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Abstract

IMPORTANCE Women who had a hypertensive disorder of pregnancy (HDP) have a well-
documented risk of chronic hypertension within a few years of delivery, but management of
postpartum hypertension among these women remains inconsistent.

OBJECTIVE To assess the incidence of initiation of antihypertensive medication use in the first 2
years after delivery by HDP status and antenatal antihypertensive medication use.

DESIGN, SETTING, AND PARTICIPANTS This Danish register-based cohort study used data from
women with at least 1 pregnancy lasting 20 or more gestational weeks (only the first pregnancy in the
period was considered) who delivered from January 1, 1995, to December 31, 2018. Statistical
analysis was conducted from October 2022 to September 2023.

EXPOSURE Hypertensive disorders of pregnancy.

MAIN OUTCOMES AND MEASURES Cumulative incidences and hazard ratios of initiating
antihypertensive medication use within 2 years post partum (5 postpartum time intervals) by HDP
status and antenatal medication use.

RESULTS The cohort included 784 782 women, of whom 36 900 (4.7% [95% CI, 4.7%-4.8%]) had
an HDP (HDP: median age at delivery, 29.1 years [IQR, 26.1-32.7 years]; no HDP: median age at
delivery, 29.0 years [IQR, 25.9-32.3 years]). The 2-year cumulative incidence of initiating postpartum
antihypertensive treatment ranged from 1.8% (95% CI, 1.8%-1.8%) among women who had not had
HDPs to 44.1% (95% CI, 40.0%-48.2%) among women with severe preeclampsia who required
antihypertensive medication during pregnancy. Most women who required postpartum
antihypertensive medication after an HDP initiated use within 3 months of delivery (severe
preeclampsia, 86.6% [95% CI, 84.6%-89.4%]; preeclampsia, 75.3% [95% CI, 73.8%-76.2%]; and
gestational hypertension, 75.1% [95% CI, 72.9%-77.1%]). However, 13.4% (95% CI, 11.9%-14.1%) of
women with severe preeclampsia, 24.7.% (95% CI, 24.0%-26.0%) of women with preeclampsia,
24.9% (95% CI, 22.5%-27.5%) of women with gestational hypertension, and 76.7% (95% CI, 76.3%-
77.1%) of those without an HDP first filled a prescription for antihypertensive medication more than
3 months after delivery. Women with gestational hypertension had the highest rate of initiating
medication after more than 1 year post partum, with 11.6% (95% CI, 10.0%-13.2%) starting treatment
after this period. Among women who filled a prescription in the first 3 months post partum, up to
55.9% (95% CI, 46.2%-66.1%) required further prescriptions more than 3 months post partum,
depending on HDP status and antenatal medication use.

CONCLUSIONS AND RELEVANCE In this cohort study of postpartum women, the incidence of
initiation of postnatal antihypertensive medication use varied by HDP status, HDP severity, and
antenatal antihypertensive medication use. Up to 24.9% of women initiated antihypertensive
medication use more than 3 months after an HDP, with up to 11.6% initiating treatment after 1 year.
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Abstract (continued)

Routine postpartum blood pressure monitoring might prevent diagnostic delays in initiation of
antihypertensive medication use and improve cardiovascular disease prevention among women.

JAMA Network Open. 2024;7(8):e2426394. doi:10.1001/jamanetworkopen.2024.26394

Introduction

In Denmark, hypertensive disorders of pregnancy (HDPs) affect approximately 2% to 5% of
pregnancies.1 Although women who had HDPs have postpartum risks of chronic hypertension that
are up to 10 times those observed among women with no history of HDPs and substantially increased
long-term risks of cardiovascular disease and renal dysfunction,2-8 postpartum management of
women who had HDPs is inconsistent and fragmented.

Persistent high blood pressure 6 weeks after a pregnancy complicated by an HDP is associated
with later chronic hypertension,9 which increases the risk of cardiovascular disease.10,11 However,
randomized clinical trials have shown that strict blood pressure control in the immediate postpartum
period produces reductions in diastolic blood pressure that persist 3 to 4 years post partum,12,13

suggesting that, to mitigate cardiovascular disease risk and improve long-term outcomes among
women who had HDPs, women who continue to have hypertension after delivery should
immediately initiate treatment with antihypertensive medication and be strictly managed until they
no longer have hypertension.9-11,14

Understanding existing postpartum care patterns would help health care systems to determine
what efforts are needed to deliver appropriate postpartum follow-up to women who had HDPs and
address persistent postpartum hypertension as early as possible, but data on current practices are
lacking. Therefore, in a cohort of more than 780 000 women with pregnancies in Denmark from
1995 to 2018, we investigated the timing, cumulative incidence, and relative risk of initiating
antihypertensive medication use within 2 years of delivery among women with or without an HDP.

Methods

Study Cohort
Using the Danish Civil Registration System, the Medical Birth Register, and the National Patient
Register,15-17 we identified all Danish residents with a pregnancy lasting at least 20 weeks who
delivered in Denmark (live birth or stillbirth) from January 1, 1995, to December 31, 2018. For women
with more than 1 pregnancy in this period, we considered only the first pregnancy to ensure that
medication use in the postpartum period was associated with events in the pregnancy immediately
before and not with events occurring in an earlier pregnancy. We excluded from the cohort women
with major congenital defects as defined by EUROCAT (European Surveillance of Congenital
Anomalies),18 women with cardiovascular disease registered before pregnancy, and women with
hypertension diagnosed or treated before week 20 of the study pregnancy (see eAppendix in
Supplement 1 for definitions). This study was approved by Statens Serum Institut’s Department of
Data Protection and Information Security and registered with the Danish Data Protection Agency.
Under Danish law, neither informed consent nor ethics committee approval is required for strictly
register-based studies. The analyses and presentation of results followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline for
cohort studies.

HDPs and Postpartum Initiation of Antihypertensive Medication Use
Using the National Patient Register, we considered women to have had an HDP if they were
registered with a diagnosis of gestational hypertension (GH), preeclampsia without severe features
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(hereafter, preeclampsia), or preeclampsia with severe features, including the HELLP (hemolysis,
elevated liver enzymes and low platelets) syndrome and eclampsia (hereafter, severe preeclampsia)
(see eAppendix in Supplement 1 for details).

We considered a woman to have initiated postpartum use of antihypertensive medication if the
National Prescription Registry19 showed that she filled at least 1 prescription for a β-blocking agent,
a calcium channel blocker, an agent acting on the renin-angiotensin system (hereafter, renin-
angiotensin system blockers), a diuretic, or another specified antihypertensive agent in the
postpartum period (see Appendix in Supplement 1 for Anatomic Therapeutic Chemical codes). Filled
prescriptions are registered automatically via the Danish personal identification number,16 ensuring
that registration of filled prescriptions is virtually complete.

Statistical Analysis
Statistical analysis was conducted from October 2022 to September 2023. We estimated cumulative
incidences of postpartum initiation of antihypertensive medication use and hazard ratios (HRs) for
initiation of medication use. In both types of analyses, we followed up with women from their date of
delivery until the first of the following: (1) date of filling a prescription for antihypertensive
medication, (2) 2 years had elapsed since delivery, (3) week 20 of their second pregnancy in the
study period, (4) death, (5) emigration, (6) registration as “missing” in the Danish Civil Registration
System,16 or (7) December 31, 2018 (end of follow-up).

When estimating the 2-year cumulative incidence of postpartum initiation of antihypertensive
medication use, we stratified the analyses by type of HDP (none, GH, preeclampsia, or severe
preeclampsia) and whether antenatal antihypertensive medication was prescribed after 20 weeks’
gestation, presumably to counter new-onset hypertension in pregnancy. In addition, we further
categorized women according to whether they delivered preterm (<37 gestational weeks) and
whether their infant was small for gestational age (birth weight for gestational age and sex <10th
percentile), and determined the proportion of women in each subgroup who initiated use of
antihypertensive medication within 2 years of delivery. Among women who filled a prescription
within 3 weeks of delivery, we then estimated the cumulative incidence of filling another prescription
more than 3 months post partum to illustrate the proportion of women whose post-HDP
hypertension did not resolve after an initial course of treatment. In this analysis, we followed up with
the women from 3 months post partum until the first of the outcomes listed.

Using Cox proportional hazards regression with maternal age as the underlying time scale, we
estimated HRs for postpartum initiation of antihypertensive medication use, comparing women with
and women without HDPs. Because checks of the proportional hazards assumption showed that it
did not hold over the entire 2-year follow-up period, we present HRs stratified by intervals of time
elapsed since delivery (<3 months, 3-5 months, 6-11 months, 12-17 months, and 18-23 months), within
which the HRs were piecewise constant. We adjusted our analyses for maternal birth year to
accommodate changes in HDP definitions and treatment over time. Finally, we examined the
maximum number of different medications used in any 1-month period during the first 2 postpartum
years (or up to 20 weeks’ gestation in a next pregnancy) and investigated whether the class of
medication first prescribed varied by time elapsed between delivery and initiation of treatment and
HDP status. All P values were from 2-sided tests and results were deemed statistically significant at
P < .05.

Results

The study cohort included 784 782 women with at least 1 pregnancy from 1995 to 2018, of whom
36 900 (4.7% [95% CI, 4.7%-4.8%]) had an HDP (HDP: median age at delivery, 29.1 years [IQR, 26.1-
32.7 years]; no HDP: median age at delivery, 29.0 years [IQR, 25.9-32.3 years]). Cohort characteristics
delivery are shown by type of HDP in Table 1. Information on maternal birth year, age at delivery, and
date of delivery was available for the entire cohort, as registration of these key variables is virtually
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complete for Danish residents. Information on gestational age at delivery was missing for 1.6% of the
cohort, and information on birth weight was missing for 0.8% of the cohort, such that classification
of offspring birth weight for gestational age was missing for 2.4% of women. In the last half of
pregnancy, 3862 women (0.5% [95% CI, 0.5%-0.5%]) filled 1 or more outpatient prescriptions for
antihypertensive medication.

Cumulative Incidence of Initiating Postpartum Antihypertensive Medication Use
Overall, 17 897 women (2.3% [95% CI, 2.3%-2.3%]) initiated use of antihypertensive medication
during the first 2 years post partum. For 161 480 women (20.6% [95% CI, 20.5%-20.7%]), follow-up
ended without medication use but before 2 years had elapsed; the most common reason for an early
end to follow-up was a new pregnancy (150 476 of 161 480 [93.2%]), followed by emigration (9909
of 161 480 [6.1%]), death (916 of 161 480 [0.6%]), and disappearance from the registers (179 of
161 480 [0.1%]).

Figure 1 shows the cumulative incidence of initiating postpartum use of antihypertensive
medication by HDP status and use of antenatal antihypertensive medication. Most women requiring
antihypertensive medication post partum initiated use within 3 months of delivery, during which
time the cumulative incidence of filling a first prescription ranged from 7.5% (95% CI, 7.0%-8.0%) to
38.3% (95% CI, 34.4%-42.5%) after an HDP (eTable 1 in Supplement 1). Women with HDPs who
required antenatal antihypertensive medication had the highest 2-year incidences of postpartum
medication use (after severe preeclampsia, 44.1% [95% CI, 40.0%-48.2%]; after GH, 37.5% [95% CI,

Table 1. Cohort Characteristics at Delivery After the First Pregnancy of at Least 20 Weeks’ Duration by Type
of Hypertensive Disorder of Pregnancy, 1995-2018, Denmark

Maternal characteristic

No. (%)
No hypertensive disorder
of pregnancy
(n = 747 882)

Gestational
hypertension
(n = 8772)

Preeclampsia
(n = 20 051)

Severe preeclampsia
(n = 8077)

Maternal age, y

<25 142 708 (19.1) 1290 (14.7) 3954 (19.7) 1439 (17.8)

25-29 294 713 (39.4) 3310 (37.7) 8009 (39.9) 3061 (37.9)

30-34 217 775 (29.1) 2688 (30.6) 5470 (27.3) 2382 (29.5)

35-39 78 106 (10.4) 1179 (13.4) 2130 (10.6) 952 (11.8)

≥40 14 580 (2.0) 305 (3.5) 488 (2.4) 243 (3.0)

Maternal BMIa

<18.5 17 615 (2.4) 115 (1.3) 247 (1.2) 169 (2.1)

18.5-24 234 377 (31.4) 2793 (31.8) 5268 (26.7) 2756 (34.1)

25-29 68 773 (9.2) 1495 (17.0) 2872 (14.3) 1080 (13.4)

30-34 24 027 (3.2) 847 (9.7) 1411 (7.0) 476 (5.9)

35-39 7867 (1.1) 394 (4.5) 645 (3.2) 193 (2.4)

≥40 3458 (0.5) 242 (2.8) 337 (1.7) 117 (1.5)

Not available 391 765 (52.4) 2885 (32.9) 9171 (45.7) 3286 (40.7)

Gestational age at
delivery, wk

<28 2781 (0.4) 17 (0.2) 29 (0.1) 278 (3.4)

28-36 42 287 (5.8) 526 (6.0) 2090 (10.4) 3617 (44.8)

≥37 690 587 (92.3) 8189 (93.4) 17 772 (88.6) 4126 (51.1)

Not available 12 227 (1.6) 40 (0.5) 161 (0.8) 56 (0.7)

Birth weight

Appropriate for
gestational age

571 491 (76.4) 6261(71.4) 13 466 (67.2) 4123 (51.1)

Small for gestational
ageb

96 402 (12.9) 1582 (18.0) 4137 (20.6) 3347 (41.4)

Large for gestational
agec

61 591 (8.2) 830 (9.5) 2120 (10.6) 432 (5.4)

Not available 18 398 (2.4) 99 (1.1) 328 (1.6) 175 (2.1)

Abbreviation: BMI, body mass index (calculated as
weight in kilograms divided by height in
meters squared).
a Available from 2003.
b Birth weight less than the 10th percentile for

gestational age and sex.
c Birth weight higher than the 10th percentile for

gestational age and sex.
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34.1%-41.1%]; and after preeclampsia, 32.2% [95% CI, 29.5%-35.1%] after severe preeclampsia, GH,
and preeclampsia, respectively).

Women who delivered preterm were more likely to initiate antihypertensive medication use
post partum than women who delivered at term (severe preeclampsia, 24.1% [95% CI, 22.8%-25.4%]
vs 20.9% [95% CI, 19.6%-22.1%]; preeclampsia, 16.2% [95% CI, 14.6%-17.8%] vs 10.8% [95% CI,
10.3%-11.3%]; GH, 20.6% [95% CI, 17.2%-24.0%] vs 11.6% [95% CI, 10.9%-12.3%]; no HDP, 2.3%
[95% CI, 2.2%-2.4%] vs 1.7% [95% CI, 1.7%-1.7%]) (eTable 2 in Supplement 1). In contrast, similar
proportions of women with or without small-for-gestational-age infants initiated medication use post
partum (severe preeclampsia, 23.6% [95% CI, 22.2%-25.0%] vs 21.3% [95% CI, 20.1%-22.5%];
preeclampsia, 12.1% [95% CI, 11.1%-13.1%] vs 11.2% [95% CI, 10.7%-11.7%]; GH, 15.3% [95% CI, 13.5%-
17.1%] vs 11.5% [95% CI, 10.8%-12.2%]; no HDP, 1.7% [95% CI, 1.6%-1.8%] vs 1.7% [95% CI,
1.7%-1.7%]) (eTable 2 in Supplement 1).

Timing of Initiation of Postpartum Antihypertensive Medication Use
Most women with an HDP who initiated antihypertensive medication use post partum filled their first
prescription within 3 months of delivery (severe preeclampsia, 86.6% [95% CI, 84.6%-89.4%];

Figure 1. Two-Year Cumulative Incidences of Initiating Postpartum Antihypertensive Medication Use, by Type of Hypertensive Disorder of Pregnancy (HDP)
and Whether or Not Outpatient Prescriptions for Antihypertensive Medication Were Filled During Pregnancy, After a Woman’s First Delivery in the Study Period,
1995-2018, Denmark
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No. at risk

Gestational hypertension, with outpatient prescription(s) for antenatal
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Preeclampsia, with outpatient prescription(s) for antenatal antihypertensive medication

Preeclampsia with severe features, no outpatient antenatal antihypertensive medication

No HDP, with outpatient prescription(s) for antenatal antihypertensive medication

Preeclampsia, no outpatient antenatal antihypertensive medication
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21
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1511 1399 1372 1349 1300 11911255 10691132
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8033 7453 7399 7311 7123 65626886 57766190

746 369 742 790 740 270 730 999 713 388 654 856687 464 581 015618 934

Preeclampsia with severe features includes eclampsia or the HELLP (hemolysis, elevated
liver enzymes and low platelets) syndrome. A lack of antenatal outpatient prescriptions
for antihypertensive medication does not preclude the receipt of inpatient or outpatient
clinic–based treatment with antihypertensive medication during pregnancy, as

medications dispensed by hospital pharmacies are not registered in the Danish National
Prescription Register (which contains information only on prescriptions filled at
community pharmacies).
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preeclampsia, 75.3% [95% CI, 73.8%-76.2%]; and GH, 75.1% [95% CI, 72.9%-77.1%]). In comparison,
23.3% (95% CI, 22.5%-23.5%) of women without HDPs who initiated antihypertensive medication
use did so within 3 months of delivery. However, 13.4% to 24.9% of women with an HDP (severe
preeclampsia, 13.4% [95% CI, 11.9%-14.1%]; preeclampsia, 24.7.% [95% CI, 24.0%-26.0%]; GH,
24.9% [95% CI, 22.5%-27.5%]) first initiated antihypertensive medication use more than 3 months
post partum, and 5.5% to 11.6% (severe preeclampsia, 6.5% [95% CI, 5.6%-7.4%]; preeclampsia,
5.5% [95% CI, 4.9%-6.1%]; GH, 11.6% [95% CI, 10.0%-13.2%]) filled their first prescription more than
1 year post partum. Compared with women without HDPs, women with HDPs were 23 to 57 times
more likely to initiate antihypertensive medication use within 3 months of delivery (severe
preeclampsia: HR, 56.9 [95% CI, 53.5-60.5]; preeclampsia: HR, 23.2 [95% CI, 21.9-27.7]; GH: HR, 23.2
[95% CI, 21.4-25.1]) (Table 2). Although HRs decreased thereafter, women with HDPs had rates of
initiation of antihypertensive therapy up to 5 times higher than those observed among women
without HDPs. For women with GH or severe preeclampsia, HRs increased in magnitude from 12 to
17 months to 18 to 23 months (severe preeclampsia: HR at 12-17 months, 1.84 [95% CI, 1.36-2.50]; HR
at 18-23 months, 2.59 [95% CI, 1.99-3.36]; P < .001; preeclampsia: HR at 12-17 months, 2.23 [95% CI,
1.89-2.63]; HR at 18-23 months, 1.99 [95% CI, 1.67-2.38]; P = .22; GH: HR at 12-17 months, 1.94 [95%
CI, 1.47-2.56]; HR at 18-23 months, 2.80 [95% CI, 2.22-3.53]; P < .001) (Table 2).

Number of Filled Postpartum Prescriptions
Depending on HDP type and requirement for antenatal medication, 21.8% (95% CI, 19.5%-24.3%)
to 55.9% (95% CI, 46.2%-66.1%) of women who filled a first postpartum prescription for
antihypertensive medication within 12 weeks of delivery required another prescription more than 3

Table 2. Associations Between Type of HDP and Postpartum Initiation of Antihypertensive Medication Use,
by Time Since Delivery After a Woman’s First Pregnancy, 1995-2018, Denmark

Type of HDP

Time between delivery and filling a first prescription for antihypertensive medication
No. of person-years
(×103) No. of events Incidence ratea HR (95% CI)

At <3 mo

None 185.8 2967 1.6 1 [Reference]

GH 2.0 800 40.0 23.2 (21.4-25.1)

PEb 4.6 1716 37.3 23.2 (21.9-27.7)

Severe PEc 1.7 1568 92.2 56.9 (53.5-60.6)

At 3-5 mo

None 187.2 1509 0.8 1 [Reference]

GH 2.0 56 2.8 3.75 (2.89-4.91)

PEb 4.6 133 2.9 3.70 (3.10-4.42)

Severe PEc 1.6 61 3.8 4.81 (3.72-6.22)

At 6-11 mo

None 364.3 2774 0.8 1 [Reference]

GH 3.9 83 2.1 3.12 (2.50-3.88)

PEb 8.9 153 1.7 2.32 (1.97-2.73)

Severe PEc 3.1 82 2.6 3.66 (2.94-4.57)

At 12-17 mod

None 344.5 2799 0.8 1 [Reference]

GH 3.7 52 1.4 1.94 (1.47-2.56)

PEb 8.4 148 1.8 2.23 (1.89-2.63)

Severe PEc 3.0 42 1.4 1.84 (1.36-2.50)

At 18-23 mod

None 310.4 2694 0.9 1 [Reference]

GH 3.3 74 2.2 2.80 (2.22-3.53)

PEb 76.1 128 1.7 1.99 (1.67-2.38)

Severe PEc 2.7 58 2.2 2.59 (1.99-3.36)

Abbreviations: GH, gestational hypertension; HDP,
hypertensive disorder of pregnancy; HR, hazard ratio;
PE, preeclampsia.
a Incidence rate per 10 000 person-years.
b Preeclampsia without severe features.
c Preeclampsia with severe features.
d Estimates from 12 to 17 months compared with from

18 to 23 months were significantly different for GH
(P < .001) and severe preeclampsia (P < .001).
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months after delivery (Figure 2; eTable 1 in Supplement 1). Women who had GH were more likely to
fill additional prescriptions than women with other forms of HDP, with the majority of such women
filling further prescriptions within 6 months of delivery (Figure 2; eTable 1 in Supplement 1).

Findings in Pregnancies Without HDPs
Women without an HDP diagnosis who did not use antihypertensive medication during pregnancy
had a 2-year cumulative incidence of postpartum initiation of medication use of 1.8% (95% CI, 1.8%-
1.8%) (eTable 1 in Supplement 1); 23.3% (95% CI, 22.5%-23.5%) of these women initiated treatment
within 3 months of delivery. Only 1324 of 747 822 women (0.2%) without an HDP diagnosis were
prescribed antenatal antihypertensive medication, but their 2-year cumulative incidence of
postpartum antihypertensive medication use (13.9% [95% CI, 11.9%-15.3%]) exceeded that of
women with GH (10.0% [95% CI, 9.3%-10.7%]) or preeclampsia (10.4% [95% CI, 9.9%-10.8%])
without filled prescriptions for antenatal medication (Figure 1; eTable 1 in Supplement 1). Among
women without an HDP diagnosis (with or without antenatal medication) who filled a postpartum
prescription for antihypertensive medication, 76.7% (95% CI, 76.3%-77.1%) first did so more than 3
months after delivery and 43.1% (95% CI, 42.7%-43.5%) did so more than 1 year post partum.

Figure 2. Two-Year Cumulative Incidences of Filling a Second Prescription for Antihypertensive Medication Among Women Who Had Filled a First Prescription
Within 12 Weeks of Delivery, by Type of Hypertensive Disorder of Pregnancy (HDP) and Whether or Not Outpatient Prescriptions for Antihypertensive Medication
Were Filled During Pregnancy, After a Woman’s First Delivery in the Study Period, 1995-2018, Denmark
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Preeclampsia with severe features includes eclampsia or the HELLP (hemolysis, elevated
liver enzymes and low platelets) syndrome. A lack of antenatal outpatient prescriptions
for antihypertensive medication does not preclude the receipt of inpatient or outpatient
clinic–based treatment with antihypertensive medication during pregnancy, as

medications dispensed by hospital pharmacies are not registered in the Danish National
Prescription Register (which contains information only on prescriptions filled at
community pharmacies).
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Women without a registered HDP diagnosis who had used antenatal medication were most likely to
fill multiple prescriptions after initiation of postpartum medication use; 55.9% (95% CI,
46.2%-66.1%) required additional prescriptions for antihypertensive medication more than 3
months after delivery (Figure 2; eTable 1 in Supplement 1).

Choice of Postpartum Antihypertensive Medication
When we examined the maximum number of medications used in a 30-day period, overall, most
(92.5% [95% CI, 92.2%-92.9%]) women filling postpartum prescriptions for antihypertensive
medication used a single medication; 6.5% (95% CI, 6.1%-6.9%) used 2 medications, 0.8% (95% CI,
0.7%-0.9%) used 3 medications, and 0.1% (95% CI, 0.5%-0.15%) used 4 or more medications
(eTable 3 in Supplement 1). However, more women with HDPs (up to 20.2% [95% CI, 19.1%-21.3%])
filled prescriptions for more than 1 medication in a 30-day period. The type of medication prescribed
depended on HDP status and timing of postpartum initiation of use (Figure 3). Generally, β-blocking
agents and diuretics were the first-line medications during the study period, followed by renin-
angiotensin system blockers, mostly for women with HDPs. Calcium channel blockers and other
antihypertensive medications were rarely used as first-line therapies. Over the 23-year study period,
use of diuretics gradually decreased, while use of calcium channel blockers and renin-angiotensin
system blockers increased, particularly after 2010 (eFigure in Supplement 1).

Discussion

In a large population-based cohort of women with pregnancies between 1995 and 2018, up to 44.1%
of women who had HDPs initiated antihypertensive medication use within 2 years of delivery, with
most doing so within 3 months of delivery. Women with HDPs were up to 57 times more likely than
women without registered HDPs to fill a first prescription for antihypertensive medication in the first
3 months post partum, with the highest medication initiation rates observed among women who
had had severe preeclampsia. Among women who initiated use of antihypertensive medication
within 3 months of delivery, up to 55.9% filled additional prescriptions thereafter. Although
β-blocking agents and diuretics were the most widely used antihypertensive agents, choice of
medication varied by year of prescription, HDP diagnosis, and timing of initiation of use.

Figure 3. First Choice of Postpartum Antihypertensive Medication by Timing of Prescription Within 2 Years of Delivery Among Women Who Had and Did Not Have
Hypertensive Disorders of Pregnancy (HDPs) in Their First Pregnancy in the Study Period, 1995-2018, Denmark
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Implications of Study Findings for Postpartum Blood Pressure Control Policy
Approximately 40% of women with HDPs may require antihypertensive therapy within 6 weeks of
delivery, emphasizing the need for postpartum follow-up in this group of women.20 The American
College of Obstetricians and Gynecologists recently recommended that after an HDP, women should
have their blood pressure evaluated no later than 7 to 10 days post partum, with additional
monitoring tailored to each woman’s individual needs.21,22 They also highlighted the “fourth-
trimester” care gap that exists because it is unclear which specialty (obstetrics, family practice,
cardiology) should be responsible for postpartum follow-up for these women. The United Kingdom’s
National Institute for Health and Care Excellence also recommends blood pressure monitoring for at
least 14 days post partum for women with preeclampsia, without specifying whether further
monitoring is warranted or who bears the responsibility for such monitoring.23

Tight blood pressure control in the immediate postpartum period produces lasting reductions
in blood pressure,12,13 potentially reducing the risk of long-term cardiovascular disease among
women who had HDPs by more than 30%.10,11,14,24,25 However, among women with HDPs in our
cohort who initiated use of antihypertensive medication post partum, up to one-fourth did so more
than 3 months after delivery, suggesting that a considerable proportion of these women may have
unrecognized or untreated hypertension in the immediate postpartum period. A delay in recognition
and effective management might explain why women who had HDPs exhibited marked increases in
initiation of antihypertensive therapies more than 18 months post partum, compared with women
without HDPs.

The problem of unrecognized and undertreated hypertension among postpartum women is
unlikely to be specific to Denmark and may be even more pronounced in settings without free
universal health care. Moreover, women with GH typically receive less postpartum attention than
women with preeclampsia, although our results suggest that the former were more likely to require
additional antihypertensive medication after an initial postpartum prescription. The natural history of
postpartum blood pressure after HDPs is poorly studied, but 1 small study showed that 50% of
women who had preeclampsia still had hypertension 6 to 12 weeks post partum, both overall and
among women still receiving treatment.14 The lack of robust data does not detract from the
importance of early diagnosis and effective management of persistent postpartum hypertension as
a strategy to reduce long-term cardiovascular disease among these women. In fact, the benefits of
postpartum clinics offering standardized care to women at greatest risk of long-term adverse
outcomes after pregnancies complicated by HDPs are currently being evaluated.26-28 Future
research should evaluate the clinical efficacy of systematic postpartum blood pressure monitoring
and early management of postpartum hypertension in preventing diagnostic delays, decreasing the
burden of chronic hypertension, and improving cardiovascular disease prevention among women
after HDPs.

Choice of Antihypertensive Medication
Overall, women who had HDPs were most frequently first prescribed β-blocking agents post partum,
possibly because they simply continued with the medication they used antenatally, when β-blockers
are often used. However, consistent with recent recommendations that renin-angiotensin system
blockers be the first-line postpartum antihypertensive treatment in women who had HDPs (except in
women of African or Caribbean origin, among whom calcium channel blockers are the preferred
first-line agents),23 we observed a shift toward renin-angiotensin system blocker use later in the
study period among these women. In contrast, women with neither an HDP diagnosis nor antenatal
antihypertensive medication use were primarily prescribed diuretics post partum.

Strengths and Limitations
This study has some strengths. Our cohort’s size allowed us to produce a detailed description of the
initiation of antihypertensive medication use in the immediate postpartum period by HDP diagnosis
and time since delivery. The use of prospectively collected registry data from the entire Danish
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population minimized the risk of selection bias and eliminated the possibility of recall bias.
Hypertensive disorders of pregnancy diagnoses in the National Patient Register have been shown to
have a specificity greater than 99%,29 indicating that most registered diagnoses are correct.
However, the register’s sensitivity for HDPs was only 69% for preeclampsia and 10% for GH,
indicating that many women, particularly those with GH, may not be registered as having had an
HDP, and women with the most severe cases of hypertension in pregnancy may be overrepresented
in our HDP groups, making it difficult to generalize our results to women with milder disease. On the
other hand, women with milder disease (GH in particular) who were managed on an outpatient basis
may have comprised most of the women with no HDP diagnosis who filled prescriptions for
antihypertensive medication during pregnancy. This group likely also included some women with
either undiagnosed or unregistered preexisting chronic hypertension. However, because the
prevalence of chronic hypertension among women of childbearing age in the general population is
low, because our cohort included all Danish residents with pregnancies in the study period, and
because we excluded all women who filled prescriptions for antihypertensive medication before
pregnancy, women with unregistered chronic hypertension were likely only a minority of the group
of women without a registered HDP diagnosis who filled prescriptions for antenatal antihypertensive
medication.

This study also has some limitations. The National Prescription Registry contains information
only on prescriptions filled at community pharmacies. Medications administered in the hospital or
provided by hospital-based outpatient clinics are not registered,19 which explains the low proportion
of women with HDPs who received antenatal medication (10.5%). Some women receiving
postpartum medication before discharge might therefore also have been misclassified as not using
postpartum antihypertensive medication, but most would have been discharged with an additional
prescription for antihypertensive medication, making their identification inevitable, if
potentially delayed.

The Danish registries do not include information on postpartum blood pressure measurements.
Consequently, the study population included women for whom antihypertensive medication was
not indicated; we report the incidence of postpartum initiation of medication use among all women
who delivered in the study period rather than only among women who continued to have
hypertension post partum. Therefore, our results potentially underestimate the proportion of
women receiving correct post-HDP follow-up with respect to postpartum blood pressure.
Information on factors associated with physician prescribing practices (eg, specialty, experience,
academic affiliation, health care sector, regional socioeconomic factors) and patient care-seeking
behavior (eg, income and educational level) would have provided further nuance to our findings but
was unavailable to us. Despite these limitations, the observed patterns of initiation of medication
use indicate that for a significant fraction of women, identification and treatment of persistent
postpartum hypertension may not occur promptly enough to reduce the risk of later cardiovascular
disease, even in a country where all women have good access to care in the postpartum period.

Conclusions

In this cohort study of 784 782 women, after an HDP, up to 44.1% of women initiated use of
antihypertensive medication within 2 years after delivery, with up to one-fourth initiating medication
use more than 3 months post partum. Increased awareness among affected women and health care
professionals of the high risk of chronic hypertension after an HDP and the importance of timely
ascertainment and effective management of persistent postpartum hypertension are vital to
reducing the cardiovascular disease risks associated with HDPs. Future studies of how to deliver such
care with the greatest effect are essential.

JAMA Network Open | Obstetrics and Gynecology Patterns of Antihypertensive Medication Use in the First 2 Years Post Partum

JAMA Network Open. 2024;7(8):e2426394. doi:10.1001/jamanetworkopen.2024.26394 (Reprinted) August 7, 2024 10/13

Downloaded from jamanetwork.com by guest on 08/22/2024



ARTICLE INFORMATION
Accepted for Publication: June 10, 2024.

Published: August 7, 2024. doi:10.1001/jamanetworkopen.2024.26394

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Lihme F
et al. JAMA Network Open.

Corresponding Author: Heather A. Boyd, PhD, Statens Serum Institut, Artillerivej 5, Bldg 206,
2300 Copenhagen S, Denmark (hoy@ssi.dk).

Author Affiliations: Department of Epidemiology Research, Statens Serum Institut, Copenhagen, Denmark
(Lihme, Basit, Boyd); Fetal Medicine Unit, St George’s Hospital, University of London, London, United Kingdom
(Thilaganathan).

Author Contributions: Drs Lihme and Boyd had full access to all of the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis.

Concept and design: Lihme, Basit, Boyd.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Lihme, Basit.

Critical review of the manuscript for important intellectual content: Thilaganathan, Boyd.

Statistical analysis: Lihme, Basit.

Obtained funding: Boyd.

Supervision: Thilaganathan, Boyd.

Conflict of Interest Disclosures: None reported.

Funding/Support: Dr Lihme was supported by grant 1R01HL13984401A1 from the National Institutes of Health.
Mrs Basit and Dr Boyd were supported by grant YDUN DFF-4092-00213 from the Danish Council for Independent
Research and grant NNF19OC0054286 from the Novo Nordisk Foundation.

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. Abalos E, Cuesta C, Grosso AL, Chou D, Say L. Global and regional estimates of preeclampsia and eclampsia:
a systematic review. Eur J Obstet Gynecol Reprod Biol. 2013;170(1):1-7. doi:10.1016/j.ejogrb.2013.05.005

2. Behrens I, Basit S, Melbye M, et al. 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

3. Melchiorre K, Sutherland GR, Liberati M, Thilaganathan B. Preeclampsia is associated with persistent
postpartum cardiovascular impairment. Hypertension. 2011;58(4):709-715. doi:10.1161/HYPERTENSIONAHA.111.
176537

4. Melchiorre K, Sharma R, Thilaganathan B. Cardiovascular implications in preeclampsia: an overview.
Circulation. 2014;130(8):703-714. doi:10.1161/CIRCULATIONAHA.113.003664

5. Honigberg MC, Zekavat SM, Aragam K, et al. Long-term cardiovascular risk in women with hypertension during
pregnancy. J Am Coll Cardiol. 2019;74(22):2743-2754. doi:10.1016/j.jacc.2019.09.052

6. Grand’Maison S, Pilote L, Schlosser K, Stewart DJ, Okano M, Dayan N. Clinical features and outcomes of acute
coronary syndrome in women with previous pregnancy complications. Can J Cardiol. 2017;33(12):1683-1692. doi:
10.1016/j.cjca.2017.08.025

7. Muijsers HEC, Roeleveld N, van der Heijden OWH, Maas AHEM. Consider preeclampsia as a first cardiovascular
event. Curr Cardiovasc Risk Rep. 2019;13:21. doi:10.1007/s12170-019-0614-0

8. Kristensen JH, Basit S, Wohlfahrt J, Damholt MB, Boyd HA. Pre-eclampsia and risk of later kidney disease:
nationwide cohort study. BMJ. 2019;365:l1516. doi:10.1136/bmj.l1516

9. Visser VS, Hermes W, Franx A, et al. High blood pressure six weeks postpartum after hypertensive pregnancy
disorders at term is associated with chronic hypertension. Pregnancy Hypertens. 2013;3(4):242-247. doi:10.1016/j.
preghy.2013.07.002

10. Anand SS, Islam S, Rosengren A, et al; INTERHEART Investigators. Risk factors for myocardial infarction in
women and men: insights from the INTERHEART study. Eur Heart J. 2008;29(7):932-940. doi:10.1093/eurheartj/
ehn018

JAMA Network Open | Obstetrics and Gynecology Patterns of Antihypertensive Medication Use in the First 2 Years Post Partum

JAMA Network Open. 2024;7(8):e2426394. doi:10.1001/jamanetworkopen.2024.26394 (Reprinted) August 7, 2024 11/13

Downloaded from jamanetwork.com by guest on 08/22/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.26394&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.26394
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.26394
mailto:hoy@ssi.dk
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.26394&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.26394
https://dx.doi.org/10.1016/j.ejogrb.2013.05.005
https://dx.doi.org/10.1136/bmj.j3078
https://dx.doi.org/10.1161/HYPERTENSIONAHA.111.176537
https://dx.doi.org/10.1161/HYPERTENSIONAHA.111.176537
https://dx.doi.org/10.1161/CIRCULATIONAHA.113.003664
https://dx.doi.org/10.1016/j.jacc.2019.09.052
https://dx.doi.org/10.1016/j.cjca.2017.08.025
https://dx.doi.org/10.1007/s12170-019-0614-0
https://dx.doi.org/10.1136/bmj.l1516
https://dx.doi.org/10.1016/j.preghy.2013.07.002
https://dx.doi.org/10.1016/j.preghy.2013.07.002
https://dx.doi.org/10.1093/eurheartj/ehn018
https://dx.doi.org/10.1093/eurheartj/ehn018


11. Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration. Cardiovascular disease, chronic
kidney disease, and diabetes mortality burden of cardiometabolic risk factors from 1980 to 2010: a comparative
risk assessment. Lancet Diabetes Endocrinol. 2014;2(8):634-647. doi:10.1016/S2213-8587(14)70102-0

12. Kitt JA, Fox RL, Cairns AE, et al. Short-term postpartum blood pressure self-management and long-term blood
pressure control: a randomized controlled trial. Hypertension. 2021;78(2):469-479. doi:10.1161/
HYPERTENSIONAHA.120.17101

13. Kitt J, Fox R, Frost A, et al. Long-term blood pressure control after hypertensive pregnancy following physician-
optimized self-management: the POP-HT randomized clinical trial. JAMA. 2023;330(20):1991-1999. doi:10.1001/
jama.2023.21523

14. Ditisheim A, Wuerzner G, Ponte B, et al. Prevalence of hypertensive phenotypes after preeclampsia:
a prospective cohort study. Hypertension. 2018;71(1):103-109. doi:10.1161/HYPERTENSIONAHA.117.09799

15. Bliddal M, Broe A, Pottegård A, Olsen J, Langhoff-Roos J. The Danish Medical Birth Register. Eur J Epidemiol.
2018;33(1):27-36. doi:10.1007/s10654-018-0356-1

16. Schmidt M, Pedersen L, Sørensen HT. The Danish Civil Registration System as a tool in epidemiology. Eur J
Epidemiol. 2014;29(8):541-549. doi:10.1007/s10654-014-9930-3

17. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, Sørensen HT. The Danish National Patient
Registry: a review of content, data quality, and research potential. Clin Epidemiol. 2015;7:449-490. doi:10.2147/
CLEP.S91125

18. Broe A, Damkier P, Pottegård A, Hallas J, Bliddal M. Congenital malformations in Denmark: considerations for
the use of Danish health care registries. Clin Epidemiol. 2020;12:1371-1380. doi:10.2147/CLEP.S278596

19. Kildemoes HW, Sørensen HT, Hallas J. The Danish National Prescription Registry. Scand J Public Health. 2011;
39(7)(suppl):38-41. doi:10.1177/1403494810394717

20. Cairns AE, Tucker KL, Leeson P, et al; SNAP-HT Investigators. Self-management of postnatal hypertension: the
SNAP-HT trial. Hypertension. 2018;72(2):425-432. doi:10.1161/HYPERTENSIONAHA.118.10911

21. ACOG Committee Opinion No. 736: optimizing postpartum care. Obstet Gynecol. 2018;131(5):e140-e150. doi:
10.1097/AOG.0000000000002633

22. Parikh NI, Gonzalez JM, Anderson CAM, et al; 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(18):e902-e916. doi:10.1161/CIR.0000000000000961

23. National Institute for Health and Care Excellence. Hypertension in pregnancy: diagnosis and management.
NICE guideline [NG133]. June 25, 2019. Accessed July 12, 2023. https://www.nice.org.uk/guidance/ng133

24. Stuart JJ, Tanz LJ, Rimm EB, et al. Cardiovascular risk factors mediate the long-term maternal risk associated
with hypertensive disorders of pregnancy. J Am Coll Cardiol. 2022;79(19):1901-1913. doi:10.1016/j.jacc.2022.
03.335

25. Visser W, Wallenburg HC. Central hemodynamic observations in untreated preeclamptic patients.
Hypertension. 1991;17(6, pt 2):1072-1077. doi:10.1161/01.HYP.17.6.1072

26. Sia WW, Montgomery-Fajic E, Germaine D, et al. OS106. The postpartum preeclampsia clinic (PPPEC)—an
interdisciplinary clinic for cardiovascular risk reduction for women with preeclampsia. Pregnancy Hypertens. 2012;
2(3):237. doi:10.1016/j.preghy.2012.04.107

27. Cusimano MC, Pudwell J, Roddy M, Cho CK, Smith GN. The maternal health clinic: an initiative for
cardiovascular risk identification in women with pregnancy-related complications. Am J Obstet Gynecol. 2014;210
(5):438.e1-438.e9. doi:10.1016/j.ajog.2013.12.001

28. Smith GN, Pudwell J, Roddy M. The Maternal Health Clinic: a new window of opportunity for early heart
disease risk screening and intervention for women with pregnancy complications. J Obstet Gynaecol Can. 2013;35
(9):831-839. doi:10.1016/S1701-2163(15)30841-0

29. Klemmensen AK, Olsen SF, Osterdal ML, Tabor A. Validity of preeclampsia-related diagnoses recorded in a
national hospital registry and in a postpartum interview of the women. Am J Epidemiol. 2007;166(2):117-124. doi:
10.1093/aje/kwm139

SUPPLEMENT 1.
eAppendix.
eTable 1. Cumulative Incidences of Filling New Prescriptions for Antihypertensive Medication After the First
Delivery in the Study Period, by History of Hypertensive Disorder of Pregnancy, Denmark 1995-2018

JAMA Network Open | Obstetrics and Gynecology Patterns of Antihypertensive Medication Use in the First 2 Years Post Partum

JAMA Network Open. 2024;7(8):e2426394. doi:10.1001/jamanetworkopen.2024.26394 (Reprinted) August 7, 2024 12/13

Downloaded from jamanetwork.com by guest on 08/22/2024

https://dx.doi.org/10.1016/S2213-8587(14)70102-0
https://dx.doi.org/10.1161/HYPERTENSIONAHA.120.17101
https://dx.doi.org/10.1161/HYPERTENSIONAHA.120.17101
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2023.21523&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.26394
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2023.21523&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.26394
https://dx.doi.org/10.1161/HYPERTENSIONAHA.117.09799
https://dx.doi.org/10.1007/s10654-018-0356-1
https://dx.doi.org/10.1007/s10654-014-9930-3
https://dx.doi.org/10.2147/CLEP.S91125
https://dx.doi.org/10.2147/CLEP.S91125
https://dx.doi.org/10.2147/CLEP.S278596
https://dx.doi.org/10.1177/1403494810394717
https://dx.doi.org/10.1161/HYPERTENSIONAHA.118.10911
https://dx.doi.org/10.1097/AOG.0000000000002633
https://dx.doi.org/10.1161/CIR.0000000000000961
https://www.nice.org.uk/guidance/ng133
https://dx.doi.org/10.1016/j.jacc.2022.03.335
https://dx.doi.org/10.1016/j.jacc.2022.03.335
https://dx.doi.org/10.1161/01.HYP.17.6.1072
https://dx.doi.org/10.1016/j.preghy.2012.04.107
https://dx.doi.org/10.1016/j.ajog.2013.12.001
https://dx.doi.org/10.1016/S1701-2163(15)30841-0
https://dx.doi.org/10.1093/aje/kwm139
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