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What is in common between preeclampsia,
HPS70 and medieval headwear?

Part |. Serum HPS70 in preeclampsia:
systematic review and meta-analysis

O. K. Popel, D. O. Govsieiev
Bogomolets National Medical University, Kyiv

The objective: to investigate the relationship between HSP70 concentrations in maternal serum and preeclampsia and
assess the prospects of using HSP70 as a preeclampsia predictor.

Materials and methods. The original publications, which study HSP70 in maternal serum of preeclamptic women, were
searched and analyzed. Papers were identified with Scopus, PubMed Central, Virtual Health Library databases, pub-
lished before January 2023, the keywords were <HSP70», «preeclampsia», <heat shock protein 70>, «pregnant».
Statistical analysis was performed via software EZR 1.55.

Results. 16 case-control studies were included, making a total of 751 pregnant women with preeclampsia and 719 healthy
pregnant women. The analysis found the statistically significant difference between HSP70 concentrations in mater-
nal serum of preeclamptic and healthy pregnant patients. Cochrane Q-test showed high heterogeneity among studies
(p<0.01), the value of the P statistic was 97%.

Dividing the studies into groups made it possible to reduce or remove heterogeneity completely. This high level of het-
erogeneity for publications together, but low within most groups, suggests that there are certain factors that significantly
influence some studies.

Conclusions. The conducted systematic review and meta-analysis confidently indicate an increased average serum con-
centration of HSP70 in pregnant women with preeclampsia compared to healthy pregnant women at the corresponding
gestational age.

No statistically significant relationship was found between increased HSP70 concentration in preeclampsia and preg-
nant women’s age, gestational age, systolic and diastolic blood pressure. Quantitative assessment of HSP70 levels is
complicated by the lack of a single standard for laboratory diagnostics. The case-control design of the presented stud-
ies limits their significance.

The use of HSP70 as a predictor of preeclampsia is promising, but requires further study and prospective cohort studies.
Keywords: HSP70, heat shock protein 70, preeclampsia, chronic hypertension, superimposed preeclampsia, pregnancy, systematic
review, meta-analysis.

LLLo cninbHOro mixx npeeknamncieto, HSP70 Ta cepegHbOBIYHUM Kanenioxom?
YacTtuHa l. CupoBaTtkoBuint HSP70 npu npeeknamncii: cucteMmaTtu4HUi ornsag Ta MetTa-aHania
O. K. NMonens, A. O. loBCceeB

Mema docaidxcenmns: BCTAaHOBJIEHHS 3B's13Ky Misk KoruerTtpaiismu HSP70 B cupoBaTiii KpoBi BariTHOI Ta IpeeKIaMIICi€Io,
otiHfoBaHH: epcnekTnsy Bukoprctanusa HSP70 y akocti mpennkTopa mpeexamricii.

Mamepianu ma memoou. I1poBeieHi NOIIYK Ta aHAI3 OPUTIHATIBHUX JJOCJII/KEHb, AKi npucssiueri Busuenro HSP70 y cupo-
BaTIli KPOBi y JKiHOK i3 mpeeknamicieio. PoboTu inentudikysanu 3a gonomoroio 6a3 Scopus, PubMed Central, Virtual Health
Library, momyk Bxiouas my6uikamnii g0 ciurs 2023 poky, sactocoByBasiu Kiawo4dosi ciosa « HSP70», «preeclampsia», <heat
shock protein 70», «pregnant».

CraTucTUIHUI aHasIi3 MPOBOAMIIN 34 IOTIOMOTOIO0 TIporpaMuoro 3abesnedennst EZR 1.55.

Pesyavmamu. Byno Bigibpano 16 qoc/iKeHb TUITY «BUNIAL0K-KOHTPOJIb», SIKi CyMapHO BKJIouanu 751 BaritHy i3 mpeexiamii-
cieto ta 719 3nopoBux BaritHux. IIpoBesennit aHasIi3 3HAMIIOB CTATHCTHYHO 3HAUYITY PI3HUINIO MiXK CHPOBAaTKOBUMU KOHIIEH-
tparisimu HSP70 y 30poBux BariTHux Ta BariTHux 3 npeekyamicieio. Q-rect Koxpena mpojieMoHCTPyBaB BUCOKY TeTepOTeH-
HicTb cepen gocripkens (p<0,01), 3HaueHHs cTaTHCTHKY [? opiBHIOBATO 97%.

[Moain goctiizKeHb HA TPYIU JO3BOJIMB 3MEHIIUTH a00 BUKJIOUUTU reTepOreHHicTh, Takuil BUCOKUI PiBeHb IeTepOreHHOCTI
JUIst Iy OJIiKaIliii pasoM, ajie HEeBUCOKIIA BCeperHi OiIbIIOCTI TPy, CBIAYUTD TIPO Te, 10 iCHYIOTh TeBHi (GakTopH, sSKi icTOTHO
BILIMBAIOTH HA JEAKI JOCIIIPKEHHS.

Bucnoexu. [1poBenieHi cucreMaTUUHNIN OV Ta MeTa-aHasIi3 BIIEBHEHO CBiTYATh 1IPO MiIBUINEHY Y CepPeIHbOMY CHPOBATKOBY
konnenTpanio HSP70 y BariTHux i3 npeeksamricieio mopiBHSHO 3i 3/[0pOBUMU BAriTHUMU Y BiZITIOBiIHUI recTalliiiuii TepMiH.
He 6y710 BUSBICHO CTATHCTUYHO 3HAYYIIOI 3aI€KHOCTI MK THABUIIEHHIM KoHIeHTpartii HSP70 mpu mpeexmamricii Ta Bikom
BariTHUX, TeCTAIliIHHUM TePMiHOM, CUCTOJIIYHNM Ta JiacTosivHuM THCcKOM. KinbkicHe oninoBanus piBHiB HSP70 ycknanneno
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Bi/ICYTHICTIO €AMHOTO cTaHAAPTY JTabOPaTOPHOT AiarHOCTUKH. [11anyBaHHsT TIPEICTABIECHNX HOCTIIPKEHb Y BUTJISI/I «BUIIAI0K-

KOHTPOJIb> OOMEKYE IXHE 3HAUCHHSI.

Buxkopucranust HSP70 y sikocTi peinKTopa IpeekIaMIIcii IepCIIeKTHBHE, ajie IOTPeGYE MO/aIbIIOro BUBYEHHS Ta IIPOBEIEH-

HA ITPOCHEKTUBHUX KOTOPTHUX JIOCJTiJIKEHD.

Kntouogi cnosa: HSP70, 6inox mennosozo woky 70, npeexiamncis, XpoHiuna zinepmensis, Hakiadena npeekiamncis, eazim-

HICMb, CUCTNEMAMUYNUTL 0211540, MEMA-AHAi3.

reeclampsia remains one of the leading causes of ma-

ternal and perinatal morbidity and mortality world-
wide [1]. The pathogenesis and predictors of preeclampsia
are still under investigation. Preeclampsia even earned
epithet the «disease of theories» [2]. One of the areas of
preeclampsia research is the study of heat shock proteins
(HSP) — proteins whose expression increases under stress
factors influence [3—5].

It is believed that the initiating factor of preeclampsia
is cytotrophoblast invasion violation and spiral artery re-
modeling [2, 6, 7]. Placental ischemia development leads
to an imbalance between anti-angiogenic and angiogenic
factors, generalized endothelial dysfunction, excessive
inflammatory response and oxidant stress [6—11]. These
conditions, as well as hemodynamic stress, are capable of
inducing HSP70 expression [4, 5].

HSP70 is the traditional protein’s term, named by
mass in daltons. Since 2008, according to Human Genome
Organization (HUGO) Gene Nomenclature Committee
recommendations, the HSP70 protein family has been
named HSPA [12]. It is currently known that the human
genome encodes about 15 proteins of the HSPA fam-
ily (HSP70) [13]. Coding by different genes enables the
rapid synthesis of a sufficient number of HSPs in response
to many factors and reflects evolutionary diversity [13].

HSP proteins are universal chaperones (from French
chaperon — «to accompany», «companion»), that is, pro-
teins that bind to other proteins and perform a number
of functions. The term «chaperone» became generally ac-
cepted in 1987 after R. John Ellis put forward the hypoth-
esis of universal proteins that are responsible for peptides
shape [14]. This name, due to its vividness and imagery,
gained widespread popularity.

In the Middle Ages in France, a chaperone was a head-
wear. The famous French folk tale «Little Red Riding Hood»
is called «Le Petit Chaperon rouge». Today we know that all
eukaryotic cells have «protective hats» — chaperones.

HSP70 (HSPA1A) is located in the nucleus and cy-
toplasm of the cell in a complex with the HSP gene tran-
scription factor called heat shock factor (HSF) [15, 16].
When stress factors appear, HSF separates from HSP70,
accumulates in the nucleus and activates the production
of new HSP70 [15, 16]. HSP70 is an adenosine triphos-
phate-dependent (ATP-dependent) protein that requires
co-factors for activation, one of which is HSP40 [15, 16].
The attachment of HSP40 to HSP70 initiates the hy-
drolysis of adenosine triphosphate (ATP) to adenosine
diphosphate (ADP), which increases the HSP70 affin-
ity with peptides [15, 16]. HSP70 genes expression oc-
cur quickly after stress factors occurrence [15, 16]. After
the end of the stress factor influence, HSF again joins free
HSP70 [15, 16].

HSP70 is involved in many processes of protein’s life:
folding (spatial folding of the protein molecule), refold-
ing (correction of the incorrect conformation of pro-
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teins), translocation through membranes, aggregation or
disaggregation, proteolytic degradation of proteins that
couldn’t be corrected, and is also a component of the apop-
tosis regulatory mechanism at all its stages [13, 15—19].

HSP70 has also been identified on cell’s surface, in
the intercellular space, and in blood serum [13, 20]. In
the case of extracellular location, HSP70 has additional
functions [21]. HSP70 participates in cell cycle, inflam-
matory and immune reactions [22—24]. HSP70 stimulates
the immune response, possibly due to the cross-homology
between human and infectious agent’s HSP70 [25].

Extracellular HSP70 can act as cytoprotector: for exam-
ple, under hemodynamic stress influence, it binds to vascu-
lar smooth muscle cells surface protecting cells from apop-
tosis [26]. HSP70 takes part in inflammatory and immune
processes: HSP70 binds to CD14, CD91, Toll receptors on
antigen-presenting cells and stimulates cytokines produc-
tion (tumor necrosis factor, interleukin) [27]. Autoimmune
reactivity associated with HSP70 can stem from response to
peptides, which are produced during cell damage [28, 29].

HSP70 was detected in blood serum of non-pregnant
and pregnant women alike [30—32]. Is there an associa-
tion between serum HSP70 and preeclampsia? Are there
any additional factors during pregnancy that may affect
serum HSP70 levels? Does HSP70 concentration in preg-
nant women with superimposed preeclampsia has any pe-
culiarities?

There is a systematic review and meta-analysis Saghafi
N. et al. (2018), which studied HSP70 in preeclampsia
and included 7 publications from 2002 to 2011 years [4].
However, the question of HSP70 and other HSPs contri-
bution to preeclampsia development has not been settled
yet, searches continue, new original studies appear to this
day. Publications report HSP concentrations not only in
blood serum but also in the placenta, umbilical cord blood,
uterine tissues, they may also report the level of gene ex-
pression [3, 33, 34]. There are articles whose results sug-
gest a relationship between HSP and hypertension devel-
opment [18]. Curiosity about HSPs and their role in vari-
ous processes is only growing. For instance, in response to
the query «<HSP» the PubMed database gives 107 results
among meta-analyses and systematic reviews and more
than 17 000 publications of all types. Considering papers
published only last 5 years these numbers are 65 and about
4000, respectively.

The first part of this study focuses on HSP70 research
in preeclampsia. For the meta-analysis, it was decided not
to be limited by studies of recent years, but to pick rel-
evant articles published anytime to get the most complete
picture.

MATERIALS AND METHODS
Identification of studies for meta-analysis
A search and analysis of original publications, related
to the study of HSP70 level in blood serum in women with
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109 articles were identified by query
in databases
Scopus - 63
PubMed - 21
VHL - 25

42 articles — duplicate studies

67

animals

36 articles — study of HSP70, but not in maternal serum (placenta,

vt umbilical cord blood or others) or the research was conducted on

31

l—v| 9 articles — reviews |

22

1—'| 1 article — data reused for another publication |

21

5 articles — it is not possible to use the data (the publication does not
} present the results, or there is no control group, or it studies HSP70

in the 1st trimester)

16

Figure 1. Flowchart which reflects the selection process

preeclampsia, was carried out. The meta-analysis was con-
ducted according to the recommendations of PRISMA
(2020) [35].

Publications were identified by two researchers inde-
pendently via Scopus, PubMed Central, Virtual Health
Library (VHL) databases, the search included publica-
tions up to January 2023. Scopus was searched among
«Title, Abstract, Keywords», the query consisted of
«HSP70», <heat shock protein 70», «preeclampsia» con-
nected by the AND operator. The query for PubMed and
VHL was «<HSP70 AND heat AND shock AND protein 70
AND preeclampsia AND pregnant» (for VHL, the search
settings was «Title, Abstract, Subject»). The search had
no language restrictions.

For every identified by search article the full texts
were obtained, reviewed and it was decided whether to
include them in the analysis or not. For the meta-anal-
ysis, original studies which reported the level of HSP70
in the blood serum of pregnant women and with a cohort
or «case-control» design were selected. Exclusion crite-
ria were duplicate articles, reviews, case reports. Studies
were included in the analysis if there was reported: sam-
ple sizes, serum HSP70 concentrations after 20 weeks
in the format of mean with standard deviation (SD) or
median with interquartile range (Q1-Q3 — IQR), or me-
dian with minimum and maximum values (min-max).
The process of selecting publications for meta-analysis is
shown in Figure 1.

For meta-analysis were used the results of studies of
pregnant women with preeclampsia and control groups of
healthy pregnant women. Several researches also looked at
pregnant women with gestational hypertension (2 studies
— 59 participants), superimposed preeclampsia (1 study —
20 participants), HELLP syndrome (1 study — 10 partici-
pants), preeclampsia and fetal growth restriction (FGR)
(1 study — 25 participants), active labor at the time of ob-
taining blood samples (1 study — 50 participants); these
subgroups were not included in the meta-analysis to re-
move additional factors, which may influence result, and
create a homogeneous sample.

36

Statistical methods

To apply statistical methods of meta-analysis, the re-
search results were converted into a single format: m+SD,
where m — mean, SD — standard deviation. For studies
where median and interquartile range or median with
minimum and maximum values were reported, the mean
and standard deviation were estimated by the Box-Cox
transformation method [36], using «bc.mean.sd» func-
tion of «estmeansd» library of the R programming lan-
guage [37].

Standardized mean difference (SMD) was chosen as
effect size metric — the difference between the averages of
preeclampsia group and control group divided by pooled
standard deviation. SMD does not change if studies are
conducted in different measurement systems. If the dif-
ferences in mean values make up the same proportion of
the standard deviation, the SMD indicator will be simi-
lar [38]. Further analysis was performed in EZR 1.55 soft-
ware.

A forest plot was built to assess data heterogeneity and
clarify the SMD indicator. Publications were divided into
5 groups based on SMD size. Forest plot shows the inter-
val estimates by both common-effects model and random-
effects model for every group.

Confidence intervals were calculated using Hedges’
G method, weights in forest plot were calculated via in-
verse variance method. The presence of heterogeneity
was checked by the Cochrane Q test, where the restricted
maximum-likelihood estimator was used to evaluate 7°.
The P statistics was calculated on the basis of Cochrane
Q test.

To find the main sources of heterogeneity in the data
on HSP70 concentration, a meta-regression model was
built (dependency of SMD on other parameters). It is
generally recommended to build a meta-regression model
only if more than ten studies with the specified parame-
ter [39]. Such criteria were met by maternal age (14 stud-
ies), systolic and diastolic pressure (13 studies), gestation-
al age (14 studies). Each parameter was taken in turn as an
independent variable in a one-parameter linear regression
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model. However, data on the parameters were reported by
the researchers separately for the control and preeclamp-
sia groups. Hence, for meta-regression, the average of the
whole sample 7 was used, which included both control
and preeclampsia groups, according to the formula:

. nprmytnymp
- ny +n,

where 7, n, — participants number in control and pre-
eclampsia groups, respectively;

m, m, — average HSP70 number in control and pre-
eclampsia groups, respectively.

The conclusion about the dependence of SMD on pa-
rameters (maternal age, systolic and diastolic pressure,
gestational age) was drawn based on the statistical signifi-
cance of linear regression coefficients.

The presence of publication bias was checked via fun-
nel plot, Egger’s statistical test was used, with standard de-
viation as a predictor, weights were calculated using inverse
variance. Additionally, the presence of publication bias was
checked by DOI plot and calculating the Lewis-Furuya-
Kanamori asymmetry index (LFK index) [40]. The DOI
graph and LFK index were calculated using «Ifkindex» func-
tion of «metasens» library of the R programming language.

Sensitivity analysis also was conducted via leave-one-
out method. The function «metainf> of «meta» library of
the R programming language was used for this purpose.

RESULTS

As aresult of a database search, 109 publications were
found. After excluding articles that were duplicated or did
not meet the inclusion criteria, 16 original studies were se-
lected for analysis (Figure 1), making a total of 751 wom-
en with preeclampsia and 719 healthy pregnant women.

Data on HSP70 concentrations in preeclampsia and
control groups were extracted from 16 studies. If required
values were presented only on plot, it was extracted via

online service WebPlotDigitalizer. Numerical data of 8
studies are translated into the format m+SD, where m —
average, SD — standard deviation. Table 1 shows selected
studies, reported HSP70 concentrations (if necessary,
converted to mean and standard deviation format), num-
ber of participants.

It is noticeable from Table 1, that the average level of
HSP70 varied significantly among studies, sometimes by
one order of magnitude or even two. Therefore, for effect
size measurement in the meta-analysis, the standardized
mean difference (SMD) was chosen. A forest plot was
built and included studies were divided into 5 groups de-
pending on the size of the SMD (Figure 2). It is neces-
sary to note that Zhu J. et al. 2014 [34] contained data
on HSP70 concentration separately for preeclampsia and
severe preeclampsia groups. Therefore, it was included
in the meta-analysis as 2 separate studies: one with cal-
culated SMD for preeclampsia versus controls, the other
for severe preeclampsia versus controls. Thus, the control
group for Zhu J. et al. 2014 [34] was included in the meta-
analysis twice. That’s why forest plot on Figure 2 shows a
total of 749 healthy pregnant women.

When building forest plot the following groups were
identified:

* Group A — articles, where SMD is in 0.81 — 1.39 in-

terval;

e Group B — articles, where SMD is in -0.06 — 0.30

interval;

* Group C — articles, where SMD is in 12.10 — 13.28

interval;

* Group D - articles, where SMD is in 2.50 — 6.36 in-

terval;

* Group E — articles, where SMD was -2.57.

For A, B, C, D groups separate forest plots were built
(respectively, fig 2a, 2b, 2¢, 2d) for more convenient data
visualization.

Table 1

Studies, included in meta-analysis, reported HSP70 concentrations and converted to mean and standard deviation
format, number of participants

Control group
HSP70, ng/ml, reported in HSP70, ng/ml,
article converted

Preeclampsia group
HSP70, ng/ml, reported in HSP70, ng/ml,
article converted

Publication

Sampl
e size

Sampl
e size

Jirecek S. etal. 2002 [41] 1.010 + 1.380 - 55 2.820 + 8330 - 55
Livingston J. et al. 2002 [42] 30.100 + 11.500 - 51 35.400 + 96.700 - 47
Fukushima A. ct al. 2005 [43] 6.100 + 0.600 - 46 24.400 £ 3.600 - 7
Molvarec A. et al. 2006 [5] 0.310 (0270 — 0.390)° 0332+0.094 | 127 0.550 (0.420 — 0.800)" 0.646 + 0.328 93
Molvarec A. et al. 2007 [44] 0.3 (0.270 — 0.330)° 0.262 + 0.057 20 0.540 (0.470 — 0.790)° 0.625 + 0.334 20
Molvarec A. ct al. 2009 [45] 0.280 (0.030 — 0.590)" 0.283 +0.115 70 0.580 (0.150 — 3.470)™ 0.726 + 0525 67
Molvarec A. ct al. 2011 [46] 0.280 (0210 — 0.310)° 0.299 + 0.047 60 0.580 (0.390 — 0.810) 0.639 + 0276 60
Saghafi N. ctal. 2013 [47] 0 (0 — 4.000° 2.716 + 0.693 39 9.000 (0 — 23.500)° 9.424 + 6.843 41
2.610 + 0.980 - 30
Zhu J. etal. 2014 [34] 1.880  0.790 - 30 001180 = )
Akbarzadeh-Jahromi M.
otal. 2015 [48] 0.763 + 0.091 - 31 0.504 4 0.107 - 31
gg{‘gﬁ;ﬁ“ga M. etal 0.680 (0.008 — 1,090)* 0.668 +0.216 20 0.907 (0.405 — 1.273)* 0.885 + 0.221 20
Alvarez-Cabrera M. 2018 [50] 1.600 + 0.120 - 28 2338 +0.113 - 62
Zhou X. etal. 2019 [51] 36.000 + 0.070 - 40 3.920 + 0350 - 86
Hua Lai ct al. 2020 [52] 0.480 + 0.220 - 50 3.230 + 1.760 - 30
Romao-Veiga M. | <34 week | 0.800 (0.500 — 0.900)™ 0.774 % 0.102 16 4500 (0.800 — 6.000)" 4360 + 0.930 26
etal. 2020 [53] [ >34 week 0.700 (0.600 — 0.900)** 0.717 # 0.082 16 0.600 (0.090 — 1.900)" 0.693 + 0.471 26
?ggaf’sxmga M. etal. 0.674 (0,008 — 1,082)" 0.664 + 0.227 20 0.901 (0.402 — 1.264)* 0.889 + 0.212 20
Total 719 751

Note: m=SD — data is presented as mean and standard deviation; * — median (Interquartile range); ** — median (Minimum, Maximum). The results are

rounded to thousandths
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Study

group =A

Molvarec A.et al. 2006
Molvarec A.et al. 2007
Molvarec A.et al. 2009
Molvarec A etal. 2011
SaghafiN.et al. 2013

Zhu J. et al. 2014 (Mild PE)
Zhu J et al 2014 (Severe PE)
Romao-Veiga M et al. 2018
Romao-Veiga M et al. 2022
Common effect model
Random effects model
Heterogeneity: I° = 0%, t° =< 0.0001, p = 0.44
group =B

Jirecek S.et al. 2002

Livingston J. et al. 2002

Romao-Veiga M. et al. 2020 (> 34 weeks)
Common effect model
Random effects model
Heterogeneity. =0%, =0, p =058
group =C

Fukushima A_et al. 2005

Zhou X.etal. 2019

Common effect model

Random effects model
Heterageneity /° = 0%, ©#=0, p =046

group =D

Alvarez-Cabrera M.et al. 2018

Hua Lai et al. 2020

Romao-Veiga M et al. 2020 (< 34 weeks)
Common effect model

Random effects model

Heterogeneity: /> = 95%, 1° = 36542, p < 0.01

group =E

Akbarzadeh-Jahromi M_et al. 2015
Common effect model

Random effects model
Heterogeneity. not applicable

Common effect model
Random effects model
Heterogeneity: I = 97%, T = 15.0946, p < 0.01

Test for subgroup differences (fixed effect): x, = 54524, df = 4 (p <0.01)

Test for subgroup differences (random effects): 7(3 =44055 df =4 (p <0.01)

Figure 2. Forest plot with division into groups

Study Total
Molvarec M. et al. 2006 93
Molvarec M.et al. 2007 20
Molvarec M.et al. 2009 67
Molvarec M et al 2011 60
Saghafi N.etal. 2013 41
Zhu J_et al. 2014 (Mild PE) 30
Zhu J.et al. 2014 (Severe PE) 30
Romao-Veiga M. et al. 2018 20
Romao-Veiga M. et al. 2022 20
Common effect model 381

Random effects model
Heterogeneity: 12 = 0%, t° < 0.0001, p = 0.44

Figure 2a. Forest plot of group A

Study

Jirecek S. et al. 2002

Livingston J_et al 2002

Romao-Veiga M. et al. 2020 (> 34 weeks)
Commoeon effect model

Random effects model
Heterogeneity: P= 0%, 1= 0,p =056

Figure 2b. Forest plot of group B
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Experimental Control Standardised Mean Weight Weight
Total Mean SD Total Mean SD Difference SMD 95%-Cl (common) (random)
93 065 03280 127 0.33 00941 ] 139 [ 1.10; 1.69] 17.2% 5.6%
20 064 02760 20 030 00472 [ i 1.68 [ 0.95; 2.41] 29% 5.6%
67 073 05251 70 028 0.1150 B 117 [ 0.81; 1.54] 11.6% 5.6%
60 063 03340 60 026 00569 & 151 [ 1.10; 1.91] 9.2% 5.6%
41 942 68433 39 272 06926 4] 135 [ 0.86; 1.84] 6.4% 5.6%
30 261 09800 30 1.88 0.7900 081 [ 028; 1.34] 5.5% 5.6%
30 310 11800 30 188 07900 # 120 [ 065; 1.75] 5.0% 56%
20 088 02210 20 067 02159 b 097 [0.31; 163] 3.5% 56%
20 089 02115 20 066 02265 *. 100 [ 034; 167] 35% 56%
381 416 ¥ 127 [1.12; 1.42] 64.8% -
} 127 [ 1.12; 1.42] - 505%
55 282 83300 55 1.01 1.3800 E 030 [-0.07; 0.68] 10.8% 5.6%
47 3540 96.7000 51 30.10 11.5000 ! 008 [-0.32; 0.47] 9.7% 5.6%
26 069 04670 16 071 0.0830 * 006 [-0.68; 0.56] 3.9% 5.6%
128 122 i 0.15 [-0.10; 0.40] 24.5% -
E 015 [-0.10; 0.40] - 16.9%
7 2440 36000 46 6.10 006000 : —+— 13.28 [10.54; 16.02] 0.2% 5.0%
86 3.92 03500 40 036 0.0700 i —— 12.10 [10.54; 13.66] 0.6% 5.4%
93 86 ! % 1239 [11.03; 13.75] 0.8% -
i @ 1239 [11.03; 13.75] - 10.4%
1l
62 234 01127 28 160 0.1200 E - 636 [ 5.31; 741] 1.4% 5.5%
30 323 17600 50 048 0.2200 H 250 [ 1.90; 3.11] 4.2% 5.6%
26 436 09300 16 077 0.1020 E = 477 [ 3.53; 6.00] 1.0% 55%
118 94 e 3.66 [ 3.18; 4.14] 6.6% -
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Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl (common) (random)
Fukushima A. et al. 2005 7 2440 36000 46 6.10 0.6000 ﬂ*ﬁ 13.28 [10.94;16.02] 24.5% 24.5%
Zhou X. et al. 2019 86 392 0.3500 40 0.36 0.0700 =5 1210 [10.54;13.66] 75.5% 75.5%
1

Common effect model 93 86 <I> 12.39 [11.03; 13.75] 100.0% -
Random effects model <= 1239 [11.03; 13.75] - 100.0%

Heterogeneity: 12=0%, %= 0,p=046 ! I I ! I ' !

15 10 5 0 5 10 15
Figure 2¢c. Forest plot of group C

Experimental Control Standardised Mean Weight Weight
Study Total Mean  SD Total Mean  SD Difference SMD  95%-Cl (common) (random)
Alvarez-Cabrera M. etal 2018 62 23401127 28 160 01200 : —#— 6.36 [5.31,741] 21.0% 331%
Hua Lai et al. 2020 30 32317600 50 048 0.2200 L 250 [1.90;311] 63.8% 34.8%
Romao-Veiga M. et al. 2020 (< 34 weeks) 26 4.36 09300 16 0.77 0.1020 = AT7 [3.53,6.00] 15.1%  322%
Common effect model 118 94 <5> 3.66 [3.18;4.14] 100.0% -
Random effects model === 4.51 [2.27; 6.75] -~ 100.0%

Heterogeneity: 1° = 95%, 1 = 3.6542, p < 0.01

Figure 2d. Forest plot of group D

Out of 16 publications, only two (Romao-Veiga M.
et al. 2020 [53] for group of gestational age less than 34
weeks, Akbarzadeh-Jahromi M. et al. 2015 [48]) had neg-
ative standardized difference means (worth noting, in
Romao-Veiga M. et al. 2020 [53], the mean and standard
deviation were estimated by the median and minimum
and maximum values, which may cause errors).

The weighted mean SMD across all papers with the
corresponding 95% confidence interval was 1.12 (1.00-
1.24) for common-effects model and 2.57 (0.76—4.38)
for random-effects model. Since both intervals do not
contain 0, it can be assumed that the concentration of
HSP70 in serum is significantly higher in patients with
preeclampsia than in the control group at p<0.05.

The Cochrane Q-test showed high heterogeneity
among studies (p<0,01), the value of the I? statistic was

Effect size

25 26 27 28 29

age

Figure 3(a). Dependence of effect size SMD
from maternal age
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97%. However, within most groups heterogeneity was
lower: in group A (8 studies) PP was 0% (p=0.44), in
group B (3 studies) — 0% (p=0.56), in group C (2 stud-
ies) — 0% (p=0.46),in group D (3studies) —95% (p<0.01).
This high level of heterogeneity, but small within most
groups, suggests certain factors are present that signifi-
cantly influence some studies. The reason may be the
lack of laboratory diagnostic standards and the use of
diagnostic kits from different manufacturers.

The results of constructing meta-regression models
are shown in Figure 3 ((a) is dependence of effect size
SMD from maternal age, (b) — from gestational age, (¢) —
from systolic pressure (SP), (d) — from diastolic pressure
(DP)). The corresponding coefficients «a», «b» of the lin-
ear regression SMD=ax+b, where x — parameter (mater-
nal age, gestational age, SP and DP), are shown in Table 2.

15
10
I
]
I g EnE
0 | [
T T T T T | T
26 28 30 32 34 36 38
g_age
Figure 3(b). Dependence of effect size SMD
from gestational age
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Figure 3(c). Dependence of effect size SMD from SP Figure 3(d). Dependence of effect size SMD from DP
Table 2
Meta-regression coefficients

Model a p level b p level

Maternal age 0.427 0.362 -9.460 0.464

Gestational age -0.869 <0.001 32.100 <0.001
Gestational age

(excluded Fukushima A. et al. 2005) -0.445 0.0689 17.100 0.0464

Systolic pressure 0.0156 0.879 -0.808 0.955

Diastolic pressure 0.0273 0.859 -1.06 0.937

Gestational age is the only parameter where coefficients
«a», <b» differed from zero at a statistically significant lev-
el. However, if we remove the study of Fukushima A. et al.
2005 [43] (where SMD was significantly larger compared
to others, and included only 7 cases of preeclampsia), the
values cease to be statistically significant.

The funnel plot was built to test for publication bias in
Figure 4(a). Most powerful studies (with standard error
less than 0.4) fall within the 95% pseudo-confidence inter-
val, being scattered symmetrically (Figure 4(a)). Egger’s
test accepted the hypothesis of publication bias at the
level of p<0.01 (p=0.0155). However, it should be noted
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Figure 4(a) Funnel-plot. Left dotted vertical line
is weighted SMD from common-effects model,
right — random-effects model
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Figure 4(b) DOI-plot. Each point corresponds publication,
just as in funnel-plot, asymmetry is measured
via LFK index
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Figure 5(a). Funnel plot for group A. Dotted line is
weighted SMD from common-effects model
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Figure 5(c). Funnel plot for group C. Dotted line is
weighted SMD from common-effects model

that a lot of research is needed for sufficient power [39].
Hence, further research is necessary for confident conclu-
sions. Figure 4(b) shows the DOI plot, the LFK index was
2.29, indicating significant asymmetry when considering
all publications in general. This is one of the reasons why
it is necessary to divide the works into groups and investi-
gate whether the asymmetry was preserved.

For groups A, B, C, D Figure 5 ((a), (b), (¢), (d) for
each group) shows separate funnel plots using the com-
mon-effects model. It can be seen that all studies in groups
A, B, C are inside the pyramid, scattered both in left and
right part. Due to the small number of publications in each
group, they were not checked by Egger’s criterion.
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Figure 5(b). Funnel plot for group B. Dotted line is
weighted SMD from common-effects model
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Figure 5(d). Funnel plot for group D. Dotted line is
weighted SMD from common-effects model

DOI graphs for groups with LFK indices are shown
in Figure 6 ((a), (b), (¢), (d) for each group). For groups
A, B, C, D, the indices were, respectively, -1.54, 2.53,
2.89, 3.39. So, there is moderate asymmetry in group A,
and strong in groups B, C, and D. However, groups B, C,
and D contained few elements, so drawing conclusions
about asymmetry does not make sense. It is also worth
remembering that for continuous variables there are cas-
es when asymmetry in the funnel plot exists even in the
absence of bias [55].

Sensitivity analysis via leave-one-out method gives
reason to believe that the weighted estimate of the SMD
value is stable and removing of one study (each in turn)
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Figure 6 (c). DOI plot for group C

from the analysis does not change the statistical signifi-
cance (Figure 7).

DISCUSSION

There are 16 publications, which were included in
the meta-analysis; in total, the study group includ-
ed 751 pregnant women with preeclampsia and 719
healthy pregnant women as a control group. Works
were identified via Scopus, PubMed Central, Virtual
Health Library databases. One of meta-analysis limi-
tations is that searches were not conducted in other
regional databases (for example, Hindawi, National Li-
brary of China). Sometimes, lack of English translation
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Figure 6 (d). DOI plot for group D

of the article makes it impossible to be indexed by more
well-known databases.

As for limitations of analysis, the absence of exact val-
ues of mean and standard deviation of HSP70 concentra-
tion in 8 studies could be mentioned. In 4 studies, they
had to be estimated from median (range), and from me-
dian (interquartile range) in the other 4 using the Box-
Cox transformation method. However, the error could be
considered negligible. Insignificantly minor inaccuracy
occurred from extracting data from plots using WebPlot-
Digitalizer in 2 studies.

The main limitation was the absence of laboratory
diagnostics standards, use of diagnostic kits from differ-
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Saghafi N. et al. 2013
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Romao-Veiga M. et al. 2020 (> 34 weeks)
Romao-Veiga M. et al. 2022

Total (95% Cl)

Figure 7. Forest plot of sensitivity analysis in meta-analysis

ent manufacturers by researchers, which eventually led
to results that differed by 2 orders of magnitude. There
is a study, where HSP70 serum concentration was mea-
sured with different enzyme-linked immunosorbent as-
say ELISA kits for every participant and then compared,
the results varied significantly [56]. There were also dif-
ferences in serum preparation (centrifugation for 5 or 10
minutes at 5000, 3000 or 1200 rpm) and in storage before
the study (- 20 °C in two studies, - 70 °C in another one,
- 80 °C in the remaining studies). The use of SMD analysis
made it possible to compare the results obtained in differ-
ent scales.

A limitation of all studies was that they were designed
as case-control.

Some publications were excluded from the analysis. It
is possible to examine work, published in 2013 by a group
of researchers Jose C. Peraoli et al. (St. Paul, Brazil).
The study included 237 pregnant women, divided by two
groups with early preeclampsia onset and late one. Serum
concentration of HSP60 and HSP70 were compared, their
correlation with cytokine levels were determined [57].
HSP70 levels, obtained in group with early-onset pre-
eclampsia, were significantly higher than those in women
with late-onset preeclampsia. This study had a design lim-
itation (did not report a control group of healthy pregnant
women) and was therefore it was not included in meta-
analysis.

In 2023, the research group Claudia M. Robellada-
Zarate et al. (Mexico City, Mexico) addressed the topic
of HSP70 during pregnancy [58]. It should be mentioned
that this is the first prospective cohort study of HSP70. 48
pregnant women were included in the study, whose lev-
els of HSP70, HSP60, and HSP27 were determined dur-
ing the first screening examination at gestational age of
12 weeks. Researchers tried to find relationship between
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HSP level in the 1st trimester and preeclampsia develop-
ment in the future. This publication was not included in
the meta-analysis because it contained information on
HSP70 in the first trimester.

There are also publications available, that report a
change in HSP70 concentrations in blood serum or the
expression of the corresponding genes in the placenta in
pregnant women with the following obstetric complica-
tions of pregnancy: fetal growth restriction [33], fetopla-
cental hemodynamic disturbances [59], premature rup-
ture of membranes and premature spontaneous labor [60]
or chorioamnionitis [61]. When planning future studies of
HSP70, these factors should be taken into account as po-
tentially altering the picture and their presence or absence
among study participants should be mentioned.

The studies included in the meta-analysis and re-
ported serum HSP70 values in healthy and preeclamptic
pregnant women, as well as maternal age and gestational
age, body mass index (BMI), systolic and diastolic blood
pressure at the time of examination, newborn weights are
presented in Table 3. Not all publications contained data
in full.

Group A

In terms of participants number, group A is the biggest
group. Cochran’s Q-test showed insignificant heterogene-
ity, I? was 0% (p=0.44), which indicates consistency of the
obtained results. Four of the eight studies in group A were
published by a group of researchers led by Attila Molvarec
(Budapest, Hungary).

A1. In 2006, A. Molvarec et al. conducted a case-con-
trol study of HSP70 that included 142 pregnant women
with hypertensive disorders during pregnancy and 127
normotensive pregnant women [5]. Of them, 93 had pre-
eclampsia, 29 had gestational hypertension, and 20 had su-
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Table 3

Publications, included in meta-analysis, results of serum HSP70 measurements and other group characteristics

Systolic blood

Diastolic blood

Gestational age ’ Fetal birth weight
P Maternal age (years) weeks) ‘ BMI (kgim?) Py — ressure (mmH K HSP70 Healthy HSP70 PE
LEETO PE Healthy ‘ Healthy PE ‘ Healthy PE Healthy PE ‘ Healthy Median n Median
Jirecek S. 2.985+0.81
tal 2002 [41] 29:4.8 20451 18+21 | 167221 75514 10512 | 34274062 i 1014138 | 55 2824833 | 55
Livingston J. 127.0£23. | 1747217,
ctal. 2002 [42] 352460 | 343%5.6 4 5 7974138 | 110.0+12.1 - 301115 | 51 354967 | 47
Fukushima A.
etal, 2005 [43] 287407 | 34014 | 247515 | 334420 - - 61206 46 244£36 7
Molvarec A. 2 2 35 37 F 110 170 70 104 33 29 031 1 055 o
etal. 2006 5] @531 | @s32) | @137 | (35-39) 9%0) 20y | (051200 | (160-180) | (60-80) | (100-115) (3.1-38) | (1.98-345) | (027039 (0.42-0.8)*
Molvarec A. 285 2 33 33 i | o 120 180 70 120 3475 e 03 2 054 %
ctal. 2007 [44] (26-32) | (23-325) | (3035) | (30-34) p b (110-120) | (170-190) | (70-80) | (110-125) | (3.1-3.63) : (0.27-033) (0.47-0.79)*
242) 25.3) 2.075)
Molvarec A. 30 29 35 38 (f;g (2%]06_ 110 160 70 100 35 32 0.28 o 0.58 o
ctal. 2009 [45] (17-44) | (19-42) | (2040) | (30-41) 20 585 (80-138) | (135220) | (55-86) | (90-131) (2.65-4.4) (1.442) | (0.03-0.59)** (0.15-3.47)%
Molvarec A. 30 29 36 37 éi'g_ éZ'g_ 110 162 70 100 345 (32' '4255 0.28 o 0.58 o
ctal. 2011 [46] (28-32) | (632) | (3637) | (36-39) p p (107-120) | (155-180) | (60-80) | (97-110) (3.15:3.7) : (021-0.31)* (0.39-0.81)*
279) 333) 3.475)
Saghafi N. 2722+ 0 9
ctal 2013 [47] 263456 | 252449 | 388623 | 378452 | 241804 | 256435 | 113.9£105 | 15394162 | 69.6:83 | 1057+10.8 | 3.083£0.541 06 ©-4 39 0 ms |4
Mild PE
2614098 | 30
ZhuJ.
etal. 2014 [34] - - 188079 | 30 Severe PE
310+ 118 | 30
Akbarzadeh-Jahromi | 77,75 | 275063 | 361425 | 354441 1075195 | 154.3£10.8 | 724286 | 95.6+10.2 - 0.763£0.091 | 31 | 0504£0.107 | 31
M. et al. 2015 [48]
Romao- 6802 9071
Ve M (14z 641) @ : 10) (243 539) (233 10) - - (ooI i 2) (143)6300) (636 . (90] 11020) - - 2)?00753' 2 (gzgjm 20
etal. 2018 [49] i 3 B - 3 B 710 3 1.0904)** 1.2728)**
Alzf’:lzégl“g‘gg]M‘ 283480 | 29.9+73 | 34.0:44 | 340239 | 2584+55 | 28.86:63 | 106.5:9.8 | 149.9£153 | 67.07+6.6 | 93.1429.7 - 16+0.12 28 | 2338201127 | 62
Zhou X.
ctal. 2019 [0] - - 036+£007 | 40 392£035 | 86
Hua Lai 36 36
ctal, 2020 [52] 357448 | 264852 | (T | aTagn | 257426 | 297438 - - 0484022 | 50 323176 | 30
Romao- <34 23 23 30 31 i i 105 160 65 110 . i 08 16 45 2%
VeigaM. | weeks | (1742) | (14-41) | (24-33) | (23-33) (95-110) | (140-210) | (60-70) | (90-140) (0.5-0.9y (0.8-6.0)**
o a[g;]ozo >34 2 24 37 37 i i 100 150 60 100 - i 0.7 P 0.6 %
weeks | (1539) | (15-43) | (34-40) | (34-41) (90-110) | (140-200) | (60-70) | (90-130) (0.6-0.9* (0.09 1.9y
Romao- 26 25 35 34 110 160 69 110 06735 090t
Veiga M. et al. 2022 - - - - (0.0075- 20 (0.4016- 20
(54] (17-39) (16-40) (27-39) (27-40) (90-112) | (140-200) | (63-70) (90-120) 1.0816)** 1.2638)**

Note: PE - preeclampsia; m+SD — mean with standard deviation; * — median (Q1 — Q3). ** — median (min - max)

perimposed preeclampsia. A statistically significant differ-
ence was observed between HSP70 concentration in each
group of women with hypertensive disorders compared
to the control group. No statistically significant differ-
ence was found between serum HSP70 concentration in
pregnant women with early and late-onset hypertensive
disorders; as well as between groups of women with pre-
eclampsia of varying severity; as well as between groups of
gestational hypertension and superimposed preeclampsia.
Also, no statistically significant differences of HSP70 lev-
els were found between pregnant women with and with-
out FGR, combined with hypertensive disorders. Thus,
researchers concluded about inextricable link of HSP70
and pathogenesis of gestational hypertensive disorders.
In our meta-analysis, from this research were included
93 pregnant with preeclampsia and 127 healthy pregnant
women.

A2. In 2007, A. Molvarec et al. published a case-con-
trol study of HSP70 levels in 30 pregnant women with
severe preeclampsia, 10 of whom also had evidence of
HELLP syndrome [44]. The control group consisted of
20 pregnant women with a normal pregnancy. There was
a statistically significant difference in HSP70 between
pregnant women with severe preeclampsia and HELLP
syndrome compared to healthy pregnant women. The au-
thors hypothesized that HSP70 may be released into the
bloodstream at sites of endothelial damage, as well as in
the case of hepatocyte, platelet, and erythrocyte injury.
In order to form a homogenous group 10 pregnant women
with signs of HELLP were excluded from meta-analysis.

44

A3. A. Molvarec et al. in 2009 published the results of
a study involving 67 preeclamptic women and 70 healthy
pregnant women and found a relationship between HSP70
levels and markers of inflammation and oxidative stress,
hepatocellular damage in the development of preeclamp-
sia [45].

A4. In 2011, A. Molvarec et al. published another
study, which included 60 pregnant women with pre-
eclampsia and 60 pregnant women with uncomplicated
pregnancies [4646]. Its aim was to investigate the rela-
tionship between HSP70 levels and levels of cytokines,
chemokines, adhesion molecules and angiogenic factors
in hypertensive complications of pregnancy. Elevated se-
rum HSP70 concentrations in women with preeclampsia
were associated with proinflammatory changes in the cir-
culating cytokine profile. The authors hypothesized that
circulating HSP70 may contribute to excessive systemic
inflammatory response, specific to preeclampsia.

A.5. Group A also included the study of Jinming Zhu
et al. from China, 2014, a survey in Xuzhou hospital, which
included 90 pregnant women with hypertensive disorders
during pregnancy (comprised of 30 with gestational hy-
pertension, 30 with preeclampsia, 30 with preeclampsia
with severe symptoms) and 30 healthy pregnant wom-
en [34]. HSP70 concentration in blood serum of pregnant
women with preeclampsia and severe preeclampsia was
found to be higher compared to groups of healthy preg-
nant women and women with gestational hypertension on
statistically significant level (p<0.05). No statistically sig-
nificant difference was found between levels of HSP70 in
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groups of gestational hypertension and healthy pregnant
women (p>0.05). HSP70 concentration in the preeclamp-
sia group with severe symptoms was significantly higher
than in the preeclampsia group without severe symptoms
(p<0.05). Thus, the researchers obtained data on the in-
crease in HSP70 concentration depending on the severity
of preeclampsia. 30 pregnant women with gestational hy-
pertension were excluded from meta-analysis.

A.6. Researchers from Iran, Saghafi N. et al. 2013,
studied HSP70 levels in 41 pregnant women with pre-
eclampsia, 39 pregnant women in control group without
extragenital and obstetric complications, and found a
statistically significant difference in HSP70 between two
groups [47]. It should be noted that serum was stored in
this study at -20 °C.

A.7. Mariana Romao-Veiga et al. (Sao Paulo, Brazil),
2018, conducted a case-control study, which included 20
pregnant women with preeclampsia, 20 healthy pregnant
women, and 20 nonpregnant women to study the associa-
tion of preeclampsia with heat shock proteins and inflam-
matory markers [49]. The median of HSP70 concentration
was higher in a group of pregnant women with preeclamp-
sia compared to groups of women without preeclampsia
and healthy non-pregnant women with a statistical sig-
nificance (p<0.05).

A.8. Mariana Romao-Veiga et al. in 2022 continued
a study of the relationship between preeclampsia and
systemic inflammatory response [54]. Their case-control
study included 20 pregnant women with preeclampsia
and 20 healthy pregnant, 20 healthy non-pregnant wom-
en. The median of HSP70 concentration in the group of
women with preeclampsia was higher on statistical signifi-
cance p<0.05 compared to groups of healthy pregnant and
healthy non-pregnant.

Group B

This group has three publications. In group B statis-
tics Pwas 0% (p=0.56), which suggest results are highly
consistent.

B.1. In 2002, Stefan Jirecek (Austria) and colleagues
studied HSP70 concentration in pregnant women with
preeclampsia that occurred after 34 weeks (24 partici-
pants), pregnant women with preeclampsia that occurred
before 34 weeks (31 participants); 55 normotensive preg-
nant women of corresponding gestational age were also in-
cluded in the study [41]. Mean of HSP70 concentration in
blood serum of women with early preeclampsia compared
to women with late preeclampsia had a statistically signif-
icant difference (p<0.05). It should be noted that in this
study, a large standard deviation compared to the mean
must be interpreted as the presence of strong asymmetry
to the right (i.e. there are a lot of HSP70 values that are
much greater than defined mean). A statistically signifi-
cant difference was obtained for HSP70 concentration in
subgroups with early and late preeclampsia (p=0.01), thus
it was concluded that HSP70 concentration was higher in
pregnant women with early onset preeclampsia.

B.2. In 2002, US researchers Jeffrey C. Livingston
and co-authors (USA, Tennessee Medical University)
presented the results of their study, which investigated
HSP70 concentration in 47 women with severe hyper-
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tension; the control group consisted of 51 normotensive
pregnant women of corresponding gestational age [42].
No statistically significant difference in mean HSP70
levels in the two groups was found. In 28 pregnant wom-
en with severe preeclampsia and 30 controls, HSP70
concentration was below the sensitivity level of the kit,
which was 0.0002 ng/ml. The researchers concluded that
severe preeclampsia was not associated with increased
serum HSP70 concentration. About material prepara-
tion for analysis: blood samples were centrifuged at 5000
rpm for 5 minutes; aliquots were stored at -70 °C until
analysis.

B3. Research of Mariana Romao-Veiga et al. in 2020
was assigned to group B, although in 2018 and 2022 re-
searchers used the same methods of laboratory research
of HSP70 [54]. The reason was the design of study,
which aimed to investigate early and late preeclampsia.
High levels of HSP70 in women with early preeclampsia
accounted for a different value of the standardized mean
difference. 52 pregnant women with preeclampsia and
32 normotensive pregnant women were included. Both
groups were divided in half: 26 pregnant with early and
late gestosis each, 16 healthy pregnant women before and
after 34 weeks. In early preeclampsia subgroup, the high-
est values of the median HSP70 was 4.5 (0.8 — 6.0) ng/
ml (reported as median and IQR), which had a statisti-
cally significant difference to other subgroups (p<0.05).
For late preeclampsia subgroup, the corresponding me-
dian and IQR for HSP70 was 0.6 (0.09—1.9) ng/ml, for
controls subgroup up to 34 weeks 0.8 (0.5-0.9) ng/ml,
for controls subgroup after 34 weeks it was 0.7 (0.6—
0.9) ng/ml. This study did not report pooled results for
preeclampsia group and healthy group. The difference of
SMD in the subgroup of early and late preeclampsia was
significant, therefore, the study of late preeclampsia was
assigned to group B.

Group C

Group C includes two studies. Cochren’s Q-test in
group C resulted in I about 0% (p=0.46), which suggests
results consistency.

C.1. Researchers Xuru Zhou et al. from China (Hu-
bei Province, Yichang City) in 2019 reported the results
of a study aimed at finding a correlation between HSP70
and suppressor of cytokine signaling-3 SOCS-3 in preg-
nant women with preeclampsia [51]. 86 pregnant women
with preeclampsia (including 35 pregnant women who
had preeclampsia with severe symptoms), 40 healthy
pregnant women made up the control group. The average
HSP70 concentration in the preeclampsia group was dif-
ferent than in control group with a statistical significance
(p<0.05). The risk of preeclampsia increased when HSP70
increased above 0.89 ng/ml, so the researchers considered
it possible to use HSP70 as a marker of preeclampsia.

C.2. Researchers from Japan Akimune Fukushima
et al. in 2005, studied HSP70 concentration in pregnant
women at high risk of preterm birth (31 at risk of preterm
birth and 7 with preeclampsia) and 46 healthy pregnant
women [43]. No statistically significant difference in
HSP70 levels during normal pregnancy between the three
trimesters was found. Pregnant women with preeclamp-
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sia compared to women with normal pregnancies had a
statistically significant difference (p=0.0001) in mean
HSP70. The highest values of HSP70 were found in preg-
nant women who gave birth prematurely, the difference
was statistically significant compared to healthy pregnant
women (p=0.0005). Thus, according to the results of the
study, higher values of HSP70 were found in pregnant
women with preeclampsia and, especially, in treatment-
resistant cases of premature birth. 7 preeclamptic women
and 46 healthy pregnant women as the control group were
included in the meta-analysis from this work.

Group D

Group D consists of three studies. Cochren’s Q-test
results in group D gave I? about 95% (p<0.01), which re-
flects high heterogeneity.

D.1. A group of researchers Hua Lai et al. from China
(Jiangxi Province, Nanchang City) in 2020 published a
study [52]. Apparently, it included the investigation of
HSP70 in blood serum of 30 pregnant women with pre-
eclampsia, 25 pregnant women with preeclampsia and
FGR, and 50 healthy pregnant women as a control group.
Levels of HSP70 in serum in three groups (healthy preg-
nant women, with preeclampsia, preeclampsia, and FGR)
had a statistically significant difference (p<0.05).

D.2. Research by Mariana Romao-Veiga et al. in 2020
with early preeclampsia subgroup is assigned to group
D [54]. No pooled results for preeclampsia and healthy
groups were reported. Instead, results for early and late
preeclampsia were reported, together with corresponding
gestational age control groups. SMD differed in early and
late preeclampsia groups significantly. Hence, the former
was assigned to group D together with the corresponding
control group.

D.3. Maria C. Alvarez-Cabrera (Mexico City, Mex-
ico), 2018, presented a study that included 62 pregnant
women with preeclampsia and 78 pregnant women as a
control group (including 28 healthy pregnant women at
34 weeks and 50 healthy full-term pregnant women with
onset childbirth) [50]. The median of HSP70 concentra-
tion in preeclampsia group was 1.5 times higher than the
median HSP70 levels in healthy group at 34 weeks. Au-
thors confidently concluded about the increase of HSP60

and HSP70 in pregnant women with preeclampsia com-
pared to healthy pregnant women without labor activity.
There was also a noticeable positive correlation of HSP60
and HSP70 with markers of the inflammatory response,
and indicators characterizing liver dysfunction. From this
study there were included 62 preeclamptic women and 28
healthy pregnant women without signs of labor.

Group E

In this group was put a study in which the levels of
HSP70 in pregnant women with preeclampsia were com-
pared to healthy pregnant women of corresponding age.
In 2015, it was published by researchers Mojgan Akbar-
zadeh-Jahromi et al. from Iran, the city of Shiraz [48]. Tt
included 2 groups: women with preeclampsia and healthy
pregnant. In preeclampsia group, the average level of
HSP70 was lower than in healthy group, but there was no
statistically significant difference (p=0.310). Preservation
conditions for serum before biochemical analysis were re-
ported as -20°C.

CONCLUSIONS

The conducted meta-analysis makes it possible to con-
fidently conclude about the increased in average HSP70
serum concentration in pregnant women with preeclampsia
compared to healthy pregnant of the corresponding ges-
tational age. No statistically significant relationship was
found between increase of HSP70 concentration in pre-
eclampsia and maternal age, gestational age, systolic and di-
astolic blood pressure. Data was insufficient to investigate
via meta-regression models of association between HSP70
concentration in preeclampsia and parameters such as ma-
ternal body mass index and newborn weight.

Quantitative evaluation of HSP70 serum concentra-
tion is complicated by absence of single standard for labo-
ratory diagnostics, which leads to difference in reported
HSP70 values among different studies, sometimes by even
2 orders of magnitude. Study limitations was design type
as case-control. The use of HSP70 as preeclampsia predic-
tor is promising, but requires further study and conduct of
prospective cohort studies.
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