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ORIGINAL ARTICLE

Blood Pressure 15 to 90 Days After a 
Hypertensive Disorder of Pregnancy and  
Later Hypertension
Rachel Peragallo Urrutia , Matthew Shane Loop, Jasmine D. Johnson, Tracy Y. Wang, Thomas M. Price , Melissa A. Daubert

BACKGROUND: Timely diagnosis of hypertension provides an opportunity for cardiovascular disease prevention after a 
hypertensive disorder of pregnancy. We assessed the association between blood pressure 15 to 90 days postpartum and 
incident hypertension after a hypertensive disorder of pregnancy.

METHODS: This was a retrospective cohort study of women with no preexisting hypertension and a hypertensive disorder 
of pregnancy between January 2014 and December 2017 at 2 health systems in the southeastern United States. Cox 
proportional hazards models assessed the association of postpartum blood pressure and incident hypertension over a median 
follow-up period of 9.9 months. Covariates selected via directed acyclic graph construction included type of hypertensive 
disorder, race, ethnicity, maternal age, smoking, body mass index, and gestational diabetes.

RESULTS: Out of 5657 women, only 2520 (45%) met the inclusion criteria; 39% (1584) of otherwise eligible individuals did 
not have a blood pressure check at 15 to 90 days postpartum. The hazards of incident hypertension during follow-up were 
significantly higher for those with higher systolic postpartum blood pressure (1.81 [95% CI, 1.46–2.24]). The estimated 
cumulative incidence of hypertension over the first 12 months of follow-up among participants with a blood pressure of 
110/65 mm Hg was 4.5% (95% CI, 2.8%–6.1%), and with blood pressure 140/90, it was 12.0% (95% CI, 8.4%–17.2%).

CONCLUSIONS: The risk of incident hypertension after a hypertensive disorder of pregnancy is high in the first year 
postpartum especially for those with elevated systolic blood pressure postpartum. Despite this, for many participants, 
blood pressure was not measured within 15 to 90 days postpartum. (Hypertension. 2026;83:272–281. DOI:  
10.1161/HYPERTENSIONAHA.124.24393.) • Supplement Material.
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Cardiovascular disease (CVD) is the leading cause of 
death in women, and, though often preventable, CVD 
mortality among young women has disproportion-

ately increased in recent years.1 Hypertensive disorders 
of pregnancy (HDP), including gestational hyperten-
sion without proteinuria, preeclampsia without severe 
features, chronic hypertension with superimposed pre-
eclampsia, and severe preeclampsia/eclampsia, are risk 

factors for CVD.2 Administrative data from South Caro-
lina births (2004–2016) show that HDPs confer addi-
tional risk of CVD events (eg, myocardial infarction, heart 
failure, stroke) within 5 years of delivery.3

The diagnosis and timely postpartum management of 
HDP provides an opportunity to improve the outcomes of 
future pregnancies and prevent long-term CVD morbidity 
and mortality. Pregnancy functions as a metabolic stress 
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test, identifying a predisposition to CVD before it leads 
to morbidity and mortality.4 The diagnosis of HDPs could 
result in prevention opportunities for individuals who might 
otherwise not come to clinical attention early enough to 
prevent morbidity and mortality. Current guidelines for 
short- and long-term postpartum management of individu-
als with HDP are relatively recent and somewhat incon-
sistent.5 However, all agree that management of CVD risk 
factors, such as hypertension, is important for individuals 
after an HDP. For decades, obstetric guidelines have rec-
ommended a comprehensive postpartum visit within 90 
days postpartum to include blood pressure (BP) screen-
ing for all individuals who have given birth. As of 2013, 
the American College of Obstetricians and Gynecolo-
gists (ACOG) recommended that individuals with HDPs 
also have a BP evaluation 3 to 10 days after delivery, be 
educated on their individual risk, and have a repeat BP 
evaluation at their comprehensive visit at 15 to 90 days 
postpartum with the goal of creating a postpartum man-
agement plan for their hypertension.6,7 The American 
Heart Association (AHA) recommends frequent cardiac 
risk factor screening assessments in the first year after 
an HDP at 6 weeks, 12 weeks, 6 months, and 12 months 
postpartum, with appropriate transition from postpartum 
to longitudinal primary care around the 8- to 12-week 
mark.8 Though individuals with HDP may be more likely 
to attend postpartum visits than others, up to 40% do not 
access routine postpartum care.9 In addition to completing 

postpartum care, individuals with HDPs should have a pri-
mary care visit within 6 months post-delivery.8

Early identification and appropriate management of 
hypertension is one key aspect in the prevention of CVD 
and adverse pregnancy outcomes.5 Few studies investi-
gate the risk of hypertension after an HDP in US popula-
tions.4,10 Among those that do, few examine the risk of 
incident hypertension during the first year after delivery. 
This makes it difficult for obstetric and primary care pro-
viders to appropriately counsel postpartum patients with 
an HDP about their individual risk or to create a transi-
tion plan from obstetric to primary care.

To better understand the early risk of incident hyper-
tension after an HDP event, the primary objective of this 
analysis was to estimate the associations between sys-
tolic and diastolic BPs during the early postpartum period 
and the relative hazard of incident hypertension during 
follow-up, particularly during the first postpartum year. We 
hypothesized that higher postpartum systolic and diastolic 
BPs measured at the time of the comprehensive postpar-
tum visit 15 to 90 days postpartum would be associated 
with a higher incidence of incident hypertension diagnosis 
during subsequent primary care follow-up. A secondary 
objective was to understand the proportion of individuals 
who had BP measurements per ACOG guidelines.

METHODS
Data Availability
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Study Design
This was a planned secondary analysis of a retrospective 
cohort study investigating factors associated with postpartum 
risk of hypertension among people aged 13 to 54 years diag-
nosed with an HDP at 2 academic health systems. Reporting 
of Studies Conducted Using Observational Routinely Collected 
Health Data guidelines were followed (Table S1).

NOVELTY AND RELEVANCE

What Is New?
Regardless of blood pressure measure in the early 
postpartum period, there is a significant incidence 
of incident hypertension for patients who have expe-
rienced hypertension during pregnancy. The risk is 
higher with higher measurements in the early postpar-
tum period.

What Is Relevant?
Significant proportions of patients who had a hyper-
tensive disorder of pregnancy did not have follow-up 
blood pressure measured at the recommended time 
points in the early postpartum period.

Clinical/Pathophysiologic Implications?
Early identification of and management of hyperten-
sion can prevent morbidity and mortality in this popula-
tion of young women who are art risk for heart disease.

Nonstandard Abbreviations and Acronyms

BP	 blood pressure
CVD	 cardiovascular disease
HDP	 hypertensive disorder of pregnancy
HR	 hazard ratio
ICD-CM 9/10	� International Classification of 

Diseases, Ninth/Tenth Revision, 
Clinical Modification
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Source of Participants and Data
We used data from the Carolinas Collaborative, a partner-
ship between the National Institutes of Health’s Clinical and 
Translational Science Award hubs in North and South Carolina 
which harmonizes the electronic health data across institutions 
to expedite clinical research.11 Using the common data model of 
the Carolinas Collaborative, we identified women with an HDP 
and delivering at 2 academic health systems in the southeast-
ern United States between January 1, 2007 and December 
31, 2017. Each health system includes a main campus as well 
as smaller, community hospitals. Women aged 13 to 54 years 
with an International Classification of Diseases, Ninth/Tenth 
Revision, Clinical Modification (ICD-CM 9/10) code for an HDP 
were included (ICD-10-CM O11, O13, O14, O15 and ICD-9 
642.3, 642.4, 642.5, 642.6, 642.7). A team from each institu-
tion abstracted the data for eligible patients from their respec-
tive electronic health records. They then shared the data with 
each other to match patients who had records in both health 
systems using a hashing algorithm which contained the first 3 
digits of the first name, first 8 digits of the last name, sex, and 
date of birth. The data were merged and de-identified except 
for dates of service, dates of birth, and zip codes.

For the purposes of this analysis, we included HDP-affected 
deliveries which occurred in 2014 or later and had a BP mea-
sured 15 to 90 days postpartum in either system by any provider. 
We excluded the population who gave birth before 2014 in this 
analysis due to a high proportion of missing data, especially BP 
measurements. The Epic, Epic Systems Corporation rolled out 
in both institutions in 2014 and likely contributed to higher data 
quality after that point. Also, these births occurred mostly before 
current postpartum care guidelines for individuals with HDPs. 
In women who had multiple recorded pregnancies complicated 
by an HDP, only the first pregnancy was included. We excluded 
records that had improbable gestational age at delivery (<0 or 
>43 weeks). Given our focus on incident hypertension related 
to postpartum BP measurement, for this analysis we excluded 
patients who had a diagnosis of preexisting hypertension before 
or during pregnancy or at the time of the first BP measurement 
during the 15 to 90 days postpartum window. Per national and 
international guidelines, the diagnosis of incident hypertension 
cannot be accurately made before 12 weeks of gestation due to 
transient changes in BP that occur during this period.12–15

Variables of Interest
The primary outcome was time to diagnosis of hypertension by 
any provider (ICD-10-CM I10 and I11; ICD-9 401 and 402) 
after the date of the 15 to 90 day BP check. Participants were 
censored at their last encounter available in the electronic 
health record or administratively censored at the end of the 
study on December 31, 2019. This means we may have had 
up to 6 years of follow-up, depending on the timing of delivery. 
We censored individuals at their last encounter to avoid includ-
ing immortal person-time for participants whose outcomes we 
would never observe. Approximately one-third of the analytic 
sample had their censoring date as the date of the 15 to 90 
day BP check, so follow-up time for these participants was set 
to be 0.1 weeks. The primary exposure was systolic and dia-
stolic BP at the comprehensive postpartum visit.16 We collected 
several potential risk factors for time to incident hypertension 
diagnosis, including type of HDP, maternal age at delivery, 

self-identified race as a proxy for having experienced racism 
(Black, Other, White), ethnicity (Hispanic or non-Hispanic), 
maternal body mass index, presence of gestational diabetes, 
and smoking status before delivery (current, former, or never). 
Chronic kidney disease was rare in our population and was 
not included. Family history of heart disease was not avail-
able in the data set. Race and ethnicity were captured from 
the electronic health record. Although ideally these capture 
the patient-identified race/ethnicity, it is unclear to what extent 
race and ethnicity may have been misassigned within the elec-
tronic health record.17 If women had multiple HDPs diagnosed 
during the pregnancy, we used the most severe diagnosis 
available. Hierarchical severity was: (1) gestational hyperten-
sion (ICD-10-CM O13*; ICD-9-CM 642.3*), (2) preeclamp-
sia (ICD-10-CM O14.0* and O14.9*; ICD-9-CM 642.4*), and 
(3) eclampsia/severe preeclampsia (ICD-10-CM O14.1* and 
O14.2*, O15*; ICD-9-CM 642.5* and 642.6*). We combined 
the categories of eclampsia and severe preeclampsia because 
the clinical management of these diagnoses is similar, and the 
group sizes were small. We defined time to the onset as the 
incidence of the first HDP, not necessarily the most severe.

Data Analytic Approach
Summary statistics of variable distributions were calculated. We 
used Cox proportional hazards models to estimate hazard ratios 
(HRs) for diagnosis of incident hypertension associated with 
systolic and diastolic BP at 15 to 90 days postpartum. We used 
a directed acyclic graph, constructed via expert clinical opinion, to 
select the minimal set of covariates needed for inclusion (Figure 
S1). The proportional hazards assumption was checked using 
graphical methods. Approximately 31% of the observations had 
missing values for at least 1 covariate. We assumed that these 
were missing at random. Therefore, we used multiple imputation 
with all model covariates, in addition to covariates included in the 
Table and specialty of the provider who measured the BP, to cre-
ate 31 multiple imputed data sets. We combined the estimates 
from each model according to Rubin Rules. From the fitted Cox 
model, we estimated a cumulative incidence of hypertension 
diagnosis postpartum, with otherwise typical covariate values for 
this cohort (median for continuous; most common for categori-
cal). Although the Cox models were fit with follow-up extending 
to December 31, 2019, the follow-up time for the cumulative 
incidence curves was estimated for only the first 12 months 
of follow-up after the BP check, as this was the most relevant 
clinical window for obstetricians. Models were fit using the R sta-
tistical computing environment,18 including the rms package.19 
Multiple imputation was performed using the mice package.20

We conducted several sensitivity analyses. The first group of 
sensitivity analyses was based on the provider specialty when 
the BP check was performed. In the first sensitivity analysis, we 
included only patients who had a BP measurement 15 to 90 
days postpartum by a provider with the specialty of Obstetrics and 
Gynecology, Certified Nurse Midwife, Maternal and Fetal Medicine, 
Family Medicine, Obstetrics, Internal Medicine (including all sub-
specialties), or Pediatrics. In the second sensitivity analysis, we 
included only those with BPs taken by obstetric caregivers.

The final sensitivity analysis checked the robustness of our 
findings due to the exclusion of a large proportion of other-
wise eligible participants who never had a comprehensive 
BP measured in the 15 to 90-day window. We used inverse 

https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.124.24393
https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.124.24393


Original Article

Hypertension. 2026;83:e24393. DOI: 10.1161/HYPERTENSIONAHA.124.24393� February 2026    275

Incident Hypertension After Pregnancy HypertensionUrrutia et al

Table.  Description of Women Diagnosed With an Hypertensive Disorder of Pregnancy Between 2014 and 2017 by American 
Heart Association Blood Pressure Categories 15 to 90 Days Postpartum (N=2514)*

Characteristic Overall N=2514

Normal (SBP <120 
mm Hg, DBP <80 
mm Hg) N=799

Elevated (SBP 120–
129 mm Hg, DBP<80 
mm Hg) N=331

Stage 1 (SBP 130–139 
mm Hg or DBP 80–89 
mm Hg) N=1147

Stage 2 (SBP ≥140 
mm Hg or DBP ≥90 
mm Hg) N=237

Age, y 30.0 (25.0–34.0) 29.0 (24.0–33.0) 29.0 (24.0–33.0) 30.0 (26.0–34.0) 31.0 (27.0–35.0)

Race

 � White 1396 (56%) 470 (60%) 192 (59%) 640 (56%) 94 (40%)

 � Black 702 (28%) 171 (22%) 82 (25%) 332 (29%) 117 (50%)

 � Other 384 (15%) 146 (19%) 52 (16%) 163 (14%) 23 (9.8%)

 � Unknown 32 12 5 12 3

 � Hispanic 233 (9.4%) 80 (10%) 34 (10%) 103 (9.1%) 16 (6.8%)

 � Unknown 47 18 6 21 2

Year of delivery

 � 2014 438 (17%) 131 (16%) 53 (16%) 205 (18%) 49 (21%)

 � 2015 557 (22%) 180 (23%) 60 (18%) 249 (22%) 68 (29%)

 � 2016 675 (27%) 222 (28%) 95 (29%) 304 (27%) 54 (23%)

 � 2017 844 (34%) 266 (33%) 123 (37%) 389 (34%) 66 (28%)

 � Median household income of 
ZIP code

55 950  
(43 658–73 808)

53 917  
(43 592–73 808)

58 115  
(45 223–73 808)

56 735  
(45 189–73 808)

57 133  
(43 592–71 803)

 � Unknown 126 40 18 55 13

Marital status

 � Married 1422 (59%) 465 (61%) 190 (60%) 659 (60%) 108 (48%)

 � Divorced 33 (1.4%) 9 (1.2%) 0 (0%) 16 (1.4%) 8 (3.5%)

 � Other 69 (2.9%) 17 (2.2%) 14 (4.4%) 31 (2.8%) 7 (3.1%)

 � Single 895 (37%) 276 (36%) 114 (36%) 401 (36%) 104 (46%)

 � Unknown 95 32 13 40 10

Payor

 � Commercial 1375 (55%) 431 (54%) 172 (52%) 654 (57%) 118 (50%)

 � Government 899 (36%) 297 (37%) 119 (36%) 383 (33%) 100 (42%)

 � Other (including self-pay) 240 (9.5%) 71 (8.9%) 40 (12%) 110 (9.6%) 19 (8.0%)

 � Gestational age at delivery, wk 38.43 (37.14–39.43) 38.57 (37.14–39.71) 38.86 (37.43–39.71) 38.29 (37.00–39.29) 38.00 (37.00–39.14)

 � Unknown 590 195 86 241 68

 � Gestational age of HDP 
onset, wk

37.3 (34.4–39.0) 37.4 (35.1–39.1) 37.7 (34.6–39.1) 37.1 (34.0–38.7) 36.9 (33.1–38.7)

 � Unknown 646 212 94 263 77

 � Gestational diabetes 331 (13%) 88 (11%) 54 (16%) 156 (14%) 33 (14%)

Diabetes within 12 mo of delivery

 � None 2327 (93%) 738 (92%) 304 (92%) 1067 (93%) 218 (92%)

 � Prediabetes 88 (3.5%) 36 (4.5%) 11 (3.3%) 34 (3.0%) 7 (3.0%)

 � Type 1 37 (1.5%) 13 (1.6%) 5 (1.5%) 15 (1.3%) 4 (1.7%)

 � Type 2 62 (2.5%) 12 (1.5%) 11 (3.3%) 31 (2.7%) 8 (3.4%)

 � Parity 0.75 (1.16) 0.63 (1.06) 0.69 (1.12) 0.80 (1.19) 1.02 (1.33)

 � Unknown 413 127 63 175 48

 � BMI, kg/m2 34 (30–40) 33 (29–38) 34 (30–39) 35 (30–40) 36 (30–42)

 � Unknown 134 39 13 66 16

Smoking status within 12 mo of delivery

 � Never 1576 (63%) 514 (64%) 209 (63%) 717 (63%) 136 (58%)

 � Current 558 (22%) 169 (21%) 76 (23%) 247 (22%) 66 (28%)

 � Former 372 (15%) 114 (14%) 46 (14%) 178 (16%) 34 (14%)

 � Unknown 8 2 0 5 1

(Continued )
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probability weighting to upweight participants who had a low 
probability of having a comprehensive BP measured in the 15 
to 90-day window, to better target the Cox models to represent 
both women who had a comprehensive BP and those who did 
not. Variables included in the model predicting the probability 
of having a comprehensive BP measured in the 15 to 90-day 
window included all covariates in the main models, as well as 
institution where care was received, year of delivery, payer, 
median household income of maternal ZIP code of residence, 
marital status, parity, diabetes status 12 months before delivery, 
specialty of provider who measured the BP, and gestational age 
of HDP onset. The WeightIt package was used for the inverse 
probability weighting.21

Programming code can be made available via request to the 
corresponding author.

Institutional Review Board Statement
This study was approved by the institutional review boards at 
both health systems, as well as by Auburn University, where 
the data analysis was conducted. No informed consent was 
required.

RESULTS
There were 9230 individuals in the original cohort. Of 
those, 5657 delivered between 2014 and 2017. After 
applying the remaining exclusion criteria, the final sample 
size for this analysis was 2520 (Figure 1). Approximately 
39% (1584) of individuals diagnosed with an HDP 
between 2014 and 2017 who were otherwise eligible 
for the study did not have a documented BP check by 
any clinician at 15 to 90 days postpartum in either of 
the health care systems. For details about characteris-
tics of included versus excluded participants (Figure 
S2). Included participants were slightly older, less likely 
be Hispanic, but more likely to be White, married, have 
gestational diabetes, live in higher income ZIP codes, 
and have private insurance. The median (1st quartile, 3rd 
quartile) follow-up time after the 15 to 90 days post-
partum BP check was 9.9 months (0.02 months, 27.3 
months). Maximum follow-up time was 64.3 months 
(over 5 years).

Characteristic Overall N=2514

Normal (SBP <120 
mm Hg, DBP <80 
mm Hg) N=799

Elevated (SBP 120–
129 mm Hg, DBP<80 
mm Hg) N=331

Stage 1 (SBP 130–139 
mm Hg or DBP 80–89 
mm Hg) N=1147

Stage 2 (SBP ≥140 
mm Hg or DBP ≥90 
mm Hg) N=237

Type of hypertensive disorder of pregnancy

 � Gestational hypertension 1444 (57%) 431 (54%) 215 (65%) 664 (58%) 134 (57%)

 � Preeclampsia 460 (18%) 161 (20%) 60 (18%) 198 (17%) 41 (17%)

 � Eclampsia/severe 
preeclampsia

610 (24%) 207 (26%) 56 (17%) 285 (25%) 62 (26%)

 � Had blood pressure check 
within 14 d postpartum

498 (20%) 153 (19%) 64 (19%) 229 (20%) 52 (22%)

 � SBP within 14 d postpartum, 
mm Hg

134 (124–146) 129 (121–139) 133 (123–145) 136 (128–148) 144 (133–151)

 � Unknown 2016 646 267 918 185

 � DBP within 14 d postpartum, 
mm Hg

85 (77–92) 81 (73–90) 87 (74–93) 87 (80–93) 87 (78–94)

 � Unknown 2016 646 267 918 185

American Heart Association categories of blood pressure in adults within 14 d postpartum

 � Normal (SBP <120 mm Hg, 
DBP <80 mm Hg)

61 (12%) 29 (19%) 13 (20%) 17 (7.4%) 2 (3.8%)

Elevated (SBP 120–129 
mm Hg, DBP <80 mm Hg)

46 (9.2%) 22 (14%) 6 (9.4%) 15 (6.6%) 3 (5.8%)

 � Stage 1 (SBP 130–139 
mm Hg or DBP 80–89 
mm Hg)

243 (49%) 74 (48%) 26 (41%) 118 (52%) 25 (48%)

 � Stage 2 (SBP ≥140 mm Hg 
or DBP ≥90 mm Hg)

148 (30%) 28 (18%) 19 (30%) 79 (34%) 22 (42%)

 � Unknown 2016 646 267 918 185

 � SBP 15–90 d postpartum, 
mm Hg

123 (114–132) 111 (106–115) 123 (121–126) 130 (122–135) 146 (141–153)

DBP 15–90 d postpartum, 
mm Hg

79 (72–85) 70 (66–75) 74 (70–77) 84 (81–87) 94 (91–100)

 � Unknown 1 0 0 1 0

 � Diagnosis of hypertension 
after comprehensive visit

315 (13%) 56 (7.0%) 33 (10.0%) 166 (14%) 60 (25%)

BMI indicates body mass index; DBP, diastolic blood pressure; HDP, hypertensive disorder of pregnancy; and SBP, systolic blood pressure.
*Six participants not shown in the table due to missing DBP and inability to determine American Heart Association category.

Table.  Continued
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Summary statistics according to AHA BP ranges at 
15 to 90 days postpartum are reported in the Table.16 
Only 32% (799/2514) had BPs in the normal range and 
the majority (55%) had BPs in the range that would be 
classified as of Stage 1 or 2 Hypertension if similar or 
higher readings had been obtained on a second occa-
sion. Twenty percent also had a clinical BP measurement 
recorded within the first 14 days postpartum. Among 
those who did, almost 80% had BPs in the Stage 1 or 2 
hypertension range. Thirteen percent of the population 
(316 participants) were diagnosed with incident hyper-
tension after the 15 to 90-day BP measurement during 
the entire follow-up period.

The HR of developing incident hypertension was 
statistically significantly higher for those with elevated 
(140 versus 120 mm Hg) systolic BP (HR, 1.81 [95% 
CI, 1.46–2.24]) but not for those with elevated (90 
versus 70 mm Hg) diastolic BP (HR, 1.18 [95% CI, 
0.88–1.58]). See Table S4 and Figure S2 for HRs and 
95% CIs for all model covariates. Eclampsia/severe 
preeclampsia versus gestational hypertension, older 
maternal age, Black versus White race, and current 
smoking were associated with a higher hazards of inci-
dent hypertension. HR for other variables included in 
the model are available in Table S4 and Figure S2. No 
covariates demonstrated strong deviations from the 
proportional hazards assumption (Figure S5). In the 
sensitivity analyses that were restricted to only women 
whose comprehensive visit BP was performed by: (1) 
an obstetric or primary care specialty provider, or (2) an 
obstetric provider, the results were similar (Table S3 and 
Figure S3). In a sensitivity analysis in which we used 
inverse probability weighting to target the population of 

otherwise eligible individuals, including those who never 
had a 15 to 90 day BP check, the results were similar 
to the primary analysis (HR for systolic blood pressure 
140 versus 120 mm Hg 1.96 [95% CI 1.49–2.56]; HR 
for DBP 90 versus 70 mm Hg 1.10 [95% CI 0.77–1.55]; 
Table S4 and Figure S4).

Figure 2 shows the modeled cumulative incidence of 
hypertension within 12 months after the 15 to 90 day 
BP check for specific postpartum BPs categories: opti-
mal, at-risk, Stage 1 hypertension and Stage 2 hyperten-
sion.16,22 For the figure, we chose a time period of 12 
months after the BP check for visualization, since by 
current guidelines, all women should have had a primary 
care transition in that time period. These plots were cre-
ated based on the Cox models fit in the primary analy-
sis, which did allow for follow-up later than 1 year (ie, 
no administrative censoring at 1 year). However, we felt 
that showing the estimates of cumulative incidences 
for 1 year after the postpartum BP check would be a 
clinically relevant time period. The other covariates in the 
model were set at the typical values in our sample (ie, 
median values for continuous and most common values 
for categorical variables). For women with a BP in the 
optimal range (110/65 mm Hg), the risk of being diag-
nosed with hypertension by 12 months after the 15 to 
90 day BP measurement was 4.5% (95% CI, 2.8%–
6.1%). For women with a systolic BP of 140 mm Hg and 
diastolic BP of 90 mm Hg, the risk was 12.9% (95% CI, 
8.4%–17.2%).

DISCUSSION
Among women diagnosed with HDPs at 2 academic 
health systems, >1 in 10 women developed incident 
hypertension after delivery. Higher systolic BP at the 15 
to 90 days postpartum was associated with a greater 
risk; diastolic BP was not significantly associated with 
incident hypertension. The proportion of individuals with-
out a 15 to 90 days postpartum BP was high (40%) 
despite our inclusion of any BP completed during any 
clinical interaction in the 2 health systems. Over 90% of 
the 15 to 90 days postpartum BP evaluations were con-
ducted by obstetric providers. During the study period, 
the early BP screening recommendation for individuals 
who experience HDPs was relatively new, the guide-
line having been first published in November 2013.23 
Our findings are consistent with other studies in that 
only about 40% to 60% of patients with HDPs have a 
postpartum BP check during the first 90 days postpar-
tum.24–26 Among women who had a 15 to 90-day BP 
check, only 20% had an early (<15 days) BP check as 
recommended.

There is relatively little data in US populations about 
the risk of developing hypertension during the first year 
after a birth complicated by an HDP. In a Danish cohort 
(1995–2007), the hazards of developing hypertension 

Figure 1. Study flowchart of included patients for analysis 
of incident hypertension after an hypertensive disorder of 
pregnancy (HDP).
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in the year after delivery was 12 to 25-fold higher than 
for individuals without an HDP. The hazards ratios were 
lower for later time points, suggesting that the first year 
after pregnancy may be a particularly common time to 
diagnose hypertension.27 In a Scottish study (1951–
1970) increasing severity of the HDP was associated 
with higher odds of incident hypertension was (1.95 for 
gestational hypertension and 2.97 for preeclampsia/
eclampsia).28 We found increased hazards among Black 
versus White participants, and there are very little data 
investigating these associations.29,30 Our group has also 
demonstrated that early BP screening is associated with 
increased detection of other incident cardiovascular risk 
factors.31

The strengths of our study include a large sample size 
allowing us to follow patients with HDPs for a median of 
9.9 months after measuring a BP 15 to 90 days postpar-
tum. The study used routinely collected electronic health 
data and thus is reflective of real-world clinical practice 
and applicable to others seeking to use such data to per-
form population surveillance and quality improvement. 
Our population was diverse by race, ethnicity, zip code 
median income, clinical risk factors for hypertension and 
insurance status, which is rare in studies of HDPs.30

This study was limited by the retrospective nature of 
this electronic health data. Due to this, we were limited to 
BP measurements and other data that were ascertained 
during the course of typical care in 2 academic health 
systems. Therefore, about 40% of our analytic population 
was excluded from the primary analysis because they 
never had a BP check reported in 15 to 90 days post-
partum. Other studies have also found that up to 40% 
of individuals with HDPs never return for a postpartum 
visit leading, a proportion similar to what we found in our 
study.9 In addition, patients who delivered in these health 
systems may have been transferred from geographically 
distant areas in the state specifically because of their 
diagnosis of HDP and may have subsequently received 
postpartum care and timely BP back in their own com-
munity not affiliated with the health systems leading to 
missing BP measurements for those individuals. There 
is also a small chance that BP may have been measured 
during a visit but not recorded in the chart. To maximize 
our included sample, we included all BPs measured in 
the time period and not just primary care and obstetric 
measurements. We also presented differences between 
the excluded versus included population in our supple-
ment. Individuals included in our analysis were older, more 

Figure 2. Cumulative incidences and 95% CIs for diagnosis of incident hypertension after an hypertensive disorder of 
pregnancy (HDP; n=2520, m=316 events), by postpartum blood pressure (BP) category.
Other covariates were set to typical values in the data set, so these predicted cumulative incidences are for a hypothetical woman with a 
nonsevere clinical profile. For example, these predictions are for a non-Hispanic White woman age 29 with preeclampsia, no gestational 
diabetes, a never smoker, and body mass index (BMI) of 34.7 kg/m2.
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likely to be White, less likely to be Hispanic, more likely 
to be married, more likely to be commercially insured, 
and less likely to smoke than individuals excluded from 
the study. Many of these differences are associated 
with better access to health care in general and likely 
impacted these individuals’ ability to receive recom-
mended postpartum care.32,33 We mitigated this limitation 
by performing a sensitivity analysis using inverse prob-
ability weighting to target the entire potentially eligible 
set of participants, which included those who had a BP 
measured 15 to 90 days postpartum and those who did 
not have BP measured in this time frame. However, the 
results for this entire set of participants were similar to 
the results for the primary analysis. Half of the participant 
exclusions were due to preexisting hypertension, which 
likely explains the differential distribution of CVD risk 
factors (ie, age and smoking) between those included 
versus not included in the primary analysis.

Another limitation is that our outcome of incident 
hypertension was a clinical diagnosis that relied upon 
ICD-10-CM codes. Use of these codes to identify hyper-
tension is consistent with expected population estimates 
of hypertension and is frequently used as an outcome 
in studies of long-term risk after HDP.34,35 The potential 
for misclassification of HDPs by ICD-10-CM codes also 
exists; however, validation studies have shown that these 
codes used together have very high (>95%) specificity 
and sensitivity for any HDP, as well as very high specificity 
for each subcategory.36 We felt that using BP measure-
ments to define the outcome would have been subject 
to more bias since we do not have contextual informa-
tion such as medication use to help us interpret these 
BPs. The hazards of receiving an ICD-10-CM diagnosis 
of hypertension may be impacted by clinical decision-
making. For example, older women may have been more 
likely to be given the diagnosis of hypertension by their 
providers than younger women with the same BP mea-
surements. This study may not be generalizable outside 
the US South or to patients who deliver at nonacademic 
hospitals.

Our study has several important implications for future 
policy related to appropriate postpartum care. First, cur-
rent clinical guidelines for postpartum BP evaluation 
in individuals with HDP were not consistently applied. 
There are health system level barriers (eg, insufficient 
patient education or difficulty accessing appointments) 
and patient-level barriers (eg, transportation or caring for 
a newborn) to receiving this care.33,37 Opportunities exist 
for the use of electronic health data to identify eligible 
patients and offer BP screening after an HDP when it 
has not yet occurred. This could be paired with programs 
to remove barriers for patients, such as home monitor-
ing, telehealth, and home visitors.24,38 Second, given the 
significant numbers of individuals diagnosed with inci-
dent hypertension regardless of the severity of HDP or 
BP measurement postpartum, preventive guidelines for 

long-term health should be consistent and should pri-
oritize early lifestyle modification and control of BP and 
other CVD risk factors. All providers who see patients 
who have experienced HDPs should be aware of poten-
tial risks and should identify and manage hypertension 
early. Future research should explore preventive inter-
ventions to improve hypertension management for indi-
viduals who experience HDPs, ideally codesigned with 
patients so as to address the unique needs and experi-
ences of the postpartum period.39,40

PERSPECTIVES
Postpartum visits, including BP checks, have been rec-
ommended for some time by ACOG and the AHA. How-
ever, in our cohort, these screenings were not being 
completed for many patients who have HDPs. Though 
higher systolic BPs measured in the postpartum period 
were associated with a higher hazard of being diag-
nosed with hypertension after the postpartum BP check, 
we found that even among participants with ideal BPs 
of 110/65 and no history of chronic hypertension, 1 in 
20 were diagnosed with hypertension within the first 
year postpartum. Therefore, it is important for provid-
ers of all kinds, especially obstetric and primary care 
providers, to screen patients for a history of HDP, to 
educate patients about their cardiovascular risk, and to 
recommend BP screening within the year postpartum 
to diagnose and optimally manage any hypertension 
that occurs.41 Evidence-based guidelines agreed upon 
and implemented by obstetric and primary care provid-
ers are needed.

ARTICLE INFORMATION
Received December 29, 2024; accepted August 27, 2025.

Affiliations
University of North Carolina School of Medicine, Department of Obstetrics and 
Gynecology, Division of General Obstetrics, Gynecology, and Midwifery, Chapel 
Hill (R.P.U.). Department of Health Outcomes Research and Policy, Harrison Col-
lege of Pharmacy, Auburn University, AL (M.S.L.). Division of Pharmacotherapy 
and Experimental Therapeutics, UNC Eshelman School of Pharmacy, University 
of North Carolina at Chapel Hill (M.S.L.). Indiana University School of Medicine, 
Department of Obstetrics and Gynecology, Division of Maternal Fetal Medicine, 
Indianapolis (J.D.J.). Department of Medicine, Division of Cardiology, Duke Clini-
cal Research Institute (T.Y.W., M.A.D.), Department of Obstetrics and Gynecology, 
Division of Reproductive Endocrinology and Infertility (T.M.P.), Duke University, 
Durham, NC.

Sources of Funding
Research reported in this publication was supported by the National Center for 
Advancing Translational Sciences of the National Institutes of Health (NIH) under 
2 Institutional Awards. The content of this article is solely the responsibility of the 
authors and does not necessarily represent the official views of the NIH.

Disclosures
None.

Supplemental Material
Tables S1–S5
Figures S1–S6



Urrutia et al Incident Hypertension After Pregnancy Hypertension

Original





 A
rticle




280    February 2026� Hypertension. 2026;83:e24393. DOI: 10.1161/HYPERTENSIONAHA.124.24393

REFERENCES
	 1.	 Garcia M, Mulvagh SL, Merz CNB, Buring JE, Manson JE. Cardiovascular 

disease in women: clinical perspectives. Circ Res. 2016;118:1273–1293. 
doi: 10.1161/CIRCRESAHA.116.307547

	 2.	 McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux PJ. Cardiovas-
cular sequelae of preeclampsia/eclampsia: a systematic review and meta-
analyses. Am Heart J. 2008;156:918–930. doi: 10.1016/j.ahj.2008.06.042

	 3.	 Malek AM, Wilson DA, Turan TN, Mateus J, Lackland DT, Hunt KJ. Mater-
nal coronary heart disease, stroke, and mortality within 1, 3, and 5 years 
of delivery among women with hypertensive disorders of pregnancy and 
pre-pregnancy hypertension. J Am Heart Assoc. 2021;10:e018155. doi: 
10.1161/JAHA.120.018155

	 4.	 American College of Obstetricians and Gynecologists practice bulle-
tin no. 202: gestational hypertension and preeclampsia. Obstet Gynecol. 
2019;133:1. doi: 10.1097/AOG.0000000000003018

	 5.	 Garovic VD, Dechend R, Easterling T, Karumanchi SA, McMurtry Baird S, 
Magee LA, Rana S, Vermunt JV, August P; American Heart Association 
Council on Hypertension; Council on the Kidney in Cardiovascular Disease, 
Kidney in Heart Disease Science Committee; Council on Arteriosclerosis, 
Thrombosis and Vascular Biology; Council on Lifestyle and Cardiometa-
bolic Health; Council on Peripheral Vascular Disease; and Stroke Council. 
Hypertension in pregnancy: diagnosis, blood pressure goals, and pharmaco-
therapy: a scientific statement from the American Heart Association. Hyper-
tension. 2022;79:e21–e41. doi: 10.1161/HYP.0000000000000208

	 6.	 American College of Obstetricians and Gynecologists’ Presidential Task 
Force on Pregnancy and Heart Disease and Committee on Practice Bul-
letins—Obstetrics. American College of Obstetricians and Gynecologists 
practice bulletin no. 212: pregnancy and heart disease. Obstet Gynecol. 
2019;133:e320–e356. doi: 10.1097/AOG.0000000000003243

	 7.	 American College of Obstetricians and Gynecologists. American Col-
lege of Obstetricians and Gynecologists committee opinion no. 736: 
optimizing postpartum care. Obstet Gynecol. 2018;131:e140–e150. doi: 
10.1097/AOG.0000000000002633

	 8.	 Parikh NI, Gonzalez JM, Anderson CAM, Judd SE, Rexrode KM, Hlatky MA, 
Gunderson EP, Stuart JJ, 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;143:e902–e916. doi: 10.1161/CIR.0000000000000961

	 9.	 Robbins CL, Deputy NP, Patel R, Vong VT, Oakley LP, Yoon J, Bui LN, 
Harvey SM. Postpartum care utilization among women with medicaid-
funded live births in Oegon. Matern Child Health J. 2021;25:1164–1173. 
doi: 10.1007/s10995-021-03128-0

	10.	 Wu P, Haththotuwa R, Kwok CS, Babu A, Kotronias RA, Rushton C, Zaman A, 
Fryer AA, Kadam U, Chew-Graham CA, et al. Preeclampsia and future cardio-
vascular health: a systematic review and meta-analysis. Circ Cardiovasc Qual 
Outcomes. 2017;10:e003497. doi: 10.1161/circoutcomes.116.003497

	11.	 Walters KM, Jojic A, Pfaff ER, Rape M, Spencer DC, Shaheen NJ, Lamm B, 
Carey TS. Supporting research, protecting data: one institution’s approach to 
clinical data warehouse governance. J Am Med Inform Assoc. 2022;29:707–
712. doi: 10.1093/jamia/ocab259

	12.	 American College of Obstetricians and Gynecologists’ Committee on Prac-
tice Bulletins—Obstetrics. American College of Obstetricians and Gynecolo-
gists practice bulletin no. 203: chronic hypertension in pregnancy. Obstet 
Gynecol. 2019;133:e26–e50. doi: 10.1097/AOG.0000000000003020

	13.	 Schausberger CE, Jacobs VR, Bogner G, Wolfrum-Ristau P, Fischer T. 
Hypertensive disorders of pregnancy – a life-long risk?! Geburtshilfe Frauen-
heilkd. 2013;73:47–52. doi: 10.1055/s-0032-1328172

	14.	 Bramham K, Nelson-Piercy C, Brown MJ, Chappell LC. Postpartum man-
agement of hypertension. BMJ. 2013;346:f894. doi: 10.1136/bmj.f894

	15.	 Sibai BM. Etiology and management of postpartum hypertension- 
preeclampsia. Am J Obstet Gynecol. 2012;206:470–475. doi: 
10.1016/j.ajog.2011.09.002

	16.	 Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, 
Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, 
et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APHA/ASH/ASPC/
NMA/PCNA Guideline for the prevention, detection, evaluation, and 
management of high blood pressure in adults: a report of the Ameri-
can College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. J Am Coll Cardiol. 2018;71:e127–e248. doi: 
10.1016/j.jacc.2017.11.006

	 17.	 Polubriaginof FCG, Ryan P, Salmasian H, Shapiro AW, Perotte A, Safford MM, 
Hripcsak G, Smith S, Tatonetti NP, Vawdrey DK. Challenges with quality of 
race and ethnicity data in observational databases. J Am Med Inform Assoc. 
2019;26:730–736. doi: 10.1093/jamia/ocz113

	18.	 R: the R project for statistical computing. Accessed June 2, 2022. https://
www.r-project.org/

	19.	 Harrell FE. Binary logistic regression. In: Regression Modeling Strate-
gies. Springer Series in Statistics. Springer International Publishing; 
2015:219–274.

	20.	 van Buuren S, Groothuis-Oudshoorn K. mice: Multivariate imputa-
tion by chained equations in R. J Stat Softw. 2011;45:1–67. doi: 
10.32614/cran.package.mice

	21.	 Greifer N. WeightIT: weighting for covariate balance in observational studies. 
R package; 2025.

	22.	 McEvoy JW, McCarthy CP, Bruno RM, Brouwers S, Canavan MD, Ceconi C, 
Christodorescu RM, Daskalopoulou SS, Ferro CJ, Gerdts E, et al; ESC Sci-
entific Document Group . 2024 ESC guidelines for the management of ele-
vated blood pressure and hypertension. Eur Heart J. 2024;45:3912–4018. 
doi: 10.1093/eurheartj/ehae178

	23.	 The American College of O and G. Hypertension in pregnancy. Report of 
the American College of Obstetricians and Gynecologists’ task force on 
hypertension in pregnancy. Obstet Gynecol. 2013;122:1122–1131. doi: 
10.1097/01.AOG.0000437382.03963.88

	24.	 Suresh SC, Duncan C, Kaur H, Mueller A, Tung A, Perdigao JL, Khosla K, 
Dhir R, Stewart K, Wallace K, et al. Postpartum outcomes with systematic 
treatment and management of postpartum hypertension. Obstet Gynecol. 
2021;138:777–787. doi: 10.1097/AOG.0000000000004574

	25.	 Hauspurg A, Countouris ME, Catov JM. Hypertensive disorders of 
pregnancy and future maternal health: how can the evidence guide 
postpartum management? Curr Hypertens Rep. 2019;21:96. doi: 
10.1007/s11906-019-0999-7

	26.	 Romagano MP, Williams SF, Apuzzio JJ, Sachdev D, Flint M, 
Gittens-Williams L. Factors associated with attendance at the postpartum 
blood pressure visit in pregnancies complicated by hypertension. Pregnancy 
Hypertens. 2020;22:216–219. doi: 10.1016/j.preghy.2020.10.003

	 27.	 Behrens I, Basit S, Melbye M, Lykke JA, Wohlfahrt J, Bundgaard H, 
Thilaganathan B, Boyd HA. Risk of post-pregnancy hypertension in women 
with a history of hypertensive disorders of pregnancy: nationwide cohort 
study. BMJ. 2017;358:j3078. doi: 10.1136/bmj.j3078

	28.	 Wilson BJ, Watson MS, Prescott GJ, Sunderland S, Campbell DM, 
Hannaford P, Smith WCS. Hypertensive diseases of pregnancy and risk 
of hypertension and stroke in later life: results from cohort study. BMJ. 
2003;326:845. doi: 10.1136/bmj.326.7394.845

	29.	 Ross KM, Guardino C, Dunkel Schetter C, Hobel CJ. Interactions between 
race/ethnicity, poverty status, and pregnancy cardio-metabolic dis-
eases in prediction of postpartum cardio-metabolic health. Ethn Health. 
2020;25:1145–1160. doi: 10.1080/13557858.2018.1493433

	30.	 Johnston A, Tseung V, Dancey SR, Visintini SM, Coutinho T, Edwards JD. 
Use of race, ethnicity, and national origin in studies assessing cardiovascular 
risk in women with a history of hypertensive disorders of pregnancy. CJC 
Open. 2021;3:S102–S117. doi: 10.1016/j.cjco.2021.08.002

	31.	 Daubert MA, Stebbins A, Peragallo-Urrutia R, Chiswell K, Loop MS, 
Harding C, Price T, Wang TY. Early postpartum blood pressure screening is 
associated with increased detection of cardiovascular risk factors in women 
with hypertensive disorders of pregnancy. Am Heart J. 2024;273:130–139. 
doi: 10.1016/j.ahj.2024.03.014

	32.	 Shi L, Stevens GD. Vulnerability and unmet health care needs. The influ-
ence of multiple risk factors. J Gen Intern Med. 2005;20:148–154. doi: 
10.1111/j.1525-1497.2005.40136.x

	33.	 DiBari JN, Yu SM, Chao SM, Lu MC. Use of postpartum care: predictors and 
barriers. J Pregnancy. 2014;2014:530769. doi: 10.1155/2014/530769

	34.	 Wu P, Gifford A, Meng X, Li X, Campbell H, Varley T, Zhao J, Carroll R, 
Bastarche L, Denny JC, et al. Mapping ICD-10 and ICD-10-CM codes to 
phecodes: workflow development and initial evaluation. JMIR Med Inform. 
2019;7:e14325. doi: 10.2196/14325

	35.	 Panozzo CA, Woodworth TS, Welch EC, Huang TY, Her QL, Haynes K, 
Rogers C, Menzin TJ, Ehrmann M, Freitas KE, et al. Early impact of the 
ICD-10-CM transition on selected health outcomes in 13 electronic health 
care databases in the United States. Pharmacoepidemiol Drug Saf. 
2018;27:839–847. doi: 10.1002/pds.4563

	36.	 Labgold K, Stanhope KK, Joseph NT, Platner M, Jamieson DJ, 
Boulet SL. Validation of hypertensive disorders during pregnancy: ICD-10 
codes in a high-burden southeastern united states hospital. Epidemiology. 
2021;32:591–597. doi: 10.1097/EDE.0000000000001343

https://www.r-project.org/
https://www.r-project.org/


Original Article

Hypertension. 2026;83:e24393. DOI: 10.1161/HYPERTENSIONAHA.124.24393� February 2026    281

Incident Hypertension After Pregnancy HypertensionUrrutia et al

	 37.	 Wouk K, Kinlaw AC, Farahi N, Pfeifer H, Yeatts B, Paw MK, Robinson WR. 
Correlates of receiving guideline-concordant postpartum health services in 
the community health center setting. Womens Health Rep (New Rochelle). 
2022;3:180–193. doi: 10.1089/whr.2021.0084

	38.	 Marko KI, Krapf JM, Meltzer AC, Oh J, Ganju N, Martinez AG, Sheth SG, 
Gaba ND. Testing the feasibility of remote patient monitoring in prenatal 
care using a mobile app and connected devices: a prospective observational 
trial. JMIR Res Protoc. 2016;5:e200. doi: 10.2196/resprot.6167

	39.	 Beckham AJ, Urrutia RP, Sahadeo L, Corbie-Smith G, Nicholson W. “we know 
but we don’t really know”: diet, physical activity and cardiovascular disease pre-
vention knowledge and beliefs among underserved pregnant women. Matern 
Child Health J. 2015;19:1791–1801. doi: 10.1007/s10995-015-1693-2

	40.	 Tully KP, Stuebe AM, Verbiest SB. The fourth trimester: a critical transi-
tion period with unmet maternal health needs. Am J Obstet Gynecol. 
2017;217:37–41. doi: 10.1016/j.ajog.2017.03.032

	41.	 Lewey J, Beckie TM, Brown HL, Brown SD, Garovic VD, Khan SS, Miller EC, 
Sharma G, Mehta LS; American Heart Association Cardiovascular Disease 
and Stroke in Women and Underrepresented Populations Committee of the 
Council on Clinical Cardiology; Council on Cardiopulmonary, Critical Care, 
Perioperative and Resuscitation; and Council on Cardiovascular and Stroke 
Nursing. Opportunities in the postpartum period to reduce cardiovascular 
disease risk after adverse pregnancy outcomes: a Scientific Statement 
From the American Heart Association. Circulation. 2024;149:e330–e346. 
doi: 10.1161/CIR.0000000000001212


