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Abstract   

Introduction: Pre-eclampsia is one of the hypertensive disorders of pregnancy and it is 

associated with maternal complications that seem to remain after pregnancy. This 

systematic review aimed to evaluate the association between pre-eclampsia and future 

cardiovascular risk factors.  

Methods: We performed a systematic review guided by the Systematic Reviews and 

Meta-Analyses guidelines (PRISMA). The search was performed on PubMed, Web of 

Science and Scopus. During the research, we selected articles that had pre-eclampsia as 

exposure. The cardiovascular risk factors considered as outcomes were hypertension, 

dyslipidemia, metabolic syndrome, and diabetes mellitus. From the selected articles, 

information regarding the year of publication, country/region, type of study, time of 

follow-up, inclusion criteria, results and conclusions were extracted and summarized. 

From these studies, the risk of bias was measured using the NIH Study Quality 

Assessment Tool, NIH quality assessment tool for case-control studies and NIH quality 

assessment tool for observational cohort and cross-sectional studies. 

Results: In this systematic review with 13 articles, we obtained a total of 2,201 women 

with pre-eclampsia and 8,559 controls. The studies published from 2005 to 2020 covered 

several geographical regions including Europe, Asia, Oceania, South America, and North 

America. The follow-up time ranges from six months to 25 years postpartum. Four were 

case-control studies, seven cohort studies and two cross sectional studies.  All the studies 

that evaluated hypertension as an outcome demonstrated a statistically significant 

relationship between pre-eclampsia and a higher risk of hypertension in the future. From 

the five studies evaluating metabolic syndrome, four of them established a statistically 

significant association between pre-eclampsia and metabolic syndrome. Five studies 

evaluated the relationship between pre-eclampsia and a higher prevalence of diabetes 

mellitus in the future and in none of the studies were found this relationship. Four articles 

presented dyslipidemia as an outcome and only one demonstrated a statistically 

significant relationship between pre-eclampsia and future risk of dyslipidemia. 

Discussion: In this systematic review, including 10,769 women we demonstrated that 

there is an association between pre-eclampsia and future cardiovascular risk factors. 

There were some limitations in this study such as restriction of the studies to those in 

Portuguese and English. Also, there were differences in some criteria established by each 

study when defining outcomes and only seven of the 13 studies adjusted for potential 

confounding variables. 

Keywords: Pre-eclampsia; Cardiovascular risk factors; Hypertension; Dyslipidemia; 

Metabolic syndrome; Diabetes mellitus. 

 



 8 

Introduction  

Around 15% of pregnant women develop at least one hypertensive disorder of pregnancy 

(1). These hypertensive disorders of pregnancy are associated not only with fetal but also 

maternal complications (2). 

Pre-eclampsia is one of the hypertensive disorders of pregnancy, occurs in 2% to 8% of 

pregnancies and it is an important cause of maternal morbidity and mortality world-wide 

(3). It is defined as systolic blood pressure of ≥140 mmHg or diastolic blood pressure of 

≥90 mmHg occurring after 20 weeks of gestation in a woman who was previously 

normotensive with proteinuria and/or other maternal organ dysfunction or uteroplacental 

dysfunction evidenced by fetal growth restriction (4). 

Cardiovascular diseases are one of the leading causes of death in women in the Western 

World (5). Women who have had pre-eclampsia have increased risk of cardiovascular 

diseases and premature death compared with women who have had normotensive 

pregnancies (6). Although this association has been recognized for many years, pre-

eclampsia has only been listed as an independent risk factor for cardiac disease recently 

(7). 

The aim of this study is to evaluate the association of pre-eclampsia with future 

cardiovascular risk factors. 

 

Methods 

We performed a systematic review guided by the Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines (8). 

The search was performed on PubMed, Web of Science and Scopus in April 2022. The 

search terms used were “Heart Disease Risk Factors”, “Cardiovascular Risk Factors”, 

“Cardiovascular Risk Scores”, “Pre-eclampsia”, “Pre-eclampsia”, “Preeclampsia”, 

“Edema Proteinuria Hypertension Gestosis” and “EPH Gestosis”. Observational and 

experimental studies that sought to establish a relationship between preeclampsia and 

future cardiovascular risk factors were selected. Articles in Portuguese and English were 

included, with no date restriction. 

During the research, we selected articles that had pre-eclampsia as exposure. The 

cardiovascular risk factors considered as outcome were hypertension, dyslipidemia, 

metabolic syndrome, and diabetes mellitus. For each of these outcomes, we evaluated its 

prevalence in women with and without a history of pre-eclampsia. 
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After the initial search the duplicates were removed. Afterwards, the titles and abstracts 

were evaluated by two authors independently and a meeting was held to discuss the 

articles in which there was no consensus in the choice. Lastly, there was a full reading of 

the articles by an author who evaluated the eligibility of the studies. 

From the selected articles, information regarding the year of publication, country/region, 

type of study, time of follow-up, inclusion criteria, results and conclusions were extracted 

by one author independently.  

The risk of bias was measured using the NIH Study Quality Assessment Tool, NIH 

quality assessment tool for case-control studies and NIH quality assessment tool for 

observational cohort and cross-sectional studies.  The quality of the articles was rated as 

“Low” symbolized by “0”, “Moderate” designated by “1”, and “High” indicated by “2”.  

Related to NIH quality assessment tool for case-control studies, we consider as low 

quality those who met less than ten criteria and high quality when they met ten or more 

criteria. Regarding the NIH quality assessment tool for observational cohort and cross 

studies sectional we considered as low quality when they met less than five criteria, 

moderate quality when they met less than ten criteria and high quality when they met ten 

or more criteria. 

Due to associative nature of the variabilities in most of the studies, we will only perform 

a qualitative analysis of the results. 

 

Results 

The study selection process is presented in Figure 1. Database searching obtained 620 

articles. After the duplicates removed, 327 articles were selected for reading of the title 

and abstract.  Two hundred and ninety-three articles were excluded because didn’t meet 

the eligibility criteria. A total of 59 articles were read in full and 28 were excluded because 

didn’t have cardiovascular risk factors as outcome, 13 didn’t evaluate pre-eclampsia as 

exposure, two didn’t had pregnant women without pre-eclampsia as control group and 

three were systematic reviews. At the end of the selection process 13 studies were 

included.  

The relevant data of the 13 included studies are presented in Table 1.  

From the 13 articles, four were case-control studies (9-12), seven cohort studies (6, 13-

18) and two cross sectional studies (19, 20). 

The articles included in this review were published between 2005 and 2020. The studies 

covered several geographical regions including Europe, Asia, Oceania, South America, 

and North America. 
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Applying the NIH quality assessment tool for case-control studies (Table 2), we classified 

four articles with high quality (9-12). As for the NIH quality assessment tool for 

observational cohort and cross sectional studies (Table 3), we classified five articles with 

moderate quality (14, 16, 18-20) and four articles with high quality (6, 13, 15, 17). 

The 13 articles included in this systematic review have a total of 2,201 women with pre-

eclampsia and 8,559 controls.  

The follow-up time of the studies ranges from six months postpartum to 25 years 

postpartum. 

Seven studies (11-15, 17, 20) adjusted or matched for age, smoking or other potential 

confounders when estimating cardiovascular risk with pre-eclampsia.  

Eight of the 13 studies evaluated hypertension as one of the outcomes (9-12, 14, 15, 17, 

19) , five metabolic syndrome (10, 11, 14, 15, 18), six evaluated diabetes mellitus (9, 11, 

12, 15, 17, 19) and four evaluated dyslipidemia (11, 12, 15, 17).  

From the total of the 13 articles, nine demonstrated an increase in long-term 

cardiovascular risk factors in women with pre-eclampsia (9-12, 14, 15, 17-19) . 

Hypertension  

Eight studies evaluated hypertension as an outcome (9-12, 14, 15, 17, 19), defining 

hypertension as systolic blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 

mmHg or use of antihypertensive medication. All of them demonstrated a statistically 

significant relationship between pre-eclampsia and a higher risk of hypertension in the 

future  (9-12, 14, 15, 17, 19). 

In addition to these studies, four other studies (13, 16, 18, 20) evaluated systolic blood 

pressure and diastolic blood pressure values in an isolated measurement. Two studies (13, 

18) demonstrated that women with a history of pre-eclampsia have significantly higher 

systolic and diastolic blood pressure. One study established this relationship only with 

systolic blood pressure (16) and another only with diastolic blood pressure (20). 

Metabolic Syndrome 

From the five studies evaluating metabolic syndrome, three of them (10, 11, 18) used the 

Adult Treatment Panel III Criteria for defining metabolic syndrome. All of them 

established a statistically significant association between pre-eclampsia and metabolic 

syndrome (10, 11, 18). One study (14) defines metabolic syndrome by two criteria, the 

Adult Treatment Panel III Criteria and Modified WHO criteria, and there were discrepant 

results. When evaluated according to Modified WHO criteria, it was established that there 

was a significant association between pre-eclampsia and metabolic syndrome (14). 

However, when they evaluated metabolic syndrome by NCEP III criteria, the authors 
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didn’t found an association with pre-eclampsia (14). The study performed by Garrido-

Gimenez et al. (15) did not clarify the criteria that was used, and the results were not 

statistically significant.  

Diabetes Mellitus 

Five studies evaluated the relationship between pre-eclampsia and a higher prevalence of 

diabetes mellitus in the future (9, 11, 12, 15, 17, 19). In these studies, the authors defined 

diabetes mellitus as self-reported diabetes mellitus, diagnostic record of diabetes mellitus 

or use of medication (insulin or oral antidiabetics). It was not found a relationship 

between pre-eclampsia and a higher prevalence of diabetes mellitus in the future in none 

of the studies (9, 11, 12, 15, 17, 19). 

Other studies showed results of isolated values in clinical analyses such as glycated 

hemoglobin (HbA1c) (6, 10, 11, 19), oral glucose tolerance test (OGTT) (16, 17, 20) or 

fasting glucose (10, 11, 14-18, 20). Of these all, only the study of Bokslag et al. (10) 

demonstrated that women with a history of pre-eclampsia have HbA1c values higher than 

women in the control group. 

Dyslipidemia 

Four articles presented dyslipidemia as an outcome (11, 12, 15, 17), defining it as self-

reported dyslipidemia or use of lipid-lowering medicine. From these studies, only one 

demonstrated a statistically significant relationship between pre-eclampsia and future risk 

of dyslipidemia (15). 

Other studies, although they did not present dyslipidemia as an outcome, they presented 

blood teste results of isolated measurements of total cholesterol (6, 10, 11, 13-15, 18-20), 

high-density lipoprotein (HDL) (6, 10, 11, 13-15, 17-20),  low-density lipoprotein (LDL) 

(6, 10, 11, 13-15, 17, 18, 20) and triglycerides (6, 10, 11, 13-15, 17-20). Total cholesterol 

results were statistically higher in women with a history of pre-eclampsia in two studies 

(18, 19) from the nine studies that evaluated this  (6, 10, 11, 13-15, 18-20). HDL 

cholesterol results were statistically higher in women with a history of pre-eclampsia in 

five studies (6, 10, 15, 18, 19) from the ten studies that evaluated this (6, 10, 11, 13-15, 

17-20). Regarding LDL cholesterol values, only one study demonstrated higher LDL 

values in women with pre-eclampsia when comparing with control group (18) from the 

nine studies that evaluated this (6, 10, 11, 13-15, 17, 18, 20). Three studies demonstrated 

that pre-eclampsia women have higher levels of triglycerides than control group (6, 10, 

19) from the ten studies that evaluated this (6, 10, 11, 13-15, 17-20). 
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Discussion 

In this systematic review, including 13 studies with 10,769 women, we demonstrated that 

there is an association between pre-eclampsia and future cardiovascular risk factors. 

Blood pressure has an independent and continuous relationship with the incidence of 

cardiovascular events (21). All studies included in this review that considered 

hypertension as outcome demonstrated relationship between pre-eclampsia and 

hypertension, which strengthens pre-eclampsia as a risk factor. Our results are consistent 

with the findings from other studies. A cohort study in Denmark, which included 1.5 

million pregnant women, found association between hypertensive disorders of pregnancy 

and chronic hypertension in 1-20 years of follow-up (22). Also, Heida et al (23) stated 

that women with a history of hypertensive disorders of pregnancy were diagnosed with 

hypertension twice more often.  

Additionally, we also demonstrated results of isolated measurements of systolic and 

diastolic blood pressure being higher in women with pre-eclampsia. However, blood 

pressure can be very variable and the diagnosis of hypertension should not be based on a 

single isolated measurement (21) and, for these same reason, these results are not included 

in the outcome hypertension.  

Metabolic syndrome is associated with an increased risk of cardiovascular disease (24). 

In the same way, we demonstrated that women with a history of pre-eclampsia have a 

higher prevalence of metabolic syndrome. There were other studies that concluded that 

the prevalence of the metabolic syndrome was two-fold higher in women with a history 

of pre-eclampsia compared with women with a history of small-for-gestational-age, 

which is also a risk factor for metabolic syndrome (25). Other articles have highlighted 

that the presence of hypertensive disorders of pregnancy increases the risk of developing 

metabolic syndrome in the future and its development showed a shorter time period in 

these women (26).  

Diabetes mellitus is a major cardiovascular risk factor, increasing a two-fold excess risk 

of vascular outcomes (27). However, our results did not show a relationship between pre-

eclampsia and risk of diabetes mellitus in the future. These results go against the results 

of other studies such as Leonie K. et al (28) that found a two-fold increase in diabetes 

mellitus 21 years after hypertensive pregnancy disorders. This discrepancy must be 

analyzed with caution since these studies present as exposure hypertensive disorders of 

pregnancy, which is not the exact outcome of our study. 

However, one study included in our revision (10) demonstrated that women with a history 

of pre-eclampsia have higher HbA1c values. Although we know that the reduction of 

these values has some relationship with reduced risk of non-fatal myocardial infarction, 

we also know that it does not reduce the risk of many other cardiovascular events (27). 
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Also, for the diagnosis of diabetes, an isolated measurement of HbA1c is not enough (27) 

and, for this reason, this study was not included in the outcome of diabetes mellitus.  

From the results of our study, it does not seem to exist a relationship between pre-

eclampsia and subsequent dyslipidemia. Our results are in line with the results from the 

study of Heida et al. who, despite concluding that women with hypertensive disorders of 

pregnancy develop hypertension twice as much, was unable to conclude the same with 

dyslipidemia (23). Contrarily, Kuo et al. suggests that women with a history of pre-

eclampsia/eclampsia have a higher risk of developing dyslipidemia (29). 

In addition, we found that history of pre-eclampsia is related to lower values of HDL 

cholesterol and in some cases higher values of LDL, triglycerides, and total cholesterol. 

These results are consistent with other studies such as Hermes et al. (30). Ideally, to 

establish a diagnosis of dyslipidemia we would have at least one more measurement to 

confirm these results (31) and, therefore, we do not include this finding in the results with 

the outcome of dyslipidemia. However, we know that the increase in the absolute value 

of LDL cholesterol is associated with a higher risk of cardiovascular disease (31). In 

relation to triglycerides, it is known that the causal effect on cardiovascular diseases is 

more related to the concentration of ApoB particles than to the values of triglycerides by 

itself but, even so, this relationship is established (31). Total cholesterol and HDL 

cholesterol are also important for calculating cardiovascular risk scores and, although 

with some discrepancies, it is known that lower HDL values are related to higher 

cardiovascular risk (31). 

There are some strengths and limitations in our study that should be considered. As 

strengths we can highlight that there was no restriction on date of publication and the 

research of the studies was made in three databases. In addition, the evaluation of the 

quality of the articles based on NIH quality assessment tool allowed to classify most 

articles with moderate and high quality. About our limitations, we limited the studies to 

those in Portuguese and in English and may have missed data from publications in other 

languages. In addition, there were differences in some criteria established by each study 

when defining outcomes. Furthermore, only seven of the 13 studies adjusted for potential 

confounding variables and so, some potential confounders may have contributed to the 

association between history of pre-eclampsia and cardiovascular risk factors in the future.  

 

Conclusion 

In summary, we found that women with history of pre-eclampsia have a higher prevalence 

of cardiovascular risk factors in the future. With our study we were able to demonstrate 

this relationship with risk factors such as hypertension and metabolic syndrome.  This 

reinforces that further efforts should be made to understand when we should start 
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cardiovascular screening in these postpartum women and the establishment of guidelines 

that allow better and more uniform monitoring of these women and their cardiovascular 

risk factors after pregnancy complicated with pre-eclampsia. 

 

 

 

 

 

 

 

 

 

 

 

  



 15 

Statements and declarations 

Declaration of interest: None. 

 

Funding sources: None. 

Author contributions: AD and CR conceived and designed the study.  AD proceeded 

to the initial search of articles in the databases. Both authors, AD and CR, participated in 

the reading of the title and abstract of the articles and in the selection of articles to be read 

in full. There was a full reading of the articles by AD who evaluated the eligibility of the 

studies. AD drafted the first version of the manuscript and CR proceeded to its the reading 

and correction. CR provided its clinical knowledge and practice to correct and make 

suggestions throughout the elaboration of the manuscript.  All contributed to critically 

analyze the article and approve the final version of the manuscript. 

 

  

  



 16 

References 

1. Fraser A, Nelson SM, Macdonald-Wallis C, Cherry L, Butler E, Sattar N, et al. 

Associations of pregnancy complications with calculated cardiovascular disease risk 

and cardiovascular risk factors in middle age: the Avon Longitudinal Study of Parents 

and Children. Circulation. 2012;125(11):1367-80. 

2. Bridwell M, Handzel E, Hynes M, Jean-Louis R, Fitter D, Hogue C, et al. 

Hypertensive disorders in pregnancy and maternal and neonatal outcomes in Haiti: the 

importance of surveillance and data collection. BMC Pregnancy Childbirth. 

2019;19(1):208. 

3. Ahmed R, Dunford J, Mehran R, Robson S, Kunadian V. Pre-eclampsia and 

future cardiovascular risk among women: a review. J Am Coll Cardiol. 

2014;63(18):1815-22. 

4. Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W, et al. The 

classification, diagnosis and management of the hypertensive disorders of pregnancy: A 

revised statement from the ISSHP. Pregnancy Hypertens. 2014;4(2):97-104. 

5. Nichols M, Townsend N, Scarborough P, Rayner M. Cardiovascular disease in 

Europe 2014: epidemiological update. Eur Heart J. 2014;35(42):2950-9. 

6. Brown MA, Roberts L, Hoffman A, Henry A, Mangos G, O’sullivan A, et al. 

Recognizing cardiovascular risk after preeclampsia: The P4 study. Journal of the 

American Heart Association. 2020;9(22). 

7. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, 

et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease: 

A Report of the American College of Cardiology/American Heart Association Task 

Force on Clinical Practice Guidelines. Circulation. 2019;140(11):e596-e646. 

8. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et 

al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 

Bmj. 2021;372:n71. 

9. Aykas F, Solak Y, Erden A, Bulut K, Dogan S, Sarli B, et al. Persistence of 

cardiovascular risk factors in women with previous preeclampsia: a long-term follow-up 

study. J Investig Med. 2015;63(4):641-5. 

10. Bokslag A, Teunissen PW, Franssen C, van Kesteren F, Kamp O, Ganzevoort 

W, et al. Effect of early-onset preeclampsia on cardiovascular risk in the fifth decade of 

life. Am J Obstet Gynecol. 2017;216(5):523.e1-.e7. 

11. Drost JT, Arpaci G, Ottervanger JP, de Boer MJ, van Eyck J, van der Schouw 

YT, et al. Cardiovascular risk factors in women 10 years post early preeclampsia: the 

Preeclampsia Risk EValuation in FEMales study (PREVFEM). Eur J Prev Cardiol. 

2012;19(5):1138-44. 

12. Edlow AG, Srinivas SK, Elovitz MA. Investigating the risk of hypertension 

shortly after pregnancies complicated by preeclampsia. Am J Obstet Gynecol. 

2009;200(5):e60-2. 

13. Escouto DC, Green A, Kurlak L, Walker K, Loughna P, Chappell L, et al. 

Postpartum evaluation of cardiovascular disease risk for women with pregnancies 

complicated by hypertension. Pregnancy Hypertens. 2018;13:218-24. 

14. Forest JC, Girouard J, Massé J, Moutquin JM, Kharfi A, Ness RB, et al. Early 

occurrence of metabolic syndrome after hypertension in pregnancy. Obstet Gynecol. 

2005;105(6):1373-80. 

15. Garrido-Gimenez C, Mendoza M, Cruz-Lemini M, Galian-Gay L, Sanchez-

Garcia O, Granato C, et al. Angiogenic Factors and Long-Term Cardiovascular Risk in 



 17 

Women That Developed Preeclampsia During Pregnancy. Hypertension. 

2020;76(6):1808-16. 

16. Kvehaugen AS, Andersen LF, Staff AC. Anthropometry and cardiovascular risk 

factors in women and offspring after pregnancies complicated by preeclampsia or 

diabetes mellitus. Acta Obstet Gynecol Scand. 2010;89(11):1478-85. 

17. McDonald SD, Ray J, Teo K, Jung H, Salehian O, Yusuf S, et al. Measures of 

cardiovascular risk and subclinical atherosclerosis in a cohort of women with a remote 

history of preeclampsia. Atherosclerosis. 2013;229(1):234-9. 

18. Smith GN, Walker MC, Liu A, Wen SW, Swansburg M, Ramshaw H, et al. A 

history of preeclampsia identifies women who have underlying cardiovascular risk 

factors. Am J Obstet Gynecol. 2009;200(1):58.e1-8. 

19. Andersgaard AB, Acharya G, Mathiesen EB, Johnsen SH, Straume B, Øian P. 

Recurrence and long-term maternal health risks of hypertensive disorders of pregnancy: 

A population-based study. American Journal of Obstetrics and Gynecology. 

2012;206(2):143.e1-.e8. 

20. Canti IC, Komlós M, Martins-Costa SH, Ramos JG, Capp E, Corleta H. Risk 

factors for cardiovascular disease ten years after preeclampsia. Sao Paulo Med J. 

2010;128(1):10-3. 

21. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 

2018 ESC/ESH Guidelines for the management of arterial hypertension. Eur Heart J. 

2018;39(33):3021-104. 

22. Behrens I, Basit S, Melbye M, Lykke JA, Wohlfahrt J, Bundgaard H, et al. Risk 

of post-pregnancy hypertension in women with a history of hypertensive disorders of 

pregnancy: nationwide cohort study. Bmj. 2017;358:j3078. 

23. Heida KY, Franx A, van Rijn BB, Eijkemans MJ, Boer JM, Verschuren MW, et 

al. Earlier Age of Onset of Chronic Hypertension and Type 2 Diabetes Mellitus After a 

Hypertensive Disorder of Pregnancy or Gestational Diabetes Mellitus. Hypertension. 

2015;66(6):1116-22. 

24. Fahed G, Aoun L, Bou Zerdan M, Allam S, Bou Zerdan M, Bouferraa Y, et al. 

Metabolic Syndrome: Updates on Pathophysiology and Management in 2021. Int J Mol 

Sci. 2022;23(2). 

25. Al-Nasiry S, Ghossein-Doha C, Polman SE, Lemmens S, Scholten RR, Heidema 

WM, et al. Metabolic syndrome after pregnancies complicated by pre-eclampsia or 

small-for-gestational-age: a retrospective cohort. Bjog. 2015;122(13):1818-23. 

26. Ju DH, Lee H, Ha SJ. The presence of hypertension during pregnancy 

determines the future risk of metabolic syndrome: An observational study. Medicine 

(Baltimore). 2022;101(42):e31272. 

27. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, et al. 

2019 ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed 

in collaboration with the EASD. Eur Heart J. 2020;41(2):255-323. 

28. Callaway LK, Lawlor DA, O'Callaghan M, Williams GM, Najman JM, 

McIntyre HD. Diabetes mellitus in the 21 years after a pregnancy that was complicated 

by hypertension: findings from a prospective cohort study. Am J Obstet Gynecol. 

2007;197(5):492.e1-7. 

29. Kuo YL, Chan TF, Wu CY, Ker CR, Tu HP. Preeclampsia-eclampsia and future 

cardiovascular risk among women in Taiwan. Taiwan J Obstet Gynecol. 

2018;57(3):364-9. 

30. Hermes W, Ket JC, van Pampus MG, Franx A, Veenendaal MV, Kolster C, et 

al. Biochemical cardiovascular risk factors after hypertensive pregnancy disorders: a 

systematic review and meta-analysis. Obstet Gynecol Surv. 2012;67(12):793-809. 



 18 

31. 2019 ESC/EAS guidelines for the management of dyslipidaemias: Lipid 

modification to reduce cardiovascular risk. Atherosclerosis. 2019;290:140-205. 

32. Lykke JA, Langhoff-Roos J, Sibai BM, Funai EF, Triche EW, Paidas MJ. 

Hypertensive pregnancy disorders and subsequent cardiovascular morbidity and type 2 

diabetes mellitus in the mother. Hypertension. 2009;53(6):944-51. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 19 

Figures and Tables 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Figure 1. Flow diagram of study inclusion. 
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 Table 1. Study design and characteristics. 

Author, 

year, 

country 

Type of 

study 

Follow-up 

time 

Inclusion criteria Results Conclusions 

Andersgaard 

(19), 2012,  

Norway 

Cross-

sectional 

study. 

Mean of 25 

years. 

Women in the 

Tromso study that 

answer 

questionnaires on 

parity and 

hypertensive 

complications in 

pregnancies. 

The prevalence of BP equal to or 

greater than 140/90 mm Hg or use of 

antihypertensive medication was 

significantly higher in PE than in the 

control group. 

PE group had a significantly higher 

triglycerides and total cholesterol. 

HDL cholesterol was significantly 

lower in PE group.  

Prevalence of diabetes mellitus was 

not significantly higher in pre-

eclampsia group. HbA1c did not 

present statistically significant higher 

values between the two groups. 

 

Women with a 

history of PE have 

an unfavorable 

cardiovascular risk 

profile and a higher 

frequency of 

hypertension. 

Aykas (9), 

2015, Turkey 

Observati

onal case-

control 

study. 

In the PE 

group was 

6.12 ± 3.59 

years. 

In the control 

group was 

6.05 ± 4.06 

years. 

Patients with pre-

eclampsia and 

control subjects were 

recruited from the 

Department of 

Obstetrics and 

Gynecology of 

Kayseri Education 

and Research 

Hospital, Turkey. 

 

The prevalence of hypertension was 

significantly higher in PE than in the 

control group 

Prevalence of diabetes mellitus was 

not significantly higher in pre-

eclampsia group. 

Cardiovascular 

disease risk factors 

are significantly 

more prevalent in 

patients with 

previous PE when 

compared with 

women without PE. 

Bokslag (10), 

2017, 

Netherlands 

Retrospect

ive case-

control 

study. 

Nine to 16 

years. 

All women giving 

birth between 1998 

and 2005 were 

recruited from 

obstetrical databases 

of two tertiary 

medical centers in 

the Netherlands.  

The prevalence of hypertension was 

significantly higher in PE than in the 

control group. 

The prevalence of metabolic 

syndrome was significantly higher in 

PE than in the control group. 

PE group have lower levels of HDL 

and higher levels of triglyceride 

compared to controls.  

HbA1c values are statistically higher 

in the PE group. 

Both fasting glucose, CT, and LDL 

cholesterol did not present 

statistically significant values. 

 

Women with a 

history of pre-

eclampsia have high 

rates of 

cardiovascular risk 

factor.  

 

Brown (6), 

2020, 

Australia 

Prospectiv

e cohort 

study. 

Six months. Women from the P4 

study who had 

delivered following a 

normotensive 

pregnancy and 

women who had a 

pre-eclamptic 

pregnancy were 

invited to participate.  

HDL was lower and triglycerides 

higher in the PE group.  

Both HbA1c, CT, and LDL 

cholesterol did not present higher 

statistically significant values. 

Six months after 

pregnancy women 

who have had pre-

eclampsia have 

higher BP and more 

features of 

metabolic syndrome 

than women who 

had normotensive 

pregnancies. 

 

Canti (20), 

2010, Brazil 

Cross-

sectional 

study. 

In the PE 

group was 

15.9 ± 3.6 

years. 

In the control 

group was 

14.6 ± 3.1 

years. 

Patients who 

delivered at the 

Gynecology and 

Obstetrics service of 

the Hospital de 

Clínicas de Porto 

Alegre (HCPA) 10 

or more years before 

the time of the 

The women in the pre-eclampsia 

group had significantly higher 

diastolic blood pressure than 

presented by the control group and 

more frequency of abnormal values.  

Fasting glycose, OGGT, triglycerides, 

LDL, HDL and total cholesterol did 

not present higher statistically 

significant values. 

Patients who had 

had pre-eclampsia 

ten or more years 

earlier presented 

significantly higher 

diastolic blood 

pressure and 

prevalence of 

hypertension than 
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present study were 

selected.  

did those in the 

control group.  

Drost (11), 

2012, 

Netherlands 

Prospectiv

e case-

control 

study. 

Ten years. At the Department of 

Obstetrics at the 

Isala Klinieken in 

Netherlands, all 

women registered on 

the pre-eclampsia 

database were 

invited as well as an 

equal number of age-

matched females 

without pre- 

eclampsia from the 

regular obstetric 

database at the same 

time. 

 

The prevalence of hypertension was 

significantly higher in PE than in the 

control group. 

The prevalence of metabolic 

syndrome was significantly higher in 

PE than in the control group. 

The prevalence of diabetes mellitus 

and hypercholesterolemia was not 

statistically significant. 

Fasting glycose, HbA1c, 

triglycerides, LDL, HDL, and total 

cholesterol did not present higher 

statistically significant values. 

Women with pre-

eclampsia have a 

higher risk of 

hypertension and a 

higher risk for 

development of the 

metabolic syndrome 

in women post pre-

eclampsia at ten 

years post index 

pregnancy. 

Edlow (12), 

2009, 

Pennsylvania 

Prospectiv

e case-

control 

study. 

Six to 13 

months. 

Pre- eclampsia: 

Mechanisms and 

Consequences 

(PMC) study was 

performed at the 

Hospital of the 

University of 

Pennsylvania 

between 2005 and 

2007. Cases were 

prospectively 

identified based on 

maternal criteria for 

pre-eclampsia. 

 

The prevalence of hypertension was 

significantly higher in PE than in the 

control group. 

The prevalence of dyslipidemia, 

diabetes mellitus did not present 

higher statistically significant values. 

Pre-eclampsia is 

associated with an 

increase in 

hypertension six to 

13 months after 

delivery. 

Escouto (13), 

2018, United 

Kingdom 

Prospectiv

e 

longitudin

al cohort 

study. 

Mean of 7.1 

weeks. 

All women with a 

history of 

hypertension in 

pregnancy and 

healthy controls 

were invited to a six-

week postpartum 

follow-up visit at the 

Maternity Unit, 

Nottingham City 

Hospital, United 

Kingdom. 

 

The women in the pre-eclampsia 

group had significantly higher 

systolic and diastolic blood pressure 

than control group and both values 

are above the normal values. 

Both triglycerides, LDL, HDL, and 

total cholesterol did not present 

higher statistically significant values. 

Women with a 

history of pre-

eclampsia have high 

rates of 

cardiovascular risk 

factor. Six weeks 

after delivery is an 

opportunistic time 

to assess 

cardiovascular risk 

for women these 

women. 

Forest (14), 

2005, Canada 

Prospectiv

e cohort 

study. 

Mean of 7.8 

years (range 

5.1–13.0 

years). 

From a cohort of 

3,799 nulliparous 

women prospectively 

recruited between 

1989 and 1997, 

resulting in a 

observational study 

on 168 case-control 

pairs 7.8 years after 

delivery.  

 

The prevalence of hypertension was 

significantly higher in PE than in the 

control group. 

The prevalence of metabolic 

syndrome was significantly higher in 

PE than in the control group when 

using the WHO criteria. When using 

NCEP III criteria the prevalence of 

metabolic syndrome was higher in PE 

group, but it was not statistically 

significant. 

Both triglycerides, LDL, HDL and 

total cholesterol and fasting glycose 

did not present higher statistically 

significant values. 

This study shows 

that many 

cardiovascular risk 

factors are more 

prevalent in women 

in their mid-30s 

with a history of PE 

than in controls. 

The prevalence of 

metabolic syndrome 

is 3 to 5-fold 

increase in these 

women compared 

with those with 

uneventful 

pregnancy. 

 

Garrido-

Gimenez 

(15), 2020, 

Spain 

Prospectiv

e cohort 

study. 

Mean of 12.7 

years (range 

12.3–13.0 

years). 

Pregnant women, 

who participated in a 

previous study 

performed between 

The prevalence of hypertension was 

significantly higher in PE than in the 

control group. 

Women with 

previous pre-

eclampsia had more 

cardiovascular risk 
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2003 and 2005, were 

reinvited to 

participate for a 

cardiovascular risk 

assessment from 

January 2017 to June 

2018. 

The prevalence of dyslipidemia was 

significantly higher in PE than in the 

control group.  

PE group have lower levels of HDL 

compared to controls.  

The prevalence of diabetes mellitus, 

metabolic syndrome and did not 

present higher statistically significant 

values. 

Fasting glycose, triglycerides, LDL, 

and total cholesterol did not present 

higher statistically significant values. 

 

factors and 

comorbidities 

compared with 

uncomplicated 

pregnancies.  

Kvehaugen 

(16), 2010, 

Norway 

Cohort 

study. 

Five to eight 

years. 

Women recruited to 

a pregnancy biobank 

at Oslo University 

Hospital, in 2001–

2004, due to a 

pregnancy 

complicated by PE, 

as well as 

uncomplicated 

pregnancies, were 

invited to a clinical 

follow-up study, 

‘CHASE’ in 2008–

2009. 

 

Women in the PE group had higher 

systolic BP compared to the control 

group but within normal values.  

There were no statistically significant 

differences between PE and control 

group in relation to diastolic BP. 

There were no statistically significant 

differences between PE and control 

group in relation to values of fasting 

glycose and OGGT. 

Due to the 

objectively 

observed 

differences in risk 

factors for 

cardiovascular and 

associated diseases, 

there may be a 

potential for 

lifestyle 

intervention among 

mothers following 

pregnancies 

complicated by PE. 

McDonald 

(17), 2013, 

Canada 

Retrospect

ive cohort 

study. 

Twenty 

years. 

Women who had 

pre-eclampsia 

diagnosed at delivery 

between January 

1986 and December 

1995 that were 

previously 

assembled as a 

cohort in the 

McMaster Outcome 

Study of 

Hypertension in 

Pregnancy. They 

were recruited prior 

to delivery. 

 

The prevalence of hypertension was 

significantly higher in PE than in the 

control group. 

There were no statistically significant 

differences between PE and control 

group in relation to prevalence of 

diabetes mellitus, hyperlipidemia, 

hypertriglyceridemia. 

There were no statistically significant 

differences between PE and control 

group in relation to values of fasting 

glycose, OGGT, triglycerides, LDL, 

HDL, and total cholesterol. 

Women with 

previously PE have 

increased risks of 

cardiovascular risk 

factors, relative to 

women with 

uncomplicated 

pregnancies.  

Smith (18), 

2009, Canada 

Prospectiv

e cohort. 

One year. All women 

diagnosed with PE at 

the time of 

presentation to clinic 

or admission/transfer 

to either the 

Kingston or Ottawa 

General Hospitals 

were approached to 

participate. 

The prevalence of hypertension was 

significantly higher in PE than in the 

control group. 

The prevalence of metabolic 

syndrome was significantly higher in 

PE than in the control group. 

PE group have more women with 

abnormal HDL levels. PE group have 

higher levels of total cholesterol and 

LDL cholesterol. 

There were no statistically significant 

differences between PE and control 

group in relation to values of fasting 

glycose and triglycerides. 

 

Pre-eclampsia is 

associated with 

underlying 

cardiovascular risk 

factors.  

Incorporating all 

data and the 

markers of obesity it 

was identified a 

higher significant 

number of PE 

women with 

metabolic 

syndrome. 

PE, Pre-eclampsia; HDL cholesterol, High-density lipoprotein cholesterol; LDL Cholesterol, Low density lipoprotein cholesterol; NCEP III, 

Adult Treatment Panel III Criteria; BP, Blood pressure; OGTT, Oral glucose tolerance test; HbA1c, Glycated hemoglobin. 
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Table 2.NIH quality assessment tool for case-control studies. 

 
 Aykas et 

al.(9) 

Bokslag et 

al. (10) 

Drost et al. 

(11) 

Edlow et 

al.(12) 

Was the research question or objective in this paper clearly stated and 

appropriate? 

* * * * 

Was the study population clearly specified and defined? * * * * 

Did the authors include a sample size justification? X * X X 

Were controls selected or recruited from the same or similar population that 

gave rise to the cases (including the same timeframe)? 

* * * * 

Were the definitions, inclusion and exclusion criteria, algorithms or 

processes used to identify or select cases and controls valid, reliable, and 

implemented consistently across all study participants? 

* * * * 

Were the cases clearly defined and differentiated from controls? * * * * 

If less than 100 percent of eligible cases and/or controls were selected for the 

study, were the cases and/or controls randomly selected from those eligible? 

* * * * 

Was there use of concurrent controls? * * * * 

Were the investigators able to confirm that the exposure/risk occurred prior 

to the development of the condition or event that defined a participant as a 

case? 

* * * * 

Were the measures of exposure/risk clearly defined, valid, reliable, and 

implemented consistently (including the same time) across all study 

participants? 

* * * * 

Were the assessors of exposure/risk blinded to the case or control status of 

participants? 

* NR NR NR 

Were key potential confounding variables measured and adjusted statistically 

in the analyses? If matching was used, did the investigators account for 

matching during study analysis? 

X X * * 

Quality 2 2 2 2 

Yes, *; No, X; CD, cannot determine; NR, not reported; NA, not applicable. 
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Table 3. NIH quality assessment tool for observational cohort and cross studies sectional. 

 Anders

gaard et 

al. (19) 

Brown 

et al. (6) 

Canti et 

al. (20) 

Escouto 

et al. 

(13) 

Forest 

et al. 

(14) 

Garrido

-

Gimene

z et 

al.(15) 

Kvehau

gen et 

al.(16) 

McDon

ald et 

al. (17) 

Smith 

et al. 

(18) 

Was the research question or 

objective in this paper clearly 

stated? 

* * * * * * * * * 

Was the study population clearly 

specified and defined? 

* * * * * * * * * 

Was the participation rate of 

eligible persons at least 50%? 

X * NR NR X X X X X 

Were all the subjects selected or 

recruited from the same or similar 

populations (including the same 

time)? Were inclusion and 

exclusion criteria for being in the 

study prespecified and applied 

uniformly to all participants? 

* * * * * * * * * 

Was a sample size justification, 

power description, or variance 

and effect estimates provided? 

* * * * NR NR * * * 

For the analyses in this paper, 

were the exposure(s) of interest 

measured prior to the outcome(s) 

being measured? 

* * * * * * * * * 

Was the timeframe sufficient so 

that one could reasonably expect 

to see an association between 

exposure and outcome if it 

existed? 

* * * * * * * * * 

For exposures that can vary in 

amount or level, did the study 

examine different levels of the 

exposure as related to the 

outcome (e.g., categories of 

exposure, or exposure measured 

as continuous variable)? 

NA NA NA NA NA NA NA NA NA 

Were the exposure measures 

(independent variables) clearly 

defined, valid, reliable, and 

implemented consistently across 

all study participants? 

* * * * * * * * * 

Was the exposure(s) assessed 

more than once over time? 

NA NA NA NA NA NA NA NA NA 

Were the outcome measures 

(dependent variables) clearly 

defined, valid, reliable, and 

implemented consistently across 

all study participants? 

* * * * * * * * * 

Were the outcome assessors 

blinded to the exposure status of 

participants? 

NR * NR NR NR * NR * NR 

Was loss to follow-up after 

baseline 20% or less? 

* * NR * * * X NR NR 
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Were key potential confounding 

variables measured and adjusted 

statistically for their impact on the 

relationship between exposure(s) 

and outcome(s)? 

NR NR * * * * NR * NR 

Quality 1 2 1 2 1 2 1 2 1 

Yes, *; No, X; CD, cannot determine; NR, not reported; NA, not applicable. 
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Attachment 1 

PRISMA 2020 Checklist 

Section and 

Topic  

Item 

# 

Checklist item  Location where item is reported  

TITLE   

Title  1 Identify the report 

as a systematic 

review. 

Page 6: “Pre-eclampsia and future cardiovascular risk factors: a systematic review”. 

ABSTRACT   

Abstract  2 See the PRISMA 

2020 for Abstracts 

checklist. 

See PRISMA 2020 Abstracts checklist. 

INTRODUCTION   

Rationale  3 Describe the 

rationale for the 

review in the 

context of existing 

knowledge. 

Page 8 (3rd paragraph): “Cardiovascular diseases are one of the leading causes of death in 

women in the Western world (5). Women who have had pre-eclampsia have increased 

risk of cardiovascular diseases and premature death compared with women who have had 

normotensive pregnancies (6). Although this association has been recognized for many 

years, pre-eclampsia has only been listed as an independent risk factor for cardiac disease 

recently. (7)” 

Objectives  4 Provide an explicit 

statement of the 

objective(s) or 

question(s) the 

review addresses. 

Page 8 (4th paragraph): “The aim of this study is to evaluate the association of pre-

eclampsia with cardiovascular risk factors.” 

METHODS   

Eligibility 

criteria  

5 Specify the 

inclusion and 

exclusion criteria 

for the review and 

how studies were 

grouped for the 

syntheses. 

Page 8 (6th paragraph): “Observational and experimental studies that sought to establish a 

relationship between preeclampsia and future cardiovascular risk factors were selected. 

Articles in Portuguese and English were included, with no date restriction.” 

Page 8 (7th paragraph): “During the research, we selected articles that had PE as exposure. 

The cardiovascular risk factors considered as outcome were hypertension, dyslipidemia, 

metabolic syndrome, and diabetes mellitus. For each of these outcomes, we evaluated its 

prevalence in women with and without a history of pre-eclampsia.” 

Information 

sources  

6 Specify all 

databases, 

registers, websites, 

organisations, 

reference lists and 

other sources 

searched or 

consulted to 

identify studies. 

Specify the date 

when each source 

was last searched 

or consulted. 

Page 8 (6th paragraph): “The search was performed on PubMed, Web of Science and 

Scopus in April 2022.” 

Search strategy 7 Present the full 

search strategies 

for all databases, 

registers and 

websites, including 

any filters and 

limits used. 

Page 8 (6th paragraph): “The search terms used were “Heart Disease Risk Factors”, 

“Cardiovascular Risk Factors”, “Cardiovascular Risk Scores”, “Pre-eclampsia”, “Pre-

eclampsia”, “Preeclampsia”, “Edema Proteinuria Hypertension Gestosis” and “EPH 

Gestosis”.” 

Selection 

process 

8 Specify the 

methods used to 

decide whether a 

study met the 

Page 9 (1st paragraph): “After the initial search the duplicates were removed. Afterwards, 

the titles and abstracts were evaluated by two authors independently and a meeting was 

held to discuss the articles in which there was no consensus in the choice. Lastly, there 

was a full reading of the articles by an author who evaluated the eligibility of the studies.” 
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Section and 

Topic  

Item 

# 

Checklist item  Location where item is reported  

inclusion criteria of 

the review, 

including how 

many reviewers 

screened each 

record and each 

report retrieved, 

whether they 

worked 

independently, and 

if applicable, 

details of 

automation tools 

used in the process. 

Data collection 

process  

9 Specify the 

methods used to 

collect data from 

reports, including 

how many 

reviewers collected 

data from each 

report, whether 

they worked 

independently, any 

processes for 

obtaining or 

confirming data 

from study 

investigators, and 

if applicable, 

details of 

automation tools 

used in the process. 

Page 9 (2nd paragraph): “From the selected articles, information regarding the year of 

publication, country/region, type of study, time of follow-up, inclusion criteria, results and 

conclusions were extracted by one author independently.” 

Data items  10a List and define all 

outcomes for 

which data were 

sought. Specify 

whether all results 

that were 

compatible with 

each outcome 

domain in each 

study were sought 

(e.g. for all 

measures, time 

points, analyses), 

and if not, the 

methods used to 

decide which 

results to collect. 

Page 8 (7th paragraph): “During the research, we selected articles that had PE as exposure. 

The cardiovascular risk factors considered as outcome were hypertension, dyslipidemia, 

metabolic syndrome, and diabetes mellitus. For each of these outcomes, we evaluated its 

prevalence in women with and without a history of pre-eclampsia.” 

 

10b List and define all 

other variables for 

which data were 

sought (e.g. 

participant and 

intervention 

characteristics, 

funding sources). 

Describe any 

assumptions made 

about any missing 

or unclear 

information. 

Page 9 (2nd paragraph): “From the selected articles, information regarding the year of 

publication, country/region, type of study, time of follow-up, inclusion criteria, results and 

conclusions were extracted by one author independently.” 
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Section and 

Topic  

Item 

# 

Checklist item  Location where item is reported  

Study risk of 

bias assessment 

11 Specify the 

methods used to 

assess risk of bias 

in the included 

studies, including 

details of the 

tool(s) used, how 

many reviewers 

assessed each study 

and whether they 

worked 

independently, and 

if applicable, 

details of 

automation tools 

used in the process. 

Page 9 (3rd paragraph): “The risk of bias was measured using the NIH Study Quality 

Assessment Tool, NIH quality assessment tool for case-control studies and NIH quality 

assessment tool for observational cohort and cross-sectional studies.  The quality of the 

articles was rated as “Low” symbolized by “0”, “Moderate” designated by “1”, and “High” 

indicated by “2”.  Related to NIH quality assessment tool for case-control studies, we 

consider as low quality those who met less than ten criteria and high quality when they met 

ten or more criteria. Regarding the NIH quality assessment tool for observational cohort 

and cross studies sectional we considered as low quality when they met less than five 

criteria, moderate quality when they met less than ten criteria and high quality when they 

met ten or more criteria.” 

Effect 

measures  

12 Specify for each 

outcome the effect 

measure(s) (e.g. 

risk ratio, mean 

difference) used in 

the synthesis or 

presentation of 

results. 

Not applicable as this review does not include a meta-analysis. 

Synthesis 

methods 

13a Describe the 

processes used to 

decide which 

studies were 

eligible for each 

synthesis (e.g. 

tabulating the study 

intervention 

characteristics and 

comparing against 

the planned groups 

for each synthesis 

(item #5)). 

Not applicable as this review does not include a meta-analysis. 

13b Describe any 

methods required 

to prepare the data 

for presentation or 

synthesis, such as 

handling of 

missing summary 

statistics, or data 

conversions. 

Not applicable as this review does not include a meta-analysis. 

13c Describe any 

methods used to 

tabulate or visually 

display results of 

individual studies 

and syntheses. 

Not applicable as this review does not include a meta-analysis. 

13d Describe any 

methods used to 

synthesize results 

and provide a 

rationale for the 

choice(s). If meta-

analysis was 

performed, 

describe the 

model(s), 

Not applicable as this review does not include a meta-analysis. 
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Section and 

Topic  

Item 

# 

Checklist item  Location where item is reported  

method(s) to 

identify the 

presence and extent 

of statistical 

heterogeneity, and 

software 

package(s) used. 

13e Describe any 

methods used to 

explore possible 

causes of 

heterogeneity 

among study 

results (e.g. 

subgroup analysis, 

meta-regression). 

Not applicable as this review does not include a meta-analysis. 

13f Describe any 

sensitivity analyses 

conducted to assess 

robustness of the 

synthesized results. 

Not applicable as this review does not include a meta-analysis. 

Reporting bias 

assessment 

14 Describe any 

methods used to 

assess risk of bias 

due to missing 

results in a 

synthesis (arising 

from reporting 

biases). 

Not applicable as this review does not include a meta-analysis. 

Certainty 

assessment 

15 Describe any 

methods used to 

assess certainty (or 

confidence) in the 

body of evidence 

for an outcome. 

Not applicable as this review does not include a meta-analysis. 

RESULTS   

Study selection  16a Describe the results 

of the search and 

selection process, 

from the number of 

records identified 

in the search to the 

number of studies 

included in the 

review, ideally 

using a flow 

diagram. 

Page 9 (5th paragraph): “The study selection process is presented in Figure 1. Database 

searching obtained 620 articles. After the duplicates removed, 327 articles were selected 

for reading of the title and abstract.  Two hundred and ninety-three articles were excluded 

because didn’t meet the eligibility criteria.” 

Page 19 (Figure 1): “Flow diagram of study inclusion.” 

16b Cite studies that 

might appear to 

meet the inclusion 

criteria, but which 

were excluded, and 

explain why they 

were excluded. 

Page 9 (5th paragraph): “A total of 59 articles were read in full and 28 were excluded because 

didn’t have cardiovascular risk factors as outcome, 13 didn’t evaluate pre-eclampsia as 

exposure, two didn’t had pregnant women without pre-eclampsia as control group and three 

were systematic reviews. At the end of the selection process 13 studies were included.” 

Study 

characteristics  

17 Cite each included 

study and present 

its characteristics. 

Page 9 (7th paragraph ): “From the 13 articles included, four were case-control studies (9-

12), seven cohort studies (6, 13-18) and two cross sectional studies (19, 20).” 
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Section and 

Topic  

Item 

# 

Checklist item  Location where item is reported  

Page 9 (8th paragraph): “The articles included in this review were published between 2005 

and 2020. The studies covered several geographical regions including Europe, Asia, 

Oceania, South America, and North America.” 

Page 20,21 and 22 (Table 1): “Study design and characteristics.” 

Risk of bias in 

studies  

18 Present 

assessments of risk 

of bias for each 

included study. 

Page 10 (1st paragraph): "Applying the NIH quality assessment tool for case-control studies 

(Table 2), we classified four articles with high quality (9-12). As for the NIH quality 

assessment tool for observational cohort and cross sectional studies (Table 3), we classified 

five articles with moderate quality (14, 16, 18-20) and four articles with high quality (6, 13, 

15, 17)” 

Page 23 (Table 2): NIH quality assessment tool for case-control studies.  

Pa          Page 24 and 25 (Table 3): NIH quality assessment tool for observational cohort and cross 

studies sectional. 

Results of 

individual 

studies  

19 For all outcomes, 

present, for each 

study: (a) summary 

statistics for each 

group (where 

appropriate) and 

(b) an effect 

estimate and its 

precision (e.g. 

confidence/credible 

interval), ideally 

using structured 

tables or plots. 

Not applicable as this review does not include a meta-analysis. 

Results of 

syntheses 

20a For each synthesis, 

briefly summarise 

the characteristics 

and risk of bias 

among contributing 

studies. 

Not applicable as this review does not include a meta-analysis. 

20b Present results of 

all statistical 

syntheses 

conducted. If meta-

analysis was done, 

present for each the 

summary estimate 

and its precision 

(e.g. 

confidence/credible 

interval) and 

measures of 

statistical 

heterogeneity. If 

comparing groups, 

describe the 

direction of the 

effect. 

Not applicable as this review does not include a meta-analysis. 

20c Present results of 

all investigations of 

possible causes of 

heterogeneity 

among study 

results. 

Not applicable as this review does not include a meta-analysis. 
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Section and 

Topic  

Item 

# 

Checklist item  Location where item is reported  

20d Present results of 

all sensitivity 

analyses conducted 

to assess the 

robustness of the 

synthesized results. 

Not applicable as this review does not include a meta-analysis. 

Reporting 

biases 

21 Present 

assessments of risk 

of bias due to 

missing results 

(arising from 

reporting biases) 

for each synthesis 

assessed. 

Not applicable as this review does not include a meta-analysis. 

Certainty of 

evidence  

22 Present 

assessments of 

certainty (or 

confidence) in the 

body of evidence 

for each outcome 

assessed. 

Not applicable as this review does not include a meta-analysis. 

DISCUSSION   

Discussion  23a Provide a general 

interpretation of 

the results in the 

context of other 

evidence. 

Page 12 (2nd paragraph):”Blood pressure has an independent and continuous relationship 

with the incidence of cardiovascular events (21). All studies included in this review that 

considered hypertension as outcome demonstrated relationship between pre-eclampsia and 

hypertension, which strengthens pre-eclampsia as a risk factor. Our results are consistent 

with the findings of other studies. A cohort study in Denmark, which included 1.5 million 

pregnant women, found association between hypertensive disorders of pregnancy and 

chronic hypertension in 1-20 years of follow-up (22). Also, Heida et al (23) stated that 

women with a history of hypertensive disorders of pregnancy were diagnosed with 

hypertension twice more often. Lykke et al (32) mentioned on a 7.58-fold increased risk of 

subsequent hypertension in women with severe pre-eclampsia.” 

Page 12 (4th paragraph): “Metabolic syndrome is associated with an increased risk of 

cardiovascular disease (24). In the same way, we demonstrated that women with a history 

of pre-eclampsia have a higher prevalence of metabolic syndrome. There were other studies 

that concluded that the prevalence of the metabolic syndrome was two-fold higher in 

women with a history of pre-eclampsia compared with women with a history of small-for-

gestational-age, which is also a risk factor for metabolic syndrome (25). Other articles have 

highlighted that the presence of hypertensive disorders of pregnancy increases the risk of 

developing metabolic syndrome in the future and its  development showed a shorter time 

period in these women (26). “ 

Page 12 (5th paragraph): “Diabetes mellitus is a major cardiovascular risk factor, increasing 

a two-fold excess risk of vascular outcomes (27). However, our results did not show a 

relationship between pre-eclampsia and risk of diabetes mellitus in the future. These results 

go against the results of other studies such as Leonie K. et al (28) that found a two-fold 

increase in diabetes mellitus twenty-one years after hypertensive pregnancy disorders. This 

discrepancy must be analyzed with caution since these studies present as exposure 

hypertensive disorders of pregnancy, which is not the exact outcome of our study.” 

Page 13 (1st paragraph): “From the results of our study, it does not seem to be a 

relationship between pre-eclampsia and subsequent dyslipidemia. Our results are in line 

with the results from the study of Heida et al. who, despite concluding that women with 

hypertensive disorders of pregnancy develop hypertension twice as much, they were 
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unable to conclude the same with dyslipidemia (23). Contrarily, Kuo et al. suggests that 

women with a history of pre-eclampsia/eclampsia have a higher risk of developing 

dyslipidemia (29).” 

23b Discuss any 

limitations of the 

evidence included 

in the review. 

Page 13 (3rd paragraph): “About our limitations (…) there were differences in some 

criteria established by each study when defining outcomes. Furthermore, only seven of the 

13 studies adjusted for potential confounding variables and so, some potential 

confounders may have contributed to the association between history of pre-eclampsia 

and cardiovascular risk factors in the future.” 

23c Discuss any 

limitations of the 

review processes 

used. 

Page 13 (3rd paragraph): “About our limitations, we limited the studies to those in 

Portuguese and in English and may have missed data from publications in other 

languages.” 

23d Discuss 

implications of the 

results for practice, 

policy, and future 

research. 

Page 13 (4th paragraph): “In summary, we found that women with history of pre-

eclampsia have a higher prevalence of cardiovascular risk factors in the future. With our 

study we were able to demonstrate this relationship with risk factors such as hypertension 

and metabolic syndrome.  This reinforces that further efforts should be made to 

understand when we should start cardiovascular screening in these postpartum women and 

the establishment of guidelines that allow better and more uniform monitoring of these 

women and their cardiovascular risk factors after pregnancy complicated with pre-

eclampsia.” 

OTHER INFORMATION  

Registration 

and protocol 

24a Provide 

registration 

information for the 

review, including 

register name and 

registration 

number, or state 

that the review was 

not registered. 

Not applicable as registration was not done. 

24b Indicate where the 

review protocol 

can be accessed, or 

state that a protocol 

was not prepared. 

Not applicable as registration was not done. 

24c Describe and 

explain any 

amendments to 

information 

provided at 

registration or in 

the protocol. 

Not applicable as registration was not done. 

Support 25 Describe sources of 

financial or non-

financial support 

for the review, and 

the role of the 

funders or sponsors 

in the review. 

Not applicable. 

Competing 

interests 

26 Declare any 

competing interests 

of review authors. 

Not applicable. 

Availability of 

data, code and 

other materials 

27 Report which of 

the following are 

publicly available 

and where they can 

be found; template 

data collection 

forms; data 

Not applicable. 
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extracted from 

included studies; 

data used for all 

analyses; analytic 

code; any other 

materials used in 

the review. 

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for 

reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
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PRISMA 2020 for Abstracts Checklist 

Section and Topic  Item 

# 

Checklist item  Reported 

(Yes/No)  

TITLE   

Title  1 Identify the report as a systematic review. Yes 

BACKGROUND   

Objectives  2 Provide an explicit statement of the main objective(s) or question(s) the review 

addresses. 

Yes 

METHODS   

Eligibility criteria  3 Specify the inclusion and exclusion criteria for the review. Yes 

Information 

sources  

4 Specify the information sources (e.g. databases, registers) used to identify 

studies and the date when each was last searched. 

Yes 

Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Yes 

Synthesis of results  6 Specify the methods used to present and synthesise results. Yes 

RESULTS   

Included studies  7 Give the total number of included studies and participants and summarise 

relevant characteristics of studies. 

Yes 

Synthesis of results  8 Present results for main outcomes, preferably indicating the number of 

included studies and participants for each. If meta-analysis was done, report the 

summary estimate and confidence/credible interval. If comparing groups, 

indicate the direction of the effect (i.e. which group is favoured). 

Yes 

DISCUSSION   

Limitations of 

evidence 

9 Provide a brief summary of the limitations of the evidence included in the 

review (e.g. study risk of bias, inconsistency and imprecision). 

Yes 

Interpretation 10 Provide a general interpretation of the results and important implications. Yes 

OTHER   

Funding 11 Specify the primary source of funding for the review. Not 

applicable 

Registration 12 Provide the register name and registration number. Not 

applicable 

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for 

reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 
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