups. These findings highlight the role of the inflam-
matory response in preeclampsia. The literature de-
scribes preeclampsia as a systemic inflammatory
condition, with leukocytosis considered an indicator
of inflammation. Redman and Sargent [14] empha-
sized the relationship between preeclampsia, maternal
immune system activation, and inflammatory
processes. The AST and ALT levels in the early
preeclampsia cohort were significantly higher com-
pared to the control group (P=0.050 and P=0.011, re-
spectively), but no significant difference was observed
in the LOP group. These increases in AST and ALT
levels can be considered indicators of liver dysfunc-
tion and HELLP syndrome in preeclampsia [15]. Bar-
tal and Sibai [16] stated that preeclampsia may impair
liver function, but these changes are generally limited
in the early period. Ipek et al. [17] investigated the ef-
ficacy of the APRI score assessed in the first trimester
for predicting superimposed preeclampsia. In this ret-
rospective case-control study, APRI scores at two dif-
ferent time points, designated as APRI1 and APRI2,
were evaluated. The most appropriate cutoff value for
APRII in predicting superimposed preeclampsia was
determined to be 0.036, with a sensitivity of 65.2%
and a specificity of 83.7%. The most appropriate cut-

off value for APRI2 was determined to be 0.057; at
this threshold, sensitivity was reported as 67.4% and
specificity as 52.0%. These findings suggest that APRI
scores measured in the first trimester may serve as a
potential marker for predicting the development of su-
perimposed preeclampsia [17]. Although the APRI
score is primarily used as a biomarker for assessing
liver fibrosis, its elevation in preeclampsia patients has
been linked to liver dysfunction and inflammation. In
our study, APRI scores showed no significant differ-
ence between the early and late preeclampsia groups;
however, they were significantly elevated in the late
preeclampsia group compared to the control group (P
0.012). In the literature, Itakura ef al. [18] highlighted
that the APRI score serves as a non-invasive indicator
of liver fibrosis in chronic liver disorders.

Our ROC analysis indicated that APRI and FIB-4
scores provided significant discrimination between
late-onset preeclampsia and control groups. These
findings suggest that both scores may be useful in
evaluating cases of late-onset preeclampsia. However,
the use of APRI and FIB-4 in the context of
preeclampsia is limited in the literature. For instance,
Yen et al. reported that APRI offers moderate sensi-
tivity and specificity in diagnosing hepatic fibrosis,
suggesting that the score may reflect inflammatory
processes [18]. Similarly, there are some studies link-
ing FIB-4 to extrahepatic conditions such as metabolic
syndrome and hypertension [19]. Considering the sys-
temic inflammation, endothelial dysfunction, and mi-
crovascular ~ damage  characteristic of the
pathophysiology of preeclampsia, these two scores
may provide meaningful discrimination. Nevertheless,
given that the AUC values in our ROC analysis (0.614
for APRI and 0.617 for FIB-4) are in the low-to-
medium range, these scores alone are insufficient as
predictors and should be evaluated alongside other
clinical and biochemical parameters.

The similarity in APRI and FIB-4 scores between
the EOP and LOP groups suggests that these biomark-
ers might be more closely linked to liver function and
levels of systemic inflammation rather than the timing
of preeclampsia onset. However, further research with
a larger patient population is necessary to clarify this
distinction. Notably, our results show that the APRI
and FIB-4 scores in the LOP group (0.25+0.12 and
0.73+0.53, respectively) were higher than those in
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both the EOP (0.22+0.17 and 0.66+0.42, respectively)
and control groups (0.20+0.10 and 0.59+0.36, respec-
tively), which aligns with the increased systemic in-
flammation and potential liver fibrosis associated with
LOP [20]. Despite these findings, the difference be-
tween the LOP and EOP groups did not achieve sta-
tistical significance, likely due to the small sample
size. In contrast, the difference between the LOP and
control groups was statistically significant for both
APRI (P=0.012) and FIB-4 (P=0.005). On the other
hand, the absence of a difference between the EOP and
control groups may be attributed to EOP typically re-
flecting a scenario limited to local placental dysfunc-
tion. The localized effects in EOP may not have led to
a significant alteration in APRI and FIB-4, which as-
sess systemic inflammation and liver function. These
results underscore the necessity for larger studies to
more effectively evaluate the role of APRI and FIB-4
in differentiating between preeclampsia subtypes.

Although APRI and FIB-4 are not sufficient as in-
dependent predictors of preeclampsia, they may be
useful in risk stratification and management as com-
plementary tools alongside existing clinical and bio-
chemical markers. These scores can play a supportive
role, particularly in the early diagnosis and follow-up
of preeclampsia. However, larger-scale prospective
studies are necessary to fully confirm the diagnostic
and prognostic value of APRI and FIB-4 in the context
of preeclampsia. Such studies are crucial to clarifying
the role of these scores in clinical practice.

CONCLUSION

APRI and FIB-4 may be useful as supplementary tools
in risk stratification and preeclampsia management,
especially in late-onset cases, even though they are in-
sufficient as stand-alone predictors. To verify their
therapeutic usefulness and investigate how they might
be integrated with current diagnostic frameworks,
larger-scale, prospective investigations are needed.
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