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A B S T R A C T   

Current guidelines lack sufficient evidence to recommend a specific blood pressure lowering strategy to prevent 
cardiovascular disease after preeclampsia. We conducted a double-blind cross-over trial to identify the most 
potent antihypertensive strategy: renin-angiotensin-aldosterone system (RAAS) inhibition (losartan), sym-
pathoinhibition (moxonidine), low sodium diet and placebo (n = 10). Due to low inclusion rate our study 
stopped prematurely. Initiatory analyses showed no significant effect of antihypertensive strategy on office blood 
pressure and 24-hour blood pressure. However, nocturnal dipping was significantly higher on RAAS inhibition 
and low sodium diet compared to placebo and sympathoinhibition. 

Optimal cardiovascular prevention after preeclampsia should be further explored.   

1. Introduction 

Preeclampsia affects 2–5% of all pregnancies and is characterized by 
de novo hypertension and proteinuria or maternal organ dysfunction or 
uteroplacental dysfunction resulting in fetal growth restriction [1–3]. 
Women with a history of preeclampsia have an increased risk to develop 
hypertension and cardiovascular events [2,4–7]. 

Current guidelines for prevention of cardiovascular disease after 
preeclampsia lack sufficient evidence to recommend a particular blood 
pressure lowering strategy [8–11]. In a recent systematic review, no 
particular treatment or approach regarding cardiovascular risk man-
agement after hypertensive pregnancy disorders could be identified 
[12]. 

The aim of this cross-over trial was to investigate the most effective 
blood pressure lowering strategy in women with a history of pre-
eclampsia with (borderline) hypertension. 

2. Methods 

Based on Dorresteijn et al., we performed a randomized, double- 
blind, four-way crossover trial in women aged 18–45 years with a his-
tory of early-onset preeclampsia who were at least 6 months postpartum 
and had off-treatment diastolic blood pressure > 80 mmHg and/or 
systolic blood pressure > 120 mmHg assessed by office readings at two 
visits (PALM-study, NTR4590) [13]. 

Exclusion criteria were diastolic blood pressure > 110 mmHg and/or 
systolic blood pressure > 180 mmHg, use of more than one antihyper-
tensive drug, current pregnancy, smoking, any other medical condition 
or use of other medication. 

In each woman the effects of 8 weeks inhibition of renin-angiotensin 
aldosterone system (RAAS) inhibition (losartan 100 mg), sym-
pathoinhibition (moxonidine 0.4 mg), low sodium diet (50 mmol NaCl/ 
24 h) and placebo on office blood pressure and 24-hour blood pressure 
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(mean arterial blood pressure (MAP)) were determined. Nocturnal 
dipping (%) was assessed, as non-dipping is associated with increased 
cardiovascular risk [14]. The total study period comprised 32 weeks. 
Compliance for low sodium was triple-checked in the low sodium diet 
period using 24-hour urine and compliance for the other periods was 
performed by counting pills. 

For sufficient power to detect 4 mmHg difference we required 30 
participants. However, due to intensity and duration of the study the 
required sample size was not feasible, and at 10 inclusions the study 
stopped prematurely. The initial study design included additional 
vascular measurements (stiffness, endothelial function) which were left 
out during the course of the study, due to the intensity experienced by 
the participants. 

Despite small sample size, we performed statistical analysis on our 
data to obtain an overview of the results. The data were analyzed using 
linear mixed models with subject*visit as random factor. P-values <
0.05 were considered statistically significant. Statistical analysis was 
performed with SPSS 21.0. 

3. Results 

Out of 136 eligible women, 10 women could be randomized and 
analyses were performed on 8 participants. Main reasons to decline 
participation included current child wish, expected high intensity of the 
study and total study duration. Two randomized participations could not 
be taken into the analyses due to loss of follow-up during the study 
period. 

Median age of the participants was 39 years and their median blood 
pressure at screening was 138/89 mmHg. All women had early and/or 
severe preeclampsia, as reflected in the median gestational age at 

delivery (30 weeks; Table 1). 
No significant effect of blood pressure lowering strategy was 

observed on either office blood pressure and 24-hour blood pressure, 
although in the 24-hour measurements a trend towards lower MAP was 
observed on losartan (92 ± 7 mmHg) and low sodium diet (94 ± 14 
mmHg) compared to placebo (97 ± 13 mmHg) and moxonidine (98 ±
13 mmHg) (Table 2). Nocturnal dipping of MAP did significantly differ 
(pstrategy = 0.03), with increased dipping on low sodium diet (-18 ± 9 
mmHg, p = 0.01) and losartan (-18 ± 5 mmHg, p < 0.01), compared to 
placebo (-13 ± 3 mmHg) and moxonidine (-6 ± 6 mmHg). Compliance 
was lowest on moxonidine (mean number of pills returned: 23 (19–93). 
Urinary sodium was clearly lower in the low sodium period compared to 
the other study periods, especially at weeks 2 and 4. 

4. Discussion 

This double-blind cross-over trial is unique in aiming to find a spe-
cific cardiovascular treatment strategy in women after preeclampsia. 
Since inclusion of participants and adherence to study interventions 
were extremely difficult, our study provides valuable data despite being 
stopped prematurely. Although we observed no significant effect of 
blood pressure lowering strategy on 24-hour blood pressure, there was a 
trend towards lower MAP on losartan and low sodium diet. In addition, 
nocturnal dipping was significantly higher on RAAS inhibition and low 
sodium diet compared to placebo and sympathoinhibition. 

Whilst the observed effects are small, these findings fit with the 
previously reported increased salt-sensitivity and disturbances in RAAS 
after preeclampsia. Targeting these pathways might provide an effective 
strategy to prevent cardiovascular disease after preeclampsia [15–17]. 
In general, female blood pressure is reported to be more sodium sensi-
tive and increased sensitivity of angiotensin II type two receptor therapy 
has been reported [18,19]. 

The design of this study was used successfully before in obese dia-
betic patients and is strong in cross-over design, reducing the influence 
of confounding covariates since participants serve as their own control 
[13]. However, our study appeared to be challenging due to its intensity 
and duration. This might also indicate poor willingness of women with a 
history of preeclampsia to adjust lifestyle or use medication to prevent 
development of cardiovascular disease. Regarding lifestyle in-
terventions, our study showed that continuing compliance to low so-
dium diet is difficult to establish. Due to the low inclusion rate, we were 
limited in our analyses and had no opportunity to analyze the order of 
randomization and our intended secondary outcomes, such as arterial 
stiffness and endothelial function. For both future studies and clinical 
follow-up of women after preeclampsia we recommend practical treat-
ment strategies, which are better adapted to the lifestyle of these 
women, and include new techniques like telemonitoring, to ease 
participation and support compliance. 

Table 1 
Baseline characteristics.  

Characteristics (n ¼ 8)  No (%) or median (IQR) 

Age (years)  39 (29–43) 
BMI (kg/m2)  24 (23–25) 
Waist circumference (cm)  83 (75–100) 
Hip circumference (cm)  99 (84–102) 
Blood pressure (mmHg) at screening Systolic 138 (135–145)  

Diastolic 89 (80–98) 
Antihypertensive use Yes 2 (25%)  

No 6 (75%) 
Smoked Current 0 (0%)  

Never 6 (75%)  
Quit 2 (25%) 

Time since last PE (years)  6 (1–12) 
Pregnancies complicated with PE 1 7 (88%)  

2 1 (13%) 
Gestational age of PE pregnancy (weeks)  30 (29–35) 
Birth weight of PE pregnancy (gram)  1080 (998–2002)  

Table 2 
Primary endpoint.  

Blood pressure  Placebo (n ¼ 8) Losartan (n ¼ 8) Moxonidine (n ¼ 7) Low sodium diet (n ¼ 7) P strategy   

Median (IQR) Median (IQR) Median (IQR) Median (IQR)  
24 h mean Systolic 125 (116–140) 122 (113–125) 124 (115–142) 122 (112–130)  0.86 
(mmHg) Diastolic 80 (71–97) 76 (71–82) 82 (74–98) 75 (68–83)  0.82  

MAP 93 (88–111) 91 (87–96) 96 (92–113) 91 (85–99)  0.82 
Nocturnal dip (%) Systolic 9% (7–11)* 15% (8–19) 6% (0–7)* 14% (11–19)  <0.001 
(mmHg) Diastolic 15% (12–17) 21% (11–30) 8% (5–17) 21% (16–25)  0.05  

MAP 13% (11–14) 17% (10–25) 6% (3–11)* 18% (13–22)  <0.03 
Office Systolic 121 (113–137) 116 (112–120) 121 (109–125) 115 (110–128)  0.81 
(mmHg) Diastolic 80 (69–91) 71 (67–76) 78 (67–87) 73 (65–86)  0.91  

MAP 88 (85–106) 85 (82–89) 92 (81–100) 86 (80–100)  0.92 
24 h Sodium intake Week 2 – – – 47 (33–136)  
(mmol/24 h) Week 4 – – – 57 (50–71)   

Week 8 115 (76–152) 123 (58–145) 103 (101–188) 90 (77–93)  0.48 
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5. Conclusion 

Equal beneficial effects of RAAS inhibition and low sodium diet were 
observed on 24-hour blood pressure, especially on nocturnal dipping, in 
women with a history of preeclampsia. These findings are in line with 
previously reported increased salt-sensitivity and disturbances in RAAS 
after preeclampsia and suggest further exploration which strategy 
should be recommended to lower blood pressure. 
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