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Introduction
Hyperemesis gravidarum (HEG) is a clinical condition 

that leads to severe nausea, vomiting, weight loss, 
and electrolyte imbalances in pregnancy, and in some 
cases, hospitalization is required (1). However, there 
is no consensus with definitive diagnostic criteria that 
can define this presentation and multifactorial effects 
have been mentioned in the etiology (2). HEG may be 
associated with maternal and fetal poor outcomes and it 
remains to be the leading cause of hospital admissions 
and hospitalizations in early pregnancy weeks (3,4).

There are no markers in use to diagnose HEG or to 
determine the severity of the disease (1). However, it has 
been stated that inflammation plays an effective role in 
HEG, and many inflammatory markers play a role in the 
determination of this process (5). Subclinical inflammatory 
markers such as the neutrophil-to-lymphocyte ratio 
(NLR), the platelet-to-lymphocyte ratio (PLR), and the 
lymphocyte-to-monocyte ratio (LMR) are used in other 
inflammatory diseases in the determination of the disease 
activity and severity and in making the diagnosis (6-8). In 
addition, C-reactive protein (CRP) levels may increase in 
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HEG, where inflammatory mechanisms play a critical role 
in pathophysiology (9). Just like CRP, NLR and PLR, which 
are important subclinical inflammatory markers, have also 
been found to be increased in HEG (10). Also, systemic 
inflammatory markers are independent determinative 
markers for systemic endothelial dysfunction (11). It has 
been determined in different pregnant groups that these 
markers can be predictors for both low neonatal birth 
weight and preterm birth week (12).

In this study, it was aimed to evaluate subclinical 
inflammatory markers in pregnant women with HEG and 
to determine the relationship of these markers with the 
birth week and birth weight.

Methods
The ethics committee approval of the study was given 

by the university’s local ethics committee (protocol number: 
2020-KAEK-189_2020.05.19_20) and the principles of the 
Helsinki Declaration were followed during the study. The 
study was conducted in a tertiary center and the data of 
the patients were obtained from the electronic medical 
records of the hospital. Fifty-two patients who presented 
to our hospital with HEG between May 1st 2017 and 
September 1st 2019 and 60 pregnant women as controls 
were included in this retrospectively designed study. The 
patients in the study group and the control group were 
compared in terms of demographic data, gestational 
characteristics, and inflammatory markers. A power 
analysis was conducted using the GPower version 3.1.7 
software based on the findings of comparable studies 
(13). An effect size of 0.73 was used with a power set at 
0.95 and alpha at 0.05 to determine that an n=50 sample 
size was required in each group.

The demographical and clinical characteristics of 
the pregnant women who applied to the clinic with 
symptoms of HEG such as age, gestational age at the 
time of admission, gravidity, parity, birth weight, and the 
weight gained during pregnancy were determined. The 
height, the weight, clinical status and clinical course, blood 
samples, the files, and electronic records of pregnant 
women were examined, subclinical inflammatory markers 
such as NLR, PLR, and LMR were determined and body 
mass index (BMI) was calculated from body weight/height2 
(kg/m2). The blood values of HEG cases were calculated 
from the results of blood samples taken at the time of 
the presentation where the most severe symptoms were 
seen, before hospitalization and hydration. Blood samples 
taken from healthy pregnant women without HEG in the 
first trimester were used in the study for control purposes. 
The relation of subclinical inflammatory markers with HEG 
and their relationship with preterm birth week and LBW in 
HEG cases were also investigated.

The pregnant women who were under 18 years of 
age, who had multiple pregnancies, smoking history, 
thyroid disease, BMI of >35 kg/m2, gastrointestinal system 
disease, chronic liver disease, diabetes mellitus, metabolic 
syndrome, deep vein thrombosis, rheumatic disease, 
an inflammatory disease that may affect hematological 
inflammatory parameters were all excluded from our study 
(n=6). In addition, patients with conditions such as previous 
preterm birth, premature rupture of the membranes, and 
pre-eclampsia that may cause LBW and early gestational 
week were also excluded from the study (n=4). Patients 
who had missing data and whose blood sample results 
were inaccessible were also not included in the study 
(n=6). A total of 16 pregnant women with HEG were 
excluded. Considering these features, pregnant women 
who did not have any chronic or inflammatory disorders 
and who had the same demographic characteristics as the 
study group were determined as the control group.

Evaluation of HEG

A pregnant woman who had more than 2 severe 
vomiting episodes, the presence of ketonuria in a random 
urine sample, and weight loss of more than 5% of body 
weight was diagnosed with HEG (14).

Laboratory Analysis

Hematological parameters were studied within the first 
hour to prevent errors in parameters from blood samples 
taken in tubes containing Ethylenedinitrile-tetraacetic 
acid with the XN-1000 hematology analyzer (Sysmex 
Corporation, Kobe, Japan) device. NLR, PLR, and LMR 
values were calculated from the obtained complete blood 
count (CBC) values. NLR was calculated as the absolute 
neutrophil count divided by the lymphocyte count. PLR 
was calculated as the absolute platelet count divided by 
the lymphocyte count. LMR was calculated as the absolute 
lymphocyte count divided by the monocyte count.

Statistical Analysis

Statistical Package for Social Sciences (Inc; Chicago, 
IL, USA) version 20.0 software was used to analyze the 
data. HEG and control patients’ values were determined 
using visual (histograms, probability plots) and analytical 
methods (Kolmogorov-Smirnov/Shapiro-Wilk’s test) to 
evaluate whether they were normally distributed or not. 
The independent sample t-test was used to compare 
continuous variables with normal distributions and the 
Mann-Whitney U test was used to compare variables with 
non-normal distributions. The chi-square test or Fischer’s 
Exact test (when chi-square test assumptions did not hold 
due to low expected cell counts), where appropriate, was 
used to compare the proportions in different groups. 
Analysis results of different variables were given as mean 
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± standard deviation, median (minimum-maximum), and n 
(%). Receiver operating characteristic (ROC) curve analysis 
was used to identify the optimal cut-off values of NLR, 
PLR, and LMR in order to diagnose HEG with maximum 
sensitivity and specificity. Spearman correlation analysis 
was used for the evaluation of a possible correlation 
between different variables. A value of p<0.05 was 
accepted as statistically significant.

Results
The demographic and clinical characteristics of the 

patient and the control groups are shown in Table 1. 
HEG cases were found to have earlier birth weeks than 
the control group (p<0.001). Also, when the weight 
gained during pregnancy was examined, it was found 
that this value was lower in HEG cases (p<0.001). It was 
determined that 61.5% of the pregnant women who 
were hospitalized due to hyperemesis presented to the 
emergency department and 38.5% presented to the 
outpatient clinic. The mean hospitalization week of the 
pregnant women with HEG was 9.6±2.4. The average 
length of hospital stay was determined as 3.1±2 days.

The evaluation of subclinical inflammatory markers 
and hematological values for both groups are shown in 
Table 2. In HEG cases, NLR and PLR values were higher 
(p=0.006, p=0.004, respectively), whereas LMR values 
were found to be lower (p<0.001).

In Table 3, the correlation analysis of HEG cases with 
birth week, baby birth weight, 1st and 5th minute Apgar 
scores and urine ketone level, hospitalization time, and 
subclinical inflammatory markers are shown. In HEG cases, 
birth week had negative correlations with NLR and PLR 
and a positive correlation with LMR (r=-0.567, p<0.001; 
r=-0.322, p=0.02, and r=0.279 p=0.045, respectively). 
In addition, NLR and PLR had negative correlations with 
birth weight (r=-0.582, p<0.001; r=-0.302, p=0.029, 
respectively).

ROC analysis of subclinical inflammatory markers for 
HEG cases is shown in Figure 1. In HEG cases, a 3.65 
cut-off value was found with 61.5% sensitivity and 55% 
specificity for NLR, a 113.24 cut-off value was found with 
71.2% sensitivity and 60% specificity for PLR, and a 3.15 
cut-off value was found with 66.7% sensitivity and 69% 
specificity for LMR.

Discussion
In pregnant women who had symptoms of HEG, NLR 

and PLR values were found to be higher whereas LMR 
values were lower. Besides, it was determined that the 
baby birth weight, birth week, and weight gained during 
pregnancy were lower in HEG cases. In addition, as a 
result of this study, it was determined that in pregnant 
women with HEG there was a correlation between 
subclinical markers and the birth weight and the birth 
weeks of babies.

Table 1. The demographic and clinical characteristics of the 
patient and control groups

 
Hyperemesis 
(n=52)

Control 
(n=60)

p

Age 28 (19-39) 30 (21-37) 0.131**

Gravidity 2 (1-6) 3 (1-6) 0.085**

Parity 1 (0-4) 1 (0-4) 0.080**

BMI (kg/m2)^ 26.5±4.36 27.3±3.41 0.288*

Birth weight (g)^ 3060±321 3265±414 0.004*

Gestational age at delivery 38 (34-42) 39 (35-42) <0.001**

Weight gained during 
pregnancy

11 (4-18) 13 (7-22) <0.001**

Apgar 1. min
<7 3 (5.8%) 4 (6.7%)

0.845***
≥7 49 (82.7%) 56 (93.3%)

Apgar 5. min
<7 1 (1.9%) 2 (3.3%)

0.641***
≥7 51 (98.1%) 58 (96.7%)

Neonatal 
gender

Male 21 (40.4%) 31 (51.7%)
0.315***

Female 31 (59.6) 29 (48.3%)

Mode of 
delivery

Vag.delivery 25 (%48.1) 24 (40%)
0.504***

  C-section 27 (%51.9) 36 (60%)

^ Values are given as mean ± standard deviation; others are given as median 
(minimum-maximum), *Independent simple  t-test, **Mann-Whitney U test, 
***Chi-square test. Values in bold represent statistically significant outcomes. 
BMI: Body mass index, Vag.delivery: Vaginal delivery, C-section: Caesarean section

Table 2. The comparison of the subclinical inflammation marker 
values between HEG patients and controls

Hyperemesis 
(n=52)

Control 
(n=60)

p 

Hb (g/dL)^ 12.3±1.7 12.2±1.4 0.879*

NEU (×103/uL)
7.1 
(4.08-12.76)

6.7 
(3.53-12.30)

0.088**

LYM (×103/uL)
1.7 
(0.4-3.2)

2.1 (1.1-5) 0.015**

Monocyte (×103/uL)
0.7 
(0.4-1.2)

0.5 (0.1-1) <0.001**

PLT (×103/uL)
245 
(122-408)

214.5 
(132-668)

0.103**

NLR
4.1 
(2-15.7)

3.5 
(1.4-7.4)

0.006**

PLR
134 
(52.7-655.8)

105.6 
(49.6-286.7)

0.004**

LMR
2.5 
(0.4-7)

3.7 
(1.8-13.4)

<0.001**

^Values are given as mean ± standard deviation; others are given as median 
(minimum-maximum), *Independent simple t-test, **Mann-Whitney U test.
Values in bold represent statistically significant outcomes. 
Hb: Hemoglobin, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-
lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio, NEU: Neutrophil count, 
LYM: Lymphocyte count, PLT: Platelet count, HEG: Hyperemesis gravidarum 
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The etiology of many diseases has been investigated 
in gynecology and obstetrics practice and it has been 
determined that inflammatory events play a key role 
in cases such as polycystic ovarian syndrome, ovarian 
hyperstimulation syndrome, and pregnancy hypertension 
(12,15,16). Although there is no test or marker that can 
fully reveal the mechanisms of HEG formation, the early 
determinants of inflammation such as interleukin (IL-
6) and tumor necrosis factor-α were high in HEG cases 
which indicates an inflammatory condition. Besides, the 
determinants such as NLR, PLR, and CRP were found to be 
high in HEG (17), and this has been supported by many 
studies (13,18). In accordance with these results, in our 
study, it was determined that there was a decrease in LMR 
levels, which is another inflammatory indicator, as well as 
increased NLR and PLR levels in HEG cases.

In our study, the neonatal birth weight of the babies 
of women with HEG was found to be lower than the 
control group. Neonatal birth weight is affected by fetal, 
maternal, and placental factors. In addition, endothelial 
damage, thrombosis, and inflammation have been shown 
to constitute the main injury through mechanisms in which 
inflammatory cells play a role in many diseases. Besides, it 
has been reported that neonatal birth weight is associated 
with NLR and PLR (19). In our study, it was determined 
that there was a negative correlation between increased 

NLR and PLR levels, which are inflammatory parameters, 
and birth weight in HEG cases, and a negative correlation 
between LMR levels and birth weight.

Low birth weight (LBW) constitutes an increased risk 
for perinatal mortality and morbidity (20). HEG is known 
to be associated with neonatal outcomes such as preterm 
labor, LBW, and placental dysfunctions such as miscarriage 
and stillbirth (21,22). However, in our study with pregnant 
women with similar demographic characteristics, it was 
ensured that LBW in HEG cases could have been predicted 
with subclinical inflammatory markers.

In HEG cases, the relationship between ketonuria 
levels and inflammatory parameters  have been previously 
studied, but similar to our study, no significant correlation 
was found between inflammatory markers (23). Vikanes 
et al. (24) determined that the 1st minute Apgar scores of 
<7 were less common in HEG cases, and both Kuru et al. 
(25) and Vikanes et al. (24) have identified the 5th minute 
Apgar scores of <7 as insignificant in cases of HEG.

The correlation of 1st and 5th minute Apgar scores 
with inflammatory markers was previously investigated in 
patients with pregnancy hypertension, but no correlation 
was observed (12). Similarly, in our study, there was no 
correlation between NLR, PLR, and LMR with 1st and 5th 
minute Apgar scores in HEG cases. When the 1st and 5th 
minute Apgar scores were examined, it was observed that 
there was no significant difference between pregnant 
women with HEG and the control group, especially in 
terms of the score being <7. These results indicate that 
there is no difference between HEG cases and normal 
pregnant women in terms of fetal well-being.

In a cohort study by Vandraas et al. (26), it was found 
that the risk of developing preterm delivery below 32 
weeks was lower in pregnant women with HEG, but there 
was a 0.5 day shortening in the gestational period. In 
another study evaluating pregnant women with HEG and 
normal pregnant women, it was found that HEG did not 
change the birth week and delivery type (vaginal delivery, 
cesarean delivery) (27). In our study, no difference was 
detected in terms of delivery type, but it was determined 
that the gestational week of pregnant women with 

Table 3. The correlation of the birth week the birth weight APGAR 1. min and APGAR 5. min with urine ketone level length of hospital 
stay NLR PLR LMR in the HEG group

 
Gestational age Birth weight APGAR 1. min APGAR 5. min

r p r p r p r p

Urine ketone level -0.173 0.22 -0.057 0.688 -0.095 0.504 -0.102 0.470

Length of hospital stay -0.241 0.085 -0.185 0.188 -0.149 0.293 -0.164 0.244

NLR -0.567 <0.001 -0.582 <0.001  0.239 0.088 0.190 0.177

PLR -0.322 0.02 -0.302  0.029  0.201 0.153 0.257 0.066

LMR 0.279 0.045 0.253  0.071 -0.073 0.606 0.014 0.922

r: Sperman’s rho, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, LMR: Lymphocyte-to-monocyte ratio

Figure 1. Receiver operating characteristic curves of neutrophil-
to-lymphocyte ratio, platelet-to-lymphocyte ratio, lymphocyte-
to-monocyte ratio according to the presence of hyperemesis 
gravidarum 
LMR: Lymphocyte-to-monocyte ratio, PLR: Platelet-to-lymphocyte ratio, 
NLR: Neutrophil-to-lymphocyte ratio
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HEG was on average 1 week earlier. It was found that 
inflammatory markers were correlated with this condition. 
Vogel et al. (28) reported the relationship between the 
second trimester inflammatory markers with preterm 
labor. In our study, it can be concluded that the process 
leading to birth in pregnant women with HEG might be 
somewhat shorter.

Contrary to our findings, Kuru et al. (25) reported that 
HEG was not associated with adverse pregnancy outcomes 
such as LBW and preterm gestation. This difference may 
be due to the fact that our study was conducted with a 
relatively small population or that our patients with HEG 
consisted of patients with more severe symptoms. Perhaps, 
if we had classified pregnant women with HEG according 
to their symptoms or included a third group of pregnant 
women diagnosed with HEG with normal laboratory 
parameters, we could clarify whether the association of 
inflammatory parameters with preterm delivery and LBW 
was due to HEG or variable blood parameters.

Theoretically, increased hemoconcentration due to 
vomiting can be expected in patients with HEG. Cintesun 
et al. (23) found that hematocrit and platelet levels did not 
change in HEG patients (23). These findings were similar 
in our study. The degree of hemoconcentration can be 
masked by the physiological decrease in the hematocrit 
and platelet levels that normally occurs during pregnancy.

There are some limitations to our study. Our main 
limitation is the low number of patients because our study 
was conducted as a single-centered study. Also, the fact 
that our study was designed retrospectively constitutes 
another limitation. However, in our study, identifying 
similar demographic and clinical peer groups in both 
pregnant women with HEG and the control group enabled 
our evaluations to be healthy.

Conclusion
In conclusion, high NLR, PLR, and low LMR values in 

pregnant women with HEG can be a warning for LBW and 
preterm birth week. In this respect, there is a need for a 
larger series of studies to be conducted prospectively.
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