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Short-Term Postpartum Blood Pressure  
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ABSTRACT: Women with hypertensive pregnancies are 4× more likely to develop chronic hypertension. Previously, we 
showed a short period of blood pressure (BP) self-management following hypertensive pregnancy resulted in persistently 
lower BP after 6 months. We now report the impact on long-term BP control. Women who participated in the postpartum 
randomized controlled trial, SNAP-HT (Self-Management of Postnatal Hypertension; NCT02333240), were invited for 
24-hour ambulatory and clinic BP measures. Height and weight were measured by calibrated scales and standardized 
tape measures, activity by 7-day wrist-worn accelerometer, and dietary factors assessed by questionnaire. Sixty-one of 
70 eligible women were followed up 3.6±0.4 years after their original pregnancy. Twenty-four–hour diastolic BP was 7.0 
mm Hg lower in those originally randomized to postpartum BP self-management instead of usual care. This difference 
remained significant after adjustment for either BP at the time of delivery (−7.4 mm Hg [95% CI, −10.7 to −4.2]; P<0.001) 
or pregnancy booking BP (−6.9 mm Hg [95% CI, −10.3 to −3.6]; P<0.001). Adjustment for current salt intake, age, body 
mass index, waist-to-hip ratio, arm circumference, parity, alcohol intake, and physical activity had no effect on this difference. 
Reductions in diastolic BP at 6 months, following self-management of BP postpartum, are maintained 3.6 years later 
as measured by lower 24-hour diastolic BP. Interventions to optimize BP control during the puerperium in women with 
hypertensive pregnancies improve BP in the longer term, in a cohort at increased risk of developing chronic hypertension 
and major adverse cardiovascular events.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT02333240. (Hypertension. 2021;78:469–479. DOI: 
10.1161/HYPERTENSIONAHA.120.17101.) • Data Supplement
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Hypertensive disorders of pregnancy, including 
both gestational hypertension and preeclampsia, 
affect 10% of pregnancies1 and have significant 

impacts on maternal and fetal health during the peripar-
tum period.2,3 Additionally, one-third of women develop 
chronic hypertension within 10 years4 and, over their life-
time, have a 2-fold to 4-fold increased risk of cardiovas-
cular disease,5 stroke, and renal dysfunction.6 As a result, 

the US and European guidelines7,8 advise that women 
should be informed of this higher incidence of disease 
after pregnancy and advise annual blood pressure (BP) 
monitoring, but, beyond routine risk factor management, 
no specific additional interventions are currently available 
to reduce long-term risk.9

Prior research shows that persistently high BP 6 
weeks after a hypertensive pregnancy is associated with 
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a greater increase in BP over the next 5 to 10 years.10 
This is independent of BP levels during early pregnancy, 
or at time of delivery, and is evident both in those with 
more severe hypertensive disorders of pregnancy, such 
as early-onset preeclampsia and later onset, milder 
disease. A plausible explanation might be that BP at 6 
weeks postpartum is merely a marker of BP trajectory 
over the life course for that individual.11 However, with-
out intervention, BP remains unstable for up to 50% of 
women for several months after a hypertensive preg-
nancy.12,13 An alternative explanation is that uncontrolled 
BP in the puerperium directly affects the cardiac and 
vascular remodeling, known to occur in the weeks after a 
hypertensive pregnancy in both mother and child.14–18 In 
turn, this may lead to a long-term persistence of elevated 
BP, accelerating a lifelong trajectory of increased vascu-
lar risk.

To test this hypothesis required a randomized con-
trolled trial of BP optimization after a hypertensive preg-
nancy. Trials of self-management, outside of pregnancy, 
have repeatedly demonstrated improved BP control.19–24 
In the SNAP-HT trial (Self-Management of Postnatal 
Hypertension),25 our group confirmed that postpartum 
self-management was feasible and that it improved BP 
control, with a more rapid return to normal BP ranges 
within 6 weeks of delivery, when compared with usual 
care. In addition, 6 months later, those randomized to 
postpartum self-management had a persistent 4.5-
mm Hg reduction in diastolic BP.25 We have now per-
formed a long-term follow-up of this cohort (SNAP-HT 
Extension Study), to formally test the hypothesis that 

interventions to improve BP over the first few months 
following a hypertensive pregnancy result in long-term 
reprogramming of BP in the mother.

METHODS
Recruitment and Enrollment
This was a prospective long-term follow-up of a prior unmasked, 
randomized trial (SNAP-HT; Research Ethics Committee refer-
ence 14/SC/1316; NCT02333240) using a cohort of women 
who had preeclampsia or gestational hypertension and who 
required BP-lowering medication in the postpartum period. In 
the original SNAP-HT trial, women were randomized to usual 
care (control arm) or BP self-management (the intervention). 
After discharge from hospital, women in the usual care cohort 
visited their community midwife for BP monitoring and their 
general practitioner for titration of antihypertensive medica-
tion. Women allocated to the self-management arm of the 
trial self-monitored their BP once daily, at approximately the 
same time each day, using a validated automatic BP monitor 
(WATCHBPHOME monitors by Microlife). BP readings were 
entered by participants into their mobile phone and automati-
cally transmitted to the study server. In response, the telemoni-
toring service provided automated replies that informed women 
how to downtitrate their medications, according to a prespeci-
fied individualized medication reduction schedule. If read-
ings were high, according to an algorithm based on National 
Institute for Health and Care Excellence guidance at that time 
(CG107),13 participants were asked to contact their National 
Health Service care team immediately. Self-monitoring was 
continued while taking antihypertensive treatment and for 5 
days after treatment was ceased. Once treatment was ceased, 
if the participant’s BP remained within normal limits for 5 con-
secutive days, they were instructed to change to weekly self-
monitoring until the trial was completed to ensure medication 
did not need to be restarted if readings moved out of the target 
range again.25

Participants in the original SNAP-HT trial were recruited 
from 5 National Health Service hospital sites in England and 
at the time of the study, were asked whether they were willing 
to give consent to be contacted about future research projects. 
All participants recruited to the Extension Study were asked 
to give permission to access the data from the original trial. A 

Nonstandard Abbreviations and Acronyms

BMI	 body mass index
BP	 blood pressure
COVID-19	� coronavirus disease 2019
SNAP-HT	� Self-Management of Postnatal 

Hypertension

Novelty and Significance

What Is New?
•	 Self-management of blood pressure (via blood pres-

sure self-monitoring and subsequent medication 
titration) after a hypertensive pregnancy results in a 
persistent reduction in diastolic blood pressure by 7 
mm Hg at 3 to 4 years postpartum.

What Is Relevant?
•	 Women with hypertensives pregnancies are at an 

increased risk of cardiovascular disease later in life. A 
7- to 8-mm Hg reduction in blood pressure would be 
expected to reduce cardiovascular risk by >30%.

Summary
In women with hypertension in pregnancies, short-term 
optimization of blood pressure postpartum appears to 
reset blood pressure levels in the longer term.
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participant was ineligible if they were pregnant at the time of 
reassessment or they had a significant new comorbidity that 
made enrollment unsafe.

Members of the original SNAP-HT research team (A.C. and 
L.M.) made contact with eligible participants, and once verbal 
consent was obtained, the SNAP-HT Extension team per-
formed telephone screening for eligibility according to the inclu-
sion and exclusion criteria. Women then participated in either a 
home visit or a single study visit to the Oxford Cardiovascular 
Clinical Research Facility in the John Radcliffe Hospital, based 
on participant preference.

This study was prospectively registered and approved by a 
National Research Ethics Service Committee (19/SW/0017). 
The data that support the findings of this study are available 
from the corresponding author on reasonable request.

Study Measurements
BP was measured 6× using a standardized method, after 5 
minutes of rest, at 1-minute intervals using the same Microlife 
WATCHBP monitors used in the original SNAP-HT trial.25 
These were serviced and calibrated before use and are vali-
dated for use in pregnancy and preeclampsia.26 All participants 
had their arm circumference measured, and the appropriate 
cuff size was used. All researchers were trained to use the 
monitors. The systolic BP, diastolic BP, and mean arterial pres-
sure were recorded.

In addition, current medications, side effects, serious adverse 
events, and quality-of-life scores EuroQol- 5 Dimension-5 
Level were recorded. A detailed questionnaire was completed 
to identify possible lifestyle and dietary factors or factors in 
their social background that could confound any BP differ-
ences detected in the study. This included a validated British 
Heart Foundation diet and lifestyle questionnaire.27 Height and 
weight were recorded using standardized, calibrated weighing 
scales and tape measures.

Participants were then fitted with calibrated and serviced 
SPACELABS 90217 or 90217A 24-hour ambulatory BP mon-
itors at the end of their study visit using a cuff that had been 
measured to appropriately fit their mid-left arm circumference. 
The monitors were programmed to take an automated mea-
surement at 30-minute intervals between 8 AM and 10 PM and 
60-minute intervals from 10 PM to 8 AM. To obtain a validated 
objective measure of physical activity, participants were fitted 
with Axivity AX3 wrist-worn accelerometer for 7 days to ensure 
high compliance and measurement reliability.

Twenty-four–hour BP data were analyzed as per National 
Institute for Health and Care Excellence NG 136 criteria.28 
Any manual measurements made at the time of monitor fitting 
were excluded, as were any measurements obtained at a time 
of documented prespecified form of exercise on the patient’s 
diary. Twenty-four–hour BP data were only included if an aver-
age value of at least 14 measurements taken during the per-
son’s usual waking hours was obtained. If the recording did 
not fulfill these criteria,29 then the 24-hour BP recording was 
repeated with consent at the next available opportunity.

Statistical Analyses
The prespecified primary outcome of the SNAP-HT Extension 
Study was 24-hour average diastolic BP as assessed by 24-hour 
ambulatory blood pressure monitoring. Secondary outcomes 

included 24-hour average systolic BP, mean diurnal diastolic BP, 
mean diurnal systolic BP, mean nocturnal diastolic BP, and mean 
nocturnal systolic BP. As per the original SNAP-HT trial, mean 
clinic systolic BP and diastolic BP obtained during the study visit 
(mean of the second and third readings and of the second to sixth 
readings) were also explored as secondary outcomes, as well as 
mean EuroQol Visual Analogue Scale scores between groups.

Dietary and lifestyle factors known to influence hyperten-
sive risk were also assessed, including salt intake, alcohol 
consumption, body mass index (BMI), smoking history, arm 
circumference, waist-to-hip ratio measurements, and objec-
tive measurements of activity level from the 7-day wrist-worn 
accelerometer.

Analysis was conducted according to a statistical analysis 
plan prepared before analysis. Data obtained in the SNAP-HT 
Extension Study were linked back to the original SNAP-HT data, 
with participant consent. Participants in the original trial had been 
randomized by computer-generated and secure web-based ran-
domization software to ensure allocation concealment. In this 
study, the investigators were blinded to this allocation until data 
collection and analysis was complete. Analyses were performed 
with IBM SPSS Statistics, version 26.

An intention-to-treat approach was taken without imputa-
tion for missing data. A small number of participants (n=3) 
allocated to the usual care arm had consented to participate 
in SNAP-HT during pregnancy but then were not eligible to 
be randomized following birth as their antihypertensive medica-
tion was stopped. A sensitivity analysis excluded these 3 par-
ticipants. Continuous variables were reported as mean±SDs or 
medians with interquartile ranges if skewed. Categorical vari-
ables were reported as counts with percentages. Differences 
between groups were reported with 95% CIs and significance 
tests with P.

Ambulatory (24 hours) and clinic BP readings (the mean of 
the second and third and of the second to sixth readings) were 
used for the main analysis. A small number of participants (n=2) 
were identified as having started on antihypertensive medication 
and, in view of the effect of medication on average BP levels, 
were excluded from analysis. Linear regression modeling fit-
ted with treatment group as the independent variable was used 
to evaluate differences in BP between the self-management 
and usual care groups. Primary and secondary BP outcomes 
were adjusted for the BP readings from the original SNAP-HT 
baseline visit (taken between the first and sixth day postpar-
tum), in which a difference in BP between the self-manage-
ment and usual care groups was seen in the original SNAP-HT 
paper.25 This adjustment was performed using 3 models; the 
first adjusted for the mean of the second and third BP read-
ings at the SNAP-HT baseline visit, as this adjustment was used 
in the original SNAP-HT analysis. The first sensitivity analysis 
adjusted for the mean of the second to sixth BP readings at the 
SNAP-HT baseline visit, as this is felt to better represent a mean 
ambulatory BP. A second sensitivity analysis adjusted for ante-
natal BP readings, to assess the impact of prepregnancy BP, 
was performed based on the antenatal booking visit.30 Due to 
a small amount of missing baseline (n=3) and antenatal (n=3) 
BP readings, a sensitivity analysis was also performed replacing 
missing covariate data with mean imputation.

Exploratory analyses were conducted to assess the effect of 
potential confounding factors (age, parity, BMI, activity, smoking, 
alcohol intake, salt intake, arm circumference, and waist-to-hip 
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ratio) on 24-hour diastolic BP. These variables were fitted as 
independent variables in univariable linear regression models 
and if found to significantly (P<0.05) influence 24-hour dia-
stolic BP, were included in a multiple regression analysis with 
treatment group and baseline BP.

RESULTS
Of the 101 women recruited to the original SNAP-HT 
trial, 70 provided consent for recontact regarding future 
studies. All 70 were approached between April 1, 2019, 
and December 1, 2019, and 63 agreed to participate 
in this Extension Study. Two women in the usual care 
group were excluded from the data analysis post hoc as 
they reported antihypertensive medication on their health 
questionnaire. The remaining 61 women included in the 
analysis were not on antihypertensive treatment. Of 
these 61, 31 received usual care and 30 were random-
ized to self-management. A Consolidated Standards of 
Reporting Trials diagram is provided in Figure 1. Follow-
up occurred at 3.6±0.4 years postpartum.

Study Population Characteristics
Table 1 demonstrates that pregnancy characteristics did 
not differ significantly between participants in the SNAP-
HT Extension Study according to whether they originally 
received self-management or usual care. Table  1 also 
demonstrates that mean age, BMI, parity, activity levels, 
mean arm circumference, and EuroQol Visual Analogue 
Scale scores were similar between self-management 
(intervention) and usual care (control) groups at the time 
of their participation in the SNAP-HT Extension Study. 
Twenty-two women had one subsequent pregnancy in 
the intervening years between the original trial and fol-
low-up (usual care, n=12; self-management, n=10), and 
2 women had 2 pregnancies (one in each group) dur-
ing this interval (Table 1). Rates of pregnancy hyperten-
sion were similar between groups. There were 4 current 
smokers, all in the usual care group. Baseline character-
istics of participants included in the SNAP-HT Extension 
Study analysis were similar to the original SNAP-HT par-
ticipants, as well as those participants who were not re-
recruited/excluded (Table S1 in the Data Supplement).

Longer Term BP Postpartum
Women who self-managed their BP postpartum in 
the SNAP-HT randomized controlled trial had a lower 
24-hour diastolic BP of 73.7±5.0 mm Hg compared 
with 80.7±7.4 mm Hg in the usual care group (adjusted 
mean difference, −7.4 mm Hg [95% CI, −10.7 to −4.2]; 
P<0.001; Table 2; Figure 2A). Results were similar when 
nonrandomized participants were excluded from the 
analysis with the adjusted mean difference then being 
−7.4 mm Hg ([95% CI, −10.5 to −4.4] P<0.001; Table 

S4). These participants had baseline data but were not 
randomized in the original trial due to their medication 
being stopped before hospital discharge in the original 
SNAP-HT trial. Results also remain similar when miss-
ing covariate data were replaced with mean imputation 
(adjusted mean difference, −7.3 mm Hg [95% CI, −10.4 
to −4.1]; P<0.001). Additionally, in sensitivity analyses, 
the difference in 24-hour diastolic BP between the 
cohorts was maintained when adjusting for baseline 
diastolic BP using the mean of second to sixth read-
ings (adjusted mean difference, −7.3 mm Hg [95% CI, 
−10.5 to −4.0]; P<0.001) or the antenatal diastolic BP 
(adjusted mean difference, −6.9 mm Hg [95% CI, −10.3 
to −3.6]; P<0.001; Table S3).

In sensitivity analyses, to explore other factors 
known to influence BP including age, parity, BMI, activ-
ity levels, smoking rates, alcohol intake, waist-to-hip 
ratio, and arm circumference, only salt intake showed a 
significant association with 24-hour diastolic BP (Table 
S2). However, the difference in 24-hour diastolic BP 
in those randomized to self-management remained 
after adjustment for salt intake at follow-up (adjusted 
mean difference, −6.8 mm Hg [95% CI, −9.9 to −3.7]; 
P<0.001; Table 2; Figure 2B).

On analysis of the secondary outcomes (Table  2), 
diurnal diastolic BP was 5.3 mm Hg lower in the self-
management group ([95% CI, −8.6 to −2.0] P=0.002), 
and both nocturnal diastolic and systolic BP were sig-
nificantly lower in the self-management group (adjusted 
mean difference: nocturnal diastolic BP, −7.8 mm Hg 
[95% CI, −11.9 to −3.7]; P<0.001 and nocturnal systolic 
BP, −7.4 [95% CI, −14.2 to −0.7]; P=0.032). Twenty-
four–hour and diurnal systolic BP did not significantly 
differ. Clinic diastolic BP and systolic BP readings, both 
the mean of second and third and of second to sixth, did 
not significantly differ between groups (Table 2).

DISCUSSION
This study demonstrates that 3 to 4 years after a hyper-
tensive pregnancy, women who received a short period 
of postpartum BP self-management had persistently 
lower diastolic BP, consistent with a long-term impact of 
the original intervention, resetting BP levels.

The original SNAP-HT trial was designed to assess 
feasibility and safety of a self-management digital inter-
vention in the postnatal period, but exploring the impact of 
the intervention on BP was an important secondary out-
come.25 The finding in SNAP-HT of a persistently lower 
diastolic BP at 6 months, when almost all women had 
stopped treatment, prompted the development of the cur-
rent study. The primary aim of the SNAP-HT Extension 
Study was to assess whether this reduction in diastolic 
BP persisted several years after the original intervention 
had finished. In the intervening period, traditional hyper-
tensive risk factors might have diluted any ongoing BP 
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benefit,31 with additional regression to the mean pos-
sible. To allow evaluation of this potential effect, data on 
salt and alcohol intake, as well as objective measures of 
exercise, BMI, and smoking, were collected. Ultimately, in 
analysis, only salt intake was found to have a significant 
impact on BP differences between groups, albeit with the 
significant diastolic difference between groups remaining 
following adjustment. Differences were also not explained 
by variation in contraception use between groups.

In the original trial, the number of antihypertensives 
prescribed, as assessed by the median (interquartile 
range) World Health Organization–defined daily dose,32 
was similar in the self-management and usual care 
cohort at 4 and 6 weeks,25 (World Health Organiza-
tion–defined daily dose at 4 weeks: 0.4 [0–1] in usual 
care and 0.3 [0–0.7] in self-management; 6 weeks: 0.4 
[0–0.8] and 0.2 [0–0.5]). Antihypertensive treatment in 
the original trial was set by the treating clinical team and 

Figure 1. Consolidated Standards of Reporting Trials flowchart.
*The usual care group included 3 women originally consented in SNAP-HT (Self-Management of Postnatal Hypertension) antenatally but 
who withdrew before randomization and did not receive the intervention. They were included in the usual care group, as this was felt to be 
consistent with their postpartum follow-up.
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agents used included labetalol, captopril, enalapril, nife-
dipine, amlodipine, and methyldopa. Medications were 
reduced/ceased in the order: α-blockers, β-blockers, cal-
cium channel blockers, and then angiotensin converting 
enzyme inhibitors, as per the National Institute for Health 

and Care Excellence essential hypertension guidelines at 
that time,13 but in reverse. As reported in the original trial 
publication,25 there were no significant differences in the 
class of medications being used in each treatment arm. 
Therefore, it is unlikely that effects of self-management 

Table 1.  Characteristics of Each Study Group in SNAP-HT Extension at Time of Re-Recruitment (Mean, 
43.4 mo Postpartum)

Parameter, unit
Overall  
(n=61)

Self-management 
(n=30)

Usual care  
(n=31)

Mean age at re-recruitment, y; ±SD 34.6±5.3 35.2±5.3 34.1±5.3

Parity at re-recruitment, n (%)

  1 24 (39.3) 13 (43.3) 11 (35.5)

  ≥2 37 (60.7) 17 (56.7) 20 (64.5)

Women with further pregnancies since the 
SNAP-HT trial, n (%)

24 (39.3) 11 (36.7) 13 (41.9)

Women with further hypertensive pregnancies 
since the SNAP-HT trial, n (%)

7 (11.5) 3 (10.0) 4 (12.9)

Contraception at re-recruitment, n (%)

  Combined oral contraceptive pill 1 (1.6) 1 (3.3) 0 (0)

  Progesterone only contraceptive pill 15 (24.6) 7 (23.3) 8 (25.8)

  Implanon implant 4 (6.6) 2 (6.7) 2 (6.5)

  Mirena IUD 5 (8.2) 3 (10) 2 (6.5)

Median BMI at re-recruitment, kg/m2 (IQR) 28.2 (24.6–32.5) 28.5 (25.6–33.3) 27.7 (23.9–31.4)

Activity,* h/day (IQR)

  Sleep 8.7 (7.9–9.4)† 8.5 (7.9–9.3)‡ 8.8 (8.2–9.7)§

  Sedentary 9.5 (8.9–10.7)† 9.8 (9.1–10.7)‡ 9.2 (8.3–11.0)§

  Light activity 1.2 (0.7–1.6)† 1.2 (0.9–1.6)‡ 1.1 (0.6–1.6)§

  Walking 2.5 (1.7–3.1)† 2.4 (2.1–3.1)‡ 2.5 (1.7–3.3)§

  Moderate activity 1.7 (1.0–2.3)† 1.8 (1.0–2.3)‡ 1.6 (1.0–2.2)§

  Moderate-vigorous activity 1.2 (0.7–1.7)† 1.1 (0.9–1.7)‡ 1.4 (0.5–1.7)§

  Vigorous activity 0.0048 (0.001–0.01)† 0.0034 (0.0006–0.01)‡ 0.0072 (0.001–0.03)§

Current smokers, n (%) 4 (6.6) 0 (0.0) 4 (12.9)

Alcohol consumption, units/wk; n (%)

  0 32 (52.5) 15 (50.0) 17 (54.8)

  1–7 22 (36.1) 10 (33.3) 12 (38.7)

  8–14 4 (6.6) 2 (6.7) 2 (6.5)

  15+ 3 (4.9) 3 (10.0) 0 (0.0)

Salt intake,‖ n (%)

  Low 32 (52.5) 18 (60.0) 14 (45.2)

  Moderate 25 (41.0) 10 (33.3) 15 (48.4)

  High 4 (6.6) 2 (6.7) 2 (6.5)

Mean arm circumference, cm; ±SD 31.6±4.9 31.8±4.7 31.4±5.1

Mean waist-to-hip ratio, ±SD 0.87±0.08 0.88±0.10 0.86±0.05

EQ-VAS score, ±SD 80.3±15.8 81.1±12.1 79.6±18.9

BMI indicates body mass index; EQ-VAS, EuroQol Visual Analogue Scale; IQR, interquartile range; and SNAP-HT, Self-Management 
of Postnatal Hypertension.

*As measured with Axivity AX3 accelerometers.
†n=57, missing data for n=4.
‡n=27, missing data for n=3.
§n=30, missing data for n=1.
‖Salt intake at follow-up was categorized as low, medium, and high in accordance with their answers to the British Heart Foundation 

dietary questionnaire. Low intake was classed as 0 to 1 positive responses to the salt intake questions, 2 to 3 as moderate intake, and ≥4 
answers to the salt questions as high intake.
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on BP in the intervention group were mediated through 
greater prescription of antihypertensives but, consistent 
with previous reports on the impact of self-management 
on BP control,33 are more likely to relate to greater medi-
cation adherence. Furthermore, during the SNAP-HT 
trial, more women were readmitted to hospital for high 
BP (systolic >150 or diastolic >100 mm Hg) and had 
their medications uptitrated promptly before discharge 
(4 in self-management arm and 1 in usual care). This 
difference, albeit in small numbers, suggests opportu-
nities may have been missed to uptitrate medication in 
the usual care arm. In summary, although the class and 

dose of antihypertensive used did not differ between trial 
arms, those in the intervention arm likely had greater 
exposure to the antihypertensive medication, which may 
have aided remodeling postpartum.

A 7- to 8-mm Hg difference in 24-hour ambulatory 
diastolic BP would be expected to reduce cardiovascular 
risk by >30% and, thereby, have a meaningful impact 
on the increased incidence of cardiovascular and cere-
brovascular disease seen following a hypertensive preg-
nancy.34 Indeed, 2 women who originally received usual 
care following their hypertensive pregnancy had already 
developed chronic hypertension requiring ongoing 

Table 2.  Summary Results for the SNAP-HT Extension Study

Parameter, unit
Self-manage-
ment (n=30)

Usual care 
(n=31)

ΔI−C, mm Hg (95% CI),* adjusted 
for baseline BP (mean second 
and third)†

ΔI−C, mm Hg (95% CI),* adjusted 
for baseline BP (mean second and 
third)† and salt intake at 4-y follow-up

Primary outcome

  Mean 24-h average DBP,‡ mm Hg; ±SD 73.7±5.0 80.7±7.4 −7.4 (−10.7 to −4.2)§; P<0.001 −6.8 (−9.9 to −3.7)§; P<0.001

Secondary outcomes

  Mean 24-h average SBP,‡ mm Hg; ±SD 121.8±9.4 126.1±10.9 −4.6 (−10.0 to 0.8); P=0.09 −4.1 (−9.4 to 1.3); P=0.14

  Mean diurnal DBP,‡ mm Hg; ±SD 78.4±4.9 83.3±7.6 −5.3 (−8.6 to −2.0)§; P=0.002 −4.7 (−7.8 to −1.5)§; P=0.004

  Mean diurnal SBP,‡ mm Hg; ±SD 126.4±10.1 128.9±10.6 −3.0 (−8.4 to 2.4); P=0.27 −2.3 (−7.5 to 3.0); P=0.40

  Mean nocturnal DBP,‡ mm Hg; ±SD 63.9±5.9 71.3±9.3 −7.8 (−11.9 to −3.7)§; P<0.001 −7.4 (−11.5 to −3.2)§; P=0.001

  Mean nocturnal SBP,‡ mm Hg; ±SD 108.9±11.0 115.8±14.4 −7.4 (−14.2 to −0.7)§; P=0.032 −7.0 (−13.8 to −0.2)§; P=0.045

 � Mean clinic DBP (readings second and 
third), mm Hg; ±SD

83.3±9.1 86.6±8.2 −3.4 (−8.1 to 1.2); P=0.14 −3.0 (−7.6 to 1.7); P=0.20

 � Mean clinic SBP (readings second and 
third), mm Hg; ±SD

130.9±11.8 130.7±12.1 −0.3 (−6.5 to 6.0); P=0.93 0.3 (−6.0 to 6.6); P=0.93

 � Mean clinic DBP (readings second to 
sixth), mm Hg; ±SD

83.3±8.0 85.8±7.0 −2.8 (−6.8 to 1.2); P=0.17 −2.5 (−6.5 to 1.5); P=0.22

 � Mean clinic SBP (readings second to 
sixth), mm Hg; ±SD

131.4±10.1 131.0±11.2 −0.2 (−5.7 to 5.3); P=0.95 0.2 (−5.4 to 5.8); P=0.95

ΔI−C indicates difference between intervention and control groups; BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; and SNAP-HT, 
Self-Management of Postnatal Hypertension.

*n=58, 3 missing baseline BP measurements from control group.
†Mean difference adjusted for baseline BP values in SNAP-HT, days 1 to 6 after birth.
‡Measured by SPACELAB 90217 ambulatory BP monitor.
§95% CI around adjusted difference does not cross zero.

Figure 2. Primary outcome 24 hour ambulatory blood pressure.
A, Primary outcome adjusted for baseline blood pressure in SNAP-HT (Self-Management of Postnatal Hypertension; mean of second and 
third readings). B, Primary outcome adjusted for baseline blood pressure (mean of second and third) and salt intake at 4 y postpartum. DBP 
indicates diastolic blood pressure.
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treatment. A specific effect on diastolic pressure is con-
sistent with recent longitudinal cohort data, starting from 
prepregnancy.30 In the Trøndelag Health study cohort, 
it was observed that diastolic BP did not return to pre-
pregnancy levels postpartum in those with hypertensive 
pregnancies, in contrast to the pattern seen in those with 
normotensive pregnancies. Our long-term follow-up of a 
randomized trial suggests this natural history of disease 
progression after a hypertensive pregnancy may not be 
fixed but, rather, a potentially modifiable phenomenon.30 
In the intervening years between the original trial and fol-
low-up, 40% of women had a further pregnancy. Although 
rates of hypertensive pregnancy were similar between 
groups, further work, in a larger sample, is required to 
understand whether a persistent 7- to 8-mm Hg reduc-
tion in BP could also result in a meaningful reduction in 
risk of pregnancy hypertension within the population in 
subsequent pregnancies.

The study was designed to utilize ambulatory BP 
measures to improve precision of the BP estimate in a 
small sample size and maximize power to identify differ-
ences between groups.35–37 Reassuringly, differences in 
diastolic BP were evident on both diurnal and nocturnal 
ambulatory measures, and the difference in ambulatory 
measures identified was in fact greater than the 4.5-
mm Hg difference in clinic diastolic BP recorded at 6 
months. However, the differences in clinic measures 
seen in this Extension Study were not statistically sig-
nificant. This may reflect a lack of power due to the 
inherent variability in clinic BPs within a small sample, 
evidenced by the larger SDs (12.1 mm Hg in the usual 
care arm and 11.8 mm Hg in the self-management arm 
for clinic versus 7.4 and 5 mm Hg, respectively, utilizing 
ambulatory blood pressure monitoring). An alternative 
explanation is that it was a general alerting/white coat 
response, which masked differences in the clinic BP 
readings.

Why a permanent change in BP can be induced by 
a short-term postpartum intervention remains under 
investigation in ongoing studies by our group, and oth-
ers, but it may relate to cardiovascular adaptations 
associated with the hypertensive pregnancy.38,39 Normal 
pregnancy is associated with substantial cardiac and 
vascular remodeling.39 The addition of acute inflamma-
tory, antiangiogenic, and oxidative stresses of a hyper-
tensive pregnancy results in further significant adverse 
changes.40,41 Persistence of left ventricular hyper-
trophy at 1 year postpartum in women with preterm 
preeclampsia was strongly associated with risk of devel-
oping essential hypertension within the subsequent 2 
years.38,42 We have previously described left ventricular 
hypertrophy, diastolic dysfunction, capillary rarefaction, 
and reduced aortic compliance17 at 5 to 10 years follow-
ing a hypertensive pregnancy, compared with a normo-
tensive pregnancy. We hypothesize that the long-term 
improvements in BP we have observed may reflect a 
regression of this adverse remodeling and are currently 
testing this hypothesis in the Physician Optimised Post-
Partum Hypertension Treatment Trial (https://clinicaltri-
als.gov/ct2/show/NCT04273854).

The hypothesis that improved BP control during the 
puerperal could have long-term benefits has recently 
been supported by findings from a randomized trial of 
postpartum enalapril, in addition to usual BP care. This 
resulted in lower BP at 6 months postpartum, even after 
the enalapril had been withdrawn.43 Furthermore, women 
receiving enalapril had improved diastolic function and 
left ventricular remodeling compared with placebo.

The SNAP-HT extension participants were originally 
recruited into a feasibility study and, although we did 
manage to recruit 90% of the potentially eligible par-
ticipants, the conclusions are limited by the small sample 
size of the original trial population. In addition, the partici-
pants were largely white and tended to be from higher 

Figure 3. Longitudinal diastolic 
blood pressure data for SNAP-HT 
(Self-Management of Postnatal 
Hypertension) and SNAP-HT25 
Extension from antenatal booking 
blood pressure to 3 to 4 y postpartum 
demonstrating the long-term 
benefit of self-management on 
blood pressure control following a 
hypertensive pregnancy.
*Blood pressure at 3 to 4 y postpartum is 
average 24-h diastolic blood pressure as 
measured by ambulatory blood pressure 
monitor.
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socioeconomic classes, which limits our ability to gener-
alize our findings to the broader population. Hypertensive 
risk factors were only assessed at one time point, 3 to 4 
years postpartum, and may not reflect the lifestyle charac-
teristics of the participants throughout this entire period. 
Furthermore, while activity levels, BMI, arm circumfer-
ence, and waist-to-hip ratio were measured objectively, 
lifestyle factors relied on participant self-reporting, which 
may influence the accuracy of these results.44 Fifty-nine 
of 61 visits were conducted at the participants’ homes 
with only 2 at the John Radcliffe Hospital. Therefore, any 
possible effect of the clinic setting on BP measures is 
likely to be too small to influence the results. Moreover, 
adjustment for baseline BPs needs to be viewed cau-
tiously as this relied on averaged clinic readings at base-
line in contrast to the 24-hour ambulatory BP readings 
in the current study.

Perspectives
Up to 10% of pregnancies are affected by new-onset 
hypertension, and women who have had a hypertensive 
pregnancy are at substantially increased risk of devel-
oping hypertension and cardiovascular disease in later 
life. This study shows short-term self-management of 
BP, designed to optimize BP control immediately after 
hypertensive pregnancies, appears to reset BP levels 
over longer time periods. High BP is the leading risk 
factor for loss of disability-adjusted life-years in high- 
and low- to middle-income countries and short, targeted 
postpartum interventions could offer a clinically trans-
latable approach to improve BP outcomes for women 
within this population. Self-management of BP has been 
shown to be cost-effective in other clinical scenarios45 
and due to its patient acceptability and ease of use in 
remote health care, has been proposed in recent national 
guidance46 for provision of postpartum care during the 
coronavirus disease 2019 (COVID-19) pandemic. Our 
research provides a supportive evidence base that this 
step change in postpartum practice might also have lon-
ger term benefits for reducing cardiovascular disease 
burden within the population.47

Conclusions
This study has shown in a randomized trial that it is pos-
sible to lower BP for at least 3 to 4 years postpartum 
by ensuring tighter BP control during the postpartum 
period while women require treatment. The findings sup-
port the hypothesis developed from prior observational 
work by our group that a failure to control BP postpar-
tum leads to an accelerated trajectory toward hyperten-
sion over subsequent years, possibly due to failure to 
reverse the adaptive cardiovascular remodeling induced 
by a hypertensive pregnancy.10 Critically, this study high-
lights that there may be a window postpartum where a 

relatively affordable and clinically translatable process 
of home BP self-management can impact long-term 
BP trajectory for women after a hypertensive pregnancy 
and reduce the later burden of cardiovascular and cere-
brovascular disease.
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