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Hypertensive disorders of pregnancy (HDP) -
including gestational hypertension, preeclampsia
and eclampsia - are associated with an average
two-fold increased risk of long-term cardiovascular
disease in women. The endothelial dysfunction
and vascular injury related to these disorders has
been linked to subclinical cardiac and vascular
changes, which become clinically apparent in the
first year postpartum and persist throughout a
woman's life.”3 Numerous recent studies have
shown that women with HDP have an increased
risk of developing cardiovascular risk factors (e.g.
chronic hypertension, hyperlipidemia, diabetes,
renal dysfunction) as well as cardiovascular disease
(e.g. coronary artery disease, stroke, heart failure,
atrial fibrillation, peripheral vascular disease).>®
This association appears to correlate with the
severity of HDP, earlier age of onset, earlier
gestation of onset, and recurrence in subsequent
pregnancies.’ **

Although patients with HDP are sometimes
regarded as high risk and monitored closely by
our obstetrical colleagues during pregnancy,
longitudinal care after the postpartum period is not
standardized.® Internists and other subspecialists
who care for these patients throughout their
lifetime need to have a heightened awareness of a
history of HDP. In response, international societies
including the American Heart Association (AHA),
American College of Cardiology (ACC), European
Society of Cardiology (ESC), and International

Society of Hypertension
(ISH), have recommended
incorporating a history of
HDP into the risk assessment
for primary prevention of cardiovascular
disease."®® However, there is no consensus in the
recommended monitoring metrics and intervals
across guidelines.

As practicing clinicians, we routinely assess
individual cardiovascular risk for our patients
in the context of office visits. Commonly used
methods to estimate cardiovascular risk, including
the Pooled Cohort Equation (PCE)," the Systematic
Coronary Risk Equation 2 (SCORE2)"? and the more
contemporary Predicting Risk of cardiovascular
disease EVENTs (PREVENT™) calculator,'® account
for a range of known risk factors such as age, sex,
tobacco use as well as the presence of underlying
hypertension, diabetes, hyperlipidemia, renal
disease, and obesity. However, a history of HDP
or other adverse pregnancy outcomes, a well-
established marker of future cardiovascular risk,
remains conspicuously absent (Figure 1).

Researchers have attempted to fill this gap by
modeling how the inclusion of HDP may improve
cardiovascular risk prediction with mixed findings.
Stuart et al. found that the inclusion of HDP to
the PCE did not improve 10-year risk prediction,
which is likely due to the collinearity with existing
risk factors in the PCE model." A subsequent
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study by Stuart et al. found that existing risk
factors accounted for 84% of the risk conferred
by gestational hypertension but only 57% of the
risk conferred by preeclampsia.’ This is consistent
with findings that a history of preeclampsia is
associated with a higher risk for cardiovascular
disease than a history of gestational hypertension,
highlighting the phenotypic heterogeneity within
the umbrella of HDP.3* In a Norwegian study,
Markovitz et al. found that inclusion of HDP made
only smallimprovements to cardiovascular disease
risk prediction.' In a Canadian study, Gladstone et
al found that inclusion of HDP reclassified many
women into the high-risk category who otherwise
would've been considered low risk.”

A major reason for why the addition of HDP into
risk calculators has not shifted test characteristics
significantly could be due to the lack of robust
pregnancy data in the cohorts from which these
equations are derived. As clinician-researchers,
we should be asking about pregnancy history and
adverse pregnancy outcomes when designing
cohorts and clinical trials. Future studies should
seek to find ways to capture that unaccounted risk,
especially with the use of models that are built
from updated and more diverse population data.

As nature's stress test, pregnancy provides
clinicians a window into the subclinical
cardiovascular dysfunction that may already
be present in a woman's early to mid-life. Like

Figure 1. Comparison of cardiovascular risk factors included in PCE, SCORE2, and PREVENT calculators

Risk Eactor PCE SCORE2 PREVENT™
(2013)" (2021)* (2023)"
Age x (40-75) x (40-69) x (30-79)
Sex X X X
Race x (optional) - -
Current Smoking X X X
Total Cholesterol X X X
HDL-C X X X
Statin Use - - X
Systolic BP X X X
Antihypertensive Use X - X
Diabetes X - (excluded) X
HbA1c - - X
BMI - - X
eGFR - - X
UACR - - X
Geography - x (risk region) X (zip code)
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angina, HDP should be treated as a harbinger
for elevated risk for subsequent cardiovascular
disease. A step in the right direction, the AHA/
ACC 2019 guidelines on the primary prevention
of cardiovascular disease and 2025 guidelines on
hypertension management included considering
HDP as a sex-specific risk enhancer.® '® The 2025
ESC guidelines also highlight the importance of
primary care follow up after delivery for patients
with adverse pregnancy outcomes to continue
blood pressure monitoring at regular intervals."
However, in practice, the lack of its inclusion in
standardized calculators make the adoption of
this risk stratification difficult. We hope that future
international society guidelines will evaluate
emerging findings about the sequela of HDP to
make stronger recommendations on long-term
risk stratification and management, including the
potential benefit of pharmacotherapy for primary
prevention in this high-risk population.

References:

1. Parikh NI, Gonzalez JM, Anderson CAM, Judd SE,
Rexrode KM, Hlatky MA, Gunderson EP, StuartJJ, Vaidya D;
American Heart Association Council on Epidemiology and
Prevention; Council on Arteriosclerosis, Thrombosis and
Vascular Biology; Council on Cardiovascular and Stroke
Nursing; and the Stroke Council. Adverse Pregnancy
Outcomes and Cardiovascular Disease Risk: Unique
Opportunities for Cardiovascular Disease Prevention in
Women: A Scientific Statement From the American Heart
Association. Circulation. 2021 May 4;143(18):e902-e916.
doi: 10.1161/CIR.0000000000000961. Epub 2021 Mar 29.
PMID: 33779213.

2. Dall'Asta A, D'Antonio F, Saccone G, Buca D, Mastantuoni
E, Liberati M, Flacco ME, Frusca T, Ghi T. Cardiovascular
events following pregnancy complicated by pre-eclampsia
with emphasis on comparison between early- and late-
onset forms: systematic review and meta-analysis.
Ultrasound Obstet Gynecol. 2021 May;57(5):698-709. doi:
10.1002/u0g.22107. PMID: 32484256.

3.Simon E, Bechraoui-Quantin S, Tapia S, Cottenet ], Mariet
AS, Cottin Y, Giroud M, Eicher JC, Thilaganathan B, Quantin
C. Time to onset of cardiovascular and cerebrovascular
outcomes after hypertensive disorders of pregnancy: a
nationwide, population-based retrospective cohort study.
Am | Obstet Gynecol. 2023 Sep;229(3):296.e1-296.e22.
doi: 10.1016/j.ajog.2023.03.021. Epub 2023 Mar 17. PMID:
36935070.

4. Oliver-Williams C, Stevens D, Payne RA, Wilkinson IB, Smith
GCS, Wood A. Association between hypertensive disorders
of pregnancy and later risk of cardiovascular outcomes.
BMC Med. 2022 Jan 25;20(1):19. doi: 10.1186/512916-021-
02218-8. PMID: 35073907; PMCID: PMC8787919.

5.Benschop L, Duvekot JJ, Roeters van Lennep JE. Future risk
of cardiovascular disease risk factors and events in women
after a hypertensive disorder of pregnancy. Heart. 2019
Aug;105(16):1273-1278. doi: 10.1136/heartjnl-2018-313453.
Epub 2019 Jun 7. PMID: 31175138; PMCID: PMC6678044.

6. Leon LJ, McCarthy FP, Direk K, Gonzalez-lzquierdo A,
Prieto-Merino D, Casas JP, Chappell L. Preeclampsia and
Cardiovascular Disease in a Large UK Pregnancy Cohort
of Linked Electronic Health Records: A CALIBER Study.
Circulation. 2019 Sep 24;140(13):1050-1060. doi: 10.1161/
CIRCULATIONAHA.118.038080. Epub 2019 Sep 23. PMID:
31545680.

7.Lewey), Sheehan M, Bello NA, Levine LD. Cardiovascular
Risk Factor Management After Hypertensive Disorders of
Pregnancy. Obstet Gynecol. 2024 Sep 1;144(3):346-357. doi:
10.1097/A0G.0000000000005672. Epub 2024 jul 2. PMID:
39146543; PMCID: PMC11328955.

8. Jones DW, Ferdinand KC, Taler SJ, Johnson HM, Shimbo
D, Abdalla M, Altieri MM, Bansal N, Bello NA, Bress AP,
Carter J, Cohen JB, Collins KJ, Commodore-Mensah Y,
Davis LL, Egan B, Khan SS, Lloyd-Jones DM, Melnyk BM,
Mistry EA, Ogunniyi MO, Schott SL, Smith SC Jr, Talbot AW,
Vongpatanasin W, Watson KE, Whelton PK, Williamson JD.
2025 AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AGS/AMA/
ASPC/NMA/PCNA/SGIM Guideline for the Prevention,
Detection, Evaluation and Management of High Blood
Pressure in Adults: A Report of the American College of
Cardiology/American Heart Association Joint Committee
on Clinical Practice Guidelines. Hypertension. 2025 Aug
14. doi: 10.1161/HYP.0000000000000249. Epub ahead of
print. PMID: 40811516.

9. Mancia G, Kreutz R, Brunstrém M, Burnier M, Grassi
G, Januszewicz A, Muiesan ML, Tsioufis K, Agabiti-Rosei
E, Algharably EAE, Azizi M, Benetos A, Borghi C, Hitij JB,
Cifkova R, Coca A, CornelissenV, Cruickshank JK, Cunha PG,
Danser AHJ, Pinho RM, Delles C, Dominiczak AF, Dorobantu
M, Doumas M, Fernandez-Alfonso MS, Halimi JM, Jarai Z,
Jelakovi¢ B, Jordan J, Kuznetsova T, Laurent S, Lovic D,
Lurbe E, Mahfoud F, Manolis A, Miglinas M, Narkiewicz K,
Niiranen T, Palatini P, Parati G, Pathak A, Persu A, Polonia
J, Redon J, Sarafidis P, Schmieder R, Spronck B, Stabouli
S, Stergiou G, Taddei S, Thomopoulos C, Tomaszewski M,
Van de Borne P, Wanner C, Weber T, Williams B, Zhang ZY,
Kjeldsen SE. 2023 ESH Guidelines for the management of
arterial hypertension The Task Force for the management
of arterial hypertension of the European Society of
Hypertension: Endorsed by the International Society of
Hypertension (ISH) and the European Renal Association
(ERA). ] Hypertens. 2023 Dec 1;41(12):1874-2071. doi:
10.1097/HJH.0000000000003480. Epub 2023 Sep 26.
Erratum in:J Hypertens. 2024 Jan 1;42(1):194. doi: 10.1097/
HJH.0000000000003621. PMID: 37345492.

10. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J,
Blomstrom-Lundqyist C, Cifkova R, De Bonis M, lung B,
Johnson MR, Kintscher U, Kranke P, Lang IM, Morais J,
Pieper PG, Presbitero P, Price S, Rosano GMC, Seeland
U, Simoncini T, Swan L, Warnes CA. 2018 ESC Guidelines

= @) rvecemensionnews | oecemoenzozs | XNf Jin] O],


https://www.facebook.com/ISHBP/
https://www.linkedin.com/company/ishbp/
https://twitter.com/ishbp
https://bsky.app/profile/ishbp.bsky.social
https://www.instagram.com/ishypertension/

for the management of cardiovascular diseases during
pregnancy. Kardiol Pol. 2019;77(3):245-326. doi: 10.5603/
KP.2019.0049. PMID: 30912108.

11. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S,
D'Agostino RB, Gibbons R, Greenland P, Lackland DT, Levy
D, O'Donnell CJ, Robinson JG, Schwartz JS, Shero ST, Smith
SC Jr, Sorlie P, Stone NJ, Wilson PW, Jordan HS, Nevo L,
Wnek J, Anderson JL, Halperin JL, Albert NM, Bozkurt B,
Brindis RG, Curtis LH, DeMets D, Hochman JS, Kovacs R,
Ohman EM, Pressler §J, Sellke FW, Shen WK, Smith SC Jr,
Tomaselli GF; American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. 2013
ACC/AHA guideline on the assessment of cardiovascular
risk: a report of the American College of Cardiology/
American Heart Association Task Force on Practice
Guidelines. Circulation. 2014 Jun 24;129(25 Suppl 2):549-
73. doi: 10.1161/01.cir.0000437741.48606.98. Epub 2013
Nov 12. Erratum in: Circulation. 2014 Jun 24;129(25 Suppl
2):S74-5. PMID: 24222018.

12. SCORE2 working group and ESC Cardiovascular risk
collaboration. SCORE2 risk prediction algorithms: new
models to estimate 10-year risk of cardiovascular disease
in Europe. Eur Heart J. 2021 Jul 1;42(25):2439-2454. doi:
10.1093/eurheartj/ehab309. PMID: 34120177; PMCID:
PM(C8248998.

13. Khan SS, Matsushita K, Sang Y, Ballew SH, Grams ME,
Surapaneni A, Blaha MJ, Carson AP, Chang AR, Ciemins
E, Go AS, Gutierrez OM, Hwang S), Jassal SK, Kovesdy CP,
Lloyd-Jones DM, Shlipak MG, Palaniappan LP, Sperling
L, Virani SS, Tuttle K, Neeland I}, Chow SL, Rangaswami
J, Pencina MJ, Ndumele CE, Coresh J; Chronic Kidney
Disease Prognosis Consortium and the American Heart
Association Cardiovascular-Kidney-Metabolic Science
Advisory Group. Development and Validation of the
American Heart Association's PREVENT Equations.
Circulation. 2024 Feb 6;149(6):430-449. doi: 10.1161/
CIRCULATIONAHA.123.067626. Epub 2023 Nov 10.
Erratum in: Circulation. 2024 Mar 12;149(11):e956. doi:
10.1161/CIR.0000000000001230. PMID: 37947085; PMCID:
PMC10910659.

14. Stuart JJ, Tanz LJ, Cook NR, Spiegelman D, Missmer
SA, Rimm EB, Rexrode KM, Mukamal K], Rich-Edwards
JW. Hypertensive Disorders of Pregnancy and 10-Year
Cardiovascular Risk Prediction. ] Am Coll Cardiol. 2018 Sep
11;72(11):1252-1263. doi: 10.1016/j.jacc.2018.05.077. PMID:
30190003; PMCID: PMC6136445.

Jennifer L. Cluett - jlcluett@bidmc.harvard.edu

15. Stuart ), Tanz L, Rimm EB, Spiegelman D, Missmer SA,
Mukamal KJ, Rexrode KM, Rich-Edwards JW. Cardiovascular
Risk Factors Mediate the Long-Term Maternal Risk
Associated With Hypertensive Disorders of Pregnancy. ] Am
Coll Cardiol. 2022 May 17;79(19):1901-1913. doi: 10.1016/j.
jacc.2022.03.335. PMID: 35550687; PMCID: PMC9176211.

16. Markovitz AR, Stuart JJ, Horn J, Williams PL, Rimm
EB, Missmer SA, Tanz L), Haug EB, Fraser A, Timpka S,
Klykken B, Dalen H, Romundstad PR, Rich-Edwards JW,
Asvold BO. Does pregnancy complication history improve
cardiovascular disease risk prediction? Findings from the
HUNT study in Norway. Eur HeartJ. 2019 Apr 7;40(14):1113-
1120. doi: 10.1093/eurheartj/ehy863. PMID: 30596987;
PMCID: PMC6451770.

17. Gladstone RA, Pudwell J, Nerenberg KA, Grover SA,
Smith GN. Cardiovascular Risk Assessment and Follow-Up
of Women After Hypertensive Disorders of Pregnancy:A
Prospective Cohort Study. ] Obstet Gynaecol Can. 2019
Aug;41(8):1157-1167.e1. doi: 10.1016/j.jogc.2018.10.024.
Epub 2019 Jan 14. PMID: 30655227.

18. Arnett DK, Blumenthal RS, Albert MA, Buroker AB,
Goldberger zZD, Hahn EJ, Himmelfarb CD, Khera A,
Lloyd-Jones D, McEvoy JW, Michos ED, Miedema MD,
Mufioz D, Smith SC Jr, Virani SS, Williams KA Sr, Yeboah
J, Ziaeian B. 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 Sep 10;140(11):e596-e646. doi: 10.1161/
CIR.0000000000000678. Epub 2019 Mar 17. Erratum in:
Circulation. 2019 Sep 10;140(11):e649-e650. doi: 10.1161/
CIR.0000000000000725. Erratum in: Circulation. 2020
Jan 28;141(4):e60. doi: 10.1161/CIR.0000000000000755.
Erratum in: Circulation. 2020 Apr 21;141(16):e774. doi:
10.1161/CIR.0000000000000771. PMID: 30879355; PMCID:
PMC7734661.

19. De Backer J, Haugaa KH, Hasselberg NE, de Hosson M,
Brida M, Castelletti S, Cauldwell M, Cerbai E, Crotti L, de
Groot NMS, Estensen M, Goossens ES, Haring B, Kurpas D,
McEniery CM, Peters SAE, Rakisheva A, Sambola A, Schlager
0, Schoenhoff FS, Simoncini T, Steinbach F, Sudano |, Swan
L, Valente AM, ESC Scientific Document Group, 2025 ESC
Guidelines for the management of cardiovascular disease
and pregnancy: Developed by the task force on the
management of cardiovascular disease and pregnancy of
the European Society of Cardiology (ESC) Endorsed by the
European Society of Gynecology (ESG), European Heart
Journal, 2025;, ehaf193, https://doi.org/10.1093/eurheartj/
ehaf193.

=€) verrension news | oecemsen 02— IXIf Jin]O%


https://www.facebook.com/ISHBP/
https://www.linkedin.com/company/ishbp/
https://twitter.com/ishbp
https://bsky.app/profile/ishbp.bsky.social
https://www.instagram.com/ishypertension/



