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Abstract

Hyperemesis gravidarum (HG) is a vomiting disorder that is triggered by
pregnancy and results in a drastic modification of physiological and biochemical
levels in pregnant women. The purpose of this study was to evaluate the impact of HG
on most physiological and biochemical variables. This comparative study included
Iragi women aged between 20 and 35 years old, in the third month of pregnancy,
divided into the following groups: 50 pregnant women with HG (HG group), 50
pregnant women without HG (NGH group), and 50 non-pregnant women as the
control group. Hemoglobin, urea, creatinine, GOT, GPT, ALP, complement proteins
(C; and C4), and electrolytes (K*, Ca**, HCO*, CI' and Na") were measured and
compared among the groups. The study findings showed a significant decrease in Hb
level in the HG group in compared with that in the NHG and control groups (p <
0.0001). Furthermore, plasma urea and creatinine levels were higher in the HG and
NHG compared to control (p < 0.05). All GOT, GPT, and ALP levels were
significantly increased in the HG group compared with those in the NHG and control
groups (p < 0.0001). Non-significant difference between HG group and control group
in C3 and C; concentration. The levels of potassium, calcium, bicarbonates, chloride,
and sodium significantly reduced in the HG group as compared to the NHG and
control groups. The induced results explain the adverse outcome of HG on
hematological, renal, hepatic, immune, and electrolyte parameters. The parameters
indicate the intensity of the ill; hence, there is a dire need to diagnose HG in early
gestational weeks to implement further treatment.
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1. Introduction

Hyperemesis gravidarum (HQ) is a serious form of nausea and vomiting which takes place
in the early pregnancy [1]. It is regarded as the extreme of the continuum of pregnancy-
associated nausea and vomiting, which develops into a clinical issue when it causes
dehydration, electrolyte imbalances[2], or weight loss which is greater than 5 percent of body
weight before pregnancy[3]. Hyperemesis gravidarum typically emerges during the first
trimester around the 4th to 5th week of gestation [4]. The condition was first formally described
in 1956 by a panel of the American Pharmaceutical and Chemical Boards in 1956. They defined
HG as persistent and uncontrollable vomiting accompanied by serious complications such as
fluid and electrolyte disturbances, significant weight loss, ketosis, ketonuria, neurological
issues, liver dysfunction, retinal hemorrhage, and renal damage. More recently, an international
consensus has outlined the following core features of HG: symptom onset before 16 weeks of
gestation, severe nausea and/or vomiting, inability to maintain normal food and fluid intake,
and substantial disruption of daily functioning [1]. In contrast, NVP is a much more common
and less severe condition that affects up to 70% of pregnant women [5]. Nausea and vomiting
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during pregnancy is a very common condition, typically starting between the 6th and 8th weeks
of gestation and often subsiding by weeks 16 to 20 [6]. While most cases are mild to moderate,
more severe symptoms can lead to hospitalization, where the condition may be classified as
HG, a more serious clinical diagnosis [7]. NVP symptoms have a tendency to peak between the
tenth and sixteenth weeks and generally resolve without medical intervention [8, 9]. About 95%
of diseases women experience nausea and vomiting before and after midday, indicating a more
continuous symptom pattern [10]. Globally, the prevalence of NVP varies widely based on
cross-sectional studies [11]. Amongst NVP women experiencing, symptoms were reported 40%
mild, 46% moderate, and 14% severe. The incidence of HG is much lower, affecting roughly
1.1% of pregnancies [9]. Certain demographic factors have been linked to higher NVP rates.
For instances, it appears to be about 40% more common among women under the age of twenty,
first-time mothers, those with less than twelve years of formal education, and non-smokers [12].
Researchers have observed associations between smoking, blood cell changes, and body
weight, mainly among women with obesity, which may influence the likelihood or severity of
symptoms [11]. Some less consistent factors such as family income, number of previous
pregnancies, and prior use of oral contraceptives may also effect the severity of NVP [13]. NVP
appears to be more common and often more intense during the first trimester in women
carrying multiple features than in women with singleton pregnancies [14]. Interestingly, NVP
has been linked to favorable pregnancy outcomes in many studies despite the discomfort it
causes. A comprehensive meta-analysis establish that women experiencing NVP had a
significantly lower risk of miscarriage [15]. This suggests that NVP may reflect a hormonally
robust and viable pregnancy [16]. Though, severe NVP cases are not without risk. Women with
more intense symptoms may be at greater risk of complications such as intrauterine growth
restriction and low birth weight, likely due to the negative impact of prolonged nausea and
vomiting on maternal nutrition and hydration [17]. In addition, the complement system is a
crucial component of the immune system composed of approximately 25 interacting proteins
that play a role in defending the body by targeting and removing antibody-coated pathogens
[18]. Some studies, including those by Hinkle and colleagues, have also noted a potential
association between pregnancy loss and NVP, particularly in severe cases [10]. This study
aimed to investigate the effects of HG on various physiological and biochemical parameters in
pregnant women. Specifically, electrolyte levels, alterations in immunological parameters
including complement system elements such_as C3 and Ca( proteins within the complement
system, a crucial part of the body’s immune defense) and alterations in liver and kidney
functions), are alterations in the complement system.

2. Materials and Methods

This comparative study evaluated the impact of HG on physiological and biochemical
parameters in Iraqi women aged between 20 and 35 years in the third month of pregnancy
divided into: pregnant women with HG (n = 50), pregnant women without HG (NHG; n = 50),
and non-pregnant women (n = 50). The HG group included participants with a clinical diagnosis
of HG, whereas the NHG group consisted of asymptomatic pregnant women. The control group
comprised healthy nonpregnant women with no underlying health conditions. Participants with
chronic diseases, those on medications affecting liver or kidney function, or with a history of
substance use were excluded from the study.
Blood samples were collected between October and November 2023 from Ramadi Teaching
Hospital and Ramadi Teaching Hospital for Women and Children. Blood samples were
analyzed for various parameters, including Hb (measured in g/dL using the cyanmethemoglobin
method), renal markers (urea via enzymatic colorimetric methods and creatinine via Jaffe’s
kinetic method, measured in mg/dL), liver enzymes (GOT, GPT, ALP, measured in U/L using
a spectrophotometer) Kits, Biosystem com. Switzerland. Complement proteins (C3 and Cs,
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measured in mg/dL by ELISA) Kits SunLong Co., Ltd.chine and electrolytes (K", Ca**, HCOs"
, CI" and Na") by Electrolyte Panel Lyophilized Kit, Tianjin MNCHIP Technology Co.,
Ltd.chine .

IBM® SPSS® statistical software (Version 26.0; IBM SPSS, Armonk, NY, USA) was used to
analyze data. A p-value < 0.05 was considered statistically significant. Descriptive and
comparative analyses were conducted using one-way analysis of variance with the least
significant difference test for comparisons across the three groups. Pearson’s correlation
coefficients were calculated to observe the linear relationships between biochemical and
electrolyte parameters among the groups under study. Receiver operating characteristic (ROC)
curve analyses were also performed to evaluate the diagnostic performance of significant
biochemical parameters in discriminating HG from normal pregnancy (NHG). AUC,
sensitivity, and specificity at optimal cutoff values Informed consent was obtained from all
participants enrolled in this study, and this study was approved by the ethical approval
committee (reference number 22 on 30-1-2023) of the College of Science, University of Anbar.

3. Results
3.1. Effect of hyperemesis gravidarum on hemoglobin

The results showed a decrease in the Hb in the HG group (10.3 + 0.8) mg/dL compared with
the pregnancy (NHG) and control groups (11.4 + 2.2 and 14.1 + 2.1) mg/dL, respectively, as
shown in Table 1. Results indicated a significant difference among the three studied groups:
HG group, pregnancy(NHG) and control group in Hb value where P- value < 0.0001. The
results of least significant difference (LSD) showed significant differences for the HG group
compared with the pregnancy (NHG) and control groups.

3.2. Effect of HG on urea

Urea concentrations among the HG, pregnancy (NHG) and control group were (25 + 4.598,
23 £3.699 and 28 +4.259) mg/dl, respectively (Table 1). Results indicated a non-significant
difference between the HG and control groups in urea concentration (p-value = 0.07), while a

significant decrease in pregnancy (NHG) was observed compared with the control group (p-
value = 0.001).

3.3. Effect of hyperemesis gravidarum on creatinine levels

The concentration of creatinine among the hyperemesis gravidarum (HG) group, pregnancy
(NHG), and control groups were (0.56+0.18, 0.64+0.28 and 0.94+0.18) mg/dL, respectively
(Table 1). The results indicated a significant decrease in the hyperemesis gravidarum (HG) and
pregnancy (NHG) in compares with control group, where (P < 0.0001 and P = 001,
respectively).

3.4. Effect of HG on GOT, GPT, and ALP enzyme concentrations

Results indicated a significant increase in GOT, GPT, and ALP enzyme concentrations in
the hyperemesis gravidarum group compared with those in the pregnancy and control group,
where p < 0.0001. The GOT enzyme concentration in the HG group was (70.3£8.78) U/L
compared with that in the pregnancy and control groups (45.7+11.54 and 40.8+6.12) U/L,
respectively). The GPT enzyme concentration in the HG group was (60.6+15.2) U/L compared
with that in the pregnancy and control groups (38.44+9.64 and 35.6+4.87) U/L, respectively).
The ALP enzyme concentration in the HG group was (80.5+£14.1) U/L compared with that in
the pregnancy and control group (50.4+8.54 and 43.4+6.34) U/L, respectively (Table 1).
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3.5. Effect of HG on Concentration Cs and C4 complement proteins

Concentration of C3 among the three studied groups: hyperemesis gravidarum (HG) group,
pregnancy (NHG), and control group (90.6£13.67, 80.9£10.06 and 85.6+7.43) mg/dL,
respectively), and Cs (30.9£8.6, 35.474+9.43 and 25.8+4.5) mg/dL, respectively) (Table 1). The
results indicated a non-significant difference between HG group and control group in C3 and
Cs concentration (p= 0.22 and p= 0.051), but significant increase in C4 concentration in
pregnancy (NHG) compare with control group(P= 0.001).

Tablel: Comparison of Biochemical and Hematological Parameters Among the Study Groups

Pregnant women Pregnant women Non-pregnant
Parameter with HG without HG women ANOVA p-value
Mean =+ SD Mean = SD Mean = SD

Hb (mg/dL) 10.3£0.8 11.4+£22 14.1+2.1 P <0.001
Urea (mg/dL) 25+4.6 23+3.7 28+43 P<0.001

C(rrflagt/g‘Li')‘e 0.56+0.18 0.64 +0.28 0.94+0.18 P <0.001

GOT (U/L) 70.3 + 8.8 457+ 11.5 40.8 £ 6.1 P <0.001

GPT (U/L) 60.6 + 15.2 384+9.6 35.6+4.9 P <0.001

ALP (U/L) 80.5+ 14.1 504 £8.5 434+ 6.3 P <0.001

C3 (mg/dL) 90.6 + 13.7 80.9 + 10.1 85.6+7.4 P <0.001

C4 (mg/dL) 30.9+8.6 355+94 25.8+4.5 P <0.001

3.6  .Effect of hyperemesis gravidarum on potassium, calcium, and bicarbonate levels.

Significant decrease in the concentration of (K"), in HG group (3.5+1.2) mmol/L) compared
with that in the pregnancy and control group (4.3+1.03 and 4.6+0.3) mmol/L, respectively; p =
0.0018). Significant decrease in the concentration of Ca®" in the HG group (5.3+1.03) mmol/L
compared with that in the pregnancy and control groups (7.1+2.24 and 6.3+0.66) mmol/L,
respectively, p = 0.0037. Significant decrease in the concentration of HCOs’, in HG group
(15.87£2.78) mmol/L) compared with the pregnancy and control groups where were (20.4+3.67
and 25+1.98) mmol/L respectively, p < 0.0001, Table 2).

3.7. Effect of hyperemesis gravidarum on sodium and chloride levels

Significant decrease in the concentration of Na* in the HG group (90+12) mmol/L)
compared with that in the pregnancy and control group (108+14 and 130+8) mmol/L
respectively, p <0.0001. Significant decrease in the concentration of (CIl"), in HG group (80+20)
mmol/L) compared with that in the pregnancy and control groups (97.7+17 and 98.6+5)
mmol/L respectively, p < 0.0016, (See Table 2).

Table 2 : Comparison of electrolyte parameters among the study groups

Parameter Pregnant women Pregnant women Non-pregnant
(mmol/L) with HG without HG Women ANOVA p-value
Mean = SD Mean = SD Mean = SD

LA 35+12 43+1.03 4.6+03 P <0.001
(mmol/L)

Calcium (mmol/L) 53+1.03 714224 6.3 +0.66 P<0.01

B anate 15.87 +2.78 20.4+3.67 25+1.98 P <0.001
(mmol/L)

Sodium (mmol/L) 90 + 12 108 + 14 130+ 8 P <0.001

Liloaie 80 + 20 97.7+ 17 98.6+ 5 P <0.001

(mmol/L)
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3.8. Receiver operating characteristic (ROC) analysis

To further evaluate the diagnostic concert of the measured biochemical and hematological
parameters in discriminating pregnant women with hyperemesis gravidarum (HG) from those
without HG (NHG), a receiver operating characteristic (ROC) curve analysis was performed
based on the mean and standard deviation values of each parameter. The area under the curve
(AUC) was used as a pointer of discriminative ability, where higher AUC values of parameters
characterize better diagnostic presentation.

As shown in Figure 1, ALP, GOT, and GPT showed the highest diagnostic accuracy, with
AUC values of 0.94, 0.92, and 0.88, respectively, representing excellent discriminatory power
between the HG and NHG groups. Among the electrolyte parameters, bicarbonate (AUC =
0.85) and sodium (AUC = 0.83) had excellent diagnostic accuracy, reflecting the significance
of electrolyte imbalance in HG. Hemoglobin (AUC = 0.80) similarly showed good
performance, suggesting its value as a supportive marker of disorder severity. Potassium,
calcium, and chloride showed moderate discrimination ability, whereas urea and creatinine
presented comparatively weak predictive power for HG.

—— ALP (AUC 0.94) — Ca?* (AUC = 0.77)

GOT (AUC

K (AUC 0.73)
- Cl- (AUC 0.70)

0.8

0.6

0.4

Senstivity

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1- Specificity

Figure 1: ROC curves for biochemical and hematological parameters in HG and NHG pregnant
women

3.9. Pearson Correlation Analysis

The HG group presented several strong and significant correlations, as showed in Table 3
and Figure 2. Hemoglobin (Hb) was negatively correlated with the liver enzymes GOT (r =
0.62, p < 0.001) and GPT (r = 0.58, p < 0.01). Furthermore, bicarbonate was positively
correlated with sodium (r = 0.71, p < 0.001) and potassium (r = 0.64, p < 0.01). On the other
hand, the ALP enzyme showed a negative correlation with calcium (r = 0.55, p <0.01).

Table 3: Pearson correlation coefficients (r) among the study factors in the HG and NHG

groups

Parameter Pair HG group (r, p) NHG group (1, p) Direction of Change
Hb vs. GOT 0.62 (p <0.001) —0.18 (ns) Strengthened negative
Hb vs. GPT 0.58 (p<0.01) —0.12 (ns) Strengthened negative
ALP is Ca? 0.55 (p<0.01) 0.08 (ns) Reversed correlation

HCO; as Na* 0.71 (p <0.001) 0.40 (p <0.05) Strengthened positive
HCO;™ as K* 0.64 (p <0.01) 0.32 (ns) Strengthened positive

Natis CI~ 0.59 (p<0.01) 0.50 (p <0.05) Slightly increased

GOT vs. GPT 0.68 (p <0.001) 0.41 (p <0.05) Stronger hepatic correlation
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Figure 2: Dual heatmap visually contrasts the Pearson correlation results between the HG and
NHG groups.

-025 02 -015 -0.18 -022 -012 -008 002 025 04

HCOs
HCOs

-008 012 01 009 =01 01 015 007 012 05 0.36

Ci
Ci

4. Discussion

Hypermesis gravidarum (HG) is a severe disorder characterized by prolonged nausea and
vomiting during pregnancy, resulting in nutritional deficiencies and extreme physical depletion
[19]. For this, the current study highlighted the possible relationships between HG and changes
in physiological and biochemical factors, such as hemoglobin, urea, creatinine, liver enzymes
(GOT,GPT and ALP), and complement proteins (Cs and Cs) [2]. This study suggests that the
decrease in hemoglobin level in HG may be due to one or more of the following. Inadequate
intake of these nutrients results from the persistent vomiting that is linked with HG; these
nutrients, such as iron and folate, are fundamental to hemoglobin production. Anemia, which
results from iron deficiency, is worsened by the fact that the body has a higher rate of iron use
during pregnancy [20]. What is more, physiological stress can be imposed by HG, which,
consequently, can influence iron homeostasis to aggravate the degree of hemoglobin. These
statistics should lead to a universal consideration of the necessity to evaluate and manage
prenatal anemia in pregnant women with HG in a preemptive fashion and reduce potential risks
of maternal and fetal morbidity. In pregnancy, an increase in urea concentrations is generally
linked to expansion of blood volume and increased fluid filtration that is observed in normal
pregnancy. The laboratory parameters, however, under the scenario of this study seem to
indicate the impact of hyperemesis gravidarum (HG), especially dehydration and
hemoconcentration. These changes are accompanied by relatively elevated urea levels, which
may overshadow or mask the anticipated suppression of other biochemical markers [4, 15]. In
addition, because HG results in less nutrient intake and less energy, the body stays in a catabolic
state, which can worsen by increasing the breakdown of protein to make more urea [13]. A
study found that differences in renal blood flow and glomerular filtration rates between normal
pregnancy and HG also affect urea [1]. In HG, there may be a decrease in muscle creatinine
generation resulting from decreased nutrient consumption and physical activity. Although renal
function might also be affected in severe forms of HG, this is not often the primary issue in
question. Monitoring constant creatinine levels associated with hydration and renal state is also
important in the management of HG patients [3].
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Changes in GOT, GPT, and ALP levels in HG indicate an effect on hepatic function in the
liver enzyme levels. These could be due to dehydration affecting hepatic blood flow, hormonal
changes, and nutritional status that affects liver metabolism [21,16]. Moreover, gallbladder
dysfunction caused by HG can cause stress in the liver. Although significant liver injury in HG
is uncommon, these changes should be carefully monitored to identify any early hepatotoxicity.
Proteins C3 and C4 are components of the immune response produced by the liver that help the
body defend against diseases. There is a relative shortage of research directly relating HG to
complement proteins, but chronic stress, inflammation, and nutritional deficiencies in HG could
affect these. Chaotic hormonal changes during pregnancy could also influence immune
responsiveness and thus complement protein production [21,16].

The changes demonstrated that electrolyte deficiencies were considerably worse in pregnant
women with HG than in women without HG (NHG) and nonpregnant controls. Based on our
findings, the potassium level in the HG group significantly decreased because of excessive loss
caused by persistent vomiting, which is characteristic of HG. Potential consequences of
potassium loss include hypokalemic myopathy that causes weakness, cardiac arrhythmias, and
other effects that render adequate maintenance of the potassium level clinically relevant [6].
Serum calcium concentrations also significantly decreased in the HG group partly because of
poor dietary intake and malabsorption resulting from nausea and vomiting. There is a growing
need to address nutrient deficiencies given their impacts on both the maternal bone health of an
individual and the skeletal lineage of the fetus. Bicarbonate levels were also lower within the
disease group, a sign of metabolic acidosis [22]. This could be due to depleted bicarbonate in
the stomach due to vomiting. Both sodium and chloride were much lower in the disease group
than in the control group, showing that the compound was lost more through vomiting.

The values of AUC that were significantly high in the ROC analysis of liver enzymes,
predominantly ALP (0.94), GOT (0.92) and GPT (0.88) indicate that they are very sensitive
and specific in the differentiation of HG and NHG pregnancy. These findings are in line with
the previous reports that transient hepatic dysfunction is sometimes accompanied by severe
vomiting and dehydration in HG which may be attributed to the altered hepatic perfusion and
metabolic stress as a result of persistent nausea and vomiting. The high discriminative activity
of these enzymes underscores the possible applications as biochemical pointers of the severity
and progression of order[23]. This is represented by bicarbonate (AUC = 0.85) and sodium
(AUC = 0.83) values of the ROC, which are significant indicators of the analytical value of
electrolyte imbalance in HG. The apparent reduction in these electrolytes in HG pregnant
women indicates metabolic acidosis and hyponatremia due to further vomiting and dehydration.
These variables indicate the pathophysiological effects of HG and can be used as early warning
of the onset of metabolic diseases that need medical intervention [24]. To a great extent, the
hypothesis about the biochemical and electrolyte disorder being some of the primary
pathophysiological prerequisites of HG is confirmed through the ROC analysis. It is therefore
possible to consider the use of these biochemical markers in pregnancy screening protocols at
an earlier age so that the early diagnosis, risk stratification, and the treatment of pregnancy with
HG can be improved with the ultimate goal of enhancing maternal outcomes [25].

The Pearson correlation analysis is another analysis that gives more information concerning
the physiological interdependence of biochemical deviations associated with hemoglobin. The
pattern of correlation of these parameters was also significantly less strong and more physically
stable in the normal pregnancy (NHG) group. The Hb and calcium and sodium and chloride
had moderate positive relationships, which showed normal regulation of electrolytes. No
significant correlations were found between liver enzymes and hematological parameters which
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highlights the absence of hepatic stress during normal pregnancy[26]. In the HG group, strong
and statistically significant correlations between hepatic enzymes and hematological or
electrolyte indices mirror a systemic metabolic disorder persuaded by persistent vomiting,
dehydration, and nutritional stress. The reverse relationship between Hb and liver enzymes
suggests that as hepatic function becomes progressively stressed, hematological parameters
drop, which is expected due to hemodilution and nutritional insufficiency [27].

The strong positive correlations among bicarbonate, sodium, and potassium detected in the
HG group, compared to the weaker correlations in the normal pregnancy, indicate that HG
severely alters electrolyte regulation. This pattern reflects the pathoclinical mechanism of
metabolic acidosis and volume depletion, where disturbances in one electrolyte frequently
cause changes in others to control plasma osmolarity[28]. In addition, the negative correlation
between ALP and calcium in HG, absent in normal pregnancy, may reflect the changes in
calcium metabolism secondary to starvation and declined gastrointestinal absorption during
persistent vomiting. The strengthened correlations between hepatic enzymes, mainly GOT vs.
GPT, further indicate a coordinated hepatic stress response, dependable with the elevated
enzyme levels and high AUC values realized in the ROC analysis [29].

Combined, the disrupted correlation system in HG points to the systemic characteristics of
the condition, which involves hematological balance, hepatic functioning, and electrolyte
homeostasis. The NHG group validated physiologically balanced and weaker associations,
made with adaptive yet stable metabolical regulation of normal pregnancy. The existing results
emphasize the HG causes the change of physiological into pathological interactions between
biochemical parameters and replicates the overall metabolic dysregulation.

Studies in many countries, such as Saudi Arabia and Ethiopia, agree with the current study [30-
32] Additional unambiguous studies are yet to be done to clarify such relationships and their
prognostic implications. Enriching the idea of the multiple effects of HG on maternal health,
the current study emphasizes the necessity to find recommendations and measures to be applied
to the integrated care of the mother, which should involve the prevention and treatment of
dehydration, the acquisition of macro- and micronutrients deficiencies, and the metabolic
disorders[33]. Thus, to minimize the impact, early proper interventions, including nutritional
assistance, hydration, and comforting steps, should be used. It is recommended that further
research should be undertaken on the biochemical alterations involved in HG particularly in the
quest of possible maternal and fetal risks and benefits of the individual management strategies.
In such a way, the paper has emphasized the need to have a clinical integration of the
biochemical data in order to obtain optimal care to mothers with HG and their growing fetuses.

Conclusion

By examining these physiological and clinical indicators, which are reflected in the health
of the fetus, the study concluded that hyperemesis gravidarum has a significant and dangerous
impact on the health of pregnant women. This study provides conclusive evidence of the impact
of malnutrition on the general health of pregnant women and their fetuses. This study attributed
the physiological and biochemical effects of HG to the disease rather than to pregnancy by
comparing it with a group of pregnant women without HG. The pregnant women with HG
significantly deviated from both groups. ROC and Pearson correlation analyses had a clear
vision about the diagnosis and follow-up of the disease and clarified the relationship between
variables in the physiological state and their differences in the pathological state.
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