' CLINICS

Previous preeclampsia and its association with the
future development of cardiovascular diseases: a
systematic review and meta-analysis

Eduardo Carvalho de Arruda Veiga(),"* Paulo Ricardo Higassiaraguti Rocha(f)," Leonardo L. Caviola@®,"
Viviane Cunha Cardoso()," Fabricio da Silva Costa(®,' Maria da Conceicdo Pereira Saraiva(),"
Marco Antonio Barbieri(#)," Heloisa Bettiol {)," Ricardo Carvalho Cavalli()'

'Departamento de Obstetricia e Ginecologia, Hospital Universitario, Faculdade de Medicina de Ribeirao Preto, Universidade de Sao Paulo (FMRP-USP), SP,
BR. "Departamento de Puericultura e Pediatria, Faculdade de Medicina de Ribeirao Preto, Universidade de Sao Paulo (FMRP-USP), SP, BR. "' Disciplina de
Ginecologia, Departamento de Obstetricia e Ginecologia, Hospital Universitario, Faculdade de Medicina de Ribeirao Preto, Universidade de Sao Paulo
(FMRP-USP), SP, BR. 'V Departamento de Odontologia Pediatrica, Escola de Odontologia de Ribeirao Preto, Faculdade de Medicina de Ribeirao Preto,
Universidade de Sao Paulo (FMRP-USP), SP, BR.

de Arruda Veiga EC, Rocha PRH, Caviola LL, Cardoso VC, da Silva Costa F, da Conceigao Pereira Saraiva M, et al. Previous preeclampsia and its association
with the future development of cardiovascular diseases: a systematic review and meta-analysis. Clinics (Sao Paulo). 2021;76:€1999

*Corresponding author. E-mail: eduardo.veiga@fm.usp.br

Preeclampsia is a multifactorial disease. Among these factors, untreated hypertension during pregnancy can
result in high morbidity and mortality rates and may also be related to the future development of cardio-
vascular diseases.Therefore, this systematic review aimed to determine the association of previous preeclampsia
with the future development of cardiovascular diseases.

Studies on the association between preeclampsia and future cardiovascular diseases published in the last 10
years (2009-2019) were identified from the PubMed/Medline (207 articles), Embase (nine articles), and Cochrane
(three articles) databases using the keywords “preeclampsia” and “future cardiovascular diseases”, “pre-
eclampsia” and “future heart attack”, and "“preeclampsia” and “future cardiac disease”. After applying the
inclusion and exclusion criteria, 15 articles were analyzed by systematic review and meta-analysis according to
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The meta-analysis
and the determination of the quality of the articles were conducted using RevMan software, version 5.3.

Statistically significant differences were observed between the control and previous preeclampsia groups
with respect to systolic blood pressure (mean difference [MD] 4.32; 95% confidence interval [95%Cl] 3.65, 4.99;
p<0.001), diastolic blood pressure (MD: 2.11; 95%Cl: 1.68, 2.55; p<0.0001), and insulin level (MD: 2.80; 95% Cl:
0.50, 5.11; p <0.001). Body mass index (MD: 2.57, 95%Cl: 2.06, 3.07; p=0.0001), total cholesterol (MD: 10.39; 95%
Cl: 8.91, 11.87; p=0.0001), HDL (MD: 2.83; 95%Cl: 2.20, 3.46; p=0.0001), and LDL (MD: 1.77; 95%Cl: 0.42, 3.13;
p=0.0001) also differed significantly between groups.

Thus, the results of the present study showed that women with a history of preeclampsia were more likely to
develop cardiovascular disease.
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B INTRODUCTION previously normal blood pressure levels (1,2). This condition
) ) ) o has high morbidity and mortality, affects 2-5% of pregnant
Preeclampsia (PE) is defined as a pregnancy complication v omen and is responsible for thousands of deaths of
characterized by high blood pressure and signs of damage mothers and fetuses worldwide (3).
to other organs, with dysfunctions in .the circulatory, The risk factors for the development of PE include pre-
renal, hema.tologlcal, hepatic, and neurologlc;al systems. PE existing diabetes, pre-pregnancy body mass index >35 kg/m?
usually begins after 20 weeks of pregnancy in women with  nyliparity, family history of PE, twin pregnancy, maternal
age >40 years, systolic blood pressure >130 mmHg, chronic
hypertension, history of chronic kidney disease, and assisted
Copyright © 2021 CLINICS - This is an Open Access article distributed under the reproductive technologies (4,5). Among the pathophysiolo—
terms of the Creative Commons License (http://creativecommons.org/licenses/by/ gical mechanisms of PE development is vascular dysfunc-
4.0/) which permits unrestricted use, distribution, and reproduction in any fi defined imbal bet - . . d
medium or format, provided the original work is properly cited. IOI}’ € .me gs an mmbalance between pro-anglogenic an
anti-angiogenic factors. The levels of markers such as
vascular endothelial growth factor and placental growth
Received for publication on May 7, 2020. Accepted for publica- factor (PIGF) are increased in endothelial vascular dysfunc-
tion on September 24, 2020 tion, with a consequent increase in systolic and diastolic
DOI: 10.6061/clinics/2021/e1999 pressures and proteinuria in pregnant women (3,6).
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While previous studies have demonstrated the associa-
tion of PE development in pregnant women and future
cardiovascular complications such as the development of
hypertension, diabetes, ischemic disease, and other cardio-
vascular diseases, recent literature has suggested the need for
additional studies for a more complete understanding of
how this relationship is established (7-11).

Therefore, the objective of the present systematic review
and meta-analysis was to evaluate the association between
previous PE and future cardiovascular diseases.

B MATERIAL AND METHODS

The literature search strategy was applied as recom-
mended by Berstock et al. (2019) (12). We searched for
articles published from January 2009 to July 2020. This time
interval was chosen because the diagnosis of PE has
improved and changed in the last decade. We first selected
keywords from related articles and used Medicals Subject
Headings (MeSH) to identify more related keywords with
close meaning, such as: (“preeclampsia” [MeSH Terms] OR
(“future cardiovascular diseases” [All Fields], as well as the
MeSH terms “preeclampsia and future heart attack” and
"preeclampsia and future cardiac disease” The search
strategy was applied to the PubMed/Medline, Embase, and
Cochrane databases.

This review was conducted according to the recommen-
dations established by the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) (13,14).

Two researchers with the ability to compile systematic
reviews (E.C.V. and PRH.R.) independently and blindly
retrieved the papers and evaluated the titles and abstracts
with reference to the inclusion and exclusion criteria accord-
ing to the PICO components (14). The selected articles were
then critically evaluated for inclusion or exclusion in the
review. Disagreements between the investigators regarding
the inclusions of studies were resolved following consulta-
tion with a third reviewer (L.L.C.).

The main outcomes were increased risks of diabetes
mellitus, dyslipidemia, hypertension, cardiovascular heart
failure, and brain disease, as well as an increased risk of
cardiac diastolic dysfunction. The other outcomes were
increased risks of mother and child mortality, stroke, ische-
mic heart disease, increased risk of coronary artery calcifica-
tion, greater relative wall thickness, and reduced left
ventricular end-diastolic volume (Table 1). These qualitative
results are the descriptors of various types of cardiovascular
diseases that women with a history of PE eventually
develop. Among several cardiovascular diseases that can
be assessed, the most common are described here.

RevMan 5.3 (Cochrane Collaboration, Oxford, UK) was
used to perform the meta-analysis. A random-effects model
was used for the assessment of heterogeneity.

Statistical analysis

The mean values and standard deviation of the studies are
presented as mean difference (MD) of the post-intervention
values after calculating the inverse of the variance to deter-
mine the magnitude of the effect of PE and future cardio-
vascular diseases (15). Heterogeneity was assessed using the
Cochran and I Q tests, followed by visual inspection of the

graph.
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Heterogeneity between studies was defined as an 12 value
above 50% (16,17). The analyses were performed using
RevMan 5.3.

B RESULTS

The search process, identification, and selection of the
articles are shown in Fig. 1. The inclusion criteria were
articles published in English related to the keywords
preeclampsia and future cardiovascular disease appearing
in the titles and abstracts of the selected articles. Articles
without these keywords were excluded because they were
not related to the Patient/Problem/Population, Intervention,
Comparison, and Outcome(s) (PICO) design for the study, as
follows. Patients: women with PE, Intervention: classic
definitions by the articles of women with PE and optimal
medical treatment during pregnancy, Comparator: women
without PE and with pregnancy without hypertension, and
Outcomes: future cardiovascular diseases in by the target
audience (13). The exclusion criteria in the PubMed database
were the filters “last 10 years”, “humans”, and “free full
text”. This search identified 207 articles. We also searched for
the keywords with an advanced search of the titles, which
identified nine and three articles in the Embase and Cochrane
databases, respectively. The next step was to apply the follow-
ing exclusion criteria: we excluded 116 articles not related to
the PICO, seven articles on animals, 50 review articles, and 12
duplicate articles. Of 34 articles selected for complete text
review, 19 were excluded for not being related to the PICO.
Thus, a total of 15 articles were finally selected for inclusion in
the systematic review and meta-analysis (Fig. 1).

The information obtained from the studies selected for the
systematic review is presented in Table 1, which lists the
following characteristics of the articles: authors, year of
publication, country, baseline, study years, study design,
definition of PE according to systolic and diastolic blood
pressures (SBP and DBP, respectively), number of partici-
pants in the study, follow-up time (mean and range in years),
age at follow-up (mean and range in years), and outcomes.

Among the cardiovascular diseases that developed after
PE that were reported in our selected articles, the most
prevalent was hypertension (18-26, 30-32), followed by
diabetes (18,20,21,24-28,30,31), and heart failure (18,19,22,23,
26,27,30,31). Stroke and brain diseases also occurred in some
patients a few years after the incidence of PE (18,23,24,27,31),
as well as coronary artery calcification in some women (21,29)
(Table 2). It is important to emphasize that the moment of the
evaluations of the variables of the meta-analysis in the
selected articles were made after the follow-up, either one
year or ten years or more after the diagnosis of PE, so that we
can have as an outcome and as a result, the appearance of
cardiovascular diseases.

The results of the meta-analysis are described below.
Comparison of body mass index (BMI) between the PE and
control groups showed a significantly higher value in the PE
group, indicating that women with previous PE were heavier
than the control women (MD: 2.57, 95% confidence interval
[95%CI]: 2.06, 3.07; p<0.0001) (Fig. 2A). As expected, SBP
was significantly higher among women in the previous PE
group than that in the control group (MD: 4.32; 95%ClI: 3.65,
4.99; p<0.00001) (Fig. 2B). Moreover, as expected, DBP was
also significantly higher among women with previous PE
(MD: 2.11; 95%ClI: 1.68, 2.55, p <0.00001) compared to that in
the control groups. In addition, the CI between groups was
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Figure 1 - Flowchart showing the study selection.

low (Fig. 2C). Blood insulin also differed significantly
between women with PE and the controls (MD: 2.80; 95%
CI: 0.50, 5.11; p<0.00001) (Fig. 2G).

We also observed statistically significant differences
in total cholesterol level (MD: 10.39; 95%CI: 8.91, 11.87;
p<0.0001) (Fig. 2D), high-density lipoprotein (HDL) level
(with a broad confidence interval) (MD: 2.83; 95%CI: 2.20,
3.46; p<0.0001) (Fig. 2E), and low-density lipoprotein level
(LDL) (MD: 1.77; 95%CI: 0.42, 3.13; p=0.09) (Fig. 2F).

B DISCUSSION

The major limitation of this study was that most of the
studies included in the systematic review followed the
mothers for less than 10 years, a fact that only allowed the

analysis of blood markers and not the development of
cardiovascular disease in women with a history of PE.
Another limitation of this study was that, in bias risk analysis,
the variables related to the blinding of the participants and
personnel, blinding of the outcome assessment, and other
biases showed unclear risks of bias. However, the strength of
this study was that it demonstrated increased levels of
cardiovascular disease variables in women with PE, indicating
the probable future development of cardiovascular diseases.

The main findings of the present meta-analysis were
increased BMI, SBP, DBP, HDL, LDL, total cholesterol, and
insulin concentration in the previous PE group compared to
those in the control group.

Among the articles included in the systematic review
(18-32), we identified several outcomes leading to the increased
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incidence of future cardiovascular disease among women
with PE, including increased mortality and two-fold
increases in diabetes, hypertension, myocardial infarction,
and other cardiovascular diseases. The results of these
studies were concordant with those of four recent meta-
analyses (33-35) showing that women with PE have higher
chances of developing future cardiovascular diseases as well
as a higher risk of mortality. One meta-analysis reported
higher chances of developing coronary heart disease, stroke,
and death due to cardiovascular disease (33); another reported

Figure 2 a — BMI — Body mass index (Kg/mg®)
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higher chances of developing hypertension, ischemic heart
disease, heart failure, and cerebrovascular accidents (34).
Alma et al. (2017) (33) analyzed the role of biomarkers such as
C-reactive protein, HDL, and insulin as markers of future
cardiovascular diseases and observed increased levels in
women with PE compared to those in pregnant women with-
out increased blood pressure. In a study of women with
hypertensive diseases in pregnancy, Ukah et al. (2018) (35)
used multivariate models to demonstrate that these women
are at higher risk of developing cardiovascular disease in the

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bhasin etal 2013 2575 757 321 2313 653 310 21.1% 262(1.52,3.72) =
Breetveld etal 2013 286 16 115 233 13 50 12% 530(066,9.94)
Canti etal 2010 2096 613 400 2612 456 150 28.7% 384(289,479 -
Fraser etal 2012 27 157 516 264 91 560 10.7% 060}0.95 2.15) B
Honigberg et al 2019 281 56 288 262 51 220 294% 1.90(0.97,283) -
Miller et al 2016 314 292 490 241 224 300 20% 730(368,1092
Soma-Pillayetal 2018 3027 1755 96 28 1364 45 09% 227[3.04,758) —
Timpka et al 2016 217 267 796 227 262 801 38% -1.00(3.59 159 ===
White et al 2016 298 259 400 253 231 400 22% 450(1.10,7.90]
otal (95% CI) 3422 2836 100.0% 2.57[2.06, 3.07) *
terogeneity: Chi*= 31,53, df= 8 (P = 0.0001), F=75% -1{0 g ) 1 1%
Testfor overall effect Z= 9.93 (P < 0.00001) Favours [experimental] Favours [control]
Figure 2 b — SBP (mmHg) — Systolic blood pressure
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bhasin etal 2013 128 1417 9 115 989 45 27% 13.00(8.95,17.05
Breetveld etal 2013 125 12 115 110 10 50 36% 15.00(11.47,1853] —
Canti etal 2010 121 1765 400 112 15 140 49% 9.00(5.97,12.03 e
Fraser etal 2012 118 122 516 118 125 560 205%  0.00[1.48,1.48) = &
Honigberg et al 2019 141 20 288 137 20 220 356% 4.00(0.49,7.51]
Miller etal 2016 1357 1217 490 1255 1115 300 162% 10.20(8.54,11.86) =
Soma-Pillay et al 2018 128 1417 9% 115 989 45 27% 13.00(8.95,17.05)
Timpka et al 2016 1189 11 796 1185 109 801 387% 0.40[-067,1.47) -
White et al 2016 1314 206 400 1218 149 400 72% 960(7.11,1209 ==
Total (95% CI) 3197 2561 100.0% 4.32(3.65,4.99] ¢
Heterogeneity: Chi*= 229,16, df= 8 (P < 0.00001); F= 97% 5_20 -I:D “0 204
Test for overall effect: Z= 1269 (P < 0.00001) Favours [experimental] Favours [control] |
Figure 2 c — DBP (mmHg) — Diastolic_blood pressure.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bhasin etal 2013 8845 1065 321 8423 1452 310 48% 4.22(223,6.21)
Breetveld etal 2013 ¢, 74 10 115 4l 7 50 27% 3.00(0.33,567)
Canti etal 2010 82 12 400 7 16 140 23% 11.00(8.10,13.90]
Fraseretal 2012 7ms 8 516 716 81 560 206% 020[0.76,1.16] -
Honigberg et al 2019 85 10 288 80 10 220 62% 5.00(3.25,6.75) —_—
Miller etal 2016 803 876 490 727 1024 300 98% 7.60(6.21,8.99) —_
Soma-Pillayetal 2018 8091 14.47 96 7242 916 45 12% 8.49[4551243]
Timpka etal 2016 82 68 796 821 68 801 428% -010[-0.77,057) »
White etal 2016 782 96 400 738 107 400 96% 4.40[299,581] —
Total (95% CI) 3422 2826 100.0%  2.11[1.68, 2.55] ¢
Heterogeneity. Chi*= 188.32, df= 8 (P < 0.00001); F= 96% 3o :5 é 1:0
Test for overall effect Z= 9.48 (P < 0.00001) Favours [experimental] Favours [control]
Figure 2 d — Total Cholesterol (mg/dL). @
(o E O O
xperimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bhasinetal 2013 19424 1782 321 18032 1056 310 423% 13.92(11.64,16.20) -
Breetveld etal 2013 180 285 115 187 297 50 23% -7.00(16.74,2.74) =
Canti etal 2010 196 34 400 200 32 140 56% -4.00(10.26,226) —
Miller et al 2016 194 301 490 2035 327 300 105% -9.50[-14.06,-494) —r— fo)
White et al 2016 2045 18 400 1895 16 400 39.3% 15.00[12.64,17.36] -
Total (95% CI) 1726 1200 100.0% 10.39 [8.91,11.87) L 2
Heterogeneity: Chi*= 129.51, df= 4 (P < 0.00001), "= 97% K N T %
Testfor overall effect Z=13.77 (P < 0.00001) Favours [experimental] Favours [control]
O O O

Figure 2 - Continued.
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Figure 2 e —HDL (mg/dL)
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bhasin etal 2013 4836 481 321 4446 332 310 955% 3.90(3.26,4.54)
Breetveld etal 2013 518 99 115 616 13 50 24% -9.80[-13.83,-5.77) i

Canti etal 2010 54 12 400 200 52 100

Miller et al 2016 522 49 490 542 51 300 08%
White et al 2016 545 41 400 64 505 400 10%
Total (95% CI) 1726 1160 100.0%

Heterogeneity: Chi*= 872.83, df= 4 (P < 0.00001);, = 100%
Test for overall effect Z= 8.83 (P < 0.00001)

Figure 2 f—LDL (mg/dL)

Mean Difference

04% -146.00(-156.26,-135.74] =

-200(9.22,5.22)

-9.50-15.87,-3.13] =

2.83[2.20,3.46)

400 -50 0 50 100
Favours [experimental] Favours [control]

Mean Difference
IV, Fixed, 95% CI IV, Fixed, 95% CI

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
Bhasin etal 2013 9423 1246 321 9248 1021 310 586%
Breetveld etal 2013 112 245 115 11086 259 50 26%
Canti etal 2010 120 33 400 126 10 140 140%
Miller et al 2016 1142 21 490 1177 29 300 13.0%
White etal 2016 123 29 400 1061 279 400 11.9%

Total (95% CI) 1726 1200 100.0%
Heterogeneity. Chi*= 81.62, df= 4 (P < 0.00001), F=95%

Test for overall effect: Z= 2.56 (P = 0.01)

Figure 2G — Meta-analysis of insulin (mclU/mL).

-6.00 [19.63,-2.37]

16.90 (12.96, 20.84)

1.75[-0.02,3.52] -
1.40[-7.06, 9.86]

-350-7.27,0.27]

1.77[0.42,3.13] &

+ +
-20 -10 10 20
Favours [experimental] Favours [control]

Control PE Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bhasinetal, 2013 498 194 321 476 182 310 291% 0.2210.07,051) d
Breetveld et al, 2015 88 47 115 63 36 50 267% 250([1.18,382) -
Miller et al, 2016 117 98 49 42 37 30 194% 7.50(4.45,1055) —
White et al, 2016 71 47 40 46 33 40 249% 250[0.72,4.28) -
Total (95% CI) 525 430 100.0% 2.80 [0.50, 5.11) -
Heterogeneity. Tau®= 4.74, Chi®= 37.34, df = 3 (P < 0.00001), P= 92% .170 g ‘90

Test for overall effect Z= 238 (P=0.02)

Control PE

Figure 2 - A-G, Meta-analysis of the relationships between body mass index, systolic blood pressure, diastolic blood pressure, total
cholesterol, high-density lipoprotein, low-density lipoprotein, and insulin levels and the later development of cardiovascular diseases

according to the history of preeclampsia.

Table 2 - Studies including women with PE and increased risks of the development of several cardiovascular diseases in general or

specifically.
Stroke and Coronary
Cardiovascular Diabetes Heart cerebral artery

Authors disease in general mellitus failure diseases calcification Hypertension
Gastrich et al. 2020 X X X X X
Honigbert et al. 2019 X X X X
Kuo et al. 2018 X X X X - X
Som sa-Pillay et al. 2018 X - X - X
Theilen et al. 2018 X X X X - -
Parikh et al. 2017 X X - - - X
Miller et al. 2016 X X - - X X
Timpka et al. 2016 X - X - - X
White et al. 2016 X - - - X -
Breetveld et al. 2015 X - X X - X
Savitz et al. 2014 X X - X - X
Bhasin et al. 2013 X X - - - X
Feig et al. 2013 - X - - - -
Frasier et al. 2012 X X X - - X
Canti et al. 2010 X X

X: relationship between women with preeclampsia and the future development of various types of cardiovascular disease.

-2 no specific mention of this cardiovascular disease.

future. Irgens et al. (2001) (38) assessed whether mothers and
fathers were at higher risk of death and cardiovascular disease
after the mother was diagnosed with PE and concluded that
genetic factors increased the chance of developing cardiovas-
cular risks. Sattar et al. (2002) (39) discussed the pre-gesta-
tional metabolic status of women, suggesting that an adverse
pregnancy increases the risk of future vascular and metabolic
diseases.

Our meta-analysis identified the following six significant
and consistent factors among PE patients: higher SBP (19,21-
23,25,26,29), higher DBP (19,21-23,25,26,29), higher blood
insulin value, which is indicative of future diabetes devel-
opment (21,23,25,29); and higher HDL, LDL, and insulin
levels. These results agree in part with those in recent
literature, including the meta-analyses by de Groot et al.
(2017) (33) and Brouwers et al. (2018) (34). However, most
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systematic meta-analyses have investigated other parameters
in women with PE or with hypertensive disease in preg-
nancy; that is, the development of various cardiovascular
diseases such as the risks of heart failure, coronary heart
disease, and death from cardiovascular disease, focusing on
different variables from those analyzed in the present study
(32). Other studies performed different analyses; for exam-
ple, Alma et al. (2017) (33) reported higher C-reactive protein
and HDL levels in women with PE compared to those in
controls. Ukah et al. (2018) (35) used another approach com-
paring the quality of assessment and accuracy and specifi-
city in women with PE and other hypertensive diseases in
pregnancy.

In our meta-analysis, BMI (19,21-23,25,26,29,31,32) showed
statistical significance (p<0.0001), consistent with recent
findings (3,32) reporting a two-fold increase in the risk of
diabetes in women with PE, as well as increased hyperten-
sion and serum glucose and lipid levels. Total cholesterol
(21,23,25,29,31,32) and LDL (21,23,25,29,31,32) concentra-
tions were higher in the control group, although the differen-
ces were not statistically significant. Women with a history of
PE had significantly higher HDL levels (21,23,25,29,31,32).
However, these relationships varied in the literature depend-
ing on socioeconomic and quality of life factors such as age,
smoking, alcohol consumption, and physical activity (36,37).

B CONCLUSION

In conclusion, the results of this study showed that women
with previous PE were more likely to develop cardiovascular
disease in the future.
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