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Evaluation of the relationship between subclinical inflammation markers
and ketonuria in hyperemesis gravidarum
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Abstract

Aim: The study aims to analyze indicators of systemic inflammation such as platelet-lymphocyte ratio, monocyte-lymphocyte ratio and neutrophil-lymphocyte
ratio in patients with hyperemesis gravidarum (HEG).

Material and Methods: 130 patients diagnosed with HEG according to the criteria of persistent vomiting, ketonuria, electrolyte abnormalities and acid-base
disorder constituted the study group. 134 healthy pregnant women, whose age and gestational weeks were matched, constituted the control group. HEG was
diagnosed in patients with ketonuria accompanied by a loss of more than 5 percent of their pre-pregnancy weight and vomiting more than three times a
day. Both groups were compared in terms of demographic characteristics, hematological parameters and inflammation markers. The relationship between
ketonuria severity and inflammation markers of patients in the HEG group was also analyzed.

Results: The average age of participants was found to be 8.67+5.72. BMI, parity, and weight of patients in the HEG group were found to be significantly lower
than those of controls. HB and hematocrit values of the HEG group were found to be significantly higher than controls (p<0.001). NLO values of patients with
1+ ketonuria were significantly lower than those with 3+ ketonuria (p<0.01). PLO values of patients with 3+ ketonuria were significantly higher than those with
1+ and 2+ ketonuria (p=0.005; p=0.013; p<0.05). MLO measurements of cases with 3+ ketonuria were significantly higher than those with 1+ and 2+ ketonuria.
Discussion: The relationship between NLO, MLO, PLO and ketonuria in HEG can be used to monitor the effectiveness of treatment and evaluate the development
of complications.
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Introduction

Hyperemesis gravidarum (HEG) is a pregnancy-specific process
characterized by persistent vomiting unrelated to other causes
of vomiting in pregnancy, inability to feed, ketonuria, and
deterioration in electrolyte and acid-base balance [1]. HEG,
which is most common in non-smoking primiparous pregnant
women, is the most common reason for hospitalization in the
first half of pregnancy [2-4]. Although it varies depending
on the population studied and ethnicity, the prevalence of
hyperemesis gravidarum varies between 0.3 and 10.8% [1, 2].
Differences in the criteria used for diagnosis are considered
to be the cause of different prevalences [2-4]. It has been
reported that the incidence increases significantly when mild
pregnancy nausea and vomiting that does not cause electrolyte
imbalance is considered as HEG [4]. If not monitored and
treated appropriately, it can cause morbidity in the mother and
her fetus. Although most cases of HEG go into remission with
diet and lifestyle changes, one in three patients experience
findings that may require hospitalization, antiemetics, liquid
electrolyte support and vitamin supplements [2]. Depending
on the severity of HEG, changes in laboratory parameters
may be in a wide spectrum, ranging from hyponatremia and
hypokalemia to alkylosis [5]. It is not surprising to encounter, in
rare cases, weight loss, tachycardia, hypotension, skin changes
and psychiatric problems [1, 2].

Although the etiology of HEG is mostly attributed to genetic,
hormonal and infectious etiologies, in the last decade it has
been emphasized that the expression defect of placenta-
derived proteins and the increase in placental and systemic
inflammation are important in the emergence of the disease
[2, 6]. In fact, studies reporting a positive relationship between
the severity of ketonuria and inflammatory markers have
begun to be published [6-8]. Hematological parameters such
as mean platelet volume (MPV), platelet distribution width
(PDW), red cell distribution width (RDW), plateletcrit (PCT),
platelet-to-lymphocyte ratio (PLO), neutrophil-to-lymphocyte
ratio (NLO) and monocyte-to-lymphocyte ratio (MLO) are
widely used to show the inflammatory background of many
diseases [9]. Detecting the levels of inflammatory markers
by ELISA or PCR method is expensive and time-consuming.
Inflammatory markers measured with the help of venous blood
samples provide a faster, easier and cheaper alternative for
early diagnosis of the disease and initiation of treatment.
This study was planned to analyze indicators of systemic
inflammation such as platelet-lymphocyte ratio, monocyte-
lymphocyte ratio and neutrophil-lymphocyte ratio, in addition
to mean platelet volume, platelet distribution width, plateletcrit
and red cell distribution width of patients diagnosed with HEG.
The relationship between inflammatory markers and severity of
katonuria was also analyzed.

Material and Methods

This case-controlled thesis study was conducted retrospectively
on patients who applied to Bakirkdy Sadi Konuk Research and
Training Hospital Department of Obstetrics and Gynecology
between 2018 and 2023 and were diagnosed with hyperemesis
gravidarum. The number of participants was determined
with the G*Power (v3.1.9.2) program, taking into account the

probability of error (1-B) and having a power of 80%. According
to the calculation made taking into account Cohen'’s effect size
coefficient (d = 0.5), it was decided that there should be at least
96 people in each group, assuming a = 0.01.

Of the total 264 participants, 130 were pregnant women with
HEG and 134 were healthy pregnant women without clinical
and laboratory findings of HEG. Age, gravida, parity, BMI
and laboratory data of the participants in both groups were
collected and recorded through the hospital automation system.
HEG patients in the study group and healthy pregnant controls
were matched in terms of maternal age and gestational age. A
combination of different laboratory and demographic criteria
was considered for the diagnosis of HEG. HEG was diagnosed
in patients with ketonuria accompanied by a loss of more than
5 percent of their pre-pregnancy weight and vomiting more
than three times a day. In cases where weight loss was not
evident, HEG was diagnosed in the presence of persistent
nausea, vomiting, difficulty in feeding, electrolyte imbalance
or ketonuria [10]. Both groups were compared in terms of
demographic characteristics, hematological parameters and
inflammation markers. The relationship between ketonuria
severity and inflammation markers of patients in the HEG
group was also analyzed.

Patients who were between 6 and 20 weeks of gestation, had
a singleton pregnancy, had no systemic disease, and were
non-smokers were included in the study. Multiple pregnancies,
patients with a history of additional obstetric or systemic
diseases, patients with a gestational age less than 6 weeks
and older than 20 weeks, patients under 18 years of age and
over 40 years of age were not included in the study. WBC,
NEU, LYM, HB, HCT, PLT, MPV, PDW, PCT and RDW values of
the participants in both groups at the time of HEG diagnosis
were collected from their digital files. NLO, PLO, and MLO were
calculated by dividing the absolute neutrophil count by the
absolute lymphocyte count, the absolute platelet count by the
absolute lymphocyte count, and the absolute monocyte count by
the absolute lymphocyte count, respectively. The presence and
severity of ketonuria in the complete urine analysis performed
for the diagnosis of HEG (1+, 2+ and 3+ indicate increased
severity in ketonuria) were recorded.

Statistical Analysis

SPSS 2027 program was used for data analysis. Quantitative
variables were presented as mean, standard deviation, median,
Q1 and Q3, while qualitative variables were presented as
frequency and percentage. Whether the data showed normal
distribution was determined by Shapiro Wilks test and Box Plot
graphics. Student’s t test or Oneway Anova test was used to
evaluate normal variables. The group causing the difference was
determined by Bonferroni correction. Mann Whitney U test or
Kruskal Wallis test was used to evaluate abnormally distributed
variables, and Dunn test was used to determine the group
causing the difference. Chi-Square test or Fisher’'s Freeman
Halton test was used to compare qualitative data. Pearson or
Spearman’s correlation was used to analyze the relationships
between variables. P<0.05 was considered significant within
the 95% confidence interval.

Ethical Approval

This study was approved by the Ethics Committee of Bakirkdy
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Sadi Konuk Research and Training Hospital (Date: 2023-09-
16, N0:2023-20-12). Data collection started after receiving
approval from the ethics committee approval.

Results

Table 1 shows the demographic characteristics of both groups
in detail. Of the total 264 participants, 130 (49.2%) were HEG
and 134 (50.8%) were healthy controls. The average age of all
participants was found to be 8.67+5.72. BMI, parity, and weight
of patients in the HEG group were found to be significantly
lower than those of healthy patients (p<0.001, p<0.003 and
p<0.001, respectively).

Table 2 shows the hematological and cytokine profiles of both
groups in detail. HB and hematocrit values of the HEG group
were found to be significantly higher than healthy controls
(p<0.001). The PDW value of the control group was significantly
lower than HEG (p<0.01). The PDW value of the control group
was significantly lower than HEG (p<0.01). The MPV values of
the participants in the HEG group were found to be significantly
lower than the healthy group (p<0.01). Urine density was found
to be significantly higher in the HEG group compared to controls
(p<0.01).

Table 3 details the distribution of laboratory parameters and
inflammation markers according to the severity of ketonuria.
NEU value of patients with 1+ ketonuria is significantly lower
than patients with 3+ ketonuria (p<0.05). The LYM value of
patients with 1+ ketonuria was significantly higher than that
of patients with 3+ ketonuria (p<0.05). The RDW value of
patients with 2+ ketonuria was found to be significantly higher
than those with 3+ ketonuria (p<0.05). NLO values of patients
with 1+ ketonuria were significantly lower than those with 3+
ketonuria (p<0.01). PLO values of patients with 3+ ketonuria
were significantly higher than those with 1+ ketonuria and 2+

Table 1. Comparison of demographic data by groups

Group
HEG Control
(n=130) (n=134)
Mean+SD 28,02+5,73 29,31+5,65
Age (years<) 20,065
Median (Q1-Q3) 27 (24-32) 29 (26-33)
Mean+SD 159,08+4,86 159,91+5,77
Height (cm) 20,206
Median (Q1-Q3) 159 (155-162) 160 (155-163)
Mean+SD 59,95+6,67 70,53+14,35
Weight (kg) 20,001**
Median (Q1-Q3) 59 (55-63) 67 (59-79)
Mean+SD 23,18+2,64 26,99+5,08
BMI (kg/m2) 20,001**
Median (Q1-Q3) 23 (21-25) 26 (23-30)
Gestational Mean+SD 10,05+2,85 10,56+2,9 0154
age (weeks) Median (Q1-Q3) 9(8-12) 10(8-13) '
MeanSD 2,06+1,15 2,16+1,08
Gravidity °0,280
Median (Q1-Q3) 2(1-3) 2(1-3)
No 64 (49,2) 42 (31,3)
Yes 66 (50,8) 92 (68,7)
Parity <0,003**
Mean+SD 1,82+0,89 1,58+0,76
Median (Q1-Q3) 2(1-2) 1(1-2)

aStudent-t Test
®Mann-Whitney-U Test
“Pearson Chi-Square

dFisher Freeman Halton Test
**p<0,01

ketonuria (p=0.005; p=0.013; p<0.05). MLO measurements of
cases with 3+ ketonuria were recorded significantly higher
than those with 1+ ketonuria and 2+ ketonuria (p<0.003 and
p<0.014, respectively).

Discussion

Hyperemesis gravidarum is a pregnancy-specific disease that
begins in the 6th week of pregnancy, with symptoms peaking
at the 13th week of pregnancy and decreasing in severity after
the 20th week of pregnancy. Many studies report that HEG is
one of the most common causes of hospitalization in the early
weeks of pregnancy [2-4]. Subclinical inflammation describes
the non-infectious increase of cytokines that play a critical role
in maintaining intracellular redox balance and protein synthesis.
Chronic low-grade subclinical inflammation causes cell damage
and worsening of symptoms through a mechanism called
inflammatory aging [11]. The relationship between ketonuria
and proinflammation in HEG has been evaluated in some
studies [12, 13]. Our study, unlike others, is privileged in that
it performs subgroup analysis of changes in a larger number
of subclinical inflammation markers according to the severity
of ketonuria. PCT, MPV, PDW, RDW, MLO, PLO and NLO were
used as subclinical inflammation markers. Additionally, the
relationship between HB, HCT, WBC, MON, NEU and PLT values
and ketonuria severity was analyzed in both groups.

No significant difference was detected in age, height,
gestational age and gravity between the two groups. However,
parity, BMI, and weight of the HEG group were found to be
significantly lower than the control group. The heterogeneity
of the groups can be attributed to the retrospective nature of
the study. The lower BMI and weight of the HEG group than
the controls may be due to feeding difficulty and persistent
vomiting. Consistent with our results, in a study comparing
HEG and healthy pregnant women, a significant decrease was
found in the BMI values of those with HEG during pregnancy
compared to the healthy group, although pre-pregnancy
BMI values were similar [14]. Similarly, we found that HB
and hematocrit values of patients diagnosed with HEG were
significantly higher than healthy controls. It is thought that
the decrease in HB and hematocrit in HEG patients develops
as a result of hemoconcentration due to persistent vomiting
and insufficient fluid intake [15]. No significant change was
detected in the number of LYM and RDW between the groups.
RDW reflects the change in erythrocyte volume, also referred to
as anisocytosis. The study results are heterogeneous in terms
of these two parameters [16]. High RDW is thought to be related
to increased inflammation and oxidative stress [17]. PCT is
obtained by multiplying the platelet count by MPV and dividing
by 10 thousand [18]. PCT may be high, low or normal in patients
with HEG [19]. The fact that the groups were similar in terms of
PCT suggests that there is no significant change in the levels of
this marker in the early stages of HEG. The similarity of WBC,
PLT, NEU and MON between the two groups can be attributed
to the fact that demographic and medical parameters such as
age, gender, smoking, stress and medications affect the blood
levels of these markers [20, 21].

The fact that no difference was found between the NLO,
PLO and MLO measurements of the groups is compatible
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with some studies in the literature and is inconsistent with
others [20, 21]. The real change in these markers with a
single measurement may not be reflected in the clinic. More
clear results can be obtained with multiple measurements at
different stages of HEG. Ketone measurements in urine have
been reported as diagnostic criteria in approximately 60% of
clinical studies in the diagnosis of HEG. The most well-known
ketone bodies that occur when fats are used for energy are
acetoacetate and beta-hydroxybutyric acid. Ketonuria is a good
parameter to understand the metabolic consequences of fluid
loss and starvation [18-20]. We did not detect a relationship
between ketonuria and HB, hematocrit, PLT and WBC. Since HB,
hematocrit, WBC and PLT values are affected by many factors,
a clear correlation between them and the severity of ketonuria
may not be detected. NLO measurements of cases with 1+
ketonuria are significantly lower than those with 3+ ketonuria.
NLO is calculated by dividing neutrophil and lymphocyte counts.
It has been reported that the NLO value is higher in pregnant
women diagnosed with HEG than in controls [19, 21]. Similarly,
the calculated PLO and MLO of cases with 3+ ketonuria is

significantly higher than those with 1+ and 2+ ketonuria. Many
HEG studies support the correlation between ketonuria severity
and PLO and MLO [18, 19]. As a result, the relationship between
NLO, MLO and PLO and ketonuria in HEG can be used to monitor
the effectiveness of treatment and evaluate the development
of complications.

The study has some limitations. Although a sufficient number
of cases were studied, the retrospective nature of the study
is an important limitation. Although subclinical inflammation
markers such as MLO, PLO and NLO are associated with the
severity of ketonuria, it should not be forgotten that these
markers can be affected by many factors related to the patient.
These limitations can be overcome with a study design that
analyzes the changes of subclinical inflammation markers
before, during and after pregnancy.

Conclusion

Evaluation of ketonuria and subclinical inflammation markers
during the initial examination of patients diagnosed with
hyperemesis gravidarum is important for the management of
the disease and metabolic control. Monitoring of subclinical

Table 2. Comparison of pro-inflammatory markers and hematological parameters by groups

Mean+SD

HB (g/dl)
Median (Q1-Q3)
Mean+SD

Hematocrit (%)
Median (Q1-Q3)
Mean+SD

WBC (K/uL)
Median (Q1-Q3)
Mean+SD

PLT (10%/ul)
Median (Q1-Q3)
Mean+SD

NEU (10%/ul)
Median (Q1-Q3)
Mean+SD

LYM (10%/ul)
Median (Q1-Q3)
Mean+SD

MON (10%/ul)
Median (Q1-Q3)
Mean+SD

PCT (%)
Median (Q1-Q3)
Mean+SD

PDW (%)
Medyin (Q1-Q3)
Mean+SD

MPV (L)
Median (Q1-Q3)
Mean+SD

RDW (%)
Median (Q1-Q3)
Mean+SD

NLO
Median (Q1-Q3)
Mean+SD

PLO
Median (Q1-Q3)
Mean+SD

MLO
Median (Q1-Q3)
1+

Ketonuria severity 2++
344+
Mean+SD

Urine density
Median (Q1-Q3)

aStudent-t Test bMann-Whitney-U Test **p<0,01 *p<0,05

1022 (1016-1027)

HEG (n=130) Control (n=134)
12,30+1,29 11,61£1,03
20,001**
12,4 (11,5-13) 11,6 (11-12,3)
36,13+4,69 34,99+2,78
0,018*
36,5 (34-38,7) 35 (33-36,8)
9,43+3,20 9,10+2,60
20,365
89 (6,9-11,6) 8,7 (7,5-10,3)
257,08+66,67 243,05+51,43
20,056
250 (213-298) 238,5 (208-271)
7,06+3,06 6,77+2,01
20,362
6,4 (4,9-8,8) 6,4 (54-7,7)
1,81:0,72 1,83:0,52
20,731
1,8 (1,3-2,2) 1,8 (1,4-2,2)
0,51+0,31 0,53+0,18
0,146
0,5 (0,4-0,6) 0,5 (0,4-0,7)
0,25+0,06 0,24+0,05
30,416
02 (0,2-0,3) 02 (0,2-0,3)
15,88+1,03 16,16+0,60
©0,005**
16 (15,7-16,2) 16,1 (15,8-16,4)
9,56+0,99 9,98+1,02
20,001 **
9,5(8,8-10,2) 10(9,1-10,6)
13,73+1,90 13,79+1,71
50,333
13,4 (12,8-14,2) 13,6 (13-14,5)
5144577 3,92+1,50
°0,737
3,8 (2,5-5,2) 3,6 (2,9-47)
173,01£114,57 140,21+41,18
0,197
135,8 (108,6-193,3) 131,8(112,9-161,1)
0,34+0,30 0,30+0,13
0,503
0,3 (0,2-0,4) 0,3 (0,2-0,4)
51(39,2)
26 (20,0) - -
53 (40,8)
1021,39+8,87 1018,138,27
20,002**

1018 (1013-1023)
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Table 3. Laboratory parameters and inflammation markers according to ketonuria severity

1 + Ketonuria (n=51)

2 + Ketonuria (n=26) 3 + Ketonuria (n=53)

Ort+Ss 12,05+1,25
HB (g/dl)

Medyan (Q1-Q3) 12 (11-13)

Ort+Ss 35,83+4,87

Hematocrit (%)

Medyan (Q1-Q3) 35,9 (33,8-38,3)

Ort+Ss 9,04+2,66
WBC (K/uL)

Median (Q1-Q3) 8,5 (7,2-10)

Mean+SD 259,9+56,25
PLT (10%/ul)

Median (Q1-Q3) 254 (218-302)

Mean+SD 6,30+2,50
NEU (10%/ul)

Median (Q1-Q3) 5,6 (4,6-7,3)

Mean+SD 2,01+0,67
LYM (10%/ul)

Median (Q1-Q3) 2(1,5-2,5)

Mean+SD 0,49+0,14
MON (103/ul)

Median (Q1-Q3) 0,5 (0,4-0,6)

Mean+SD 0,25+0,04
PCT (%)

Median (Q1-Q3) 0,3 (0,2-0,3)

Mean+SD 15,95+0,33
PDW (%)

Median (Q1-Q3) 159 (15,7-16,2)

Mean+SD 9,44+0,86
MPV (fL)

Median (Q1-Q3) 9,5 (8,7-10)

Mean+SD 13,77+2,57
RDW (%)

Median (Q1-Q3) 13,4 (12,9-14,5)

Mean+SD 3,64+2,30
NLO

Median (Q1-Q3) 3,2 (1,9-4,5)

Mean+SD 146,04+65,89
PLO

Median (Q1-Q3) 127,6 (101,4-181,8)

Mean+SD 0,27+0,12
MLO

Median (Q1-Q3) 0,2 (0,2-0,3)

eOne Way Anova Test & Bonferroni Test, fKruskal Wallis Test& Dunn-Bonferroni Test
*p<0,05 **p<0,01

inflammation markers should be done more frequently in HEG
patients with ketonuria, as urine ketone values vary depending
on the patient’s metabolic state. Close monitoring of these
markers will help the clinician in assessing the severity of the
disease along with ketonuria and determining the response to
treatment.
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