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What is in common between preeclampsia,  
HPS70 and medieval headwear?  
Part I. 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 І2 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.

Що спільного між прееклампсією, HSP70 та середньовічним капелюхом?  
Частина І. Сироватковий HSP70 при прееклампсії: систематичний огляд та мета-аналіз
О. К. Попель, Д. О. Говсєєв

Мета дослідження: встановлення зв’язку між концентраціями HSP70 в сироватці крові вагітної та прееклампсією, 
оцінювання перспективи використання HSP70 у якості предиктора прееклампсії.
Матеріали та методи. Проведені пошук та аналіз оригінальних досліджень, які присвячені вивченню HSP70 у сиро-
ватці крові у жінок із прееклампсією.  Роботи ідентифікували за допомогою баз Scopus, PubMed Central, Virtual Health 
Library, пошук включав публікації  до січня 2023 року, застосовували ключові слова «HSP70», «preeclampsia», «heat 
shock protein 70», «pregnant». 
Статистичний аналіз проводили за допомогою програмного забезпечення EZR 1.55.
Результати. Було відібрано 16 досліджень типу «випадок-контроль», які сумарно включали 751 вагітну із преекламп-
сією та 719 здорових вагітних. Проведений аналіз знайшов статистично значущу різницю між сироватковими концен-
траціями HSP70 у здорових вагітних та вагітних з прееклампсією. Q-тест Кохрена продемонстрував високу гетероген-
ність серед досліджень (р<0,01), значення статистики І2 дорівнювало 97%. 
Поділ досліджень на групи дозволив зменшити або виключити гетерогенність. Такий високий рівень гетерогенності 
для публікацій разом, але невисокий всередині більшості груп, свідчить про те, що існують певні фактори, які істотно 
впливають на деякі дослідження.
Висновки. Проведені систематичний огляд та мета-аналіз впевнено свідчать про підвищену у середньому сироваткову 
концентрацію HSP70 у вагітних із прееклампсією порівняно зі здоровими вагітними у відповідний гестаційний термін. 
Не було виявлено статистично значущої залежності між підвищенням концентрації HSP70 при прееклампсії та віком 
вагітних, гестаційним терміном, систолічним та діастолічним тиском. Кількісне оцінювання рівнів HSP70 ускладнено 
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відсутністю єдиного стандарту лабораторної діагностики. Планування представлених досліджень у вигляді «випадок-
контроль» обмежує їхнє значення. 
Використання HSP70 у якості предиктора прееклампсії перспективне, але потребує подальшого вивчення та проведен-
ня проспективних когортних досліджень. 
Ключові слова: HSP70, білок теплового шоку 70, прееклампсія, хронічна гіпертензія, накладена прееклампсія, вагіт-
ність, систематичний огляд, мета-аналіз.

Preeclampsia 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-

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 
4 000, 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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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.

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 τ2. 
The І2 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 

Figure 1. Flowchart which reflects the selection process
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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 m~ was used, which included both control 
and preeclampsia groups, according to the formula:

 

where n1, n2 – participants number in control and pre-
eclampsia groups, respectively;

m1, m2 – 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 «lfkindex» 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 a result 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 А – articles, where SMD is in 0.81 – 1.39 in-
terval;

•  Group В – articles, where SMD is in -0.06 – 0.30 
interval;

•  Group С – articles, where SMD is in 12.10 – 13.28 
interval;

•  Group D – articles, where SMD is in 2.50 – 6.36 in-
terval;

•  Group Е – articles, where SMD was -2.57.
For А, В, С, D groups separate forest plots were built 

(respectively, fig 2a, 2b, 2c, 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

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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Figure 2. Forest plot with division into groups

Figure 2a. Forest plot of group А

Figure 2b. Forest plot of group В
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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 І2 statistic was 

97%. However, within most groups heterogeneity was 
lower: in group A (8 studies) І2 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 (3 studies) – 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, (c) – 
from systolic pressure (SP), (d) – from diastolic pressure 
(DP)). The corresponding coefficients «a», «b» of the lin-
ear regression SMD=aх+b, where х – parameter (mater-
nal age, gestational age, SP and DP), are shown in Table 2. 

Figure 2c. Forest plot of group C

Figure 2d. Forest plot of group D

Figure 3(a). Dependence of effect size SMD 
from maternal age

Figure 3(b). Dependence of effect size SMD  
from gestational age
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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 

Figure 3(c). Dependence of effect size SMD from SP Figure 3(d). Dependence of effect size SMD from DP

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

Table 2
Meta-regression coefficients

Figure 4(a) Funnel-plot. Left dotted vertical line  
is weighted SMD from common-effects model,  
right – random-effects model

Figure 4(b) DOI-plot. Each point corresponds publication, 
just as in funnel-plot, asymmetry is measured  
via LFK index
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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), (c), (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.

DOI graphs for groups with LFK indices are shown 
in Figure 6 ((a), (b), (c), (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) 

Figure 5(a). Funnel plot for group А. Dotted line is 
weighted SMD from common-effects model  

Figure 5(b). Funnel plot for group B. Dotted line is 
weighted SMD from common-effects model

Figure 5(c). Funnel plot for group C. Dotted line is 
weighted SMD from common-effects model

Figure 5(d). Funnel plot for group D. Dotted line is 
weighted SMD from common-effects model
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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 

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-

Figure 6 (a). DOI plot for group A А Figure 6 (b). DOI plot for group B

Figure 6 (c). DOI plot for group C Figure 6 (d). DOI plot for group D 
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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 °С in two studies, - 70 °С in another one, 
- 80 °С 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. Peraçoli 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 

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 А
In terms of participants number, group A is the biggest 

group. Cochran’s Q-test showed insignificant heterogene-
ity, І2 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).

А1. 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-

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

А3. 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]. 

А4. 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.

А.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 

Table 3
Publications, included in meta-analysis, results of serum HSP70 measurements and other group characteristics

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

А.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 °С.

А.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). 

А.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 В
This group has three publications. In group B statis-

tics І2 was 0% (р=0.56), which suggest results are highly 
consistent.

В.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.

В.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-

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.

В3. 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 С
Group C includes two studies. Cochren’s Q-test in 

group C resulted in І2  about 0% (р=0.46), which suggests 
results consistency.

С.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.

С.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-



REPRODUCTIVE HEALTH OF WOMAN
РЕПРОДУКТИВНЕ ЗДОРОВ’Я ЖІНКИ

№7 (70)/2023

ISSN 2708-8723   (print)  
ISSN 2708-8731 (online)

46

Н А  Д О П О М О Г У  Л І К А Р Ю - П Р А К Т И К У

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 І2 about 95% (р<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. María C. Álvarez-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 Е
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]. It 
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 °С.

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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