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Research Article ABSTRACT
Hyperemesis gravidarum (HG) has severe, dramatic consequences, and the cause of this severe disease has not
History yet been determined clearly. It is known that hormonal, metabolic, immunological, and inflammatory agents
may be effective in its etiology. Our study aimed to investigate the possible role of vitamin D, Lactate
Received: 11/04/2023 Dehydrogenase (LDH), Procalcitonin (PCT), and C-reactive Protein (CRP) in the etiology of HG. In this
Accepted: 22/09/2023 retrospective study, between June 1, 2021, and January 1, 2022, 110 pregnant women between 18 and 35 were

admitted to the Obstetrics and Gynecology Polyclinic of the Sivas Cumhuriyet University Faculty of Medicine.
Fifty-five patients diagnosed with HG were taken as a study group, and fifty-five healthy pregnant women not
diagnosed with HG were taken as a control group. Obstetric data and serum vitamin D, LDH, PCT, and CRP values
of pregnant women were detected retrospectively. When the groups with and without HG were compared,
although the CRP and LDH levels were high in the HG group, they were not statistically significant (p=0.084,
p=0.546). Vitamin D and PCT were significantly higher in the HG group than in the control group (p=0.001,
p=0.047). Our study found high vitamin D and PCT levels in pregnant women with HG. Further studies with more
participants are needed before these inflammatory markers can be used to diagnose HG.
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D Vitamini ve Akut Faz Proteinlerinin Hiperemezis Gravidarum Tanisindaki Onemi

0z
Sire¢ Hiperemezis gravidarum (HG), nedeni heniiz belirlenememis dramatik sonuglari olan bir durumdur. Etiyolojisinde
hormonal, metabolik, immuinolojik ve inflamatuar ajanlarin etkili olabilecegi bilinmektedir. Bu ¢alismada amag
Gelis: 11/04/2023 HG etiyolojisinde vitamin D, LDH, Prokalsitonin ve CRP'nin olasi roliiniin arastirimasidir. Bu retrospektif
Kabul: 22/09/2023 calismada; 1 Haziran 2021-1 Ocak 2022 tarihleri arasinda Sivas Cumhuriyet Universitesi Tip Fakiiltesi Hastanesi

Kadin Hastaliklari ve Dogum Poliklinigi'ne bagvuran 110 hasta ¢alismaya dahil edilmistir. 5-13. gebelik haftasinda
HG tanisi alan 18-35 yaslarindaki 55 gebe ¢alisma grubu, HG tanisi konulmayan 55 saglikli gebe ise kontrol grubu
olarak degerlendirilmeye alindi. Gebelerin obstetrik verileri ve serum vitamin D, LDH, Prokalsitonin ve CRP
degerleri retrospektif olarak degerlendirildi. HG'li ve HG'siz gruplar karsilastirildiginda, HG grubunda CRP ve LDH
dlzeyleri yuksek olmasina ragmen istatistiksel olarak anlamli farkhlik bulunmadi (p=0.084, p=0.546). HG
grubunda; Vitamin D ve Prokalsitonin kontrol grubuna gére anlaml derecede ylksekti (p=0.001, p=0.047).
Calismamizda HG'li gebelerde D vitamini ve Prokalsitonin diizeylerinin ytiksek oldugunu saptadik. Bu inflamatuar
belirteglerin HG tanisinda kullanilabilmesi igin daha fazla katilimciyla daha ileri galismalara ihtiyag vardir.
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Introduction

The main symptoms of pregnancy are nausea and
vomiting. It is known that 70-80% of pregnant women
experience nausea and vomiting that begin 2-4 weeks
after fertilization, increase in severity and peak in the 9-
16th week of gestation, and improve in the 20-22nd
week of pregnancy. In a small number of pregnant
women, complaints continue until birth 2. Clinical
manifestations such as treatment-resistant vomiting,
electrolyte imbalance, dehydration, and ketonuria,
accompanied by weight loss, are diagnosed as
"Hyperemesis Gravidarum (HG)." HG is less common
than pregnancy nausea and occurs in 0.2-3.6% of all
pregnant women. It is the most common cause of
hospitalization in the first trimester of pregnancy and
causes serious labor and costs 3. The exact
pathophysiology of HG is still unclear. Its etiology is
thought to be multifactorial and is associated with
hormonal, metabolic, immunological, psychological,
and genetic factors *°. HG risk factors are previous
pregnancies, multiple pregnancies, female fetuses,
history of psychiatric illness, high and low body mass
index before pregnancy, young age, black or Asian
ethnicity, and type | diabetes ¢°. Smoking has been
found to reduce the risk of HG °. In patients with
malnutrition whose symptoms persist into the second
trimester, HG may lead to adverse pregnancy and
perinatal outcomes %!, Studies show that HG causes
poor pregnancy outcomes such as premature birth, low
birth weight, and intrauterine growth retardation %13,
Contrary to what would be expected in women with HG
due to fasting, metabolic, and hormonal factors, the
immune system is activated, and there is an increase in
systemic inflammation >, Inflammation must be
under control during pregnancy; otherwise, there will
be problems with the implantation of the semi-
allogeneic fetus into the endometrium and the healthy
continuation of the pregnancy '°. Physiological
regulation of the excessive immune response in
pregnancy will prevent the rejection of the semi-
allogeneic fetus. A significant association between HG
and markers of inflammation, such as C-reactive
protein (CRP), vaspin, interleukin-6 (IL-6), and sirtuin,
has been reported in literature *7.

Complications in HG increase as the severity of the
disease increases. Early detection and prompt
treatment will help relieve physical and psychological
symptoms in women at risk for HG 2,

Based on this idea, we aimed to evaluate acute phase
reactants such as Procalcitonin (PCT), CRP, Lactate
Dehydrogenase (LDH), and 25(0OH) Vitamin D levels in
patients with HG to find new markers that may be
effective in early diagnosis.
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Materials and Methods

In our retrospective study, 110 patients between the
ages of 18-35 who applied to the Obstetrics and
Gynecology Polyclinic of Sivas Cumhuriyet University
Faculty of Medicine Hospital between 1 June 2021 and
1 January 2022 at the 5th to 13th gestational week
were included. As a study group, 55 patients with HG
diagnosis were evaluated. As a control group, 55
healthy pregnant women who were not diagnosed with
HG in the same age or gestational week range were
assessed. The ethics committee approval of the study
was obtained from the Faculty of Medicine of Sivas
Cumhuriyet University (16.02.2022/ 2022-0248).

The diagnosis of HG was made according to the
American College of Obstetricians and Gynecologists
(ACOG) criteria. These criteria are having excessive
nausea and vomiting with a weight loss of 5% compared
to pre-pregnancy weight or having ketonuria with a
weight loss of 3-5% and vomiting more than three times
daily. Various questions such as age, gravity, parity,
gestational week, at what gestational week the nausea-
vomiting started, whether he used a drug for nausea-
vomiting, whether he was related to his wife, the
mother's body mass index (BMI), type of pregnancy
(spontaneous/ovulation induction/IVF-IUI (In vitro
fertilization- Intrauterine insemination)) were obtained
from the files of these patients. Vitamin D (25(OH)
vitamin D), PCT, LDH, and CRP results were found and
noted from the patient's laboratory results.

In this study, gastroenteritis, gallbladder diseases,
hepatitis, peptic ulcer, urinary tract stones,
pyelonephritis, hyperthyroidism, hyperparathyroidism,
migraine, vestibular disorders, pregestational and
gestational diabetes, chronic liver and kidney failure,
history of preeclampsia and chronic hypertension,
multiple pregnancies, those with infection in the last
three months, those with systemic infective diseases
and smokers were excluded.

Statistical Analysis

The study used the SPSS 22.0 (Statistical Package for
Social Sciences) program for statistical analysis. It was
used in the statistical analysis of descriptive data
(mean, standard deviation, frequency, rate, minimum,
maximum). The suitability of quantitative data to the
normal distribution was tested by Kolmogorov-Smirnov
and Shapiro-Wilk tests. Study parameters were
compared with the Independent Samples Test and Chi-
Square test.
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Results

55 pregnant with HG diagnosis and 55 healthy pregnant without HG diagnosis were included as a control group. The
descriptive characteristics of pregnant women are shown in Table 1.

Table 1. The descriptive features of the pregnant women

Hyperemesis gravidarum

Control group

(n=55) (n=55) P

Aget 27.4+4.4 (20-34) 27.4+4.0 (20-34) >0.05
Gravidityt 2.1+1.1 (1-6) 2.6%1.1 (1-6) >0.05
Parityt 1.0+1.0 (0-5) 1.2+0.9 (0-4) >0.05
Gestational weekt 8.9+2.1 (5-12) 8.9+1.8 (6-12) >0.05
BMIt 24.0+4.0 (17.5-34.2) 25.1+2.9 (20.5-33.8) > 0.05
Type of pregnancy*

Spontaneous 47 (85.5) 46 (83.6) > 0.05
Ovulation induction 4 (7.3) 6(10.9) > 0.05
IVF-1UI 4(7,3) 3 (5.5) > 0.05

1 Continuous variables expressed as Mean + Standard deviation (minimum-maximum).
* Categorical variables were expressed as frequency (percentage) values.
BMI, Body mass index; IVF-IUI, In vitro fertilization- Intrauterine insemination

The mean gestational week of nausea of the
participants was 5.6+1.3 (4-10) in the HG group and
5.4+1.1 (4-9) in the control group, and there was no
statistically significant difference between them
(p=0.36). Neither the HG group nor the control group
had any consanguineous marriages. The percentage of
participants using anti-nausea medication in the HG
group was 41.8 (23), and 52.7 percent (29) in the
control group.

Table 2. Comparison of study data averages between groups

There was no significant difference between the two
groups in terms of the rate of use of anti-nausea drugs
(p=0.25).

There were significant differences between the mean
amounts of PCT and vitamin D between the two groups
(p<0.05). The data for this analysis and the mean of
CRP, PCT, vitamin D (25(OH) vitamin D), and LDH are
shown in Table 2.

Hyperemesis

Control group

(remnisp)  (Meantso) : :
CRP 6.614.5 5.313.1 -1.748 0.084
Procalcitonin 0.6+0.07 0.4+0.009 -2.027 0.047
LDH 208+62.5 201+445.2 -0.606 0.546
Vitamin D 9.413.6 16+8.4 5.786 0.001

SD, standard deviation; p<0,05 statistical significance
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Discussion

Although the cause of HG is still not established, it is
known to be a severe problem characterized by
hypovolemia, dehydration, and electrolyte
disturbance. It is known that there is usually some
systemic inflammation at every stage of pregnancy.
Still, this situation does not cause complications in
pregnancy because the immune response can regulate
it. However, this inflammation occurs excessively in
complicated pregnancies, and lousy pregnancy results
because it cannot be controlled. Although its role in HG
is unknown, it is known that systemic inflammation has
increased 7.

Serum CRP is an acute phase reactant and one of the
essential markers in the follow-up of the inflammatory
process. Studies have reported increased CRP levels in
women with HG that may contribute to the
pathophysiology of HG compared with the control
group 121, A few studies have also found that CRP is
similar in patients with HG compared to the control
group. However, in these studies, oxidative stress,
other markers of inflammation, and immunological
factors have been shown to increase in patients with
HG. These factors have been pointed out in the
pathogenesis of HG 22, Yilmaz et al. did not find a
significant difference in CRP level between the groups
in their study with 30 HG diagnosed and 30 control
group participants °. In our study, although the CRP
value was higher in the HG group than in the control
group, there was no statistically significant difference.
We think this difference may be due to the small
number of participants and the ability of CRP to be
affected by many other factors, such as nutrition and
environmental factors.

Another elevated marker in systemic inflammatory
growth is PCT. It’s a calcitonin prohormone secreted in
response to proinflammatory stimuli 2. PCT is elevated
explicitly in bacterial infections 2*. However, Yun Hu et
al. compared the PCT values of healthy pregnant
women and non-pregnant women in whose study the
infection was excluded. They found an increase in
healthy pregnant compared to non-pregnant women 2.
We have yet to encounter any scientific studies
investigating PCT levels in HG in the literature.
However, studies show that PCT increases in
pregnancies complicated by conditions such as
preeclampsia, diabetes mellitus (DM), and intrauterine
growth retardation, where infection is excluded. It has
been stated that the complications that occur in all
these studies activate the immune system, whichisin a
particular order during pregnancy, and that PCT
increases due to an excessive increase in immune
response %%2°, |n this study, we investigated whether
the increase in immune response due to overeating in
pregnancy in HG, the cause of which has not yet been
determined, causes changes in PCT levels. In the study,
we found statistically significantly higher PCT in the HG
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group compared to the control group. We think high
PCT is influential and essential in excessive nausea and
vomiting in pregnancy.

During pregnancy, changes occur in the humoral and
cell-mediated immune systems to protect the fetus and
decidua from disruption by the mother's immune
system 3%, Minagawa et al. agreed that HG results from
an overactive immune system as a result of their study
31, Several studies have shown an increased
inflammatory response in patients with HG 3233,
Vitamin D is known to have immunomodulatory and
anti-inflammatory effects 3. A study found that the 1a-
Hydroxylase enzyme, which converts vitamin D into its
active form in decidua in pregnancy, is the most
commonly secreted in 1. trimester 3°. In vitamin D
deficiency, the anti-inflammatory response, which
should be at a certain level in pregnancy, is disrupted,
and the inflammatory response increases. Since
adequate immunotolerance is not achieved,
decidualization is  disrupted, and pregnancy
complications such as abortion, preeclampsia, and
hyperemesis occur 3®. In their study, Yilmaz et al. found
no statistically significant difference between HG and
the control group regarding vitamin D levels. Still, they
found that vitamin D levels were lower in the HG group
15 In the literature, vitamin D levels were significantly
lower in HG patients compared to the control group
3738 |n our study, confirming the literature, significantly
lower vitamin D levels were found in the HG group than
in the control group.

In studies by Calleja-Agius et al. and Kalagiri et al., they
reported an increased systemic inflammatory response
in pregnancy and increased complications, especially
early pregnancy losses, in pregnancies complicated by
HG 3940 Therefore, follow-up of systemic inflammatory
markers is essential in the diagnosis, follow-up, and
prevention of possible poor outcomes of HG.

Conclusion

In our study, although CRP and LDH levels were higher
in the HG group than in the control group, no
statistically significant difference was found. PCT and
vitamin D levels were significantly higher in the HG
group than in the control group. Many metabolic,
environmental, and personal factors can influence
inflammatory markers. It is also unclear whether this
inflammatory increase in HG is elevated as a result or
cause of HG.

Considering that our study was conducted with a
limited number of samples applying to a single
institution and was studied with few markers, although
it is a guide for subsequent analyses, more features
should be evaluated with a larger sample.



Karademir D et al. / Cumhuriyet Medical Journal, 45(3): 79-84,2023

References

1. Nawaz M; Rishma; Afridi SG, Khan A, Shams S.
Frequency of Hyperemesis Gravidarum and associated
risk factors among pregnant women. J Pak Med Assoc.
2020 Apr;70(4):613-617.

2. Onder AB, Guven S, Demir S, Mentese A, Guvendag
Guven ES. Biotin deficiency in hyperemesis gravidarum.
J Obstet Gynaecol. 2019 Nov;39(8):1160-1163.

3. Koot MH, Grooten lJ, Post JAM Van Der, Bais JMJ, Ris-
stalpers C, Lee MMG, et al. European Journal of
Obstetrics & Gynecology and Reproductive Biology
Determinants of disease course and severity in
hyperemesis gravidarum. 2020;245:162-7.

4. loannidou P, Papanikolaou D, Mikos T, Mastorakos G,
Goulis DG. European Journal of Obstetrics &
Gynecology and Reproductive Biology Predictive
factors of Hyperemesis Gravidarum: A systematic
review. Eur J Obstet Gynecol. 2019; 238:178-87.

5. Yoneyama Y, Suzuki S, Sawa R, Araki T. Plasma
adenosine concentrations increase in women with
hyperemesis gravidarum. Clin Chim Acta. 2004;342(1-
2):99-103.

6. Zhang Y, Cantor RM, MacGibbon K, Romero R,
Goodwin TM, Mullin PM, et al. Familial aggregation of
hyperemesis gravidarum. Am J Obstet Gynecol.
2011;204(3):230.e1-230.€7.

7. Fell DB, Dodds L, Joseph KS, Allen VM, Butler B. Risk
factors for hyperemesis gravidarum requiring hospital
admission during pregnancy. Obstet Gynecol.
2006;107(2):277-84.

8. Roseboom TJ, Ravelli ACJ, Van Der Post JA, Painter
RC. Maternal characteristics largely explain poor
pregnancy outcomes after hyperemesis gravidarum.
Eur J Obstet Gynecol Reprod Biol. 2011;156(1):56-9.

9. Fiaschi L, Nelson-Piercy C, Tata LJ. Hospital admission
for hyperemesis gravidarum: A nationwide study of
occurrence, reoccurrence and risk factors among 8.2
million pregnancies. Hum Reprod. 2016;31(8):1675-84.
10. Jenabi E, Fereidooni B. The association between
maternal smoking and hyperemesis gravidarum: a
meta-analysis. J Matern Neonatal Med.
2017;30(6):693-7.

11. Bolin M, Akerud H, Cnattingius S, Stephansson O,
Wikstréom AK. Hyperemesis gravidarum and risks of
placental dysfunction disorders: A population-based
cohort study. BJOG An Int J Obstet Gynaecol.
2013;120(5):541-7.

12. Coetzee RL, Cormack B, Sadler L, Bloomfield FH.
Pregnancy and neonatal outcomes following
hyperemesis gravidarum. J Dev Orig Health Dis.
2011;2(2):81-8.

13. Agmon N, Sade S, Pariente G, Rotem R, Weintraub
AY. Hyperemesis gravidarum and adverse pregnancy
outcomes. Arch Gynecol Obstet. 2019;300(2):347-53.
14. Oglak SC, Aydin MF. Are neutrophil to lymphocyte
ratio and platelet to lymphocyte ratio clinically useful

for the prediction of early pregnancy loss? Ginekol Pol.
2020;91(9):524-7.

15. Yilmaz S, Cirik DA, Demirtas C, Timur H, Sahin A,
Danisman N, et al. Do vitamin D and high-sensitivity-C
reactive protein levels differ in patients with
hyperemesis gravidarum? A preliminary study. Turkish
J Obstet Gynecol. 2016;13(3):123-6.

16. Christiansen OB, Nielsen HS, Kolte AM.
Inflammation and miscarriage. Semin Fetal Neonatal
Med.

2006;11(5):302-8.

17. Oglak SC, Obut M. The Role of Systemic
Inflammatory Markers in the Diagnosis of Hyperemesis
Gravidarum. Mugla Sitki Kogman Universitesi Tip Derg.
2020 Dec 29;7(3):124-7.

18. Kim HY, Cho GJ, Kim SY, Lee KM, Ahn KH, Han SW,
Hong SC, Ryu HM, Oh MIJ, Kim HJ, Kim SC. Pre-
Pregnancy Risk Factors for Severe Hyperemesis
Gravidarum: Korean Population Based Cohort Study.
Life (Basel). 2020 Dec 26;11(1):12.

19. Aksoy H, Aksoy AN, Ozkan A, Polat H. Serum lipid
profile, oxidative status, and paraoxonase 1 activity in
hyperemesis gravidarum. J Clin Lab Anal.
2009;23(2):105-9.

20. Leylek OA, Toyaksi M, Erselcan T, Dokmetas S.
Immunologic and biochemical factors in hyperemesis
gravidarum with or without hyperthyroxinemia.
Gynecol Obstet Invest. 1999;47(4):229-34.

21. Engin-Ustun Y, Tongug E, Var T, Deveer R, Yilmaz N,
Danisman N, et al. Vaspin and C-reactive protein levels
in hyperemesis gravidarum. Eur Rev Med Pharmacol
Sci. 2013;17(1):138-40.

22. Tunc SY, Agacayak E, Budak S, Tunc N, Icen MS,
Findik FM, et al. Serum levels of neopterin ,
inflammatory markers and oxidative stress indicators in
hyperemesis gravidarum. 2016;42(6):618-24.

23. Dockree S, Brook J, James T, Shine B, Vatish M. A
pregnancy-specific reference interval for procalcitonin.
Clin Chim Acta. 2021;513(October 2020):13-6.

24. Jekarl DW, Lee SY, Lee J, Park YJ, Kim Y, Park JH, et
al. Procalcitonin as a diagnostic marker, and IL-6 as a
prognostic marker for sepsis. Diagn Microbiol Infect Dis.
2013;75(4):342-7.

25. Hu Y, Yang M, Zhou Y, Ding Y, Xiang Z, Yu L.
Establishment of reference intervals for procalcitonin in
healthy pregnant women of the Chinese population.
Clin Biochem. 2017;50(3):150-4.

26. Ma Y, Ye W, Tang Y. Gestational diabetes mellitus
increases the baseline level of procalcitonin in maternal
blood but not in umbilical cord blood in late pregnancy.
A retrospective case-controlled study. Med (United
States). 2019;98(11):1-5.

27. Karli P, Ozdemir AZ, Ayan D. Maternal serum and
fetal cord blood C-reactive protein levels but not
procalcitonin levels are increased in idiopathic
intrauterine growth restriction. Med Sci Monit.
2019;25:6512-7.

83



Karademir D et al. / Cumhuriyet Medical Journal, 45(3): 79-84,2023

28. Mangogna A, Agostinis C, Ricci G, Romano F, Bulla
R. Overview of procalcitonin in pregnancy and pre-
eclampsia. Clin Exp Immunol. 2019;198(1):37-46.

29. Lumbreras-Marquez MI, Lumbreras-Marquez J,
Barraza-Salas M, Castillo-Reyther RA, De la Maza-
Labastida S, Hernandez-Rayon YI, et al. Maternal and
umbilical cord procalcitonin, high-sensitivity C-reactive
protein, and interleukin-6 levels in preeclamptic and
normotensive patients: A cross-sectional study.
Pregnancy Hypertens. 2020;21(January):218-23.

30. Verberg MF, Gillott DJ, Al-Fardan N, Grudzinskas JG.
Hyperemesis gravidarum, a literature review. Hum
Reprod Update. 2005 Sep-Oct;11(5):527-39.

31. Minagawa M, Narita J, Tada T, Maruyama S, Shimizu
T, Bannai M, et al. Mechanisms underlying
immunologic states during pregnancy: Possible
association of the sympathetic nervous system. Cell
Immunol. 1999;196(1):1-13.

32. Kaplan PB, Glicer F, Sayin NC, Yiiksel M, Yiice MA,
Yardim T. Maternal serum cytokine levels in women
with hyperemesis gravidarum in the first trimester of
pregnancy. Fertil Steril. 2003;79(3):498-502.

33. Kuscu NK, Yildirim Y, Koyuncu F, Var A, Uyanik BS.
Interleukin-6 levels in hyperemesis gravidarum. Arch
Gynecol Obstet. 2003;269(1):13-5.

34. Yavuz D, Mete T, Yavuz R, Altunoglu A. D Vitamini,
Kalsiyum & Mineral Metabolizmasi, D Vitaminin iskelet
Digi Etkileri ve Kronik Bobrek Yetmezliginde Niitrisyonel

84

D Vitamini Kullanimi. Ankara Med J. 2014;14(4):162—
71.

35. Zehnder D, Evans KN, Kiloy MD, Bulmer JN, Innes
BA, Stewart PM, et al. The ontogeny of 25-
hydroxyvitamin D3 1a-hydroxylase expression in
human placenta and decidua. Am J Pathol.
2002;161(1):105-14.

36. Sekizawa A, Sugito Y, lwasaki M, Watanabe A, Jimbo
M, Hoshi S, et al. Cell-free fetal DNA is increased in
plasma of women with hyperemesis gravidarum. Clin
Chem. 2001;47(12):2164-5.

37. Celik S, Soyer C, Giivey H, Yasar B, Yazicioglu B, Tiire
E, et al. Hiperemezis gravidarumda 6nemli bir nokta: d
vitamini ve tiroid fonksiyonlari. Jinekoloji-Obstetrik ve
Neonatoloji Tip Derg. 2020 Jun 25;17(2):331-4.

38. Gurbiz T, Dokuzeylik Gilingér N. Hiperemezis
gravidarum etiyopatogenezinde vitamin D eksikliginin
rolii var mi ? Adiyaman Universitesi Saglik Bilim Derg.
2018;4(2):761-71.

39. Calleja-Agius J, Jauniaux E, Pizzey AR, Muttukrishna
S. Investigation of systemic inflammatory response in
first-trimester pregnancy failure. Hum Reprod.
2012;27(2):349-57.

40. Kalagiri RR, Carder T, Choudhury S, Vora N, Ballard
AR, Govande V, et al. Inflammation in Complicated
Pregnancy and Its Outcome. Am J Perinatol.
2016;33(14):1337-56.



