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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Preeclampsia (PE), a major cause of maternal
and fatal morbidity and mortality, affects 4-5% of human
pregnancies, characterized by elevated blood pressure and
proteinuria after 20 weeks.

Objective: The current study sought to investigate a potential
link between high CRP levels and the probability of pregnant
women to develop PE.

Methods: The study involved 50 pregnant women with PE
symptoms and 30 control women without symptoms, collecting
serum samples and data via questionnaire.

Results: The most common age group for this study was 31 to
40 years. The majority of the studied women belong to ethnic
groups of Northern Sudan ancestry (52%). The majority of
women in the pre-eclampsia group were in their third trimester
(54%). Among the fifty women with PE, 35 (70%) tested
positive for CRP, while 15 (30%) tested negative. Four (13.3%)
participants in the control group tested positive for CRP, while
26 (86.6%) were negative.

Conclusion: This study concluded that C-reactive protein
(CRP) serves as a valuable predictive marker for the onset of PE.
The strong correlation between CRP levels and the incidence of
PE suggests that monitoring CRP could help identify women
at higher risk for this condition. Additionally, the link between
CRP presence and the number of prior PE cases indicates that
women who have experienced PE in previous pregnancies may
be more susceptible to recurrence, with CRP potentially aiding
in early detection. The study discovered no significant effect of
ethnic group on the development of pre-eclampsia.

Key words. CRP, ethnic group Hypertensive, PE, proteinuria.

Introduction.

Preeclampsia (PE), with or without severe features, is a
disorder of pregnancy associated with new-onset hypertension,
usually with accompanying proteinuria, which occurs most
often after 20 weeks of gestation and frequently near term [1].
One of the main causes of maternal and fetal morbidity and
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mortality during pregnancy is PE, a pregnancy complication.
Numerous etiologies have been connected to PE, including
abnormal trophoblast invasion of uterine blood arteries
and immunological intolerance between fetal and maternal
tissues [2]. The pathophysiology of PE is thought to involve
inflammation and endothelial cell failure [3,4]. During PE, there
is a widespread activation of circulating leukocytes, which is
indicative of inflammation. Furthermore, PE women have been
found to have elevated levels of inflammatory cytokines and
CRP [5].

PE is a condition that typically starts after the 20th week of
pregnancy and is related to increased blood pressure and protein
in the mother's urine (as a result of kidney problems). PE affects
the placenta, and it can affect the mother's kidney, liver, and
brain. When PE causes seizures, the condition is known as
eclampsia, the second leading cause of maternal death in the
U.S. Preterm birth, placental abruption, intrauterine growth
restriction, fetal distress, and fetal death in utero are all linked
to PE, a major cause of maternal morbidity [6].

The circulating amounts of C-reactive protein (CRP), an
annular (ring-shaped) pentameric protein present in the plasma,
increase in response to inflammation. Following the release of
interleukin-6 by T cells and macrophages, this hepatic acute-
phase protein rises. Its physiological function involves attaching
itself to lysophosphatidylcholine expressed on the surface
of dead or dying cells (as well as certain bacteria) in order to
trigger the complement system through Clq [7].

Women with pre-existing, or chronic, high blood pressure are
more likely to have certain complications during pregnancy
than those with normal blood pressure. On the other hand,
some pregnant women experience high blood pressure, which is
commonly referred to as gestational hypertension [8].

The effects of high blood pressure range from mild to severe.
High blood pressure can harm the mother's kidneys and other
organs, and it can cause low birth weight and premature delivery.
In the most serious cases, the mother develops preeclampsia-or
"toxaemia of pregnancy"-which can threaten the lives of both
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the mother and the fetus. There is no proven way to prevent PE.
Most women who develop signs of PE, however, are closely
monitored to lessen or avoid related problems. The way to
"cure" PE is to deliver the baby. lives of both the mother and
the fetus [9].

In this study, the prevalence of C reactive protein was
investigated in relation to age and ethnic group, the potential
role of CRP levels in inducing PE in hypertensive pregnant
women who were attending Omdurman Maternity Hospital, and
the relationship between blood CRP levels and proteinuria were
evaluated.

Materials and Methods.

This study was cross-sectional and was carried out at
Omdurman Maternity Hospital (OMH), Khartoum state
during the period May to July 2010. The study included fifty
pregnant patients who were presenting to Omdurman Maternity
Hospital with PE symptoms, proteinuria over normal (30 mg/
dl), and raised blood pressure above normal (120/60 mmHg).
Additionally, 30 pregnant women who did not exhibit any PE
symptoms or other illnesses were included in the control group.

A questionnaire was utilized to gather additional data from the
participants in this study. Five milliliters of blood were drawn
from each participant in a simple container, centrifuged, and the
serum separated into a different plain container before being
stored in a freezer.

With the assistance of the registrars and doctors at Omdurman
Maternity Hospital, where the patients were admitted, the
written informed consent form was explained to and signed
by each participant. For the qualitative and semi-quantitative
measurement of CRP in patient serum, samples were analyzed
using the fast latex slide agglutination method. For the detection
of proteinuria in pregnant women's urine, urinalysis test strips
(SD uroColor) were employed. A P-value < 0.05 was deemed
statistically significant after data analysis using SPSS software.

Results.

Eighty women attending Omdurman Maternity Hospital were
recruited for this study: 50 women with PE and 30 women free
from pre-eclampsia signs as control group.

Ages of women with pre-eclampsia ranged between 17 to 42
years with mean age of 28.9 years. The most frequent age group
was from 31 to 40 years. Among the control group ages ranged
from 17 to 39 years with mean age of 25.3 years. The most
frequent age group was from 21 to 30 years (Table 1). Statistical
analysis revealed significant difference in the distribution of age
groups among the two studied groups (p = 0.01).

Table 1. Distribution of the studied population according to age group.

AGE Group Cases Control
10-20 11 (22.00%) 9(30.00%)
21-30 21(42.00%) 17(56.67%)
31-40 15(30.00%) 4(13.33%)
41 -50 3(6.00%) 0(00.00%)
Total 50(100%) 30(100%)
Mean + SD 28.9+ 7.81 253+1.78
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According to our data, the North recorded the largest percentage
of instances (52.0%), followed by the Middle (20.00%), while
the South (12.00%), East (10.00%), and West (6.00%) had the
lowest percentages. The control group, on the other hand, had a
distinct distribution, with a comparatively higher percentage of
participants from the Middle (23.33%) and West (16.67%) but
none from the South (0.00%) (Table 2).

Table 2. Distribution of the population according to tribe location.

Tribe origin Cases Control
NORTH 26 (52.00%) 14 (46.67%)
SOUTH 6 (12.00%) 0(0.00%)
EAST 5(10.00%) 4(13.33%)
WEST 3(6.00%) 5(16.67%)
MEDDILE 10 (20.00%) 7(23.33%)
total 50(100%) 30(100%)

Based on gestational age, the women under study were divided
into three groups. The third trimester was when the majority of
the women in the PE group were. Women in the control group
were split equally across the three trimesters (Table 3). A statistical
analysis showed that the gestational age had a substantial impact on
the development of pre-eclampsia (p = 0.001).

Table 3. Distribution of the population according to gestational age.

Trimester Cases Control

1 6(12.00%) 10(33.33%)
2 17(34.00%) 10(33.33%)
3 27(54.00%) 10(33.33%)
Total 50(100%) 30(100%)

*P-value = 0.001

Among the 50 women with PE, 35 subjects were tested positive
for CRP and 15 subjects were CRP negative. Among the control
group, 4 subjects tested positive for CRP and 26 were CRP
negative. Statistical analysis showed significant correlation
between PE and presence of CRP (Figure 1). For the purpose
of statistical analysis, when CRP were detected, levels were
identified as low (6 mg/dl), moderate (12 mg/dl) and high (>
24 mg/dl). The CRP levels of 15, 5, and 15 patients in the pre-
eclampsia group were low, moderate, and high, respectively.
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Figure 1. CRP among PE and control groups.

All 4 subjects who tested positive for CRP have low levels
(Figure 3.1).
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Figure 5. Distribution of CRP negative and positive subjects with PE
according to ethnic group location in Sudan.

None of the subjects in the control group has signs of PE in
their previous pregnancies. However, among the pre-eclampsia
group 32 subjects had a history of one PE case, 12 had two
previous cases, 1 had 3 cases, 3 had 4 cases and 2 subjects had
5 previous cases (Table 4). Among subjects with PE who tested
negative for CRP, 9, 2 and 3 subjects had 1,2 and 4 previous PE
cases. Among CRP positive subjects 23, 10, 1 and 2 subjects had
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ROC Curve for CRP in Predicting Pre-Eclampsia
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Figure 6. Indicated a moderate diagnostic ability of CRP in
distinguishing between PE and control groups with an AUC (Area
Under the Curve) of approximately 0.78.

Table 4. Frequency of previous PE cases in PE and control groups.

Number of previous PE cases g;eg:::;y ContollEEann
0 0(0.00%) 30(100%)
1 32(64.00%) 0(0.00%)
2 12(24.00%) 0(0.00%)
3 1(2.00%) 0(0.00%)
4 3(6.00%) 0(0.00%)
5 2(4.00%) 0(0.00%)
Total 50(100%) 30(100%)
Table 5. CRP in relation to the history of abortion.
No of Abortion Total

C rea'ctlve 0 1 2
protein
Negative Count 11 3 0 14

% of Total 22.0%  6.0% .0% 28.0%
Positive Count 25 7 4 36

% of Total 50.0% 14.0% 8.0% 72.0%
Total Count 36 10 4 50

% of Total 72.0% 20.0% 8.0% 100.0%

1, 2, 3 and 5 previous PE cases (Figure 3.2). Statistical analysis
revealed significant correlation between number of previous PE
cases and presence of CRP (P = 0.001).

Levels of proteinuria were placed into 3 groups: trace (5
mg/dl), moderate (30 — 300 mg/dl) and high (> 2000 mg/dl)
(Section 3.6.2.2). Among subjects with PE who tested negative
for CRP 12 had trace proteinuria and 2 subjects had elevated
levels. Among CRP positive subjects 8,6 and 22 women had
trace, moderate and high proteinuria levels (Figure 3). Results
indicated significant association between presence of CRP
levels of proteinuria (P=0.0001).

Number of abortions during previous pregnancies was
recorded for the studied subjects. Among women with PE who
tested negative for CRP, 11 subjects had no abortions and 3 had
one abortion during their previous pregnancies. Among women
who tested positive for CRP, 25, 7 and 4 subjects had no, one
and two abortions during their previous abortions. (Table 5)
Results revealed no significant relationship between presence of
CRP and history of abortion (P =0.4).



Most of the subjects who tested negative for CRP were in the
age group 21 — 30 years. However, the age group 31 — 40 years
was the most frequent among CRP positive subjects (Figure 4).
Results showed no significant difference in the distribution of
CRP negative and CRP positive subject among different age
groups (P =0.54).

Most of the studied subjects who tested negative for CRP
7(50%) belong to ethnic groups of central Sudan origin.
However, ethnic groups of Northern Sudan were more frequent 24
(66.6%) among subjects tested positive for CRP. (Figure 5) There
was significant difference in the distribution of CRP negative and
positive subjects among different ethnic groups (P = 0.006).

Discussion.

PE is one of the common pregnancy complications after
the 20" week. If untreated it may lead to eclampsia, a life-
threatening condition. The frequency of pregnancy related
deaths in Sudan are among the highest in the region. Among the
major pregnancy complications leading to death is PE which
later on lead to Eclampsia. Identification of a predictive marker
for eclampsia will help in management of the case.

Results of the current study indicated significant correlation
between incidence of PE and presence of CRP suggesting
that CRP can be used as predictive marker for PE. Moreover,
presence of CRP was significantly correlated to the number of
PE cases to which the studied women exposed to during their
previous pregnancies.

The North has a high prevalence of cases of systemic
inflammation, possibly due to genetic predisposition, dietary habits,
or environmental factors. This could increase CRP levels. Regional
disparities in metabolic disorders, obesity, and diabetes may also
contribute to these differences. The South has a low representation
in cases and is absent in the control group. West and East individuals
have lower case prevalence but better representation.

Numerous but not all studies have reported finding elevated
CRP among women with PE as well as prior to evident clinical
symptoms and as much as 30 years postpartum [5]. In a review
about CRP and PE, serum CRP was reported to be correlated
with maternal pregnancy body mass index (BMI). women who
developed PE later had greater CRP levels than control women
[2]. Moreover, Cebesoy et al 2005 found that CRP levels were
significantly higher in severe PE and eclampsia groups than in
mild PE group [10].

Results suggested significant effect of the gestational age on
development of PE, as most of pregnant women developed
PE towards their last trimester with no significant variation
in the distribution of CRP levels in the three trimesters. This
observation is an agreement with the established finding that PE
tends to set after the 20" week of pregnancy, but the predictive
CRP levels elevate as early as during the first trimester [11].

The present study indicated significant association between
presence of CRP and levels of proteinuria. In a similar large-
scale study done by seki, 2007, data were collected from 20,077
individuals in Japan. The number of positive proteinuria cases
increased from 5.2 % in subjects with low CRP to 12.3 % in
those with high CRP levels [12].

With an AUC (Area Under the Curve) of roughly 0.78, the
ROC curve for CRP in predicting pre-eclampsia (PE) shows
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a reasonable diagnostic capacity of CRP in differentiating
between PE and control groups as shown in Figure 6.

These findings suggest that screened individuals with high
CRP levels may need to be followed up carefully despite
absence of traditional risk factors for proteinuria.

Conclusion.

The overall outcome of this study indicated significant
correlation between incidence of PE and presence of CRP
suggesting that CRP can be-used as predictive marker for pre-
eclampsia.

Results suggested significant effect of the gestational age on
development of pre-eclampsia, as most of pregnant women
developed PE towards their last trimester with no significant
variation in the distribution of CRP levels in the three trimesters.

The study also indicated significant association between
presence of CRP and levels of proteinuria.

Recommendation.

The study recommends the use of CRP levels as a predictive
marker for detection of PE Necessary precaution can then be
taken to avoid or at least minimize the consequent complications.
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