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تاهملأاةضارموتايفولسيئررطخلماعوهلمحلاممست:ثحبلافادهأ
يتلاو،لصملايفةيويحلاتارشؤملاديدحتلةلئاهدوهجكانهتناك.نينجلاو
تارشؤملامييقتىلإةساردلافدهت.لمحلاممستبقوثوملكشبأبنتتنأنكمي
.لمحلاممستصيخشتيفةدئافلضفأاهليتلاةيويحلا

دادرتسامتو"ديمبب"تانايبةدعاقيفيجهنمثحبءارجإمت:ثحبلاقرط
طباوضمضتيتلاةيلصلأاةيثحبلاتلااقملانيمضتمت.ةلسلستملاعجارملا
تنمضت.ةيعطقملاتاساردلاو،ةيئاوشعلامكحتلابراجتو،بارتلأاو،ةلاحلا
طسـوتـمـلـاةمـيـقـوةسـاردلـاناكـمـوةنـسـواهـعـونـوةسـاردلـاميـمـصـتـةلـجـسـمـلـاتاريـغـتـمـلـا

ةنيعمجحوةدحولاوطباوضلاوىضرملايفتاملاعلليرايعملافارحنلاا�
.ةيرايعملاطسوتملاقرفميقىلعءانبجئاتنلاريسفتمت.ةساردلاعمتجم

ىدأو."ديمبب"تانايبةدعاقنمةسارد٣٨٩هعومجمامعاجرتسامت:جئاتنلا
نمةيفاضإةسارد٤٧نيمضتمت.ةعجارملاهذهلةسارد٨٩يفاضلإاليلحتلا
لماكصنتاذةلاقم١٣٦ةعجارمتمت،قحلاتقويف.عجارملاةلسلس
،يولتلاليلحتلااذهلةسارد٢٥رايتخامت،اريخأ.تانايبلالاخدإمتوليصفتلاب
ةيعولألةدلوملاتامساولاتناك.مدلالصميفايويحامصاو١٣تميقو
يفظوحلملكشبةعفترمنيلغودنلإاو،يميشملاومنلالماعو،زانيكنيزوريتلاو
ناكو.لماوحللةيداعلاطباوضلابةنراقملمحلاممستنمنوناعينيذلاىضرملا
نيتكنوبيدلأاوةفاثكلاةيلاعةينهدلاةيويحلاتاملاعلاويميشملاومنلالماع
،بنيتوربلاميمصو،ةيثلاثلانوهدلانأنيحيف.ظوحلملكشبةضفخنم
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ةيداعلاطباوضلابةنراقمجاعترلااتامدقمىضرميفةعفترمتناكنيتبللاو
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؛لمحلاممست؛يولتلاليلحتلا؛صيخشتلا؛ةيويحلاتارشؤملا:ةيحاتفملاتاملكلا
لمحلا

Abstract

Objective: Preeclampsia is a major risk factor for

maternal and foetal mortality and morbidity. There have

been tremendous efforts to identify serum biomarkers

which can reliably predict the occurrence of preeclamp-

sia. The study aims to assess the biomarkers that have the

greatest utility in the diagnosis of preeclampsia.

Methods: A systematic search was performed on the

PubMed literature database, and chain references were

retrieved. Original research articles composed of case

controls, cohorts, randomised control trials, and cross-

sectional studies were included. The recorded variables

included each study’s design, type, year, and location; the

value (mean � standard deviation) of the markers in the

patients and the pregnant controls; and the p-value, unit

of measurement, and the sample size of each study. The

results were interpreted based on the standardised mean

difference (SMD) values.

Results: A total of 398 studies were retrieved from the

PubMed database. After further analysis, 89 studies were
y. This is an open access article under the CC BY-NC-ND license
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selected for this review. An additional 47 studies were

included based on chain referencing. Later, 136 full-text

articles were reviewed in detail and their data were

entered. Finally, 25 studies, in which 13 serum bio-

markers were assessed, were selected for this meta-

analysis. The levels of the angiogenic markers fms-like

tyrosine kinase (sFlt), sFlt/placental growth factor

(PlGF), and endoglin were significantly higher in patients

with preeclampsia than in the pregnant controls. The

levels of PlGF and the lipid biomarkers high density li-

poprotein (HDL) and adiponectin were significantly

lower, while the levels of triglycerides, apolipoprotein B

(APO-B), and leptin were elevated in the preeclamptic

patients compared to the pregnant controls (p < 0.05).

Conclusion: In our study, the values of the serum bio-

markers sFlt, PlGF, sFlt/PlGF, HDL, adiponectin, leptin,

triglycerides, and APO-B differed significantly between

preeclampsia patients and the pregnant controls. These

findings demand advanced evaluation of biomarkers to

enhance diagnostic screening for preeclampsia.

Keywords: Biomarkers; Diagnosis; Meta-analysis; Pre-

eclampsia; Pregnancy

� 2021 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Preeclampsia is a pregnancy disorder characterised by the

new onset of hypertension accompanied by apparent pro-
teinuria after twenty weeks of pregnancy. In the absence of
proteinuria, preeclampsia presents as hypertension and any

one of the following features: renal insufficiency, impaired
liver function, thrombocytopenia, pulmonary oedema, or the
new onset of headache (American College of Obstetrics and

Gynecology, ACOG, 2019).1

The worldwide prevalence of preeclampsia is 3.8% in
pregnant women, and it is responsible for more than 70,000
maternal and 500,000 foetal deaths each year.2,3 The World

Health Organization (WHO) has set Sustainable
Development Goals to encourage nations to reduce the
maternal mortality rate to fewer than 70/100,000 births by

2030.4 The primary burden of reducing maternal mortality
falls upon Sub-Saharan Africa and South Asia.5 The
reported mortality rate in Pakistan in 2019 was 178/

100,000 births, which trailed far behind the target rate.4

According to a WHO report, hypertensive disorders were
second to haemorrhage as the leading cause of maternal
mortality worldwide, accounting for 14% of deaths, and

third in South Asia, following haemorrhage and sepsis.6

Preeclampsia, once diagnosed, requires specialised
monitoring of both the mother and foetus.7 The

complications for mothers include renal failure, hepatic
failure, pulmonary oedema, placental abruption, cerebral
haemorrhage, and eclampsia.7 The foetal complications
include preterm birth, foetal growth restriction, stillbirth,
and the necessity for neonatal intensive care; one-quarter

of the neonatal deaths in developing countries are due to
preeclampsia.8 Various maternal characteristics, such as
hypertension, diabetes, obesity, autoimmune disease,

advanced age, and nulliparity, increase the risk of
preeclampsia; however, screening for maternal
characteristics only results in the detection of 40e54% of

preeclampsia cases.9

Preeclampsia is a heterogeneous disorder, and the use of
several biomarkers for early diagnosis and screening has
been investigated. The markers include ones representing

angiogenic and antiangiogenic factors, inflammation,
oxidative stress, endothelial damage, endocrine hormones,
lipid metabolism, homeostasis, and foetal distress.10 Despite

the exploration of many biomarkers, only tests for placental
growth factor (PlGF) have been approved by the National
Institute of Health and Care Excellence (NICE) (UK) for

use alongside the standard clinical assessment, and they are
only available in a handful of developed countries, which
include the UK and Germany.11 However, a prospective
multicentre study conducted by the WHO across eight

countries on high-risk pregnant women showed that
screening for the currently available biomarkers, in addition
to using the standard clinical tests, did not significantly

improve the ability to predict preeclampsia at <20 weeks of
pregnancy.12 Therefore, additional markers and
combinations that can be used to accurately predict and

diagnose preeclampsia must be explored so that early
antenatal surveillance and preventive treatments can be
utilised to prevent maternal and foetal morbidity and

mortality.
The rationale of this study: Biochemical changes in the

serum of pregnant women precede the clinical signs and
symptoms of preeclampsia, and these biomarkers may be

utilised for the early detection of it.13 Several markers have
been investigated as possible indicators for the diagnosis
of, and screening for, preeclampsia; however, because

inconsistent and poorly reproducible results prevail,
combinations of two or three biomarkers are being
investigated.10 This systemic review and meta-analysis were

conducted to determine the diagnostic utility of serum bio-
markers in preeclampsia through analysis of the stand-
ardised mean difference.

The review question: What is the diagnostic utility of the
biomarkers associated with preeclampsia in terms of the
standardised mean difference?

Materials and Methods

The systematic review and meta-analysis were conducted
following the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA).14

As this review involved only data from previous studies,
the approval of an institutional review board was not
required.

Search method and data sources

The literature search engine PubMed was searched inde-
pendently by the first two authors, RS and FB, on 5 January

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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2018. The terms used for the search were ‘Preeclampsia, not
eclampsia’, ‘biomarkers or marker’, and ‘blood or serum or

plasma’, and the dates of the search spanned from 1980/01/
01 to 2017/12/31. The relevant papers cited in the articles
were also retrieved.

Selection of studies

The studies that were selected met the following criteria:

1. They reported on markers in the blood of pregnant pre-
eclamptic women. 2. They gave a complete description of
their cases and controls. 3. They defined preeclampsia ac-
cording to the ISSHP, ACOG, or comparable guide-

lines.1,3,11 Original research papers composed of case
controls, cohorts, randomised control trials, and cross-
sectional studies were included, and any papers whose full

text was not in the English language and those which were
reviews, abstracts of posters, and animal studies were
excluded by the first two authors. The selected full texts of

all the original research articles were read by the first author,
and the data were compiled in Microsoft Excel datasheets.

Data extraction

The recorded variables were the study design; the type,
location, and year of each study; the values of the bio-

markers in the participants’ blood; the serum or plasma
of preeclamptic patients and the controls, p-values, units
of measurement, and techniques used; the sample size of
each study; the results; and the gestational age at the time

of sample collection. The type of study and year and
location of each study were also recorded. The recorded
statistical measures were the mean with standard devia-

tion (mean � SD). All studies reporting medians, inter-
quartile ranges, and multiples of the median were
excluded. The standard errors of the means were con-

verted to standard deviations. When the units of mea-
surement used in the studies differed, they were converted
to similar ones for comparative analysis. Any studies
reporting biomarkers in urine and in the cord or foetal

blood were also excluded. Most of the articles reported a
single value for a biomarker, which was entered as it
appeared in the study. In a few of the research articles,

multiple values were reported for a single biomarker; in
such cases, the highest mean value was taken. Trough
values were taken for a few biomarkers, such as PAPPA

and PlGF, which are known to be present in low levels in
patients with preeclampsia. The biomarkers that were
reported in at least two studies were selected for the

meta-analysis.

Statistical analysis

All the analyses were performed using Stata v.12.0 using
the ‘metan’ command. I2 was used to determine the degree
of heterogeneity between the markers. If the I2 value was

under 50%, the fixed-effects model was used; otherwise,
the random-effects model was used.15 A p-value of under
0.05 was considered significant. The results were
interpreted based on the standardised mean difference

(SMD) values.
Results

Studies included for meta-analysis

The number of articles retrieved from PubMed was 398
(Figure 1). After reading the abstracts of all the articles, we
excluded 272 papers; of these, 54 were review articles, six
lacked the full text in English, 11 were animal studies, 19

were abstracts from posters, and 182 were not relevant to
the topic. The full texts of 126 articles were read and a
further 37 articles were excluded. Thus, 89 studies were

identified after reading their full texts. An additional 47
studies were identified based on chain referencing, and
their full texts were read. The data of a total of 136 studies

were entered in Excel datasheets and evaluated. Finally, 25
studies reporting on 13 biomarkers were selected for the
meta-analysis (Figure 1).

A brief overview of the data of these studies is given in the
table (Table 1).

The markers can be divided into the following categories
based on their functions:

Angiogenic markers

Placental growth factor (PlGF): Seven studies were

extracted from the literature, and we observed that PlGF
levels were markedly lower in the preeclamptic patients than
in the normal pregnant controls. The value of the marker

was, however, variable between the studies. As displayed in
Figure 2, the combined effect demonstrated that the level of
PlGF was 2.31 times lower in preeclamptic patients than in

the controls (P ¼ 0.017).
Soluble fms-like tyrosine kinase-1 (sFlt): Nine studies

reported the presence of the serum marker sFlt in patients
with preeclampsia, two studies showed a negative effect of

sFlt on preeclampsia, and the rest of the studies showed a
positive effect. The combined effect demonstrated that the
level of sFlt was 3.41 times higher in patients with pre-

eclampsia, as depicted in Figure 3 (P < 0.001).
SFlt/PlGF ratio: The SMD ratio of sFlt and PlGF in

preeclamptic patients compared to the controls is shown in

Figure 4. Four studies related to this marker fulfilled the
criteria for inclusion. The combined-effects model revealed
a value 7.33 times higher in patients with preeclampsia than

in the pregnant controls, which was statistically significant
(P < 0.001).

Soluble endoglin (sEng): Seven studies discussing sEng
levels were evaluated. The combined-effects model showed

that the level of sEng was 2.69 times higher in patients with
preeclampsia than in the pregnant controls (p ¼ 0.004), as
presented in Figure 5.

Lipid markers

High-density lipoprotein (HDL): Eight studies related to

this marker were evaluated. The pooled effect of HDL
was�0.33, demonstrating the existence of a negative effect of
HDL on preeclampsia. Figure 6 depicts the relatively low

values for HDL in patients with preeclampsia using a
random-effects model compared to the control group
(p ¼ 0.011).



Figure 1: Biomarkers in patients with preeclampsia, a meta-analysis.
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Low-density lipoprotein (LDL): Five studies related to
the LDL marker fulfilled the criteria for inclusion. Two
studies showed a negative effect, two showed a positive ef-
fect, and one study showed an insignificant effect of LDL on

patients with preeclampsia. Figure 7 shows that the pooled
effect of LDL, at 0.37, did not have a significantly greater
effect on patients with preeclampsia than on the controls

(p ¼ 0.178).
Total cholesterol: Four studies were assessed, and no

significant difference in the marker levels was noted between

the preeclampsia cases and the pregnant controls (p¼ 0.397),
as shown in Figure 8.

Triglycerides: The combined random-effects model for
the triglyceride analysis of the six eligible studies revealed

that the biomarker value was 0.28 times higher in patients
with preeclampsia than in the pregnant controls, and the
difference was nearly significant (p ¼ 0.065), as shown in
Figure 9.

Adiponectin: Five studies were evaluated for the marker

Adiponectin, (Figure 10), and the data revealed that the
values for this marker were 1.89 times lower in patients
with preeclampsia than in the pregnant controls

(p ¼ 0.011).
Leptin: Five studies were selected from the literature for

leptin, and the random-effects model showed that the effect

of this marker was 1.74 times greater on patients with pre-
eclampsia than on the pregnant controls (p < 0.001), as
shown in Figure 11.

Apolipoprotein A (APO-A): No significant difference in

the levels of APO-A was found between the patients with



Table 1: Serum biomarkers evaluated in the meta-analysis for the prediction and diagnosis of preeclampsia.

Markers/Author of the study Year of

study

Location

of study

Sample size,

controls

Sample size,

cases

Mean value

of marker�SD

in controls

Mean value

of marker�SD

in patients with

preeclampsia

Marker: PlGF (pg/ml)

Brett Young16 2010 USA 1564 11 484 � 412 117.4 � 63.9

Alexander M. Holston17 2009 USA 254 40 460 � 796.9 275 � 1106.8

Richard J. Levine18 2004 USA 70 14 740 � 1255 150 � 374.2

Theresa Engels19 2013 Germany 184 64 496.27 � 44.96 67.74 � 5.53

Kaori Koga20 2010 Japan 21 8 16.27 � 8.97 16.9 � 9.96

Markus Schmidt21 2009 Germany 44 7 80.58 � 35.18 42.7 � 23.21

Yan-Qiong Ouyang22 2009 China 50 83 245.9 � 36.1 173.8 � 19

Marker: sFlt1 (pg/ml)

Zeynep B. Güngör23 2017 Turkey 27 52 10,120 � 5030 9990 � 1970

Brett Young16 2010 USA 1564 11 7300 � 3800 23,500 � 4300

Alexander M. Holston17 2009 USA 254 40 9160 � 15937.7 15,390 � 15,811

Kaori Koga20 2010 Japan 21 8 514.5 � 216 458 � 127

Richard J. Levine18 2004 USA 70 14 1634 � 836.6 4382 � 4490

Theresa Engels19 2013 Germany 184 64 2684.8 � 138.41 10887.85 � 878.37

Clarissa M. Tobinaga24 2014 Brazil 54 54 2885 � 1958 21,807 � 17,252

Yan-Qiong Ouyang22 2009 China 50 83 1579 � 327 3455.3 � 342.6

Tinnakorn Chaiworapongsa25 2005 USA 42 42 1820 þ 1249 6568 þ 5380

Marker: sFlt1/PlGF

Brett Young16 2010 USA 1564 11 28 � 32 286 � 200

Theresa Engels19 2013 Germany 184 64 18.03 � 2.82 276.97 � 38.86

Yan-Qiong Ouyang22 2009 China 50 83 6.6 � 1.8 20.1 � 2.7

Richard J. Levine26 2006 USA 40 40 5 � 03 80 � 30

Marker: endoglin (ng/ml)

Zeynep B. Güngör23 2017 Turkey 27 52 8.78 � 1.23 10.22 � 1.13

Pooneh Nikuei27 2017 Iran 20 15 13.58 � 5.8 26.34 � 3.37

Brett Young16 2010 USA 1564 11 8.7 � 3.6 43.6 � 27.7

Alexander M. Holston17 2009 USA 254 40 11.3 � 31.87 18 � 25.3

Clarissa M. Tobinaga24 2014 Brazil 54 54 7.9 � 3.8 46.9 � 38.3

Zhongguo Wei Zhong28 2010 China 30 26 7.49 � 2.73 10.96 � 3.21

Richard J. Levine26 2006 USA 40 40 9.8 � 1.58 46.6 � 7.63

Marker: HDL (mg/dl)

G. León-Reyes29 2017 Mexico 30 30 51.31 � 18.16 49.07 � 16.82

Nansi S. Boghossian30 2017 Texas, USA 136 177 63.42 � 13.15 61.48 � 14.70

Carlos Antonio Negrato31 2009 Brazil 180 19 63.15 � 17.26 60.98 � 14.56

Zeynep B. Güngör32 2017 Turkey 49 57 69 � 19 63 � 18

Huseyin Altug Cakmak33 2017 Turkey 40 100 47.8 � 7.2 47.2 � 8.4

S. Kharb34 2017 India 25 25 52.42 � 9.98 46.06 � 11.4

Pauline Mendola35 2017 USA 117 145 63.4 � 13.1 61.5 � 14.8

Hakan Timur36 2016 Turkey 48 48 58.19 � 8.09 46.74 � 9.22

Marker: LDL (mg/dl)

G. León-Reyes29 2017 Mexico 30 30 108.6 � 38.66 164.6 � 83.02

Nansi S. Boghossian30 2017 Texas, USA 136 177 161.25 � 50.27 148.1 � 57.62

S. Kharb34 2017 India 25 25 121.72 � 9.48 139.98 � 38.9

Pauline Mendola35 2017 USA 100 104 160.3 � 45.3 146 � 62.4

Hakan Timur36 2016 Turkey 48 48 131.74 � 16.05 157.9 � 32.99

Marker: triglycerides (mg/dl)

G. León-Reyes29 2017 Mexico 30 30 236.8 � 76.35 280.5 � 115.1

Nansi S. Boghossian30 2017 Texas, USA 136 177 244.46 � 83.26 259.5 � 108.95

Carlos Antonio Negrato31 2009 Brazil 180 19 199.58 � 89.81 223.58 � 120.94

Zeynep B. Güngör32 2017 Turkey 49 57 224 � 94 205 � 90

S. Kharb34 2017 India 25 25 171.14 � 49.43 269.98 � 91.85

Pauline Mendola35 2017 USA 100 104 243.9 � 84.3 253.9 � 97.6

Marker: total cholesterol (mg/dl)

G. León-Reyes29 2017 Mexico 30 30 192.9 � 62.43 213.5 � 58.33

Nansi S. Boghossian30 2017 Texas, USA 136 177 256.77 � 48.34 248.65 � 65.74

Zeynep B. Güngör32 2017 Turkey 49 92 233 � 49 241 � 50

S. Kharb34 2017 India 25 25 220.62 � 51.33 244.62 � 69.2

Marker: APO-A (mg/dl)

G. León-Reyes29 2017 Mexico 30 30 178.5 � 49.51 186.1 � 46.53

S. Kharb34 2017 India 25 25 157.12 � 34.17 144.86 � 41.6

Biomarkers in preeclampsia18



Table 1 (continued )

Markers/Author of the study Year of

study

Location

of study

Sample size,

controls

Sample size,

cases

Mean value

of marker�SD

in controls

Mean value

of marker�SD

in patients with

preeclampsia

Pauline Mendola35 2017 USA 100 104 43.7 � 51.5 46.9 � 44.3

Hakan Timur36 2016 Turkey 48 48 244.37 � 20.84 167.07 � 14.61

Marker: APO-B (mg/dl)

G. León-Reyes29 2017 Mexico 30 30 111.2 � 37.32 125.8 � 43.94

S. Kharb34 2017 India 25 25 109.46 � 17.95 137.84 � 34.82

Hakan Timur36 2016 Turkey 48 48 102.39 � 8.08 104.84 � 7.05

Marker: leptin (ng/ml)

Zeynep B. Güngör32 2017 Turkey 27 52 75.38 � 28.76 126.71 � 41.67

Ali Khosrowbeygi37 2011 Iran 30 30 19.69 � 1.5336 20.75 � 2.629

S. Kharb34 2017 India 25 25 21.77 � 6.3 57.48 � 18.67

Yan-Qiong Ouyang22 2009 China 50 83 12.94 � 1.36 20.04 � 3.01

Florian Herse38 2009 China 25 32 0.58 � 0.14 0.87 � 0.23

Marker: adiponectin (ng/ml)

Zeynep B. Güngör32 2017 Turkey 27 52 0.01793 � 0.00767 0.01733 � 0.01075

Ali Khosrowbeygi37 2017 Iran 30 30 0.0014 � 0.00022 0.01294 � 0.00034

Clarissa M Tobinaga24 2014 Brazil 54 54 2.978 � 1.245 3.060 � 1.747

Yan-Qiong Ouyang22 2009 China 50 83 11.97 � 1.16 6.95 � 2.88

Florian Herse38 2009 China 30 32 38.03 � 0.92 33.10 � 1.55

Marker: TNFa (pg/ml)

R. Daniela Dávila39 2012 Bolivia 15 20 1.74 � 0.35 1.13 � 0.37

J Tavakkol Afshari40 2005 Iran 18 24 51.9 � 33.8 53.8 � 30

Muzaffer Cakmak41 2015 Turkey 30 99 14.62 � 5.61 26.49 � 12.14

NOTE: Weights are from random-effects model

Overall (I-squared = 98.7%, p = 0.000)

Markus Schmidt

Theresa Engels

Alexander M. Holston

Kaori Koga

ID

Study

Richard J. Levine

Brett Young

Yan-Qiong Ouyang

-2.31 (-4.21, -0.42)

-1.12 (-1.94, -0.29)

-11.02 (-12.04, -10.01)

-0.22 (-0.55, 0.11)

0.07 (-0.75, 0.88)

SMD (95% CI)

11 02 ( 12 04 10

-0.51 (-1.09, 0.07)

-0.89 (-1.49, -0.30)

-2.70 (-3.18, -2.22)

100.00

14.17

13.98

14.50

14.18

Weight

%

3 981

14.37

14.36

14.43

PlGF

0-12 00 12

Figure 2: Effect of PlGF on preeclampsia.

R. Shahid et al. 19
preeclampsia and the pregnant controls, as shown in the four
studies in the literature (p ¼ 0.175), the data of which are

shown in Figure 12.
Apolipoprotein B (APO-B): A statistically significant

difference was identified between patients with preeclampsia

and the pregnant controls for this marker, with an SMD of
0.53 (p ¼ 0.011), as shown in Figure 13.
Inflammatory marker

Tumour necrotic factor (TNF): This was the only in-

flammatory marker that met the criteria for evaluation in
three studies in our analysis; however, no significant differ-
ence was identified between patients with preeclampsia and

the pregnant controls (p ¼ 0.84), as shown in Figure 14.
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Discussion

The results of our meta-analysis show that four angio-
genic markers, PlGF, sFlt, their ratio, and endoglin, pre-
sented a significant difference in their mean values between

the preeclamptic patients and the normal pregnant controls.
The lipid markers HDL, triglycerides, leptin, adiponectin,
and APO-B were also significantly different between the two

groups. The ratio of PlGF to sFlt displayed the highest sig-
nificant value, 7.33, in the preeclamptic group in our meta-
analysis, suggesting that it is the most useful combination

of markers when screening for preeclampsia (p < 0.001).
Experimentation to uncover biomarkers in patients with

preeclampsia began early in the millennium. In 2003,
Figure 4
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Maynard et al. demonstrated, through their experiments, that

elevated levels of the antiangiogenic factor sFlt were pro-
duced by the placenta. SFlt acted by binding to the angiogenic
factors PlGF and vascular endothelial growth factor (VEGF)

and by inhibiting their interaction with endothelial cells, thus
causing endothelial dysfunction, hypertension, and glomer-
ular endotheliosis.42 Levine et al. verified that high levels of

sFlt and low levels of PlGF were associated with the
occurrence of preeclampsia.18 They also confirmed that
soluble endoglin is produced in excess by the placenta in

patients with preeclampsia and that it has antiangiogenic
and hypertensive properties.26 It has also been found that
maternal hyperlipidaemia, increased basal metabolic index,
insulin resistance, and an unbalanced expression of lipids,
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apolipoproteins, and adipokines also cause endothelial
dysfunction in patients with preeclampsia.32

Comparison with other meta-analyses

Angiogenic markers

Several meta-analyses have been conducted to assess the
sensitivity and specificity of tests to predict preeclampsia. A
meta-analysis in 2009 showed that traditional tests including

ones measuring mean arterial pressure and basal metabolic
rate, urinary tests, and Doppler studies, as well as tests for
some serum biomarkers like Activin, Inhibin, fibrin, AFP,

foetal DNA, HCG, Oestriol, and PAPPA, had lower sensi-
tivity than specificity.43 In a meta-analysis published in 2012,
the authors evaluated the SMD for sFlt, PlGF, sEng, and

VEGF in pregnant women before 30 weeks of gestation and
reported elevated values for sFlt and sEng and a modest
negative effect of PlGF and VEGF on preeclampsia; however,
the test’s accuracy level was too low to accurately predict the

occurrence of preeclampsia in clinical practice.44 Similarly,
another meta-analysis conducted in 2015 involved an exami-
nation of PlGF, PAPPA, ADAM, INHIBIN, and PP 13 and
showed a low pooled sensitivity for all the biomarkers; PlGF

was the single best marker, demonstrating the highest level of
sensitivity in predicting the occurrence of early-onset pre-
eclampsia.45 PlGF has also been evaluated as a predictor of

adverse outcomes in patients with preeclampsia, and a
meta-analysis in 2017 reported a moderate-to-high risk of
preterm birth and adverse perinatal outcomes, such as still-

birth and neonatal death; however, PlGF was unreliable in
predicting maternal outcomes.46 A meta-analysis which was
conducted to evaluate 20 studies on the diagnostic accuracy of

the sFlt/PlGF ratio demonstrated a moderate level of accu-
racy for preeclampsia screening and high predictive value in
relation to early-onset preeclampsia. The researchers reported
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a sensitivity of 0.78 and specificity of 0.84, suggesting that

using the ratio was better than using a single marker in the
prediction of early-onset preeclampsia.47 The SAPPHIRE
study, conducted in 2018, demonstrated in the meta-analysis

that the ratio of sFlt/PlGF had a pooled sensitivity of 80%
and specificity of 90% in predicting preeclampsia, suggesting
that it can be a powerful screening tool in the clinical assess-

ment of pregnant patients.48

Lipid markers

Our results are comparable to those of a meta-analysis

performed in 2014 that reported that triglycerides, total
cholesterol, and non-HDL levels were significantly elevated
Figure 11
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in all trimesters of pregnancy in preeclamptic patients.49 A

marginal increase in LDL levels and elevated levels of
HDL in the third trimester were found.49 A systemic
review was based on an analysis of studies in which

researchers utilised proteomics and mass spectrometry and
identified the pathways of the immune system, haemostasis,
and lipid metabolism in patients with preeclampsia; it

showed significant downregulation of APO-A in pre-
eclamptic patients compared to normal pregnant women.50

No meta-analysis reporting on APO-B was found in the

literature. Leptin is a pro-inflammatory and proangiogenic
adipokine, whereas adiponectin has beneficial effects on the
body and the ratio of leptin and adiponectin has been pro-
posed as a marker for metabolic syndrome, insulin
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resistance, and systemic inflammation.51 High levels of leptin
and low levels of adiponectin have been reported in patients

with preeclampsia; however, we were unable to find any
meta-analysis discussing these markers.52,53

Inflammatory marker

TNF alpha was the only marker evaluated in this meta-
analysis that showed no significant association with pre-
eclampsia. Significantly elevated levels of TNF, IL 6, and IL

10 were reported to be associated with preeclampsia in few
meta-analyses.54,55

Strengths and limitations

The strength of this meta-analysis is that it was based on an
assessment of a wide range of serum biomarkers that have

been evaluated in the literature. To the best of our knowledge,
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there is no meta-analysis reporting the effect of adipokines,
i.e. leptin and adiponectin, on preeclampsia. The studies in the

current meta-analysis showed a high degree of heterogeneity
as indicated by the I2 values. We propose several reasons for
this phenomenon. First, the number of studies evaluated for

each marker was small, and the results of many notable
randomised trials were reported in terms of the median and
multiples of the median; thus, they could not be evaluated for
the SMD. Second, there was great diversity in the clinical and

methodological approaches of the studies, which included
cohort, caseecontrol, and nested caseecontrol studies. Third,
the reported studies were heterogeneous regarding the inclu-

sion of patients (low-risk versus high-risk, early versus late
onset of preeclampsia), the endpoint of the disease, control
selection, the timing of the index test in relation to the

gestational stage, and the rationale of the test (either diag-
nostic or predictive). Finally, statistical variations may also be
one of the causes of the heterogeneity that was observed.
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Conclusion

The results of this meta-analysis demonstrate that the

ratio of sFlt to PlGF accounted for the most significant
difference between patients with preeclampsia and those with
normal pregnancies, suggesting that this combination of

antiangiogenic and angiogenic biomarkers may be the most
useful tool for diagnostic tool for preeclampsia.

Recommendations

We recommend that the ratio of sFlt to PlGF be used
clinically for the diagnosis of preeclampsia.
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