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Summary

Pregnancy complications resulting from hypertensive disorders are a serious problem that impact 2-10 % of all pregnancies
globally. Preeclampsia is defined as new onset hypertension and proteinuria after 20 weeks of gestation which may be associated
with other maternal organ dysfunction, such as liver or renal insujficiency, hematological or neurological complications,
uteroplacental dysfunction and fetal growth restriction.

Aim of the Work: Primary outcome is to determine the correlation between fibroblast growth factor 21 level and preeclampsia
& significance of serum fibroblast growth factor 21 levels as a predictive tool for preeclampsia. Secondary outcome is to establish
the relationship between maternal serum fibroblast growth factor 21 level and Maternal complictions:

- Eclampsia (tonic clonic fits after 20 weeks with elevated blood pressure and proteinuria)

- HELLP syndrome (hemolysis, elevated liver enzymes and low platelet occur as a complication of severe preeclampsia)

- placental abruption (bleeding after 20 weeks gestation due to premature separation of a normally situated placenta)

Patients and Methods: This was a Nested case-control study that was conducted on 90 primigravidas at Ain Shams University
maternity hospital from April 2021 to April 2022. Ethical approval was obtained from the ethical committee at Ain-Shams
university maternity hospital. Data was recruited from patient attending obstetric clinic at Ain Shams University Maternity
Hospital. Blood samples were collected after 20 weeks to 28 weeks gestation. Patients was followed up until delivery and grouped
according to development of preeclampsia.

Random samples from 45 patients (group who develop PE) and 45 random samples from control group were assessed for
fibroblast growth factor 21. Serum fibroblast growth factor 21 levels were measured by a commercially available enzyme-linked
immunosorbent assay Kit.

Results: our study showed that there was a significant difference in FGF21 levels between the groups, patients with
preeclampsia having higher levels than controls, 15.9 % of patients with preeclampsia experienced maternal complications
compared to none in the control group. Meanwhile, 18.2 % of patients with preeclampsia experienced fetal complications
compared to 0 % in the control group.

Conclusion: Serum FGF-21 levels are significantly higher in preeclamptic pregnant women compared to healthy normotensive

pregnant women. So, it can be used as a predictor for preclampsia and maternal complications
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Introduction

Up to 10 % of pregnancies in developing countries
result in complications due to preeclampsia (PE), where
emergency care is frequently insufficient or nonexistent. [1]

The measurement of maternal blood pressure and
proteinuria is essential for the diagnosis of PE; however,
these parameters have poor predictive power for unfavorable
outcomes for both the mother and the fetus. Thus, there is
a pressing need for broadly applicable, reasonably priced
tests that can reliably identify women who are at risk
and identify which fetus may have complications. By
giving these patients and their offspring the best prenatal
care possible, we can prevent morbidity and improve the
outcome of the newborn. [2]

Preeclampsia shares many risk factors with cardiovascular,
chronic kidney disease and metabolic diseases. The
relationship between preeclampsia and the level of fibroblast
growth factor 21 has been rarely studied. [3]

Fibroblast growth factor family are responsible for cell
growth and differentiation, wound repair, embyrogensis
and angiogenesis. As a member of this family, fibroblast
growth factor 21 is a metabolic regulator with beneficial
effects on lipid and glucose metabolism, it also plays a role

in many disease such as cardiovascular and chronic kidney
disease. [4]

The study was to explore the possible role of fibroblast
growth factor 21 in preeclampsia and provide new
theoretical basis for the prevention and treatment of
preeclampsia. [5]

Patient and methods

After ethical committee approval and informed consent
from patients, this was a nested case-control study that was
conducted on 500 healthy pregnant women, recruited from
the Obstetrics outpatient clinic at Ain Shams University
Maternity hospital from April 2021 to April 2022. Participants
included in this study were 18-40 years old primigravida
pregnant ladies in single viable fetus 20-28 weeks gestional
age, with BMI (20-30) kg/m2. Pregnant ladies aged less
than 18 or more than 40 years old, or with previously
diagnosed maternal disease e.g DM, chronic hypertension,
thrombophilias were excluded from the study. Any participant
with fetal comorbidity e.g CFMF were excluded too.

All women included are subjected to detailed medical
history including past medical history and the date of the
first day of LMP to calculate the gestational age. They
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also underwent physical examination including BMI,
blood pressure measurement and abdominal examination
to assess the fundal level and the viability of the fetus.
Obstetric ultrasound was done to all of the women included
in the study to assess fetal biometry and exclude any fetal
abnormalities in addition to CBC and Serum fibroblast
growth factor 21 analysis for samples of target patients.
Blood samples were withdrawn from healthy pregnant
primigravidas 20-28 weeks gestational age. Samples
were centrifuged and then the supernatant were freezed
at —80 °C. Patients were followed up until delivery and
grouped according to development of preeclampsia.
It targeted reaching a sample of (45) initially healthy
primigravidas who subsequently develop preeclampsia

and (45) healthy primigravidas who continued their
pregnancies without any maternal or fetal complication.
Criteria for the diagnosis of preeclampsia are illustrated
in Figl and 2. Serum fibroblast growth factor 21 levels
were measured by a commercially available enzyme-
linked immunosorbent assay kit. The detection range
was 31 ng/L —200 ng/L. The main outcome of the study
is to determine the correlation between maternal serum
fibroblast growth factor 21 level and preeclampsia &
significance of serum fibroblast growth factor 21 levels as
a predictive tool for preeclampsia.Secondary outcome is to
establish the relationship between maternal serum fibroblast
growth factor 21 level and maternal and fetal morbidities
e.g. IUGR, oligohydraminos, abruptio placentae.

Figure 1: Diagnostic criteria of Preclampsia [6]

Figure 2: Criteria of severity of Preclampsia [6]
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Results

Table (1) shows that there was no significant
difference in age and BMI between the groups, but there
was a significant difference in GA, with patients with
preeclampsia having a lower GA than controls.

Table 2 shows that15.9 % of patients with preeclampsia
experienced maternal complications compared to 7 % in
the control group. Meanwhile, 18.2 % of patients with
preeclampsia experienced fetal complications compared
to 8 % in the control group (table 2).

Table 1
Comparison between control and cases regarding age, GA and BMI
Control cases t test
Mean SD Mean SD t p value sig.
Age 24.55 2.98 24.18 5.39 0.392 0.697 NS
GA 38.16 2.21 34.97 2.82 5.902 <0.001 S
BMI 26.53 2.18 26.28 2.31 0.528 0.599 NS
Table 2
Comparison between groups regarding secondary outcome
Cases
M
ean D
Maternal com No 37 84.1%
P Yes 7 15.9 %
Fetal com No 36 81.8 %
P Yes 8 182 %
Table 3

Median levels of fibroblast growth factor 21 (FGF21) between patients with preeclampsia and controls
using Mann Whitney’s test.

Controls Cases Mann Whitney'’s test
Median (IQR) Range Median (IQR) Range z p value Sig
131.7 585.5
FGF21 (108.9-174.9) 59.78-216.5 (446.95-791.15) 229.1-1447 -8.08 <0.001 S

Table (3) shows the results of a Mann Whitney’s test
comparing the median levels of fibroblast growth factor 21
(FGF21) between patients with preeclampsia and controls.
The median and interquartile range (IQR) are reported for
both groups. The Mann Whitney’s test was used to assess

the statistical significance of the differences between the
groups. The results indicate that there was a significant
difference in FGF21 levels between the groups, with
patients with preeclampsia having higher levels than
controls.

Table 4

Median levels of fibroblast growth factor 21 (FGF21) between patients with and patient without maternal
complication using Mann Whitney’s test.

No maternal complication

Maternal complication

Mann Whitney'’s test

Median (IQR) Range Median (IQR) Range z p value sig
537.2 1062
FGF21 (350.9-674.6) 229.1-1353 (1019-1264) 996.8-1447 -3.96 <0.001 S

Table (4) shows the results of a Mann Whitney’s test
comparing the median levels of fibroblast growth factor 21
(FGF21) between patients with and patient without maternal
complication among cases. The median and interquartile
range (IQR) are reported for both groups. The Mann

Whitney’s test was used to assess the statistical significance
of the differences between the groups. The results indicate
that there was a significant difference in FGF21 levels
between the groups, with patients with maternal complication
having higher levels than those without.

Table 5

Median levels of fibroblast growth factor 21 (FGF21) between patients with and patient without fetal complication
using Mann Whitney’s test.

No fetal complication

Fetal complication

Mann Whitney’s test

Median (IQR) Range Median (IQR) Range z p value sig
574.4 632.55
FGF21 (398.55-855.3) 229.1-1353 (542.85-682) 294.3-1447 -0.578 0.563 NS
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Table (5) shows the results of a Mann Whitney’s test
comparing the median levels of fibroblast growth factor 21
(FGF21) between patients with and patient without fetal
complication among cases. The median and interquartile range

(IQR) are reported for both groups. The Mann Whitney’s test
was used to assess the statistical significance of the differences
between the groups. The results indicate that there was no
significant difference in FGF21 levels between the groups.

Table 6

Correlation between fibroblast growth factor 21 (FGF21) levels with age, gestational age (GA), body mass index
(BMI), and cell-free fetal DNA (CFFDNA) in patients with preeclampsia and controls

Control Cases
FGF21 FGF21
rs p value rs p value
CFFDNA 0.011 0.956 0.994 <0.001
Age 0.12 0.438 -0.074 0.632
GA -0.093 0.548 -0.42 0.005
BMI 0.306 0.043 -0.06 0.7

Table (6) shows the Spearman correlation coefficients
and p-values for the association between fibroblast
growth factor 21 (FGF21) levels with age, gestational age
(GA), body mass index (BMI), and cell-free fetal DNA
(CFFDNA) in patients with preeclampsia and controls. The
results show that there was a significant positive correlation

between FGF21 levels and CFFDNA in patients with
preeclampsia (rs = 0.994, p < 0.001) but not in controls.
There was also a significant negative correlation between
GA and FGF21 levels in patients with preeclampsia
(rs =-0.42, p = 0.005) but not in controls (rs =-0.164,
p =0.385).

AUC 95 % CI p value sig.

cutoff point

Sensitivity Specificity +PV | -PV

FGF21 1 0.959 to 1.000 | <0.0001 S

>216.5 100 100 100 | 100

Figure 3: ROC Curve of FGF21 to differentiate cases from controls

Figure (3) shows the results of a receiver operating
characteristic (ROC) curve analysis for cell-free fetal
DNA (FGF21) to differentiate between patients with
preeclampsia and controls. The area under the curve
(AUC) is a measure of the accuracy of the test, the results
indicate that FGF21 has an AUC of 1.0, indicating perfect
discrimination between patients with preeclampsia and
controls.

Figure (4) also shows the optimal cutoff point for
FGF21, which is >97, sensitivity of 100 %, meaning that
it correctly identifies all patients with preeclampsia. It
also has a specificity of 100 %, meaning that it correctly
identifies all controls without preeclampsia. The +PV
and -PV are also 100 %, meaning that there are no false
positives or false negatives in the test.
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The table shows the results of a receiver operating
characteristic (ROC) curve analysis for fibroblast growth
factor 21 (FGF21) to detect maternal complications among
patients with preeclampsia. The area under the curve (AUC)
is a measure of the accuracy of the test, the results indicate
that FGF21 has an AUC of 0.977, indicating excellent
discrimination between patients with and without maternal
complications. It also shows the optimal cutoft point for
FGF21, which is >918.5, with a corresponding sensitivity of
100 %, meaning that it correctly identifies all patients with
maternal complications. It also has a specificity of 97.3 %,
meaning that it correctly identifies most of the patients
without maternal complications. The +PV and -PV are
87.5 % and 100 %, respectively, meaning that there are few
false positives and no false negatives in the test.
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AUC 95 % CI p value Sig. cutoff point Sensitivity Specificity +PV | -PV
FGF21 | 0.977 | 0.879 to 0.999 <0.0001 S >9018.5 100 97.3 87.5 100
Figure 4: ROC curve of FGF21 to detect maternal complications among cases.
Discussion biochemical parameters and the serum level of FGF21 were

Preeclampsia (PE) complicates up to 10 % of pregnancies
in developing nations, despite the fact that emergency care is
often inadequate or nonexistent in these areas. [7]

While measuring maternal blood pressure and
proteinuria is necessary for the diagnosis of PE, these
indicators have a relatively low sensitivity and specificity
in terms of predicting adverse outcomes for the mother
and the fetus. [8]

Thus, there is a pressing need for tests that can reliably
identify women who are at risk and predict which fetus
may have complications. These tests also need to be widely
applicable and reasonably priced. By guaranteeing that
these patients and their offspring receive the best prenatal
care available, this will enable the prevention of morbidity
and the improvement of neonatal outcome. [8]

Many of the risk factors for preeclampsia are also
associated with cardiovascular disease, chronic renal
disease, and metabolic disorders. Preeclampsia and the
level of fibroblast growth factor 21 have only seldom been
examined in conjunction with one another as a link. [7]

Our study was done among Egyptian primigravidas
pregnant in single fetus 20-28 weeks gestational age
attending to maternity hospital — Ain shams university,
Measuring the maternal serum fibroblast growth factor 21
and establishing the relationship between maternal serum
fibroblast growth factor 21 and preeclampsia.

We concluded that there was no significant difference in
age and BMI between the groups, but there was a significant
difference in GA, with patients with preeclampsia having
a lower GA than controls (Table 1).

Our study’s findings concurred with those of Jiang et
al. [7], who investigated the relationship between PE and
the serum level of fibroblast growth factor (FGF) 21. His
study included 80 cases in total, including 49 cases in
the PE group and 31 cases in the control group (normal
pregnancy). PE was split into two groups: late-onset PE
(LOPE) and early-onset PE (EOPE). Prior to delivery,

measured. Regarding mother age, the multipara ratio, and
pre-pregnancy BMI, there were no statistically significant
differences between the groups (P > 0.05).

Our study showed that there was a significant difference
in FGF21 levels between the groups, patients with
preeclampsia having higher levels than controls. The
median level of FGF21 in patients with preeclampsia
was 585.5 pg/ml, while the median level of FGF21 in the
control group was 131.7 pg/ml (Table 3).

The findings of Stepan et al. [9] were consistent with
our study, which demonstrated that the serum FGF21 level
in PE patients was significantly higher than that of a normal
pregnancy (maternal FGF-21 serum concentrations in PE
patients were nearly three times higher (309.6 ng/l) than in
healthy age-matched pregnant women (105.2 ng/l).

Similarly, Buell et al. [8] sought to examine the serum
FGF-21 profile during each trimester of pregnancy in healthy
and mildly preeclamptic pregnant women. In a nested case-
control study within a longitudinal cohort study comprising
healthy (n = 54) and mildly preeclamptic (20) pregnant
women, women three months postpartum (n = 20), and
eumenorrheic women during the menstrual cycle (n = 20),
serum FGF-21 levels were ascertained by ELISA. They
demonstrated that during the three trimesters of pregnancy,
maternal levels of FGF-21 were significantly higher in
preeclamptic pregnant women than in healthy normotensive
pregnant women. Moreover, FGF-21 serum levels peak in the
third trimester of pregnancy after being considerably lower in
the first and second trimesters of pregnancy in both healthy
(p < 0.0000) and preeclamptic pregnant women (p < 0.0036).

Jiang et al. [7] likewise demonstrated that serum FGF21
level of PE group (462.53 = 188.00 ng/L), EOPE group
(510.76 £ 172.26 ng/L) and PE group with complication
(517.26 + 195.88 ng/L) was respectively higher than that
of control group (366.85 + 191.49 ng/L). FGF21 level of
EOPE group was significantly higher than that of LOPE
group (403.33 + 193.36 ng/L). When compared with PE
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group who had no complication (376.11 + 139.84 ng/L), PE
group with complication had higher FGF21 level.

Also, Abd Elmagid et al. [10] examined the serum
levels of fibroblast growth factor-21 in patients with
mild and severe preeclampsia; the severe group showed
a significant increase, nearly two times higher than the
control group and 1.5 times higher than the mild group.

In contrary to our research, Nitert et al. [11] found
no significant difference in serum FGF21 level between
PE patients and normal pregnant women(Circulating
FGF21 was examined in maternal and cord blood samples
of 10 mother-baby dyads in each group. FGF21 levels
in maternal blood were comparable in women with
and without PE (PE 0.44(0.3-1.00) ng/ml vs. control
0.38(0.21-0.66), P=0.38). In most cord blood samples,
FGF21 was below the detection threshold (0.03ng/ml), but
in two cord blood samples from normotensive pregnancies
and four cord blood samples from PE pregnancies, it was
slightly above the detection threshold. This contradictory
results could be explained by variations in characteristics
of the study participants such as BMI, insulin resistance,
gestation of blood sampling and parity.

Our study showed that 15.9 % of patients with
preeclampsia experienced maternal complications compared
to none in the control group. Meanwhile, 18.2 % of
patients with preeclampsia experienced fetal complications
compared to 0 % in the control group (Table 2).

We used the results of a receiver operating characteristic
(ROC) curve analysis for FGF21 to differentiate between
patients with preeclampsia and controls. The area under the
curve (AUC) is a measure of the accuracy of the test, the
results indicate that FGF21 has an AUC of 1.0, indicating
perfect discrimination between patients with preeclampsia
and controls. The table also shows the optimal cutoft point
for FGF21, which is >97, sensitivity of 100 %, meaning
that it correctly identifies all patients with preeclampsia.
It also has a specificity of 100 %, meaning that it correctly
identifies all controls without preeclampsia. The +PV
and -PV are also 100 %, meaning that there are no false
positives or false negatives in the test (Fig 3).

We also found that there was a significant difference in
FGF21 levels between the groups, patients with maternal
complication having higher levels of FGF21 levels than
those without(median level of FGF21537.2pg/ml for patient
without maternal complication, but 1062pg/ml for patient with
maternal complication (Table 4) but there was no significant
difference in FGF21 levels between patients with and patient
without fetal complication among cases.(median level of
FGF21574.4 pg/ml for patient without fetal complication,
632.55 pg/ml for patient with fetal complication (Table 5).

The results of our study were in accordance with Jiang et
al. [7] 49 PE patients, 30 cases had maternal complications,
19 cases had no complications. Considering that early-onset
preeclampsia is more strongly associated with placental
factors and may have a more severe disease course than late-
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Our study showed that the results of a receiver operating
characteristic (ROC) curve analysis for fibroblast growth
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The results of our study were in accordance with
Buell et al. [8] showed that the area under the receiver
operating characteristic curve (AUC ROC) for predicting
the development of the adverse maternal outcome of mild
preeclampsia (dependent variable) from serum levels of
FGF-21 levels (independent variable) was determined in the
1st (0.681 (95 % confidence interval 0.537-0.826)), 2nd (0.644
(95 % confidence interval 0.501-0.788)) and 3rd (0.680 (95 %
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In correlation with our study, there were other studies
done among primigravidas pregnant in single fetus 20-28
weeks gestional age measuring cell free fetal DNA and
establishing its relation to preeclampsia [10-20]. The
Spearman correlation coefficients and p-values for the
association between fibroblast growth factor 21 (FGF21)
levels with age, gestational age (GA), body mass index
(BMI), and cell-free fetal DNA (CFFDNA) in patients with
preeclampsia and controls was shown in Table 6. The results
showed that there was a significant positive correlation
between FGF21 levels and CFFDNA in patients with
preeclampsia (rs = 0.994, p < 0.001) but not in controls.
There was also a significant negative correlation between GA
and FGF21 levels in patients with preeclampsia (rs =-0.42,
p = 0.005) but not in controls (rs =—0.164, p = 0.385).

The cut-off points in the levels of FGF-21 obtained
through the different ROC curves in each trimester of
pregnancy could contribute to the risk prediction of
preeclampsia and further studies are needed to confirm
a relationship between FGF-1 and Log (sFlt-1)/Log (PIGF)
ratio and the outcome of preeclampsia [21-26].

Conclusion

Finally, our results showed that serum FGF-21 levels
are significantly higher in preeclamptic pregnant women
compared to healthy normotensive pregnant women. So,
it can be used as a predictor for preclampsia and maternal
complications
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POJIb MATEPUHCBKOTI'O PIBHA CUPOBATKOBOI'O ®AKTOPA POCTY ®IBPOBJIACTIB 21
Y IPOTHO3YBAHHI NPEEKJAMIICIT

A. Kapim Env-0in, M. Xacan, I'. Caiteo, A. Xenmi

YuiBepcurer Aiin Llllame
(Kaip, €runer)

Pesrome.

Beryn. YexianHeHHs BariTHOCTI BHACHIIOK TiIEPTOHIYHUX PO3JIAJiB € CepHO3HOI0 MpodieMoro, sika ctocyethest 2-10 % ycix Ba-
ritHocTeil y cBiti. [Ipeekamiiciss BU3HAYa€ThCS SIK TIMEPTOHIs Ta MPOTETHYpist, siki BUHUKIHN miciist 20 THXKHIB BariTHOCTI, 1110 MOXYTb
OyTH 1OB’s13aHi 3 AMCOYHKIIIEIO IHIIUX OPraHiB MaTepi, HAIIPUKIIAJ, IEYiHKOBOKO a00 HUPKOBOIO HEJIOCTATHICTIO, TeMAaTOIIOr T YHUMH 200
HEBPOJIOTTYHUMH YCKIIQJIHCHHSIMH, MaTKOBO-TIAIICHTAPHOI TUC(YHKINEI Ta OOMEKEHHIM POCTY ILIO/A.
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Meta po6oTH: BCTAaHOBUTHU 3B’SI30K MiX PiBHAMH CHPOBAaTKOBOTO (akropa pocty pidbpodnactiB 21 MaTepi Ta npeeksiaMIiciero
y SIKOCTI IIPEAUKTOPY MpeeKIaMIcii.

IamieHTH T2 METOAM: JOCITIIKEHHS TUITY «BHITaJI0K-KOHTPOJIbY, sike Oyi1o nposeeHo Ha 90 nepIioBariTHUX y MOJIOroBoMy Oy/IHMHKY
yHiBepcurery Aiin [llamc 3 kBiTHs 2021 poky 1o kBiTeHs 2022 poky.

Pe3yJbTaTH: Halle JOCIiIKSHHS MOKa3aio, 0 iCHyBajla 3HauHa pi3HUI B piBHAX FGF21 mix rpymamu, a came, Mami€HTKH
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YCKJIQJIHEHHS y 110712 1opiBHsAHO 3 0 % BumajikiB y KOHTPOIbHIH rpymi.

BucHoBox: piBens FGF-21 y cupoBariii KpoBi 3Ha4HO BHIIMIT Y BariTHUX XKIiHOK 3 MPEEKIAMIICIEI0 MOPIBHAHO 31 3]0POBUMHU
BariTHUMHM XXIHKaMH, SIKi MalOTh HOpMaJbHUH THCK. OTKe, HOro MOYKHa BUKOPHUCTOBYBATH SIK MPEIUKTOP PO3BUTKY MPEKIAMIICIT Ta

YCKJIQJITHEHb y MaTepi.
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