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What is not known, yet about the topic: The role
of hematological inflammatory markers in intrahepatic
cholestasis of pregnancy.

Research hypothesis: The purpose of the study was
to assess the role of hematological inflammatory markers
in the severity of intrahepatic cholestasis of pregnancy.

Article’s added novelty on this scientific topic: The
study revealed the role of hematological inflammatory

\markers in intrahepatic cholestasis of pregnancy. )
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Abstract

Introduction. Hematological inflammatory markers
may be promising diagnostic markers for assessing the se-
verity of intrahepatic cholestasis of pregnancy. The aim of
the study was to evaluate and compare the levels of hema-
tological inflammatory markers in intrahepatic cholestasis
of pregnancy.

Material and methods. A prospective cohort study of
142 clinical cases, divided into two groups depending on
the presence of cholestasis gravidarum, was carried out.
The research was conducted by assessing the level of bile
acids and hematological inflammatory markers in the moth-
er’s blood, as well as by studying medical records. The IBM
Statistics SPSS 21 program was used to process the statis-
tical data. To compare categorical variables, the x? without
the Yates’ continuity correction test was applied.

Results. There was an increase in platelet-to-lympho-
cyte ratio in pregnant women with intrahepatic cholestasis
of pregnancy compared to the control group (146.0+6.8
versus 135.2+7.3, respectively). The values of neutro-
phil-to-lymphocyte ratio and the average volume of plate-
lets were similar in both groups. At the same time, the study
found a decrease in the values of erythrocyte distribution
among women whose pregnancy was complicated by
cholestasis gravidarum.

Conclusions. The study showed a significant increase
in platelet-to-lymphocyte ratio in women whose pregnancy
was complicated by cholestasis gravidarum, as well as an
increase in this indicator with increasing levels of bile ac-
ids. Thus, this ratio may be a promising diagnostic marker
in assessing the severity of intrahepatic cholestasis of preg-
nancy.

Keywords: pregnancy, childbirth, intrahepatic cholesta-
sis of pregnancy, hematological inflammatory markers
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Introduction

Intrahepatic cholestasis of pregnancy (ICP), also known
as cholestasis gravidarum, is a liver disease with a global in-
cidence of 0.5-1% [1]. The onset of cholestasis gravidarum
is characterized by the appearance of cutaneous pruritus,
typically on the palms and legs that cannot be explained by
other factors [2].

The etiology and pathogenesis of cholestasis gravidarum
are multifactorial, depending on environmental factors,
hormonal changes, and genetic variations [3]. It should be
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noted that the diagnosis of intrahepatic cholestasis of preg-
nancy is one of exclusion and should be differentiated from
other pregnancy-related liver pathologies, which may have
similar laboratory results, such as preeclampsia, acute fatty
liver of pregnancy, and HELLP syndrome [4].

The standard diagnostic criterion in ICP remains the as-
sessment of serum bile acid (BA) levels (BA 210 pmol/L)
and liver function test (LFT) results [5]. The assessed serum
BA levels are considered the definitive biochemical markers
in the diagnosis of ICP, and they are also used to monitor
the condition of patients [2]. Based on BA values, cholesta-
sis gravidarum can be classified as being mild (BA 10-39
pmol/L) and severe (BA 240 pumol/L) [6]. In ICP, alanine
aminotransferase values increase about 2-10 times, being a
more sensitive marker of ICP compared to aspartate amino-
transferase, the values of which do not significantly increase
in women with this condition [7]. There is data in the lit-
erature suggesting increased total bilirubin levels in about
10% of cases complicated by ICP, although its values rarely
exceed 85.5 pmol/L [8, 9]. Serum y-glutamyltransferase lev-
els decrease during pregnancy, while alkaline phosphatase
activity increases due to placental isoenzyme production
and increased bone isoenzyme activity. Nevertheless, si-
multaneous increases in y-glutamyltransferase and alkaline
phosphatase indicate liver pathology [10].

There is a discrepancy in the literature regarding the on-
set of ICP and whether it is signified by an increase in BA and
LFT values or the onset of clinical symptoms. In some stud-
ies, the majority of patients were primarily diagnosed with
increased BA levels before presenting clinical symptoms or
other LFT changes [7]. Other studies have described cases
of cholestasis gravidarum in which clinical symptoms have
been observed at the onset of the pathology, with changes
in BA and LFT values only occurring after 4-5 weeks [11].
Following delivery, clinical symptoms of cholestasis grav-
idarum resolve in most cases within 48 hours, with LFT val-
ues returning to normal over 2-8 weeks postpartum [3, 12].

Recent studies have demonstrated the prognostic role
of hematological inflammatory markers in both cardiovas-
cular diseases and malignancies [13, 14]. At the same time,
there are few studies that have focused on studying hema-
tological inflammatory markers in intrahepatic cholestasis
of pregnancy [3]. Considering that bile acids are cytotoxic
substances; their high values induce the release of proin-
flammatory mediators [15].

Some authors suggest that in ICP, women experience spe-
cific changes in hematological inflammatory markers, includ-
ing neutrophil-to-lymphocyte ratio (NLR), platelet-to-lym-
phocyte ratio (PLR), mean platelet volume (MPV), red cell
distribution width - standard deviation (RDW-SD) and red
cell distribution width - coefficient of variation (RDW-CV),
although the results are inconclusive. Recently, NLR was
found to be a prospective diagnostic marker in assessing the
severity of ICP [16]. However, these data have not been re-
futed by other researchers who did not detect a difference
between NLR values in women whose pregnancy was com-
plicated by ICP compared to a control group [3]. Abide.Y. et al.
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discovered that MPV values increase significantly in cholesta-
sis gravidarum, correlating with the pathology’s severity [3].
Hence, studying hematological inflammatory markers may
be a promising diagnostic method in assessing the severity of
intrahepatic cholestasis of pregnancy.

Material and methods

A prospective study was conducted during 2020-2022
in three institutions, including the Department of Obstetrics
and Gynecology of the Nicolae Testemitanu State University
of Medicine and Pharmacy, the Institute of Mother and Child,
and the Clinical Hospital ,Gheorghe Paladi” in Chisinau, Re-
public of Moldova. The study protocol was approved by the
Research Ethics Committee of the Nicolae Testemitanu State
University of Medicine and Pharmacy on April 17, 2020.

The representative research sample was calculated us-
ing Epilnfo 7.2.2.6 in the StatCalc Sample Size and Power sec-
tion based on the following parameters:

- Confidence interval for 95.0% significance of results;

- Statistical power - 80.0%;

- Thedifference in the course and outcome of pregnan-
cy in pregnant women with intrahepatic cholestasis
of pregnancy compared to pregnant women without
ICP constitutes on average up to 20.0% [17];

- Ratio between the investigated groups = 1:1;

- Result: for the 95.0% CI the calculated value is 44
with 10.0% non-response rate, n=48;

- Therefore, there must be no less than 48 pregnant
women with ICP in the research group;

Two groups were created for the prospective research:

- Group A - 71 pregnant women whose pregnancy was
complicated by intrahepatic cholestasis of pregnancy
(main group);

- Group B - 71 pregnant women whose pregnancies
were not complicated by intrahepatic cholestasis of
pregnancy (control group).

The research was carried out by assessing the BA levels
and hematological inflammatory markers in the blood of
participants, as well as by studying medical records (ob-
stetric medical observation form no. 96/¢e). The diagnosis
of ICP was established on the basis of anamnestic, clinical,
and biochemical data. Biochemical analysis of blood was
performed using an Abbott Architect c8000 analyzer. The
NLR and PLR values were calculated using standard for-
mulas. NLR was calculated by dividing the absolute num-
ber of neutrophils by the absolute number of lymphocytes
[18, 19]. PLR was calculated by dividing the absolute num-
ber of platelets by the absolute number of lymphocytes
[19]. The rest of the hematological markers were calculat-
ed automatically using an automated hematological ana-
lyzer - SYSMEX XN-1000.

The statistical data were processed using IBM Statistics
SPSS 21 and the QuickCalcs section of GraphPad. Arith-
metic mean and standard deviation (M (SD)) values were
calculated to describe numerical indicators. To assess dis-
tributions of characteristics that differed from normal the
median (Me) and the interquartile range (Q1; Q3) were cal-
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culated. For comparison of categorical variables by groups,
the x? test without Yattes’ continuity correction was used;
a p-value<0.05 was considered statistically significant.

Results

The mean age was 29.5 (0.7) years (Me 30 (25; 34)) for
women in group A and 27.3 (0.6) years (Me 27 (23; 31))
in group B. The age of the pregnant women included in the
study ranged from 18-43 years, while 16/71 (22.5%) wom-
en in group A vs. 8/71 (11.3%) women in group B were
aged over 35 years. All of the women in the study were in-
cluded in their family doctor’s register as having a current
pregnancy, with the majority having seen their family doc-
tor early in pregnancy. In group A, 41/71 (57.7%) women
were multiparous, compared to 34/71 (47.8%) in group B.
The study found that 15/142 (10.5%) pregnant women had
developed cholestasis gravidarum in previous pregnancies,
14/71 (19.7%) of whom were in group A and 1/71 (1.4%)
were in group B (x* 12.597, p=0.0004).

In pregnant women in group A, multiple pregnancies
occurred in 8/71 (11.3%) cases, of which 6/8 were twin
pregnancies and 2/8 were pregnancies with triplets. In the
control group, multiple pregnancy occurred in 4/71 (5.6%)
pregnant women (x? 1.456, p=0.2275), 2 /4 cases being with
twins and 2/4 with triplets. Of note is that 5/71 (7.0%)
pregnancies in group A were achieved by in vitro fertiliza-
tion (IVF) compared to 3/71 (4.2%) cases of IVF in group B
(x2 0.530, p=0.4667).

Cutaneous pruritus of varying location and intensity was
experienced by all women in group A (Table 1), being the
main clinical symptom of cholestasis gravidarum. At the
same time, 32/71 (45.1%) women from group A reported
skin pruritus simultaneously in several parts of the body:.
While some women from group B (7/71 (9.8%) experi-
enced occasional skin pruritus, which in most cases was
localized in the abdominal region, participants explained
symptoms to have resulted from an increase in pregnancy
term, topical application of different cosmetic substances,
and discomfort caused by underwear.

Table 1. Location of cutaneous pruritis in women included in the study.

Location of cutaneous pruritis Group A, n=71 Group B, n=71

(abs., %) (abs., %)
Pruritus with localization on palms 25 (35.2%) 1(1.4%)
Pruritus with localization on legs 23 (32.4%) 0
Pruritus with localization on 18 (25.4%) 5 (7.0%)
abdomen
4 Generalized cutaneous pruritus 37 (52.1%) 1(1.4%)

Note: the total percentage exceeds 100% as some women experienced
more than one symptom at the same time.

In order to assess the severity of intrahepatic cholesta-
sis of pregnancy, serum BA levels were assessed in women
from both study groups. In group A, the BA levels ranged
from 10 - 211.3 pmol/L, the mean value was 34.7 (4.3)
umol/L (Me 18.9 (11.1; 44.0)). Hence, mild ICP was found
in 50/71 (70.4%) cases and severe ICP in 21/71 (29.6%)
cases. The mean value of BA in group Bwas 3.3+0.1 umol/L.
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It was of interest to study the levels of hematologi-
cal inflammatory markers in the women included in the
study (Figure 1). Thus, mean NLR values were 4.7 (0.3)
(Me 4.0 (2.9; 5.2)) in group A and 5.6 (0.5) (Me 4.0 (3.1;
6.1)) in group B. Mean PLR values were 146.0 (6.8) (Me
134.0 (110.2; 180.2)) in group A compared to 135.2 (7.3)
(Me 124.7 (93.7; 158.2)) in group B. Mean values of MPV
in group A were 11.6 (0.1) fl (Me 11.8 (11.0; 12.6)); in
group B mean values of this marker were 13.3 (1.7) fl (Me
11.6 (10.9; 12.3)). The mean values of erythrocyte distri-
bution indices were: RDW-SD 45.9 (0.9) fl (Me 45.4 (41.4;
49.5)) and RDW-CV 14.6 (0.5)% (Me 13.4 (12.8; 14.6)) in
group A compared to RDW-SD 49.0 (0.7) fl (Me 48.8 (44.9;
53.1)) and RDW-CV 14.7 (0.1)% (Me 14.5 (13.6; 15.3))
in group B. Likewise, mean leukocyte (leuc.) values were
10.2 (3.3) x103/puL (Me 9.8 (7.9; 11.9)) in group A com-
pared to group B, where they were 11.8 (3.8) x103/uL (Me
10.8 (8.7; 13.8)).

In order to assess the role of hematological inflammatory
markers in the severity of intrahepatic cholestasis of preg-
nancy, women in group A were divided into two subgroups
based on serum BA levels. The levels of hematological in-
flammatory markers in each subgroup were then analyzed
(Table 2). A significant increase in PLR values was detected
in severe ICP cases (159.3 (11.6)) compared to mild cases of
the condition (140.4 (8.4)), correlating with the severity of
the pathology.

Discussions

The findings are consistent with the literature, which
shows that cholestasis gravidarum occurs more frequently
in pregnant women with twin pregnancies than in single-
ton pregnancies (2.1% vs. 0.3%), also linked to an increased
rate of ICP in IVF pregnancies (2.7%) [20, 21]. Some authors
suggest that this pathology more often affects patients older
than 35 years [22]. In the current study, 9.3% of women in
the control group experienced cutaneous pruritus, whereas
in the general population, according to literature data, up
to 23% of pregnant women with physiological pregnancy
experience cutaneous pruritus [11].

Assessment of BA levels is extremely important for pa-
tients with ICP, not only because of the maternal impact of
the condition, but also in terms of perinatal outcomes re-
lated to cholestasis gravidarum. Glantz A. et al. reported an
increased rate of adverse perinatal outcomes in pregnant
women with serum BA levels >40 pmol/L [23]. The same
study reported a 1-2% increase in the risk of spontaneous
preterm birth, fetal asphyxia, or the presence of meconium
in the amniotic fluid, with an increase for each additional
umol/L of BA above 40 umol/L [9]. A recent study suggests
that in cases of ICP with BA values >40 pmol/L, women give
birth on average two weeks earlier than pregnant women
in the control group [24]. In a recent meta-analysis of
published studies, perinatal outcomes in pregnant women
with ICP were evaluated and it was found that extremely
high serum BA levels (>100 umol/L) significantly increase
the risk of intrauterine fetal death [25].



Assessment of severity of ICP

307 500 ,
8 - *
25+ 400 *
5
20— 67 * 01 4
[l 300 35
27 68 o
- 54
15 23&
14 o’ 200
101 2 S8
23%&0
100
5
0 0
1 ] I I
Group_A_NLR Group B_MLR Group_A_PLR Group _B_PLR
= EE 5]’ 50_
80 %* o 5
047 r
40+
50
30 66
40 *
59
* 37
. 4502 s?ﬁ
N 6 76
0 57 *
*
10
I I 1 I
Group _A_RDY_SD Group _B_RDY_SD Group_A_RDV_CV Group_B_RDV_CV
o 071
27 13
14 T T °©
- 36
20 18
15—
7 .
10—
10
5-—
- s
I 6 o 22
g o
8 4 07

Note: NLR - neutrophil-to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio; MPV - mean platelet volume; RDV-SD - red cell distribution width - standard

T
Group _A_MPY

T
Group B_MPY

T
Group _A_Leuc

I
Group _B_Leuc

Fig. 1 The level of hematological inflammatory markers in women included in the study.

deviation; RDV-CV - red cell distribution width - coefficient of variation; leuc. - leucocyte.




Assessment of severity of ICP MJHS 28(2)/2022
Table 2. The mean values of hematological inflammatory markers in women included in the study.
Group A
n=71
bgroup | Subgroup 11 Group B
Hematological Sll\l/[.lggolug u grot;pp n=71
inflammatory markers l_sg Seve_r; ¢ M (SD)
n= n=21 Me (Q1; Q2)
M (SD) M (SD)
Me (Q1; Q2) Me (Q1; Q2)
1 NLR 4.8 (0.4) 4.3 (0.5) 5.6 (0.5)
Me 3.9 (2.9; 5,4) Me 4.0 (2,3;5,0) Me 4.0 (3.1; 6.1)
2 PLR 140.4 (8,4) 159.3 (11.6) 135.2 (7.3)
Me 126.4 (103.5; 170.7) Me 158.4 (119.,8; 184.3) Me 124.7 (93.7; 158.2)
3 MPVf 11.8 (0.1) 11.3 (0.3) 133 (1.7)
Me 12.0 (11.1; 12.6) Me 11.5 (9.9; 12.7) Me 11.6 (10.9; 12.3)
4 RDW-SD, fl 46.2 (1.0) 45.1 (1.9) 49.0 (0.7)
Me 44.9 (41.3; 49.4) Me 47.0 (41.7; 50.0) Me 48.8 (44.9; 53.1)
5 RDW-CV, % 14.2 (0.3) 15.5 (1.6) 14.7 (0.1)

Me 13.4 (12.7; 14.6)

Me 13.3 (12.8; 14.7) Me 14.5 (13.6; 15.3)

Note: NLR - neutrophil-to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio; MPV - mean platelet volume; RDV-SD - red cell distribution width -

standard deviation; RDV-CV - red cell distribution width - coefficient of variation.

Despite the fact that the assessment of the NLR level is
used to predict the severity of different pathologies, there is
no conclusive opinion in the literature regarding NLR refer-
ence values, as they are dependent on several factors, such
as age, gender, etc. However, there are studies in which au-
thors have compared NLR and PLR levels in physiological
pregnancies and those complicated by pre-eclampsia, re-
porting an increase in these parameters in cases of pre-ec-
lampsia [26, 27]. However, the data presented is inconclu-
sive, thus requiring further research.

The results of the study conducted by Abide C. Y. et al.
showed that BA levels correlated positively and significant-
ly with PLR (r=0.343, p=0.003) and women whose preg-
nancies were complicated by ICP showed significantly in-
creased PLR values compared to the control group [3]. MPV,
which is the most widely used measure of platelet size, is
also an index of platelet activation. Platelets release throm-
bin, which plays a role in inflammation and angiogenesis.
At the same time, a large platelet volume leads to increased
coagulability and fibrinolysis [28, 29]. There are a limited
number of studies that have focused on the correlation be-
tween MPV and ICP severity and on the correlation between
MPV and perinatal outcomes, although an increase in MPV
may be observed in women with ICP [3, 30]. Moreover, one
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