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Systemic immune-inflammatory index and platelet-to-
lymphocyte ratio in intrahepatic cholestasis of pregnancy
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Objectives: To investigate the role of systemic
immune-inflammation index (SII) in the diagnosis
and severity of intrahepatic cholestasis of pregnancy

(ICP).

Methods: This case-control research involved
173 pregnant women with ICP and 266 gestational
age-related healthy pregnant women as the control
group. Criteria for diagnosing ICP were acceptance
of increased serum total bile acid (TBA) levels
(210 pmol/L). The mild ICP group (n=109) had
TBA levels ranging between 10-39 pmol/l, while
the severe ICP group (n=64) had a minimum TBA
level above 40 pmol/l. Sociodemographic data,
laboratory results, and SII values were compared
between groups. Cut-off values were calculated to
predict ICP. The SII was calculated as the platelet

count x neutrophil count/lymphocyte count.
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Results: The leukocyte and neutrophil counts were
lower (p<0.01), and the monocyte count was higher
(p=0.026) in the severe ICP group compared to the
controls. The platelet-to-lymphocyte ratio (PLR) was
higher in mild ICP groups than in controls (p<0.01).
The optimum PRL cut-off value was 126.2238, with a
sensitivity of 57.2% and specificity of 57.1%.

Conclusion: Elevated SII values support the evidence
for the inflammatory properties of ICP but do not aid
in diagnosing and determining its severity. Platelet-
to-lymphocyte ratio may be a useful marker in
determining ICP.
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ntrahepatic cholestasis of pregnancy (ICP) is a

liver disease characterized by widespread pruritus
and cholestasis that occurs late in the second half of
pregnancy and continues until delivery. According to
epidemiological studies, its incidence shows regional
differences. It is crucial in that it can lead to serious
obstetric complications such as pregnancy-related
intrahepatic cholestasis, preterm birth, fetal distress,
and sudden intrauterine fetal death.! The role of fetal
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monitoring carried out to determine fetal well-being
in these cases is still controversial because studies are
reporting fetal death within 24 hours after normal
reactive cardiotocography and within hours after
routine antepartum tests. Active interventions to
reduce the risk of fetal death will increase the rates of
iatrogenic preterm birth and low birth weight babies. In
addition, a significant increase in the risk of unexpected
respiratory distress syndrome has been detected in
cases close to term, even if lung maturation has been
achieved.” Intrahepatic cholestasis of pregnancy is
thought to be caused by a disorder in the hepatic bile
acid homeostasis, and the most appropriate diagnostic
method is to detect elevated maternal serum bile acids.
Additionally, elevated serum bile acids correlate with
fetal complications. The techniques used in treatment
provide symptomatic improvement and do not affect
pathogenesis.” Although steroids and antihistamines are
an option, the most effective and widely used today of
therapy is ursodeoxycholic acid application. However,
no factor can affect fetal well-being. Plasmapheresis can
be applied in selected cases that start in the early weeks
and are resistant to medical treatment.*

Although there are new biomarkers that are specific
to the disease, most of them involve measuring total
bile acid (TBA) levels, which is time-consuming and
expensive. However, a retrospective study suggested
that more than relying on TBA alone is required as it is
neither sensitive nor specific concerning ICP Therefore,
it would be necessary to identify new laboratory markers
already existing diseases to facilitate early diagnosis and
minimize adverse perinatal outcomes.

Cholestasis result in liver damage and thus
increase aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total/direct bilirubin, alkaline
phosphatase (ALP), and gamma-glutamyl transpeptidase
(GGT) values. Patients may also present with incidental
ALP and GGT elevations during routine tests. Alanine
aminotransferase and AST may increase 2-3 times,
while ALP may increase 10 times normal values.
Alkaline phosphatase and GGT elevations are often the
first signs of early cholestasis. Alkaline phosphatase is
rarely found to be expected in long-term extrahepatic
cholestasis. Gamma-glutamyl transpeptidase may also
increase 2-4 times.® In biliary tract obstruction, GGT
and 5’nucleotidase elevations may accompany ALP and
bilirubin elevations. On the other hand, cholestasis
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causes inflammation as hepatocytes generate an
inflammatory response due to elevated TBA. However,
the increase of inflammatory bio-markers (interleukin-
6 (IL-6), IL-8, IL-10, and tumor necrosis factor-o
(TNF-a) is far more significant in pregnant women
compared to healthy pregnancy cases.” Within the
scope of this research, we aimed to elucidate the role of
the systemic immune-inflammatory index (SII), which
is affordable and readily available. We calculated using
the neutrophil x platelet/lymphocyte ratio to investigate
its role in the diagnosis and severity of ICP.

Methods. This retrospective case-control study was
carried out at the Bagaksehir Cam and Sakura Hospital,
a tertiary public hospital in Istanbul, Turkey, between
June 2020 and August 2022, with 173 pregnant women
with ICP and 266 healthy pregnant women without any
pathology. Ethical approval was obtained with protocol
number 208094421. Since the study was retrospective,
no patient consent was required.

Patients in the third trimester (=28 weeks of
gestation) with pruritus and serum TBA levels of
210 pmol/L were assigned to the ICP group and
classified as mild ICP (TBA between 10-39 pmol/L)
and severe ICP (TBA 240 pmol/L).* The control group
consisted of healthy pregnant women whose gestational
weeks were matched, who did not show itching and
whose TBA level was normal.

To minimize selection bias, we used a systematic
sampling approach. Every third eligible patient from
the hospital’s electronic health records was selected
for inclusion, ensuring a representative sample of the
hospital’s population.

Blood samples were obtained before treatment or
intervention during ICP diagnosis in the outpatient
clinic. On the other hand, blood samples were taken
during routine prenatal outpatient clinic visits in the
third trimester from the control group. The groups were
matched in terms of age, gestational age, gravity, and
parity.

Individuals of <18 years, women with maternal
infection, autoimmune and inflammatory diseases,
multiple  pregnancies, acute/chronic liver and
gallbladder diseases, diseases causing high liver enzymes
and low platelet count (HELLP and preeclampsia), and
comorbidities were excluded.

Patient data and patient files were acquired from the
hospital’s information system. The data was captured
to ensure reliability and validity, and was validated.
All blood analyses were carried out in the same
laboratory. Sociodemographic data, biochemical tests,
and complete blood count (CBC) parameters were
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also recorded. Neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and monocyte-to-
lymphocyte ratio (MLR) values, and SII were calculated
using neutrophil, platelet, monocyte, and lymphocyte
values. A photometric technique was applied to
review serum bile acids using a Siemens ADVIA 1800
Chemistry Analyzer. In this study, transparent jelly
tubes (serum) were used. Tubes with K3-EDTA (Tri-
potassium ethylenediaminetetraacetic acid) were used
for CBC analysis. Flow cytometry measured the CBC
parameters using an automated hematology analysis
instrument (XN1000, Sysmex, Roche Corp., Japan).

Statistical analysis. Data were analyzed using the
Statistical Package for the Social Sciences, version 26.0
(IBM Corp., Armonk, NY, USA). Power analysis was
carried out before the data collection. Descriptive tests,
including number (n), percentage (%), means, standard
deviation (SD), and minimum and maximum variables,
were used in the data analysis. The normality of the
data was explored using the Kolmogorov-Smirnov
test. One-way analysis of variance (ANOVA) was used
to compare the means of 3 independent groups in
parametric distributions, and Kruskal-Wallis analysis
was used for nonparametric distributions. Dunnett’s
T3 test was applied to explore the source of significant
differences in variables in univariate analyses. In this
study, receiver operating characteristic (ROC) curves,
the area under the curve (AUC) of the ROC, sensitivity,
and specificity were calculated to determine levels of
inflammatory markers that best differentiate ICP versus
the control group. The optimal cut-off values for the
inflammatory markers were the cut-off values that gives
the best sensitivity/specificity balance in ROC curves.
The ROC analysis was carried out for SII, PLR, NLR,
and MLR values. Sensitivity (%), specificity (%), and
likelihood [LR+ = sensitivity/ (1-specificity)] values
under the ROC curve were investigated for ICP. A
p-value of <0.05 was considered significant at a 95%
confidence interval.

The sample size was estimated via G*Power 3.1
software. In line with prior studies, the moderate effect
size (d=0.5) for the difference in levels of inflammation
markers between the ICP and control groups was
calculated to be a minimum of 128 participants per

group (alpha =0.05 and power =0.80).%’

Results. This research enrolled 439 pregnant
women with a mean age of 28.54+5.36 years. There was
no difference between the ICP and control groups in
terms of maternal age, gestational age, body mass index,
gravida, and parity (p>0.05). All participants had a live
birth at 237 weeks, and no intrauterine fetal death,

maternal death, or antenatal severe complications
were detected. No statistically significant differences
were achieved between the groups regarding platelets,
hemoglobin, hematocrit, neutrophils, lymphocytes,
and monocytes (p>0.05). Nonetheless, the differences
in WBC, neutrophils, monocytes, AST, ALT, and TBA
levels were statistically significant (»>0.05, Table 1).

In post hoc analysis, WBC and neutrophil levels were
significantly lower (p<0.01), while monocyte levels were
significantly higher (»=0.026) in the severe ICP group.
The AST and ALT values were similar between the mild
and severe ICP groups (p>0.05); however, they were
significantly higher in both the mild and severe ICP
groups (p<0.01 for both comparisons). No statistically
significant differences were achieved between the groups
regarding the SII, NLR, and MLR (p>0.05). In post
hoc analysis, PLR was significantly higher in the mild
ICP group than in the control group (p=0.02, Table 2).

The Youden index was utilized to detect the sensitivity
and specificity for diagnosing ICP via the ROC curve
(Table 3). The best result was achieved with PLR, which
had an optimal sensitivity/specificity balance at a cut-off
of 126.2238 (sensitivity of 57.2%, specificity of 57.1%;
AUC=0.587+0.029; 95% CI: [0.531-0.644], Figure 1).

Discussion. Previous studies elaborated that the
oxidative response in neutrophils in patients with
intrahepatic cholestasis was increased, and stimulatory
cytokines such as IL-6, IL-8, and TNF-a increased in
circulation. Increased cytokine levels have been shown
to cause liver dysfunction. It has been shown that the
level of endotoxin in circulation was increased in these
patientsand that the release of IL-6 and TNF-o cytokines
from monocytes in peripheral blood is increased
accordingly.'®"" Chen et al'* reported that the levels
of proinflammartory cytokines IL-1, IL-6, and TNF-a
significantly increased. These chemical mediators affect
hepatic metabolism, stimulate hepatic regeneration,
lead to scar formation, and, most importantly, cause
monocyte accumulation and proliferation. Although
these monocytes clear endotoxins and microbial agents
from the portal circulation, they cause progressive
damage as they stimulate hepatic macrophages.”
Since detecting these inflammatory markers is only
possible in advanced laboratory settings, we aimed
to retrospectively examine the groups using routinely
measured but newly defined inflammatory markers in
this case-control study. In our research, some serum
inflammatory markers were found to be associated
with ICP; however, these markers were not definitive in
measuring the severity of the disease.
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Table 1 - Intergroup comparisons in terms of socio-demographic, obstetric characteristics, and laboratory values.

Group with mild cholestasis

Group with severe cholestasis

Variables Control group (n=266) (n=109) (n=64) P-values’
Age (year) 28.615.0 28.2+5.4 29.06.5 0.668
Gestational week ™ 33.0+3.5 32.6+3.4 33.1+2.9 0.350
Gravida (number) 2.4+1.4 2.2+1.4 2.3+1.5 0.321
Parity (number) 1.0£1.0 0.8+1.0 0.9+1.1 0.288
Height (cm) 162.4+4.4 162.5£3.9 162.3+4.5 0.725
Weight (kg) 74.7+8.4 75.8+8.6 74.6£9.0 0.342
BMI (kg/m?) 28.3+2.8 28.7+2.8 28.3+2.9 0.246
WBC (/mmx10) 10.15+2.52¢ 9.51+2.86 9.35+3.56° 0.002"
PLT (/mmx10) 236.74+61.56 246.18+79.55 249.97+82.92 0.637
Hb (g/dL) 11.41+1.29 11.26£1.47 11.47+1.20 0.568
Hct (g/dL) 34.22+3.36 34.26+3.86 34.04+5.11 0.9277
Neutrophil (x10/uL) 7.41+2.27% 7.13£3.51 6.95+3.26" 0.009™
Neutrophil (%) 71.69+7.85 70.96+8.45 70.19+11.45 0.272
Lymphocyte (x10/ul) 1.98+0.57 1.88+0.64 2.02+1.53 0.150
Lymphocyte (%) 20.04:6.00 20.96:8.08 21.58+9.32 0.444
Monocytes (x10/ul) 0.69+0.21b 1.06+3.48 1.36+5.93¢ 0.032°
Monocytes (%) 6.79+1.48 6.92+2.31 6.72+2.74 0.609
AST (U/L) 17.24+27.17¢ 86.57+116.17¢ 122.11+£205.37¢ <0.01
ALT (U/L) 16.18+58.62¢ 125.30+171.60¢ 180.03+281.10¢ <0.01
TBA 5.23+2.14" 21.11£8.21¢ 65.95+26.93" <0.01

Values are presented as mean + standard deviation (SD). "Kruskal-Wallis test. "One-way analysis of variance. " Gestational week at the time
of initial itching for ICP patients and corresponding time for matched controls. »<0.05, “p<0.01. Dunnett’s T3 test: a>b, d>c, e>c, g>f,
h>f, h>g. BMI: body mass index, WBC: white blood cell count, Hb: hemoglobin, Het: hematocrit,

PLT: platelet count, AST: aspartate aminotransferase, ALT: alanine aminotransferase, TBA: total bile acid

Table 2 - Comparison of intergroup laboratory ratio values.

Variables Control group (n=266)  Group with mild cholestasis (n=109) Group with severe cholestasis (n=64)  P-values'
SII (109/L) 963.66+541.31 1041.46+790.77 1081.14+1044.98 0.823
PLR 127.51+48.08¢ 144.16+61.99° 146.65+73.83 <0.01
NLR 4.08+1.98 4.15£2.25 4.12£2.77 0.593
MLR 0.37+0.16 0.63+2.08 1.24+7.19 0.221

Values are presented as mean + standard deviation (SD). "Kruskal-Wallis test. “p<0.01. Dunnett’s T3 test: b>a.
SII: systemic immune-inflammation index, PLR: platelet lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio,
MLR: monocytes-to-lymphocyte ratio

Notably, in our research, there was a significant
decrease in WBC and neutrophil levels but an increase
in monocyte levels for the severe ICP group compared
to the control group. This outcome was contrary to the
study of Abide et al,” which had previously reported
that WBC values were increased for ICP patients.
Conversely, Silva et al' indicated a decline in WBC and
neutrophil counts among ICP patients, consistent with
our results.

High TBA, AST, and ALT levels were the most
common laboratory abnormalities in ICP" In line
with previous research, this study found that AST and
ALT were significantly higher in the ICP group than
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in the control group. However, there is no diagnostic
threshold for liver enzyme levels.®

The SII is a systemic inflammatory marker suggested
by platelet, neutrophil, and lymphocyte count.'® The SII
has been associated with malignant tumors, premature
membrane rupture, and miscarriage." "> We observed
that SII values were increased in patients with ICP
compared to healthy controls but failed to show any
statistical association between them, which implies that
while SII may serve as a potential index for the diagnosis
of ICP, its clinical value needs further verification.

Previous literature has conflicting results regarding
NLR values in ICP. The present study also showed an
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Table 3 - Receiver operating characteristic analysis results of systemic immune-inflammation index, platelet lymphocyte ratio, neutrophil-to-lymphocyte

ratio, and monocytes-to-lymphocyte ratio values.

Variables AUC (95% CI) SE Cut-off values P-values Sensitivity (%) Specificity (%) LR+
SII 0.517 (0.461-0.574) 0.029 833.8611 0.538 52.6 53.8 1.14
PLR 0.587 (0.531-0.644) 0.029 126.2238 <0.01 57.2 57.1 1.34
NLR 0.527 (0.470-0.584) 0.029 3.6874 0.343 53.8 50.0 1.08
MLR 0.522 (0.466-0.578) 0.029 0.3419 0.436 55.5 50.8 1.13

AUC: area under the curve, CI: confidence interval, SE: standard error, LR: likelihood ratio, SII: systemic immune-inflammation index,
PLR: platelet lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio, MLR: monocytes-to-lymphocyte ratio
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Figure 1 - Receiver operating characteristic analysis (the effect of platelet
lymphocyte ratio value in predicting intrahepatic cholestasis
of pregnancy). ROC: receiver operating characteristic

increase in NLR values of both mild and severe ICP
groups compared to the control group, but this was
not statistically significant. Some previous studies have
suggested that NLR is a marker for ICP, and this trend

supports these earlier findings, even if not definitively
15,20
so.">

Abide et al’ found that significantly higher PLR
values were observed in ICP patients than in non-
cholestatic pregnant women in the third trimester of
pregnancy.” Our study, consistent with other studies,
found a statistically significant increase in PRL value
in the mild ICP group compared to the control group.
These findings show that PLR has predictive value in
the diagnosis of ICP. Uysal et al*! noted that the MLR
values were significantly lower in the ICP group than

in healthy pregnant women, and there were moderately
significant negative correlations between TBA and
MLR. In contrast, although MLR values were higher
in the mild and severe ICP groups than in the control
group in our research, the difference was not statistically
significant.

Study strengths & limitations. The main limitation
of this research could be attributed to its retrospective
nature, with a single-center experience. Additionally,
SII might be affected by autoimmune diseases and
metabolic conditions independent of the ICP. On the
other hand, this study has several significant strengths.
The exclusion of individuals with comorbidities
eliminated the risk of potentially biased outcomes. The
relatively large sample size and inclusion of a wide range
of hematological inflammatory parameters were the
main assets of this article.

In conclusion, this research has indicated that the
SII and other markers of inflammation could be related
to ICP. Still, they are insufficient for making a definite
diagnosis or differentiating among various degrees of
severity of ICP. Even though our results imply that PLR
can be a useful marker in predicting ICP development,
more significant patient cohorts, including people from
various races and obstetric groups, must be investigated
to validate these findings. Subsequent research will
help us understand the clinical importance of these
inflammatory markers in diagnosing and treating ICP.
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