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Abstract

Objective: This study aims to investigate the role of inflammation in the pathophysiology of hyperemesis gravidarum (HEG).

Methods: This prospective study was conducted in the Department of Obstetrics and Gynecology at Near East University Hospital between
July 2019 and March 2020. The patients that were defined as HEG should have the following symptoms: Persistent nausea and vomiting, loss
of >5% of pre-pregnancy body weight, presence of at least one positive ketonuria test in a random urine analysis, fetal heartbeat positivity
at 6-13 weeks of gestation, and singleton pregnancy. Total blood count including white blood cell (WBC), neutrophil (NEU), lymphocyte (LYM),
hemoglobin, hematocrit, and platelet and red cell distribution width (RDW) and platelet distribution width were analyzed. NEU-to-LYM (NLR)
and platelet-to-LYM ratios (PLR) were calculated.

Results: Forty-nine patients with HEG and 121 healthy women were evaluated in the first trimester of pregnancy. The healthy pregnant
women and patients with HEG had similar age, gravida, parity, gestational weeks, and body mass index. WBC, NEU, RDW, C-reactive protein
(CRP), and urinary ketone levels were statistically higher in the HEG group. There were no differences in terms of NLR or PLR.

Conclusion: Measurement of inflammatory markers, such as WBC, NLR, PLR, and CRP levels, might provide valuable knowledge in HEG
diagnosis. NLR and PLR are acceptable, but CRP level is a better indicator for predicting the diagnosis and severity of the disease according

to our study findings.
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INTRODUCTION

Nausea and vomiting are common symptoms seen in pregnancy
(1). If the symptoms are mild, nausea in the first trimester
can be considered as a part of normal physiological changes.
Hyperemesis gravidarum (HEG), which is a severe form of nausea
and vomiting in pregnancy, can cause electrolyte imbalance,
dehydration, fluid and acid-base imbalance, nutrition deficiency,
ketonuria, and loss of >5% of body weight (1,2). The incidence of
nausea and vomiting is 85% in pregnancy, but only 0.3%-2% of
pregnant women will have HEG (3,4). The etiopathogenesis of HEG
has been evaluated in many studies, but the exact cause remains
unclear. The disease is considered associated with multifactorial
conditions, such as maternal endocrinological, immunological,
and psychological factors. In addition, placental growing and
pregestational gastrointestinal status may be related to the

etiology (5). Risk factors for HEG include primigravida, multiple
gestation, molar pregnancy, prior unsuccessful pregnancy, and
prior HEG.

Researchers had shown that inflammation is a factor in the
pathophysiology of the disease and is closely related to the
severity of the symptoms. The present data are not enough
to explain the role of inflammation in HEG pathogenesis, but
inflammation may be associated with the onset of the HEG.
In literature, the role of proinflammatory cytokines, such as
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and
C-reactive protein (CRP), has been comprehensively evaluated
in HEG pathogenesis and were associated with the disease (6,7).
Different hematological parameters have been used to evaluate
the inflammatory status of distinct disease states recently.
Mean platelet volume (MPV), platelet distribution width (PDW),
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neutrophil-to-lymphocyte ratio (NLR), red cell distribution
width (RDW), and platelet-to-lymphocyte ratio (PLR) are simple
markers shown to reflect inflammation and disease activity
in several disorders, including ulcerative colitis, spontaneous
bacterial peritonitis, malignancies, and cardiovascular diseases
(8,9). Oxidative stress is an instability of oxidant molecules
and antioxidant defenses in humans and this imbalance may
result in pathological situations that include pregnancy and
complications about pregnancy. It is thought that oxidative
stress, which accompanies subclinical inflammation, may trigger
the onset of HEG (9).

This study aims to investigate the diagnostic value of MPV, PDW,
NLR, RDW, PLR, and CRP in patients with HEG.

METHODS

This prospective study was conducted in the Department of
Obstetrics and Gynecology at Near East University Hospital,
Faculty of Medicine, Nicosia, Cyprus, between July 2019
and March 2020 (date: 25.07.2019, 2019/71, 877). The study
protocol was approved by our institutional review board,
and an informed consent was obtained from all patients. A
total of 49 patients with HEG and 121 healthy gestational
age-matched control subjects were studied. The patients that
were defined as HEG should have the following symptoms:
Persistent nausea and vomiting, loss of >5% of pre-pregnancy
body weight, presence of at least one positive ketonuria test
in a random urine analysis, fetal heartbeat positivity at 6-13
weeks of gestation, and singleton pregnancy. Patients with
HEG were not classified into subgroups because the group
consisted of patients with mild HEG. Patients who had
multiple gestations, cigarette smoking, chronic diseases,
thyroid disorders, gastrointestinal disorders, or urinary
infections were excluded. Age, body mass index, gestational
age, gravidity, and parity of each patient were recorded. The
gestational age was determined by using the date of the last
menstrual period, and it was confirmed by ultrasonography.
Body mass index was calculated by dividing body weight in
kilograms by the square of height in meters.

Total blood count including white blood cell (WBC), neutrophil
(NEU), lymphocyte (LYM), hemoglobin, hematocrit, and platelet
and RDW and PDW were analyzed. NLR and PLR were calculated.
Using differential count, NLR was calculated by dividing the
absolute NEU count by the absolute LYM count. PLR was
calculated by dividing platelet count by the LYM count. Urine
ketone levels, CRP, and thyroid-stimulating hormone levels were
also recorded. The ketonuria was graded as 1+, 2+, and 3+.
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Statistical Analysis

Statistical Program for Social Sciences (SPSS) version 16
(SPSS, Chicago, IL) was used for data analysis. Homogeneity
of continuous variables was assessed using Shapiro-Wilk
test. HEG and control patients’ values were compared using
independent t-test. Data were expressed as mean + standard
deviation. Gestational age, gravida, and parity were analyzed
using Mann-Whitney U test, and the results are given as
median (minimum-maximum). Multivariate analysis was
performed for PLR, RDW, and CRP, WBC, and NEU counts.
Receiver operating characteristic (ROC) curves are drawn for
CRP and NEU count. P<0.05 was considered to be statistically
significant.

RESULTS

The results of 170 patients were evaluated. Forty-nine
patients had HEG, and 121 were healthy women in the
first trimester of pregnancy. Table 1 shows a comparison of
demographic characteristics between patients with HEG and
healthy controls. The healthy pregnant women and patients
with HEG had a similar age, gravida, parity, gestational weeks,
and body mass index. Table 2 shows the univariate analysis
of the comparison of laboratory findings between patients
with HEG and healthy controls. WBC, NEU, and CRP levels
and RDW were statistically higher in the HEG group according
to the univariate analysis (Table 2). Urinary ketone levels
were evaluated by the chi-square test, and it was statistically
significantly high in the HEG group compared with the
control group (p=0.014). There were no differences in terms
of NLR or PLR between HEG and healthy pregnant women.
When we performed a multivariate analysis only, CRP levels
were statistically high for patients with HEG (p<0.001). Since
the multivariate analysis was significant for CRP levels only,
we drew the ROC curve for CRP as shown in Figure 1. Table
3 illustrates the sensitivity and specificity for CRP in the
diagnosis of HEG.

Table 1. Comparison of demographic findings

Healthy control subjects | HEG *p
(n=121) (n=49)
aAge (years) 29.22+6.00 28.10+4.87 | 0.247
bGravida 1(1-6) 1(1-3) 0.894
bParity 0 (0-3) 0(0-2) 0.931
aGestational weeks | 7 (6-13) 7 (6-13) 0.457
aBMI (kg/m?) 23.18+1.28 22.54+1.98 1 0.319

The results are given as median (minimum-maximum). *p<0.05 is significant,
andependent t-test, PMann-Whitney U test. BMI: Body mass index, HEG:
Hyperemesis gravidarum
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DISCUSSION

Inflammation and oxidative stress play an important role in the
pathophysiology of HEG (7,8). NLR, PLR, and CRP are markers
that reflect acute and chronic inflammation. Therefore, the study
aimed was to compare and evaluate the inflammatory markers
in pregnant women with HEG and healthy pregnant women.
Our findings revealed that WBC, NEU, and serum CRP levels were
statistically significantly high in patients with HEG compared with
healthy controls. There was no difference in terms of NLR or PLR.
Beyazit et al. (10) assessed 54 patients with HEG and 58 healthy
controls. Their study results showed an increase in NLR and PLR
in patients with HEG. Beyazit et al. (10) explained that NLR and
PLR were elevated due to a physiological immune response of
circulating leukocytes to HEG-associated physical stress, which
results in amplification of NEU and decrease in LYM counts.
Kan et al. (11) evaluated 113 patients with HEG and 41 healthy
controls. In Kan et al.’s (11) study, markedly higher inflammatory
markers, NLR, PLR, and CRP levels were found in patients with
HEG compared with individuals who did not experience nausea

Table 2. Laboratory findings

Healthy control HEG *p

subjects (n=49)

(n=121)
Hb (g/dL) 12.22+1.18 1236+123 | 0487
Htc (%) 38.29+£3.42 38.52+3.53 0.698
WBC (mm3/103) | 7.9 84£2.05 8.73£1.86 0.027
NEU (mm3/103) | 5.3241.55 5.93+1.52 0.019
LYM (mm3/103) | 2.04+0.53 2.15%0.48 0.208
PLT (mm3/103) | 236.00+53.22 251.00£56.05 | 0.096
NLR 2.77+1.03 2.81+0.69 0.767
PLR 122.78+41.00 121.75+36.37 | 0.879
PDW (%) 19.11£1.25 19.41+1.11 0.150
RDW (%) 12.20£1.11 12.64+1.06 0.018
MPV (fL) 8.57£1.42 8.39+0.98 0.348
CRP (mg/L) 0.5140.42 2.00+0.84 <0.001
TSH (mIU/L) 1.45+0.97 1.36%0.75 0.578

Independent t-test. *p<0.05 is significant, Hb: Hemoglobin, Htc:

Hematocrit,

WBC: White blood cells, NEU: Neutrophils, LYM: Lymphocyte, PLT: Platelet count,
NLR: Neutrophil-to-lymphocyte ratio, MPV: Mean platelet volume, PLR: Platelet-
to-lymphocyte ratio, PDW: Platelet distribution width, RDW: Red cell distribution
width, CRP: C-reactive protein, TSH: Thyroid-stimulating hormone, HEG:
Hyperemesis gravidarum

orvomiting. This elevation of NEU and platelet levels in complete
blood counts may be explained by the augmented inflammation
process in HEG pathophysiology. In addition, Kan et al. (11)
divided the patients into mild, moderate, and severe according
to the symptoms. The severe group had the highest levels of CRP
and NLR and PLR, but only CRP showed a statistically significant
positive correlation with the severity of the disease (11). Our
study findings of elevated NEU and serum CRP levels promote
the base of inflammation process in the pathophysiology of HEG.
However, we could not show the raised levels of NLR and PLR in
our results. This may be due to the new onset of HEG symptoms
and severity of nausea and vomiting because our study groups
were mostly formed from patients with mild or moderate HEG
symptoms.

Platelets are dynamic blood particles whose primary function,
along with the coagulation factors, is hemostasis or prevention
of bleeding. Platelets interact with each other, as well as with
leukocyte and endothelial cells, searching for sites of injury,
where they become activated (12). In pregnancy, platelets
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Figure 1. ROC curve for CRP
ROC: Receiver operating characteristic, CRP: C-reactive protein

Table 3. ROC data results for CRP and neutrophil count

Parameter

AUC 95% CI

SE

Cut-off v value

Sensitivity Specificity *p

CRP

0.946

0.90-0.99

0.021

1 (mg/L)

90% 91% <0.001

*Statistically significant (p<0.05), ROC: Receiver operating characteristic, CRP: C-reactive protein, AUC: Area under the curve, SE: Standard error, Cl: Confidence interval
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may be affected by many factors other than the inflammatory
processes, such as hemodilution and aggregation, and these
factors are generally reflected in laboratory data as a decrease.
In addition, hormones, such as estrogen, whose levels
increase during pregnancy, can affect platelet functions and
contribute to hypercoagulability. Evidence demonstrates that
platelets contribute to the inflammatory process, microbial
host defense, wound healing, angiogenesis, and remodeling
(13). Platelet activation can be related to platelet size. MPV
and PDW reflect platelet size and activation. They are from
the most widely used surrogate markers of platelet function
and have been shown to reflect inflammation (14,15). In
literature, there is only one study to observe the relationship
between MPV and PDW and existence of HEG (10). Beyazit et
al. (10) found no significant difference in MPV and PDW in
patients with HEG compared with healthy controls, which is
in accordance with our study findings. In our study, MPV and
PDW showed no statistically significant difference in patients
with HEG and healthy controls, which puts forward that there
should be pathological pathways related to HEG other than
platelet activation.

Study Limitations

The limitations of this study are as follows. The first major
limitation isthat, in our study, the patients had mild-to-moderate
HEG symptoms. Second, it would be worthwhile to study the
serum levels of well-demonstrated proinflammatory markers,
such as ILs and TNF-a,, as this would give more understanding
to the pathophysiology of HEG, if oxidative markers would be
assessed and compared in patients with HEG. Alternatively, one
of the major strengths of our study is the availability of complete
data for each patient and exclusion of patients with risk factors
for HEG, such as the presence of chronic and systemic endocrine,
immunologic, or gastrointestinal disease.

CONCLUSION

Measurement of inflammatory markers, such as WBC and CRP
levels and NLR and PLR might provide valuable knowledge
in HEG diagnosis because inflammation contributes to the
pathophysiology of HEG. NLR and PLR are acceptable, but CRP
level is a better indicator for predicting the diagnosis and severity
of the disease according to our study findings.
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