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Blood pressure medication use and postpartum hospital readmission among 
preeclampsia patients
Timothy Gesnera, Joshua Fogela,b, and Lennox Brysona

aDepartment of Obstetrics & Gynecology, Nassau University Medical Center, East Meadow, NY, USA; bDepartment of Business Management, 
Brooklyn College of the City University of New York, Brooklyn, NY, USA

ABSTRACT
Background: Blood pressure medication is often prescribed to patients with preeclampsia. We are 
not aware of any study on readmission of those with preeclampsia to the hospital that considers 
blood pressure medication use or dose.
Methods: This was a retrospective study of 440 preeclampsia patients diagnosed during the 
antepartum, intrapartum, or immediate postpartum period prior to discharge from the hospital. 
The outcome was hospital readmission. One analysis compared blood pressure medication (oral 
labetalol and oral extended release nifedipine) use and nonuse. Another analysis compared low- 
dose and high-dose blood pressure medication use.
Results: Blood pressure medication use was not significantly associated with readmission (OR: 
0.79, 95% CI: 0.39, 1.63, p = 0.53). Low dose of blood pressure medication was significantly 
associated with increased odds for readmission (OR: 2.29, 95% CI: 1.00, 5.25, p = 0.05).
Conclusion: We found that low dose of blood pressure medication was associated with increased 
odds for readmission within 6 weeks among those with preeclampsia. We recommend that 
clinicians balance the preference to reduce a blood pressure medication dose with the possible 
concern that too low a dose may place certain patients on track for hospital readmission after 
discharge.
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Introduction

Preeclampsia occurs in approximately 2–8% of preg
nancies and contributes to maternal and neonatal mor
bidity and mortality (1). Women diagnosed with 
preeclampsia are at increased risk of developing severe 
complications that include stroke, cardiac failure, and 
renal failure (2). It is estimated that US$2.18 billion 
dollars a year are spent by hospital systems for mana
ging preeclampsia and its complications (3).

The American College of Obstetricians and 
Gynecologists (ACOG) treatment recommendations 
for blood pressure and preeclampsia management in 
the acute inpatient setting include clearly defined algo
rithms for the administration of intravenous labetalol, 
oral nifedipine, and intravenous hydralazine (1). 
Magnesium sulfate is recommended for the manage
ment of inpatient preeclampsia (4,5). However, unlike 
inpatient settings, the prescription of oral management 
for preeclampsia after delivery lacks a clearly defined 
protocol for outpatient management from ACOG (1).

A systematic review of 39 studies comparing the 
efficacy of different postpartum blood pressure 

management approaches was unable to recommend 
a preferred approach for outpatient medical manage
ment of preeclampsia (6). In oral management of blood 
pressure issues in pregnancy while an outpatient, the 
two most common medications used are labetalol and 
nifedipine (7). A study of postpartum management of 
hypertensive issues including preeclampsia found that 
both labetalol and nifedipine were efficacious for blood 
pressure control with nifedipine being slightly more 
effective in achieving tight blood pressure control (8).

When studying preeclampsia, it is important to con
sider certain demographic and medical variables. 
Increased age, specifically those of advanced maternal 
age, is associated with increased complications from 
preeclampsia (9). Those of black race/ethnicity are 
more at risk for preeclampsia complications associated 
with severe morbidity and mortality (10). Increased 
body mass index is associated with increased complica
tions from preeclampsia (11). Patients diagnosed with 
pregestational diabetes have greater complications from 
preeclampsia than those without diabetes (12).

To our knowledge, we are not aware of any study on 
readmission of those with preeclampsia to the hospital 
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that considers medication use or dose. In this study, we 
evaluate the association between blood pressure medi
cation use and dosage with hospital readmission.

Materials and methods

Setting

This was a retrospective study of 440 patients from 
January 2016 to January 2022 who received the diag
nosis of preeclampsia, either with or without severe 
features, in the antepartum, intrapartum, or immediate 
postpartum period prior to discharge from the hospital. 
The setting was a public county hospital that serves 
lower-income patients in a suburb of New York City. 
Inclusion criteria were any patients who were dis
charged from the hospital with a diagnosis containing 
preeclampsia and received monotherapy of either oral 
labetalol or oral nifedipine. Providers did not consider 
older age as a reason for a lower dose. Dose was based 
upon provider’s decision regarding overall blood pres
sure control. Readmission to the hospital only consid
ered those who were readmitted within 6 weeks with 
a primary diagnosis of preeclampsia. The reason for 
readmission was a hypertensive crisis of elevated 
blood pressure. Patients were typically seen weekly 
after hospital discharge by an obstetrics/gynecology 
physician if there were concerns about blood pressure 
control. None of the patients had their blood pressure 
medications adjusted before requiring hospital read
mission. Patients were excluded if they had gestational 
hypertension, chronic (essential) hypertension, or were 
on dual therapy with a combination of labetalol and 
nifedipine. We excluded those with dual therapy as we 
wanted to study the individual impact of each medica
tion, there were too few patients receiving dual therapy, 
and it would be challenging to place those on dual 
therapy into either a low-dose or high-dose blood pres
sure group since some had low dose for one blood 
pressure medication and high dose for another blood 
pressure medication. For patients with multiple deliv
eries that included a diagnosis of preeclampsia, only the 
first delivery was included. Ethical approval was 
obtained from the Nassau Health Care Corporation 
Institutional Review Board (IRB#21–400). A waiver 
for informed consent was obtained due to the retro
spective nature of this study.

Variables

Demographic variables were age, race (white, Hispanic, 
black, and other), and body mass index (kg/m2). 
Pregnancy related variables were gravida and parity. 

Past medical history consisted of pregestational dia
betes and gestational diabetes. Preeclampsia history 
from a previous pregnancy and current pregnancy pre
eclampsia with severe features as defined by ACOG (1) 
were recorded. Systolic (mm Hg) and diastolic (mm 
Hg) blood pressure were from blood pressure taken 
on the day of discharge from the hospital. Blood pres
sure medication use was measured as no versus yes. 
The medications studied were oral labetalol, a beta 
blocker, and oral extended release nifedipine, 
a calcium channel blocker. Each medication was also 
a priori before analyses divided into a high-dose or 
low-dose category based upon clinical experience for 
considering dosages. Low dose for labetalol was any 
combined daily dose less than 599 mg (daily dose totals 
included 200, 300, and 400 mg), while high dose was 
any combined daily dose of 600 mg or greater (daily 
dose totals included 600, 800, 900, 1200, and 1,500 mg). 
Low dose for nifedipine were those that received 30 mg. 
High dose for nifedipine were those that received any 
combined daily dose of 60, 90, or 120 mg. The outcome 
variable of readmission to hospital within 6 weeks was 
measured as no versus yes.

Statistical analysis

Mean and standard deviation were used to describe the 
continuous variables. Frequency and percentage were 
used to describe the categorical variables. Analysis of 
variance compared the continuous variables with 
a normal distribution while the Mann–Whitney test 
compared the compared the continuous variables with 
a skewed distribution. The Pearson chi-square test 
compared the categorical variables except when 
expected cell size was <5 and where the Fisher’s exact 
test was used. All variables significantly differing in 
these analyses between the readmission groups were 
included as covariates in the multivariate logistic 
regression analyses for the outcome of readmission 
(Model 1). Exploratory analyses were also conducted 
for the main predictor variables of no/yes blood pres
sure medication and high/low blood pressure medica
tion dose. All variables significantly differing in these 
analyses were included as additional covariates in the 
multivariate logistic regression analyses that included 
the main predictor variable when analyzing for the 
outcome of readmission (Model 2). Receiver operating 
characteristic analyses were conducted for the multi
variate logistic regression models. All p-values were two 
tailed. Alpha level for significance was p ≤ 0.05. IBM 
SPSS Statistics version 28 (IBM Corporation, Armonk, 
New York, 2021) and Stata SE version 17 (Stata, College 
Station, Texas, 2021) were used for the analyses.
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Results

The sample included 141 (32.0%) patients with no 
blood pressure medication and 299 (68.0%) patients 
with blood pressure medication. The blood pressure 
medications consisted of labetalol (n = 266, 89.0%) 
and nifedipine (n = 33, 11.0%). There were 135 
(45.2%) patients with high doses of blood pressure 
medication and 164 (54.8%) patients with low doses 
of blood pressure medication. There were 44 (10.0%) 
patients who were readmitted within 6 weeks of their 
initial hospital discharge. Table 1 shows comparisons 
for the sample characteristics. Mean age significantly 
differed (p = 0.003) where there was a greater mean for 
the yes readmission group (M = 33.6, SD = 6.31) as 
compared to the no readmission group (M = 30.2, SD  
= 7.00). Race/ethnicity significantly differed (p = 0.002) 
where the yes readmission group had a greater percen
tage of blacks (50.0%) and the no readmission group 
had a greater percentage of Hispanics (63.1%). Systolic 
blood pressure and diastolic blood pressure mean 
values and also categorical values showing controlled 
blood pressure status did not significantly differ 
between the readmission groups.

We conducted exploratory analyses between the 
blood pressure medication groups. Preeclampsia with 
severe features significantly differed between the groups 
(no: 36.2%, 51/141, yes: 83.6%, 250/299, p < 0.001). 
There were no significant differences between the 
groups for body mass index (no: M = 33.4, SD = 7.21, 
yes: M = 34.6, SD = 6.98, p = 0.11) or gestational dia
betes (no: 8.5%, 12/141, yes: 13.0%, 39/299, p = 0.17).

We conducted exploratory analyses between the 
dose categories of the blood pressure medication 

groups. Age significantly differed between the groups 
(high: M = 32.4, SD = 6.43, low: M = 30.7, SD = 7.14, p  
= 0.03). Preeclampsia with severe features significantly 
differed between the groups (high: 90.4%, 122/135, low: 
78.0%, 128/164, p = 0.004). There were no significant 
differences between the groups for body mass index 
(high: M = 35.0, SD = 6.80, low: M = 34.2, SD = 7.12, p  
= 0.30), gestational diabetes (high: 11.9%, 16/135, low: 
14.0%, 23/164, p = 0.58), systolic blood pressure con
trolled (high: 54.8%, 74/135, low: 44.5%, 73/164, p =  
0.08), or diastolic blood pressure controlled (high: 
51.9%, 70/135, low: 45.1%, 74/164, p = 0.25).

Table 2 shows the multivariate logistic regression 
analysis for readmission with the main predictor vari
able of use of blood pressure medication. Use of blood 
pressure medication was not significantly associated 
with readmission in either Model 1 (OR: 0.79, 95% 
CI: 0.39, 1.63, p = 0.53) or Model 2 (OR: 0.73, 95% CI: 
0.33, 1.63, p = 0.45). Also, increased age was signifi
cantly associated with increased odds for readmission 
in both Model 1 and Model 2 (OR: 1.08, 95% CI: 1.02, 
1.13, p = 0.01). The area under the receiver operating 
characteristic curve was 0.70 in both Model 1 and 
Model 2.

Table 3 shows the multivariate logistic regression 
analysis for readmission with the main predictor vari
able of dose category of blood pressure medication. 
Low dose of blood pressure medication was signifi
cantly associated with increased odds for readmission 
in Model 1 (OR: 2.29, 95% CI: 1.00, 5.25, p = 0.050) and 
approached significance in Model 2 (OR: 2.30, 95% CI: 
0.99, 5.36, p = 0.054). Also, increased age was signifi
cantly associated with increased odds for readmission 
in both Model 1 and Model 2 (OR: 1.10, 95% CI: 1.03, 

Table 1. Comparisons of Sample Characteristics to Readmission.

Variable

No readmission 
M (SD) or 

# (%) 
(n = 396)

Yes readmission 
M (SD) or 

# (%) 
(n = 44) p value

Age (years) [mean] 30.2 (7.00) 33.6 (6.31) 0.003
Race/ethnicity 

White 
Hispanic 
Black 
Other

25 (6.3) 
250 (63.1) 
93 (23.5) 
28 (7.1)

3 (6.8) 
17 (38.6) 
22 (50.0) 

2 (4.5)

0.002

Body mass index (kg/m2) [mean] 34.3 (7.18) 33.3 (5.94) 0.40
Gravida [mean] 2.6 (1.72) 2.9 (1.86) 0.32
Parity [mean] 1.1 (1.30) 1.3 (1.56) 0.69
Diabetes (yes) 15 (3.8) 1 (2.3) 1.00
Gestational diabetes (yes) 47 (11.9) 4 (9.1) 0.59
Preeclampsia history (yes) 51 (12.9) 6 (13.6) 0.89
Preeclampsia severe features (yes) 268 (67.7) 33 (75.0) 0.32
Systolic blood pressure [mean] 125.8 (11.74) 127.8 (9.47) 0.26
Diastolic blood pressure [mean] 76.3 (9.12) 78.1 (7.65) 0.21
Systolic blood pressure ≥130 155 (39.1) 21 (47.7) 0.27
Diastolic blood pressure ≥80 171 (43.2) 24 (54.5) 0.15

Note: M=mean, SD=standard deviation. The skewed variable of parity was analyzed with the Mann–Whitney 
test. Due to expected cell size < 5, race/ethnicity and diabetes were analyzed with the Fisher’s exact test. 
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1.17, p = 0.01). The area under the receiver operating 
characteristic curve was 0.73 in Model 1 and 0.74 in 
Model 2.

Discussion

We found that 10.0% were readmitted within 6 weeks 
of their initial hospital discharge. We found that use of 
blood pressure medication did not impact the rate of 
readmission. However, when focusing on dose of blood 
pressure medication, low medication dose was signifi
cantly associated with increased odds for readmission. 
Also, higher age was significantly associated with 
increased odds for readmission.

We did not find any association of use versus nonuse 
of blood pressure medication impacting readmission. 
Previous research reports that untreated hypertension 
in pregnancy is associated with increased risk for read
mission to the hospital (13). Our findings differ from this 
pattern. Our study mean for both the untreated and 
treated groups had systolic blood pressure below 130  
mm Hg and diastolic blood pressure below 80 mm Hg 
while the previous study mean (13) had systolic blood 
pressure below 140 mm Hg and diastolic blood pressure 
below 90 mm Hg. It is possible that as our sample was 

healthier with lower blood pressure that there was no 
association with readmission to the hospital.

We found that low medication dose was significantly 
associated with increased odds for readmission. In the 
additional model based upon the exploratory analysis 
that included preeclampsia with severe features as 
a predictor variable, preeclampsia with severe features 
was not significant and low medication dose 
approached significance with increased odds for read
mission. We are not aware of any literature on blood 
pressure medication dose level and readmission for 
pregnant patients. In a study of hospital readmissions 
due to adverse drug events for patients treated by many 
disciplines of cardiology, gastroenterology, general sur
gery, internal medicine, neurology, psychiatry, and pul
monology under prescribing medications was the most 
common prescribing error associated with increased 
hospital readmission within 30 days (14). Our findings 
for preeclampsia and low dose of blood pressure med
ication are similar to this pattern of under prescribing 
medications placing patients at increased risk for hos
pital readmission. We suggest that the low dose of the 
blood pressure medication did not facilitate adequate 
control and resulted in the preeclampsia patients being 
readmitted to the hospital.

Table 2. Multivariate Logistic Regression Analyses for Readmission with a Predictor Variable of Use or Nonuse 
of Blood Pressure Medication.

Variable

Model 1 
OR (95% CI) 

(n = 440) p value

Model 2 
OR (95% CI) 

(n = 440) p value

Blood pressure medication 
No 
Yes

1.00 
0.79 (0.39, 1.63) 0.53

1.00 
0.73 (0.33, 1.63) 0.45

Age (years) 1.08 (1.02, 1.13) 0.01 1.08 (1.02, 1.13) 0.01
Race/ethnicity 

White 
Hispanic 
Black 
Other

1.00 
0.52 (0.14, 1.94) 
1.78 (0.49, 6.53) 
0.52 (0.08, 3.43)

0.33 
0.39 
0.50

1.00 
0.52 (0.14, 1.95) 
1.77 (0.48, 6.51) 
0.54 (0.08, 3.58)

0.33 
0.39 
0.52

Preeclampsia severe features (yes) — — 1.21 (0.53, 2.77) 0.65

Note: OR=odds ratio, CI=confidence interval. 

Table 3. Multivariate Logistic Regression Analysis for Readmission with a Predictor Variable of Low or High 
Dose of Blood Pressure Medication.

Variable

Model 1 
OR (95% CI) 

(n = 299) p value

Model 2 
OR (95% CI) 

(n = 299) p value

Blood pressure medication 
High dose 
Low dose

1.00 
2.29 (1.00, 5.25) 0.050

1.00 
2.30 (0.99, 5.36) 0.054

Age (years) 1.10 (1.03, 1.17) 0.01 1.10 (1.03, 1.17) 0.01
Race/ethnicity 

White 
Hispanic 
Black 
Other

1.00 
0.53 (0.11, 2.71) 

2.15 (0.44, 10.54) 
0.39 (0.03, 5.01)

0.45 
0.35 
0.47

1.00 
0.54 (0.11, 2.71) 

2.15 (0.44, 10.56) 
0.40 (0.03, 5.24)

0.45 
0.35 
0.48

Preeclampsia severe features (yes) — — 1.02 (0.31, 3.10) 0.97

Note: OR=odds ratio, CI=confidence interval. 
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We found that higher age was significantly asso
ciated with increased odds for readmission. It is well 
known that increased age in pregnancy increases com
plications during pregnancy (9,15). Our finding of 
increased mean age for those readmitted is consistent 
with what is known about older age as a risk factor for 
preeclampsia diagnosis and complications in general. 
Our data suggest that age is an independent risk factor 
for hospital readmission.

We found that 10.0% were readmitted. The mean 
all-cause hospital readmission rate in the United States 
is 15.0% (16). Our findings for preeclampsia indicate 
that this readmission rate is slightly lower than the all- 
cause readmission rate.

A strength of this study is that we are the first to 
study blood pressure medication use among women 
with preeclampsia and readmission to hospital. This 
study has several limitations. First, there were only 
a small number of people treated with nifedipine and 
therefore we analyzed a combined medication group. 
Future research should include a larger number of 
people treated with nifedipine to separately study each 
medication of labetalol and nifedipine. Second, adher
ence to medication relied on patient self-report and it is 
possible that patients readmitted were not adhering to 
the prescribed medication regimen.

In conclusion, we found that low dose of anti
hypertensive medication was associated with 
increased odds for hospital readmission within 6 
weeks among those with preeclampsia. We recom
mend that clinicians balance the preference to 
reduce a blood pressure medication dose with the 
possible concern that too low a dose may place 
certain patients on track for hospital readmission 
after discharge. We recommend from a public 
health perspective that ACOG provides outpatient 
guidelines for the prescription of oral management 
for preeclampsia after delivery.
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