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ABSTRACT ÖZ

Introduction

Nausea and vomiting (NV) are common experiences in pregnancy, 

affecting 70%-80% of all pregnant women (1). Hyperemesis gravidarum 

(HEG) affects the quality of life of women during pregnancy; it is considered 

as the third leading cause of all hospitalisations during pregnancy (2). In 

other words, HEG is a serious clinical condition responsible for one-third 

of all hospitalisations during pregnancy (3). HEG is a severe and persistent 

form of NV that affects about 0.3%-2% of all pregnancies, resulting in fluid 

loss, electrolyte imbalance, nutrition deficiency, at least 5% weight loss 

and ketonuria (4). Endocrine (human chorionic gonadotropin, estradiol 

and progesterone), immunologic and personal factors (increased body 

weight) are responsible for the etiopathogenesis of the disease (5). In 

addition, certain pathologic factors such as lipid disorders, activation 

of sympathetic system, thyroid disorders, increase in systemic oxidative 

stress and Helicobacter pylori infection are frequently mentioned in the 

pathophysiology of the disease (6,7). However, there is no theory that 

explains the differences in the clinical diversity of HEG and combines 

various pathogenetic factors under one roof.

Ischaemia-modified albumin (IMA) is used as a biomarker in the early 

diagnosis of acute coronary syndrome (8), acute ischaemia that is 

approved by the Food and Drug Administration and is considered as a 

marker for elevated free radical-induced protein oxidative injury (9,10). 
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Amaç: Birçok çalışmada hiperemezis gravidarumun (HEG) 
patogenezinde oksidatif stresin katkısı gösterilmiştir. Bu 
çalışmada, HEG tanısı konulan hastalarla sağlıklı gebe 
kadınların serum iskemi modifiye albümin (İMA) düzeylerini 
karşılaştırmak ve oksidatif stres belirteci olan İMA’nın HEG’de 
artıp artmadığının araştırılması amaçlanmıştır.

Yöntemler: Yaş ve vücut kitle indeksine göre eşleştirilmiş 
hastalar, HEG tanısı alanlar (n=45) ve sağlıklı gebe kontrol 
grubu (n=45) olarak ikiye ayrıldı. Serum İMA düzeyleri, her 
bir katılımcı için enzim bağlı immün assay (ELISA) yöntemi ile 
analiz edildi.

Bulgular: Serum İMA düzeyleri HEG grubunda kontrol grubuna 
göre daha yüksekti (sırasıyla HEG grubu 8,2±0,2 ng/mL, kontrol 
grubu 6,9±0,3 ng/mL, p<0,001).

Sonuç: HEG grubunda maternal serum İMA düzeyinin anlamlı 
yüksek olduğunu bulduk. HEG’de tanımlanan yüksek İMA 
seviyeleri, oksidatif stresin bir yansıması olarak düşünülebilir.

Anahtar Kelimeler: İskemi modifiye albümin, oksidatif stres, 
hiperemezis gravidarum

Introduction: The role of oxidative stress in the pathogenesis 
of hyperemesis gravidarum (HEG) has been demonstrated 
in a lot of studies. The present study aimed to compare the 
ischaemia-modified albumin (IMA) serum levels of patients 
diagnosed with HEG with healthy pregnant women, and to 
investigate whether oxidative stress caused increased serum 
IMA in HEG.

Methods: Pregnant women were classified into a group 
diagnosed with HEG (n=45) and an age- and body mass index-
matched control group without HEG (n=45). Serum IMA levels 
were assessed by the enzyme-linked immunosorbent assay 
(ELISA) method.

Results: Serum IMA levels were higher in the HEG group than 
the control group (HEG: 8.2±0.2 ng/mL, control: 6.9±0.3 ng/
mL, p<0.001).

Conclusion: We found that HEG was related to increased 
maternal serum IMA levels. The high levels of IMA in HEG can 
be considered as a reflection of increased oxidative stress.

Keywords: Ischaemia-modified albumin, oxidative stress, 
hyperemesis gravidarum 
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It has been observed that various ischaemic events such as stroke, 
acute mesenteric ischaemia and some cancer types have an effect on 
IMA levels (11-13). IMA is formed as an end product of modification in 
serum albumin caused by the reactive oxygen derivatives that emerge 
because of ischaemia. The amino terminus of the albumin molecule 
is a binding for metal ions such as nickel, cobalt and copper. However, 
when exposed to ischaemia, hypoxia and/or free radical damage, the 
amino terminus region of albumin is more susceptible to degradation 
when its ability to bind to metals is reduced, forming IMA. Its serum 
concentration is not related to age or gender (14). IMA represents 1%-2% 
of total serum albumin in non-pathological cases, and this ratio increases 
to 6%-8% during ischaemic conditions (14). Normally, pregnancy 
occurs in hypoxic intrauterine environment; the ensuing reperfusion 
and placental oxidative stress lead to the physiological development 
of syncytiotrophoblast. Previous studies demonstrated that IMA can 
be a marker for hypoxic intrauterine environment, especially in early 
pregnancy (15-17). In this study, we assumed that HEG was related to 
increased maternal serum IMA level because of oxidative stress during 
the early period of pregnancy. Therefore, we designed the present study 
to evaluate the clinical utility of IMA in HEG by comparing its serum 
concentrations between the HEG patients and gestational age-matched 
healthy pregnant women.

Methods
This study was conducted at the University of Health Sciences Turkey, 
Zekai Tahir Burak Women’s Health Training and Research Hospital. 
Patients enrolled in the study were selected on the basis of their 
diagnosis with HEG and healthy pregnant women who were admitted to 
the antenatal clinic during the 6-14th week of pregnancy.

This study was approved by the local ethical committee of the hospital 
(decision no: 7, date: 25.05.2016), and written informed consent of all 
participants were obtained. The study was designed and conducted 
according to the principles of Helsinki Declaration (18). The participants 
were divided into two groups: study and control. Both groups’ gestational 
ages (between 6- and 14 weeks’ gestation) and ages (20–37 years) were 
matched.

The following diagnostic criteria were used for HEG: severe NV 
throughout the pregnancy (>3 times per day), more than 5% weight loss 
and at least one positive ketonuria in the urine test.

Criteria were excluded for multiple gestation, hypertensive disorders of 
pregnancy, diabetes mellitus, gestational trophoblastic disease, any type 

of existing gastrointestinal, hepatic and renal diseases or inflammatory 
diseases, eating disorders, psychiatric disease and other known probable 
vomiting causes, such as thyroid disorders.

Gestational age was calculated according to the last menstrual period 
or first trimester ultrasound examination of those women who did 
not remember their last menstrual period. Body mass index (BMI) was 
determined by dividing the body weight (kilograms) with the square of 
height in metres. All HEG patients in the study group were hospitalised 
for at least 24 hours for initial treatment. They were hydrated at the 
time of admission to avoid the possible effects of hypovolemia. It was 
observed that vital signs and urine output of the patients were normal 
before blood samples were taken. Fasting blood samples were taken 
from the antecubital vein without the use of anticoagulants. Serum 
IMA concentrations were analysed by a commercially available enzyme-
linked immunosorbent assay (ELISA) kit (Eastbiopharm Human Ischaemia 
Modified Albumin ELISA Kit) for IMA (Chemwell 2900, Aurenesness, USA).

Intra- and inter-assay coefficients for IMA were <10% and <12%, 
respectively. Blood samples were collected after an overnight fast, and 
centrifugation was performed at 4000 rpm for 10 minutes with the 
supernatant serum frozen and stored at -80 °C until analysis.

Statistical Analyses

Statistical analyses were performed using Statistical Package for the Social 
Sciences (SPSS) software (version 22, SPSS Inc., Chicago, IL). Continuous 
variables were demonstrated as a mean ± standard deviation or median 
(minimum-maximum). All normally distributed data were compared 
by using the Student’s t-test; Data with abnormal distribution were 
compared by using the Mann-Whitney U test. The p value of less than 
0.05 was regarded as statistically significance.

Results
This study included 90 women, 45 pregnant women diagnosed with 
HEG and 45 healthy pregnant women of same gestational age. Median 
ages of the HEG patients and the healthy pregnant women in the 
control group were found to be 27 (20-36) and 27 (20-37), respectively. 
Sociodemographic features of the patients were presented in Table 1. 
The groups did not show any statistical difference at the time of blood 
sampling with regard to age, gestational age, BMI and reproductive 
history (Table 1). Plasma complete blood count parameters, serum 
glucose, urea, creatinine, aspartate transaminase, alanine transaminase 
and thyroid-stimulating hormone levels of the groups were statistically 

Table 1. Demographic and clinical data of the subjects

Control (n=45) HEG (n=45) p

Age (year) 27 (20-37) 27 (20-36) 0.682

Body mass index (kg/m2) 28.84 (21.3-37.3) 28.1 (21.9-36.7) 0.294

Gestational age (week) 10.24±1.09 10.28±0.94 0.238

Gravida (range) 2 (1-4) 2 (1-5) 0.825

Parity (range) 1 (0-2) 1 (0-23) 0.764

HEG: Hyperemesis gravidarum
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similar (p>0.05). Serum IMA levels were found to be significantly higher 

among HEG patients than the control group (8.2±0.2 ng/mL vs. 6.9±0.3 

ng/mL, p<0.001) (Table 2).

Discussion

In this study, we found that IMA was statistically higher in the HEG group 

than healthy pregnant women of the control group. Although it would 

not be accurate to make a clear or conclusive remark regarding the 

oxidative stress conditions in HEG by looking solely at the IMA levels, 

our results showed that the oxidative stress condition in HEG could be 

related to IMA levels.

Many studies elucidate the role of IMA in different diseases. IMA 

increase is observed in ischaemia, acidosis, free radicals and hypoxia. 

The studies based on literature data show that in acute coronary 

events, IMA has a diagnostic value of 95% when used together with 

troponin and electrocardiography (19,20). The diagnostic value of IMA 

in acute coronary events have been discussed, and evidence concerning 

the utility of IMA in obstetrics practice has been increasing in recent 

years. Prefumo et al. (15) in 2007 stated that maternal serum IMA 

concentrations increase during early pregnancy and normal trophoblast 

development is related to the hypoxic intrauterine medium. Similarly, 

Ustün et al. (17) stated that serum IMA levels are related to the severity 

of preeclampsia and preeclamptic pregnancies can be detected using 

a pre-determined cut-off value. In contrast to these studies, Iacovidou 

et al. (21) showed that IMA levels in the umbilical cord blood are same 

between normal pregnancies and pregnancies showing intrauterine 

growth retardation.

The role of IMA in perinatology practice was analysed in detail in 

a recently published review (22). Yarcı Gursoy et al. (22) stated that 

increased IMA levels in pregnancies are associated with complications 

such as preeclampsia, intrauterine growth retardation and diabetes 

mellitus; however, the results of these studies should be approached 

prudently

Approximately 80% of women experience a severity of NV at the time 

of pregnancy (23). According to the study conducted by Sari et al. (24), 

which is one of the very few studies in literature analysing the IMA levels 

of HEG patients, serum IMA levels of HEG patients were observed to be 

significantly higher when compared to the control group. The main cause 

of this increase is the hypoxic medium that develops within the uterus 

during the early pregnancy period. Furthermore, the authors also stated 

that the oxidative stress in the uterus because of the hypoxic medium 

is also important for physiologic trophoblast development. Although it 

was shown that there was no significant increase in the level of IMA of 

HEG patients in a smaller study by Bulanık et al. (25), in our study, serum 

IMA levels were found to be significantly higher when compared to the 

control group, similar to Sarı’s study (Table 3). The actual treatment of 

HEG is empirical and suboptimal as the definitive aetiology is not clearly 

shown (26). Measurement of serum levels of IMA in these patients to 

guide antioxidant treatment or agents preventing reperfusion damage 

may be beneficial for the management of HEG.

Table 2. Laboratory findings of the subjects

Control (n=45) HEG (n=45) p

WBC (x109/L) 8.2±1.95 8.6±1.81 0.283

Haemoglobin (g/L) 12.4±0.98 12.6±0.87 0.581

Haematocrit (%) 37.74±2.60 38.31±2.8 0.318

Platelet (x109/L) 238±63 243±50 0.578

Urea (mg/dL) 17±5.6 18±5.5 0.146

Creatinine (mg/dL) 0.63±0.12 0.60±0.13 0.226

TSH (μIU/mL) 1.34±0.77 1.27±0.74 0.063

AST (IU/dL) 18±6 17±7 0.659

ALT (IU/dL) 13±10 14±8 0.542

Glucose (mg/dL) 84±8.7 85±8.7 0.844

IMA (ng/mL) 6.9±0.3 8.2±0.2 <0.001

HEG: Hyperemesis gravidarum, WBC: white blood count, TSH: thyroid-stimulating hormone, AST: aspartate transaminase, ALT : alanine transaminase,    IMA : ischaemia -modified 
albumin

Table 3. Data from previous studies of serum ischaemia-modified albumin levels in hyperemesis gravidarum patients

Number of patients

with HEG

Mean age of

patients
Mean gestational age of 
patients Serum IMA levels p

Sari et al. (24) 45 26.3±5.2 9.1±2.6 6.6±0.7 ng/mL <0.001

Bulanık et al. (25) 35 26±4.5
9.7±2.3

69.6 (40.3-400.4) ng/dL 0.136

HEG: Hyperemesis gravidarum, IMA: ischaemia-modified albumin
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Study Limitations

The limitations of our study are a small number of participants, 
and the use of IMA levels as the only indicator of oxidative stress. In 
addition, as our study method is cross-sectional, IMA changes during 
the continuation of pregnancy were not analysed. The indicators that 
contribute to the evaluation of oxidative stress and inflammatory 
pathways would significantly increase the quality of the study. Finally, 
no significant difference was found between the groups in terms of 
biochemical parameters such as haemoglobin levels and liver and 
renal function tests. Although this could be considered as a factor that 
complicates diagnosis, it should be remembered that these biochemical 
parameters do not figure among the diagnostic criteria.

Conclusion
The present study demonstrated the role of IMA in the evaluation 
of oxidative stress, which is one of the most important factors in the 
pathogenesis of HEG. However, the aforementioned limitations must be 
considered during the evaluation of our study results, and further studies 
analysing the role of IMA in HEG pathogenesis should be conducted with 
larger patient populations.
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