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Abstract

Objective: In recent years, it has been demonstrated that inflammatory markers contribute to the development and progression of various diseases. The
purpose of this study is to demonstrate the effectiveness of inflammatory markers in the etiology of hyperemesis gravidarum (HEG) and their role as prognostic
factors.

Methods: This study was conducted with pregnant women who applied to the Department of Obstetrics and Gynecology of izmir Katip Celebi University,
Atatirk Training and Research Hospital between July 2020 and January 2021 and met the sample criteria. Fifty pregnant women who showed HEG symptoms
and did not have any other disease that would cause nausea and vomiting were included in the research group, while 50 pregnant women who did not have
nausea and vomiting, were included in the control group. Socio-demographic and obstetric questionnaire forms, visual analog scale, and pregnancy-unique
quantification of emesis and nausea (PUQE) scores were used to collect data. Data were evaluated using statistical package for the SPSS 22 program.

Results: According to the PUQE scoring of pregnant women with HEG symptoms who participated in the study, 62% had moderate HEG symptoms and
38% had severe HEG symptoms. Although there was a statistically significant difference in the neutrophil count, neutrophil-to-lymphocyte ratio (NLR), and
C-reactive protein (CRP) levels between the pregnant women in the study and control groups, no significant difference was observed regarding lymphocyte
count, platelet levels, or platelet-to-lymphocyte ratio (PLR). When laboratory values of pregnant women in the study group were compared according to PUQE
classification, statistically notable differences were observed in NLR values of pregnant women with moderate and severe HEG symptoms, while no significant
statistical variations were detected in neutrophil, lymphocyte, platelet, PLR, and CRP values.

Conclusion: In the study, statistically significant differences in the NLR value were found both between the groups and among the pregnant women in the
research group with varying severity of HEG. In pregnant women presenting to the hospital with complaints of nausea and vomiting, calculating inflammatory
markers can provide information regarding the presence of HEG and its prognosis.

Keywords: Nausea, inflammation, hyperemesis

Amac: Son yillarda enflamasyon belirteclerinin cesitli hastaliklarin gelisimine ve ilerlemesine katkida bulundugu gésterilmistir. Bu calismanin amaci
hiperemesis gravidarum (HEG) etiyolojisinde enflamatuvar belirteclerin etkinliini ve prognostik faktdr olarak roliindi ortaya koymaktir.

Yéntem: Bu calisma, Temmuz 2020-Ocak 2021 tarihleri arasinda izmir Katip Celebi Universitesi, Atatiirk Egitim ve Arastirma Hastanesi, Kadin Hastaliklari ve
Dogum Klinigi'ne basvuran ve drneklem kriterlerini karsilayan gebelerle yuratalmustar. Arastirma grubuna HEG semptomlari gosteren ve bulanti-kusmaya
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neden olabilecek baska bir hastaligi olmayan 50 gebe, kontrol grubuna ise bulanti-kusma sikayeti olmayan 50 gebe dahil edildi. Veriler sosyo-demografik ve
obstetrik anket formlari, gérsel analog skala ve gebelige 6zgu bulanti ve kusma dlciim skorlari (PUQE) kullanilarak toplandi. Veriler sosyal bilimler icin SPSS
22 paket programi kullanilarak degerlendirildi.

Bulgular: Calismaya katilan HEG semptomlari olan gebelerin PUQE skorlamasina gére %62'sinde orta siddette HEG semptomlari, %38'inde ise siddetli HEG
semptomlari oldugu gorildd. Calisma ve kontrol grubundaki gebeler arasinda nétrofil sayisi, ndtrofil-lenfosit orani (NLR) ve C-reaktif protein (CRP) duzeyleri
acisindan istatistiksel olarak anlamli fark bulunmasina ragmen, lenfosit sayisi, trombosit diizeyleri veya trombosit-lenfosit orani (PLR) acisindan anlamli bir
fark gozlenmedi. Calisma grubundaki gebelerin laboratuvar degerleri PUQE siniflamasina gére karsilastirildiginda, orta ve siddetli HEG semptomlari olan
gebelerin NLR degerlerinde istatistiksel olarak anlamli farkliliklar gézlenirken, notrofil, lenfosit, trombosit, PLR ve CRP dederlerinde istatistiksel olarak
anlamli bir farklilik saptanmadi.

Sonug: Calismada, NLR dederinin hem gruplar arasinda hem de HEG siddeti dedisen arastirma grubundaki gebeler arasinda istatistiksel olarak anlamli farkLi
oldugu bulundu. Bulanti ve kusma sikayetiyle hastaneye basvuran gebelerde enflamasyon belirteclerinin hesaplanmasi HEG varligi ve prognozu hakkinda

bilgi verebilir.
Anahtar Kelimeler: Bulanti, enflamasyon, hiperemezis

Introduction

Nausea and vomiting during pregnancy begin in the fifth
week of pregnancy and peak between the 8" and 10" weeks.
Symptoms begin to decrease after the 16" week of pregnancy.
However, nausea and vomiting have been observed to
continue until birth in some pregnancies*?. Hyperemesis
gravidarum (HEG) is a more severe and prolonged form
of nausea and vomiting accompanied by various organ
dysfunctions®. The most common cause of hospitalization in
early pregnancy is HEG, which has a significant adverse effect
on the mother's quality of life. Therefore, the use of markers
that can help determine the severity and clinical course of
HEG is valuable for evaluating a patient's prognosis and
personalizing patient care®. Although HEG pathophysiology
is not clear, it is multifactorial. In pathophysiology, many
factors, such as including primigravida, young maternal age,
and deficiencies in certain vitamins and minerals, have been
investigated®.

Inflammatory markers are used for the prognosis of many
diseases. This study aims to illustrate the connection
between inflammatory markers and HEG, as well as their
effectiveness as prognostic factors.

Materials and Methods

The study was planned as a cross-sectional study during the
period between July 2020 and January 2021 at izmir Katip
Celebi University, Atatirk Training and Research Hospital.
The patients included in the study group were selected
from those who presented to our hospital's obstetrics and
gynecology outpatient clinic. Informed consent was obtained
from the participants.

Pregnant women without chronic diseases such as diabetes
and under 20 weeks of gestation were included in the study,
while those with multiple or molar pregnancies or those with
nausea-and vomiting-causing conditions were excluded.

A total of 72 patients diagnosed with HEG who met the
inclusion criteria were included in the study. However, 14 of
these patients discontinued their follow-up, and 8 patients
declined to participate in the study, so the study continued
with 50 patients. The study was conducted with 100 women,
including 50 pregnant women diagnosed with HEG (research
group) and 50 healthy pregnant women (control group).
Pregnant women with persistent vomiting more than four
times a day, experiencing positive urinary ketones, and
who experienced a 5% weight reduction since the onset of
pregnancy were categorized into the HEG group. To collect
the necessary data for the study, a socio-demographic and
obstetric descriptive information form, visual analog scale
(VAS), and pregnancy-unique quantification of emesis and
nausea (PUQE) scale were used. Blood samples were drawn
from each of the 100 pregnant women for hemogram and
biochemistry tests, and the hemogram and C-reactive
protein (CRP) results were evaluated. A CRP test measures
the level of CRP in the blood. Elevated Levels of CRP indicate
inflammation in the body.

Statistical Analysis

The data were examined with statistical package for
the social sciences (IBM SPSS) statistics for windows,
version 22. The normal distribution was evaluated,
using the Kolmogorov-Smirnov test. For categorical
variables, frequencies and percentages were reported,
while for continuous variables, mean (X) and standard
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deviation values were reported. The relationships between
categorical variables were tested using the chi-squared
test. For continuous independent variables exhibiting
normal distribution, an independent sample t-test was
used, while for variables not meeting the normality
assumption, the Mann-Whitney U test was used for
independent group comparisons. The similarity of the
socio-demographic and obstetric characteristics between
the experimental and control groups was determined
using chi-squared and t-tests. A p-value below 0.05 was
considered to be statistically significant. Prior to the study,

ethical approval was obtained from the Non-Interventional
Clinical Research Ethics Committee of izmir Katip Celebi
University on 02.07.2020, with decision number 777.

Results

No statistically significant difference was found in the socio-
demographic and obstetric characteristics between the
research and control groups, while a significant difference
was noted in the VAS scores. The results are shown in
Table 1.

Table 1. Socio-demographic and obstetric characteristics of case and control groups

. . L Case (n=50) Control (n=50)
Socio-demographic characteristics - - Test
x +SD x +SD
t=0.384
Age 27.74+5.96 27.28+6.02
p=0.702
. t=0.328
Height 161.52+5.61 161.14+5.95
p=0.743
. t=-0.818
Weight 65.88+10.87 67.94+14.1
p=0.416
t=-0.794
BMI 25.36+4.77 1545.13
p=0.429
. t=-1.753
Gestational age (week) 11.46+3.91 12.88+4.18
p=0.083
t=17.60
VAS 7.34+1.42 2.18+1.51 .
p=0.00
n (50) % n (50) %
Educational status
Primary 13 26.0 15 30.0
Elemantary 16 320 16 320 X?=6.713
High school 10 20.0 12 24.0 p=0.667
College 11 22.0 7 14.0
Work status
Employed 10 20.0 7 14.0 X?=0.166
Non-employed 40 80.0 43 86.0 p=0.684
Gravida
Primigravide 10 20.0 13 26.0 X?=3.742
Multigravide 40 80.0 37 74.0 p=0.060
Parity
Nullipar 20 50.0 20 54.0 X?=6.235
Multipar 20 50.0 17 46.0 p=0.182
Having nausea during a previous pregnancy
Yes 31 775 16 43.2 X2=4.482
No 9 225 21 56.8 p=0.345
" p<0.05, BMI: Body mass index, VAS: Visual analog scale, SD: Standard deviation
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When the pregnant women in the research group were
classified by the PUQE classification, it was found that
62.0% experienced moderate and 38.0% experienced severe
HEG symptoms. When comparing pregnant women with
moderate and severe HEG symptoms, it was observed that the
VAS scores were similar in both groups, with no statistically
relevant difference between them. Based on these findings,
it was concluded that both scoring systems could be used to
determine the severity of HEG. These findings are presented
in Table 2.

The inflammatory markers of pregnant women in
both the research and control groups were analyzed. A
considerable difference was observed between the two
groups in neutrophil (research: 8862.40x1000/mm?3; control:
7314.00x1000/mm?3), neutrophil-to-lymphocyte ratio [(NLR)

Table 2. Comparison of VAS scores of pregnant women in

the case group according to PUQE classification (n=50)

VAS
Groups X +SD p’
Moderate (n=31) 7.00£1.55 0151
Severe (n=19) 7.66+1.08
"1 p<0.05, ": Mann-Whitney U test, VAS: Visual analog scale, PUQE: Pregnancy-
unique quantification of emesis and nausea, SD: Standard deviation

(research: 4.71; control: 3.68)], and CRP (research: 6.04;
control: 5.69) values. No significant variation was observed
between the groups measured for lymphocyte (research:
2109.40x1000/mm?; control: 2184.40x1000/mm?3), platelet
(research: 260360x1000/mm?; control: 252320x1000/mm3),
and platelet-to-lymphocyte ratio (PLR), values. These
findings are presented in Table 3.

When the laboratory findings of the pregnant women in
the research group were compared according to the PUQE
classification, a statistically significant difference was found
in the NLR levels between those with moderate and severe
HEG symptoms. The NLR level of pregnant women with
moderate symptoms was on average 3.93, while the NLR
level of those with severe symptoms was on average 5.98.
No statistically significant difference was found in neutrophil
(moderate: 8400.32x1000/mm?3, severe: 9090.00x1000/
mm3), lymphocyte (moderate: 2217.41x1000/mm?, severe:
1933.15x1000/mm?3), platelet (moderate: 262483x1000/
mm3, severe: 256894x1000/mm?3), PLR (moderate: 122.95,
severe: 155.22), and CRP (moderate: 6.07, severe: 6.00) levels
between those with moderate and severe symptoms. These
findings are presented in Table 4.

Table 3. Comparison of inflammatory markers between case and control groups

Case (n=50) Control (n=50)
Inflammatory markers — —

x +SD x +SD p
Neutrophyl® (x1000/mm?) 8862.40+1811.49 7314.00+2184.00 0.001°
Lymphocyte® (x1000/mm3) 2109.40+710.38 2184.40+706.07 0.598
Platelet® (x1000/mm?) 260360+58685.17 252320+62667.06 0.509
NLR? 4.71+2.89 3.68+2.31 0.001"
PLR? 135.22+53.67 122.59+35.52 0.476
CRP? 6.04+6.24 5.69+7.73 0.000"

2 Mann-Whitney U test, ® t-test, SD: Standard deviation, : p<0.05

Table 4. Comparison of laboratory findings of pregnant women in the case group according to puge classification

Moderate (n=31) Severe (n=19)
Inflammatory markers — —

x +SD x +SD p
Neutrophil® (x1000/mm?3) 8400.32+1763.51 9090.00+£1854.30 0.212
Lymphocyte® (x1000/mm3) 2217.41+£526.54 1933.15+926.72 0.172
Platelet® (x1000/mm3) 262483.87+55504.27 256894.73+64963.14 0.747
NLR?2 3.93+1.05 5.98+4.26 0.038"
PLR2 122.95+32.83 155.22+73.24 0.204
CRP2 6.07+4.65 6.00+8.37 0.254

@ Mann-Whitney U test, °: t-test, SD: Standard deviation
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Discussion

In recent years, it has been demonstrated that inflammatory
markers contribute to the development and progression of
various diseases®?.

In the study, pregnant women in the research group were
asked to rate the discomfort caused by their HEG symptoms
using the VAS and PUQE scales. It was found that most of
the pregnant women experienced moderate HEG symptoms.
Additionally, the VAS indices of pregnant women with
moderate and severe HEG symptoms were found to be
similar. No pregnant women with mild HEG symptoms were
observed in the study. It is thought that this may be due to
the study being conducted at a tertiary healthcare institution.
The low rate of hospital visits for pregnant women with mild
symptoms was considered to be due to their treatment at
other healthcare institutions.

In a study conducted by Sullivan et al.®® to compare the
effectiveness of ondansetron and promethazine in the
treatment of HEG, a significant improvement was observed
in the VAS scores of pregnant women with HEG, but there
was no meaningful difference between the two treatment
protocols.

In a randomized controlled study carried out in Sweden, the
effectiveness of acupuncture in treating HEG symptoms in
72 pregnant women was investigated. The patients' daily
VAS scores were assessed in the study. Changes in VAS
values were calculated as the difference between the day
before and the day after acupuncture for each patient. As a
result, VAS values in the experimental group significantly
reduced from day O to day 1 and from day 4 to day 5 after
acupuncture, compared to the placebo group®. In a review
by Topcu et al."?, it was shown that PUQE scoring can be
used to predict the severity of nausea and vomiting during
pregnancy.

In this study, the inflammatory markers of pregnant women
in both the research and control groups were analyzed. A
statistically significant difference was observed between
the groups in neutrophil, NLR, and CRP levels. However, no
significant difference was found in lymphocyte, platelet, and
PLR levels. Although the difference in CRP levels between the
research and control groups was statistically significant, it is
considered that the difference holds no clinical relevance,
similar to their findings in our research.

Inareview of 36 studies conducted in 2020, the effect of NLR on
pregnancy complications was investigated, and an increase

in NLR was found to be associated with preeclampsia, HELLP
syndrome, gestational diabetes mellitus (GDM), ectopic
pregnancy, HEG, preterm labor, ovarian hyperstimulation
syndrome, and first-trimester pregnancy losses2,

In a similar study, Kan et al. ®® investigated the relationship
between HEG and inflammatory markers in a total of
162 pregnant women, 113 of whom were diagnosed with
HEG. The research revealed that patients with HEG had
notably elevated neutrophil, platelet, and CRP levels, while
lymphocyte counts were comparable between the groups.
Consequently, both NLR and PLR values were considerably
higher in the HEG group. In a study conducted by Kurt et
al." in 2014, investigating HEG and the relationship between
HEG severity and inflammatory markers, similarly to this
study, the HEG group was found to have significantly higher
NLR and HsCRP values compared to the control group.

A comprehensive review of the literature indicates that
numerous studies have examined the diagnostic and
prognostic implications of NLR and PLR in pregnant women
diagnosed with preeclampsia, GDM, acute appendicitis, and
acute pancreatitis™®, Similarly, a relationship between PLR
and pregnancy complications such as early pregnancy loss,
ectopic pregnancy, and early membrane rupture has been
found">®), In a study carried out by Yildirim et al. " in Ankara,
which investigated the effect of systemic inflammation on HEG
in pregnant women, 170 women with HEG and 185 healthy
pregnant women were included. In this study, the PLR value
was found to be significantly higher in women with HEG.

CRP, frequently used as a marker to indicate acute
inflammation, is also an acute-phase reactant. The literature
has shown a relationship between CRP and GDM, early
membrane rupture, and gestational hypertension@2\,

In a study conducted by Engin-Ustun et al.?? in Ankara,
which investigated the relationship between vaspin and
CRP with HEG, vaspin (visseral adipose tissue derived serine
protease inhibitor) and CRP levels were found to be elevated
in pregnant women with HEG.

In a study carried out by Yilmaz et al.?®, which investigated
the relationship between HEG and vitamin D and HsCRP
in 60 pregnant women, it was found that... No statistically
significant difference was observed between the vitamin D
and HsCRP Llevels in women with and without HEG.

In the study, when the laboratory findings of pregnant women
in the research group were compared according to the PUQE
classification, a statistically significant difference was found



Durmazoglu Sahin et al. Nausea and Infective Markers

in the NLR levels of pregnant women with moderate and
severe HEG symptoms, while no statistically significant
difference was observed in the neutrophil, lymphocyte,
platelet, PLR, and CRP levels.

In a study conducted by Kurt et al.% that investigated the
relationship between HEG severity and inflammatory
markers, subgroup analysis, demonstrated statistically
significant elevations in NLR and hsCRP levels as HEG
severity increased. Correlation analysis indicated a robust
association between NLR and hsCRP values.

Study Limitations

The strengths of the study include the ability to prospectively
evaluate the patients and the objective assessment using
scales. The Limitations of the study include its single-center
design and the inclusion of a small number of pregnant
women. Multicenter investigations with an expanded sample
Size are needed.

Conclusion

In this study, the NLR value was found to be statistically
significantly different both between the groups, and among
the pregnant women in the research group with varying HEG
severity. In pregnant women presenting to the hospital with
nausea and vomiting complaints, inflammatory markers can
be calculated to gain information about the presence of HEG
and its prognosis. However, the limited sample size in our
study represents a constraint that could influence the external
validity of our results. Further research in this area is needed.

Ethics

Ethics Committee Approval: Prior to the study, ethical
approval was obtained from the Non-Interventional Clinical
Research Ethics Committee of izmir Katip Celebi University
on 02.07.2020, with decision number 777.

Informed Consent: Informed consent was obtained from the
participants.

Footnotes

Authorship Contributions

Surgical and Medical Practices: G.D.S., YA, SS,
Concept: G.D.S., M.S., C.A,, Design: G.D.S., M.S., C.A., Data
Collection or Processing: G.D.S., Y.A, S.S. Analysis or
Interpretation: M.S., C.A., Literature Search: G.D.S., YA,
Writing: G.D.S., YA, S.S.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Heitmann K, Nordeng H, Havnen GC, Solheimsnes A, Holst L. The
burden of nausea and vomiting during pregnancy: severe impacts on
quality of life, daily Life functioning and willingness to become pregnant
again - results from a cross-sectional study. BMC Pregnancy Childbirth.
2017;17:75.

2. MacGibbon KW. Hyperemesis gravidarum: strategies to improve
outcomes. J Infus Nurs. 2020;43:78-96.

3. Niemeijer MN, Grooten 1J, Vos N, et al. Diagnostic markers for
hyperemesis gravidarum: a systematic review and metaanalysis. Am J
Obstet Gynecol. 2014,211:150.e1-15.

4. Nijsten K, Koot MH, van der Post JA, et al. TSH and FT4 fail to predict the
severity and clinical course of hyperemesis gravidarum: a prospective
cohort study. Acta Obstet Gynecol Scand. 2021;100:1419-29.

5. Tan A, Lowe S, Henry A. Nausea and vomiting of pregnancy: effects
on quality of life and day-to-day function. Aust N Z J Obstet Gynaecol.
2018;58:278-90.

6. Aksoy E, Karakurt Z, Ozmen |, et al. Is neutrophil lymphocyte ratio
as a new inflammatory marker different for COPD patients either
with exacerbation or with pneumonia? Am J Respir Crit Care Med.
2017;195:A1697.

7. Kocer D, Sariglizel FM, Guler E, Karakukcu C, Stitbeyaz ST, Gédekmerdan
A. Evaluation of MPV value as an inflammatory marker in patients with
ankylosing spondylitis. Turk Klinik Biyokimya Derg. 2014;12:73-7.

8. Sullivan CA, Johnson CA, Roach H, Martin RW, Stewart DK, Morrison JC.
A pilot study of intravenous ondansetron for hyperemesis gravidarum.
Am J Obstet Gynecol. 1996;174:1565-8.

9. Carlsson CP, Axemo P, Bodin A, et al. Manual acupuncture reduces
hyperemesis gravidarum: a placebo-controlled, randomized, single-
blind, crossover study. J Pain Symptom Manage. 2000;20:273-9.

10. Topgu GB, Ates NA, Kiigclimen G. Nausea and vomiting management in
pregnancy. Cumhuriyet Univ. Sag. Bil. Enst. Derg. 2019;4:29-33. Turkish.

11. Christoforaki V, Zafeiriou Z, Daskalakis G, Katasos T, Siristatidis C. First
trimester neutrophil to lymphocyte ratio (NLR) and pregnancy outcome.
J Obstet Gynaecol. 2020;40:59-64.

12. Wang Q, Liu F, Zhao Y, Cui B, Ban Y. Can neutrophil-to-lymphocyte
and monocyte-to-lymphocyte ratios be useful markers for predicting
missed abortion in the first trimester of pregnancy? J Obstet Gynaecol
Res. 2020;46:1702-10.

13. Kan E, Emektar E, Corbacioglu K, Safak T, Sariaydin T, Cevik Y. Evaluation
of relationship between inflammatory markers and hyperemesis
gravidarum in patients admitted to emergency department. Am J
Emerg Med. 2020;38:292-5.

14. Kurt RK, Giler A, Silfeler DB, Ozcil MD, Karateke A, Hakverdi AU.
Relation of inflammatory markers with both presence and severity of
hyperemesis gravidarum. Ginekol Pol. 2014;85:589-93.

15. Cift T, Cakmak BD, Ozgen G, et al. The relationship between novel
inflammatory markers and hyperemesis gravidarum. J Turk Ger
Gynecol Assoc. 2016;17(Suppl 1):S277.

16. Yavuzcan A, Caglar M, Ustin Y, et al. Mean platelet volume, neutrophil-

lymphocyte ratio and platelet-lymphocyte ratio in severe preeclampsia.
Ginekol Pol. 2014;85:197-203.



Anatol J Gen Med Res

17.

18.

19.

20.

Toprak E, Bozkurt M, Cakmak BD, et al. Platelet-to-lymphocyte ratio:
a new inflammatory marker for the diagnosis of preterm premature
rupture of membranes J Turk Ger Gynecol Assoc. 2017;18:122-6.

Kan O, Gemici A, Alkilic A, et al. The effect of preoperative neutrophil-
to-lymphocyte ratio and platelet-to-lymphocyte ratio on predicting
rupture risk in tubal ectopic pregnancies. Gynecol Obstet Invest.
2019;84:378-82.

Yildinm M, Cendek BD, Desdicioglu R, Avsar AFY. The existence

of continuous systemic inflammation in pregnant women with
hyperemesis gravidarum. Cyprus J Med Sci. 2016;1:46-50.

Bek KM, Nielsen FR, Qvist |, Rasmussen PE, Tobiassen M. C-reactive
protein (CRP) and pregnancy. An early indicator of chorioamnionitis. A
review. Eur J Obstet Gynecol Reprod Biol. 1990;35:29-33.

21.

22.

23.

Watts DH, Krohn MA, Wener MH, Eschenbach DA. C-reactive protein in
normal pregnancy. Obstet Gynecol. 1991;77:176-80.

Engin-Ustun Y, Tongug E, Var T, et al. Vaspin and C-reactive protein
levels in hyperemesis gravidarum. Eur Rev Med Pharmacol Sci.
2013;17:138-40.

Yitmaz S, Cirik DA, Demirtas C, et al. Do vitamin D and high-sensitivity-C
reactive protein levels differ in patients with hyperemesis gravidarum?
A preliminary study. Turk J Obstet Gynecol. 2016;13:123-6.



