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Relation of inflammatory markers with
both presence and severity of hyperemesis
gravidarum
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| nasileniem wymiotow ciezarnych
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Abstract

Objectives: The aim of our study is to determine the newly introduced systemic inflammation marker, neutrophil
lymphocyte ratio (NLR) in hyperemesis gravidarum (HG) patients and to investigate the association between sever-
ity of the disease and NLR.

Method: The study population consisted of 55 pregnant patients with HG and 50 pregnant women without com-
plaints matched for gestational age as a control group. The HG patients were grouped as mild (n=16), moderate
(n=19) and severe (n=20) according to Modified Pregnancy- Unique Quantification of Emesis and Nausea Scoring
Index Questionnaire. Furthermore, hsCRFE neutrophils, lymphocytes, and NLR were evaluated with complete blood
count.

Results: The HG group had significantly higher NLR values compared to the control group (2.69+1.81 vs
1.97+1.34, p=0.004). HsCRP levels were significantly higher among HG patients compared to the control group
(1.95+2.2 vs 0.56+0.30, p<0.001). The subgroup analysis revealed statistically significant increases in NLR and
hsCRP values with increased HG severity (p<0.001, p=0.002). The correlation analysis demonstrated a strong cor-
relation between NLR and hsCRP levels (r: 0.703, p<0.001).

Conclusion: Our study results showed that NLR and hsCRP levels are increased in HG disease compared to
gestational age matched control group subjects. Furthermore, NLR and hsCRP values are correlated with severity
of disease. NLR could be used as a marker for both presence and severity of hyperemesis gravidarum.
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Streszczenie

Cel pracy: Celem pracy byta ocena nowo wprowadzonych markerdw stanu zapalnego, wskaznika neutrofili do
limfocytéw (NLR) u ciezarnych z wymiotami (HG) oraz zbadanie powigzari miedzy ciezkoscig choroby a NLR.
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Metoda: Grupe badang stanowito 65 ciezarnych z HG i 50 ciezarnych bez dolegliwosci, jako grupa kontrolna
dopasowana do grupy badanej pod wzgledem wieku cigzowego. Pacjentki z wymiotami zostaty podzielone na pod-
grupy w zaleznosci od nasilenia objawow, tj. fagodne (n=16), srednie (n=19) i ciezkie (n=20), na podstawie zmo-
dyfikowanego kwestionariusza oceny nudnosci i wymiotow w cigzy. Nastepnie oznaczono w krwi petnej hsCRF,
neutrofile, limfocyty i NLR.

Wyniki: Pacjentki z wymiotami miaty znaczgco wyzsze wartosci NLR w poréwnaniu do grupy kontrolnej (2,69+1,81
vs 1,97+1,34, p=0,004). Poziom hsCRP byt istotnie wyzszy w grupie HG w porownaniu do grupy kontrolnej
(1,95+2,2 vs 0,66+0,30, p<0,001). Analiza w obrebie podgrup HG wykazata istotny wzrost wartosci NRL i hsCRP
wraz ze wzrostem nasilenia wymiotow (p<0,001, p=0,002). Dalsza analiza wykazata silng korelacje pomiedzy po-
ziomem NLR a hsCRP (r:0,703, p<0,001).

Whioski: nasze badanie pokazuje, ze poziom NLR i hsCRP jest zwigkszony u pacjentek z wymiotami cigzowymi
w poréwnaniu do zdrowych ciezarnych w tych samych tygodniach cigzy. Co wiecej, NLR i hsCRP korelujg z nasile-

niem choroby. NLR moze by¢ markerem obecnosci i ciezkosci wymiotow ciezarnych.

Stowa kluczowe: wymioty ci¢zarnych / zapalenie / wskaznik neutrofile

limfocyty / hsCRP

Introduction

Most pregnant women experience nausea and vomiting
during their pregnancy by a rate of 80% [1]. A more severe form
of nausea and vomiting, called hyperemesis gravidarum (HG) is
a state characterized by intractable vomiting during pregnancy,
leading to dehydration, ketonemia, electrolyte imbalance and
weight loss [2, 3]. HG incidence is reported as 0.5-2% in many
researches but it varies with ethnicity [4]. In generally, HG is
seen in between 8. and 12. weeks of pregnancy while 5% of cases
persists throughout pregnancy [5].

Although the exact etiopathogenesis of HG is not known,
there are many proposed mechanisms such as metabolic and
hormonal changes, gastrointestinal dysmotility, psychological
and immunological factors [6-9]. Throughout pregnancy some
immunological changes occur to protect fetus and decidua
from maternal immune system. If this physiological immune
response changes, diseases related with pregnancy arise. It is
suggested that HG originate from overactive immune response
[10]. Inflammation is believed to play a considerable role in
pathophysiologic mechanism of HG [11, 12]. Cytokines which
are mediators of inflammation such as IL-6, TNF-o. as well as
CRP have been found to be increased in HG patients [9, 12, 13].

Neutrophil to lymphocyte ratio (NLR), easily available
marker, is a newly introduced systemic inflammation marker that
has been a strong prognostic factor in many diseases and most
of cancers such as breast, kidney, colorectal and lung cancers
[14-17]. It has been shown that NLR is superior to white blood
cells in the prediction of adverse outcomes in patients with
cardiovascular diseases and malignancies. NLR was found to
positively correlated with inflammatory markers including tumor
necrosis factor-a (TNF-0) and interleukin (IL)-6 and CRP in
many diseases [18].

The aim

The aim of our study is to determine the newly introduced
systemic inflammation marker, NLR in HG patients and to
investigate the association between severity of the disease and
NLR.
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Methods

The study population consisted of 55 pregnant patients
with HG and 50 pregnant women without complaints matched
for gestational age as a control group. The criteria for HG were
severe vomiting (more than 2 times per day), weight loss more
than 5% of body weight and the presence of at least one positive
ketonuria. Patients with multiple gestation, urinary tract infection,
gastrointestinal and thyroid disease, psychological disorders,
BMI>35kg/m?, diabetes mellitus were excluded from study.
The study was approved by the ethics committee and informed
consent was obtained from all participants.

All the patients filled out the 3-question Modified Pregnancy-
Unique Quantification of Emesis and Nausea(PUQE) Scoring
Index Questionnaire which quantifies nausea, vomiting, retching
for the first trimester [19].

Total scores were calculated in between 4-15 points for
HG patients. The HG patients were grouped as mild (<6 points)
(n=16), moderate (7-12) points) (n=19) and severe (= 13 points)
(n=20) (Table I).

Gravity, parity of each participant was recorded. BMI was
calculated as weight in kilograms divided by the square of the
height in meters. Gestational age was determined using the first
date of last menstrual period and confirmed by ultrasonography.
Urine analysis for ketones was done for detection of starvation
ketosis.

All blood samples were taken in the morning between 08:00
and 09:00 after overnight fasting. Blood samples were taken
from antecubital vein with a 20 gauge needle. Complete blood
counts with automated differential counts, which included total
WBGCs, neutrophils lymphocytes were measured using a Coulter
LH 780 Hematology Analyzer (BeckmanCoulterlrelandInc,
Mervue, Galway, Ireland). NLR was calculated as the ratio of the
neutrophil to lymphocyte count.

High-sensitivity C-reactive protein (hs-CRP) was measured
by using a BN2 model nephlometer (Dade-Behring, Marburg,
Germany).
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Table 1. Modified Pregnancy- Unique Quantification of Emesis and Nausea Scoring Index Questionnaire.
Circle the answer that best suits your situation from the beginning of your pregnancy.
1. On average in a day, for how long do you feel nauseated or sick to your stomach?
Not at all 1hr 2-3 hr 4-6 hr 6 hr
Q) ) (3) 4) (5)
2. On average in a day, how many times do you vomit or thrown up?
7 times 5-6 times 3-4 times 1-2 times | did not throw up
(5) 4) ®3) ) M
3. On average in a day, how many times do you have retching or dry heaves without bringing anything up?
None 1-2 times 3-4 times 5-6 times 7 times
) 2) ®3) 4 (5)
Total score (sum of replies to 1, 2, and 3): mild NVP, _6; moderate NVP, 7-12; severe NVP, _13.
NVP: nausea and vomiting of pregnancy
NLR NLR
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Figure 1. Comparison of NLR levels in the control and HG subgroups.
Statistics
Numerical variables were expressed as mean + standard =
deviation, and categorical variables as percentage. Numerical 150
variables with normal distribution were compared using student's
t-test for the paired groups and one-way ANOVA (analysis S °
of variance) for triplet groups while numerical variables with
abnormal distribution were compared using Mann Whitney-U §
test for the paired groups and Kruskal-Wallis test for triplet *orall
groups. Tukey's test was chosen as the post-hoc test for ANOVA. ° .
b [+
Categorical variables were evaluated using chi-square test. i ] 6 s
o {«] o
Normality of distribution was assessed with Kolmogorov o0 B0 8o°8 oo,
Smirnov test for numerical variables. The correlation between 0,00 G &
variables was evaluated using Pearson's correlation test. SPSS 9.00 2.0 400 500 5.00 10,00
20.0 package software (SPSS inch, Chicago, Illinois, USA) was -

used for the statistical analysis.

Results

Mean age was 29+2.8 years among the patients with HG
included in the study whereas it was 30+3.1 years for the control
group. BMI was 23.543.1 in the HG group and 24.343.3 in the
control group. No statistically significant difference was found
between the patients and the control group regarding age, parity,
gestational age and BMI. Baseline characteristics and biochemical
values are summarized in Table II.

HsCRP levels were significantly higher among HG patients
compared to the control group (1.95+2.2 vs 0.56+0.30, p<0.001).
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Figure 2. The correlation of NLR and hs-CRP in the population.

The HG group had significantly higher NLR values compared
to the control group (2.69+1.81 vs 1.97+1.34, p=0.004) (Figure
1). The subgroup analysis revealed statistically significant
increases in NLR and hsCRP values with increased HG severity
(p<0.001, p=0.002, respectively) (Table III). The correlation
analysis demonstrated a strong correlation between NLR and
hsCRP levels (r: 0.703, p<0.001) (Figure 2).
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Table 1. Baseline clinical and laboratory characteristics of patient and control groups.

HG patients (n:55) Control (n:50) P value
Age (years) 29+2.8 30+3.1 0,092
BMI (kg/m?) 23.5+3.1 24.3+3.3 0.194
Gestational Age (weeks) 9.4+3 8.8+2.5 0.413
Parity 2.1+0.5 2.4+0.6 0.441
Hscrp (mg/l) 1.95+2.2 0.56+0.30 <0.001
Leukocyte (x1000/ mm?) 7.58+1.95 6.32+1.33 0.001
Neutrophil (x1000/ mm?3) 4.78+1.45 3.68+1.30 <0.001
Lymphocyte ( x1000/ mm?) 2.12+0.66 2.3+0.81 0.213
NLR 2.69+1.81 1.97+1.34 0.004

BMI: body mass index, NLR: neutrophil to lymphocyte ratio, HG: hyperemesis gravidarum

Table I11. Clinic and laboratory findings according to the of patient subgroups.

Mild (n:16) Moderate (n:19) Severe ( n:20) P value
Age (years) 29.8+3.4 28.7+2.9 28.8+2.2 0.472
BMI (kg/m?) 22.4+2.4 23.8+3.2 24.1+3.1 0.254
Gestational Age (weeks) 9.0£0.5 9.8+3.3 9.3+2.2 0.710
Hscrp (mg/l) 0.96+0.44 1.52+0.82 3.15+3.24 0.005
Leukocyte (x1000/ mm?) 7.0£2.1 7.8+1.76 7.9+1.9 0.355
Neutrophil (x1000/ mm?3) 3.45+0.63 4.72+0.99 5.89+1.4 <0.001
Lymphocyte( x1000/ mm?) 2.26+0.52 2.29+0.66 1.85+0.71 0.076
NLR 1.62+0.58 2.34+1.23 3.87+2.26 <0.001
BMI: body mass index, NLR: neutrophil to lymphocyte ratio
Discussion

Our study results showed for the first time in the literature
that NLR and hsCRP levels are increased in patients with HG
compared to control subjects matched for gestational age.
Furthermore, NLR and hsCRP values are correlated with severity
of the disease.

HG is a condition that adversely affects quality of life in
pregnant women [20]. Severe nausea and vomiting is the 3%
most common cause of hospitalization during pregnancy [21].
Nausea and vomiting seen during the first trimester causes serious
workforce loss among women [22]. In addition to the morbidity,
HG may rarely lead to conditions with high mortality risk such
as Wernicke's encephalopathy and central pontine myelinolysis
[23]. Tt is therefore important to provide appropriate treatment;
however, the current treatment of HG is empirical and suboptimal
as the exact etiology remains unknown. Several mechanisms
have been suggested to be involved in the etiopathogenesis of
HG; however, none of them alone has provided a full explanation
and the etiology therefore appears to be multifactorial [24].

Inflammation is thought to be playing an important role in the
pathophysiological mechanism of HG [11, 12]. Yoneyama et al.
demonstrated increased TNF-a levels in HG [25]. Besides Kaplan
et al. revealed that TNF-a, a biologically active cytokine involved
in immune disorders, may be associated with the pathogenesis
and progression of hyperemesis gravidarum [13]. In addition,
Kuscu et al. have shown increased levels of the inflammation
marker, IL-6 in hyperemesis. They proposed that immunological
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activity seen in patients with HG and the dramatic response to
short-term treatment with anti-inflammatory drugs (steroid
therapy) may be the clues to consider HG as an inflammatory
response during pregnancy [9]. Verit et al. found decreased
levels of paraoxonase-1 in patients with HG and correlated this
finding to increased oxidative stress and inflammation in HG,
and they also demonstrated increased levels of the inflammatory
marker, hsCRP in patients with HG [12]. Engin-ustun et al.
showed increased CRP and vaspin levels in patients with HG
and associated this finding with inflammation [11]. In the present
study, the inflammation markers, hsCRP and NLR were found to
be increased, supporting the role of inflammation in HG etiology.
Furthermore, we for the first time in literature showed that hsCRP
and NLR levels increase proportionally with the severity of HG.

NLR is a marker that has been recently shown to be
associated with inflammation in a number of diseases [26].
Neutrophilia and lymphocytopenia are physiological responses
of the immune system to various conditions including systemic
inflammation and malignancy. Cho S et al. found increased NLR
levels in endometriosis which is a chronic condition associated
with inflammation, and highlighted that NLR may be a simple
and readily available marker for the diagnosis of endometriosis
[27]. Cho et al. showed increased NLR levels in epithelial ovarian
cancer as a measure of the systemic inflammatory response,
and demonstrated further increases in NLR with increasing
stages of the disease [28]. Kim et al. showed superiority of
NLR plus cervix length combination to cervix length alone in
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predicting pre-term pregnancy, which is an obstetric condition
associated with inflammation [29]. Granulocyte levels increase
while lymphocyte levels decrease in later stages of pregnancy.
Minagawa et al. found significantly increased granulocyte levels
in HG, and showed that lymphocyte levels were decreased
compared to normal pregnancy although the difference was not
statistically significant [10]. Similar to the findings of Minagawa
et al., we found increased neutrophil levels in the present study,
and we for the first time showed that the inflammation marker,
NLR also increases in HG.

Conclusion

In conclusion, NLR could be used as a marker for both
presence and severity of hyperemesis gravidarum. HG patients
have increased levels of hsCRP and NLR, indicating that
inflammation may play an important role in the pathogenesis
of the disease. Furthermore, NLR and CRP levels increase even
further with the increasing severity of the disease. Although the
association between HG and NLR remains unclear, we believe
that the activation of inflammation associated with HG lead to
increased NLR values. Nevertheless, further studies are required
in order to fully understand the exact pathogenesis of HG.

NLR could be a marker in hyperemesis gravidarum.

Limitations

One of the major limitations of the present study is the
relatively low number of patients. Additionally, hsCRP and NLR
have been assessed as inflammatory markers whereas TNF-
alpha and interleukin levels were not determined in the present
study. Furthermore, it remains unclear whether the increase in
inflammatory marker levels observed in HG is the underlying
cause of the condition, or a result of the compensatory mechanism
in response to HG [13]. The possibility that it may be a mere
effect of disturbances connected with emesis and not its cause,
needs to be taken into consideration as well.
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