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Abstract
Background Women with a history of preeclampsia are at
increased risk for future hypertension and cardiovascular
disease (CVD); until now it is not clear whether preventive
measures are needed.
Methods A decision-analytic Markov model was constructed to evaluate healthcare costs and effects of screening and treatment (100 % compliance) for hypertension
post preeclampsia based on the available literature. Cardiovascular events and CVD mortality were defined as health
states. Outcomes were measured in absolute costs, events,
life-years and quality-adjusted life-years (QALYs). Sensitivity and threshold analyses were performed to address
uncertainty.

Electronic supplementary material The online version of this
article (doi:10.1007/s12471-015-0760-z) contains supplementary
material, which is available to authorized users.
J.T. Drost ()
Department of Cardiology, Isala Klinieken,
8000 PO Box 10500, GM Zwolle, the Netherlands
e-mail: j.t.drost@isala.nl
J.P.C Grutters · G.-J. van der Wilt
Department for Health Evidence, Radboud University Medical
Center,
Nijmegen, the Netherlands
Y.T. van der Schouw
Julius Center for Health Sciences and Primary Care, University
Medical Center Utrecht,
Utrecht, the Netherlands
A.H.E.M. Maas
Department of Cardiology, Radboud University Medical Center,
Nijmegen, the Netherlands

Results Over a 20-year time horizon, events occurred in
7.2 % of the population after screening, and in 8.5 % of the
population without screening. QALYs increased from 16.37
(no screening strategy) to 16.40 (screening strategy), an increment of 0.03 (95 % CI 0.01;0.05) QALYs. Total expected
costs were € 8016 in the screening strategy, and € 9087
in the none screening strategy (expected saving of € 1071
(95 % CI − 3146;-87) per person).
Conclusion Annual hypertension screening and treatment
in women with a history of preeclampsia may save costs, for
at least a similar quality of life and survival due to prevented
CVD compared with standard care.
Keywords Preeclampsia · Economic analysis ·
Cardiovascular screening
Introduction
It has been well established that women with a history of
preeclampsia are at increased risk of future cardiovascular
disease (CVD) morbidity and mortality [1]. Preeclampsia is
defined as de novo hypertension (140/90 mmHg) with proteinuria (> 0.3 g/24 h) occurring in the second half of pregnancy [2]. Despite the abundant evidence on the increased
CVD risk in these women later in life, [3, 4] intermediate
follow-up data are still relatively scarce and it is still undefined whether preventive measures are needed [5].
In the Preeclampsia Risk EValuation in FEMales (PREVFEM) cohort, consisting of 339 women with a history of
early preeclampsia (before 32 weeks of pregnancy), we previously identified hypertension as the most important CVD
risk factor at a cardiovascular screening 10 years post-partum [6]. As hypertension is an established CVD risk factor
[7], early detection and treatment of hypertension is of pri-
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Fig. 1 Schematic representation of the Markov model

mary importance for this category of young women. However, screening onwards from pregnancy is labour-intensive
and may be costly. Currently, few data on cost-effectiveness
of preventive interventions in women after preeclampsia are
available; however, data on women after early preeclampsia are not available [8]. We performed a model-based costeffectiveness analysis to estimate the healthcare costs and
potential effects of screening for hypertension in women
with a history of early preeclampsia.
Methods
Overview
A decision-analytic Markov model was constructed to evaluate costs and effects of screening for hypertension from
a healthcare perspective in women post preeclampsia. In
each cycle of the model patients were transferred to a certain health state according to the further described transition
probabilities. The predefined health states are demonstrated
in Fig. 1. The cycle length was one year. We used time horizons of 10 and 20 years, the starting point was at 30 years
of age. Outcomes were measured in number of events, lifeyears, quality-adjusted life-years (QALYs) and absolute
costs. The Markov model was built and analysed in Microsoft Office Excel 2010.

Patient characteristics
As target population we used the PREVFEM cohort, comprising women with a history of early-onset preeclampsia
(onset before 32 weeks of pregnancy).[6] This study was
performed to evaluate the presence of CVD risk factors in
women at 10 years after index pregnancy. The detailed protocol of the screening procedure has been described elsewhere.[6]
Comparators
We introduced a hypothetical annual blood pressure
screening at the general practitioner (GP) for women after
preeclampsia, starting in the first-year postpartum. The comparative strategy existed of care as usual: standard obstetric
care and no specifically arranged blood pressure checkups. If hypertension was detected in any of the strategies,
this involved three additional GP visits, an ECG recording
and prescription of medication. The probability of developing CVD with and the probability without hypertension
were equal between the two strategies. The only difference
between the strategies was in detecting and therefore treating hypertension.
Transition probabilities
Risk of hypertension and presence of adequate treatment for
women after preeclampsia were based on the PREVFEM
cohort [6]. As the follow up in this cohort is relatively short
(10 years) we used published literature to assess the risk of
future CVD in women post preeclampsia (early as well as
late preeclampsia) (Supplementary data, Table 1) [3, 9, 10].
Probabilities of developing CVD for each cycle (Table 1)
were derived from meta-analyses on cardiovascular disease [3, 9, 10]. Risk reduction in the intervention group
for the development of ischaemic heart disease and stroke
were based on the effects of blood pressure lowering, starting with a pre-treatment systolic blood pressure (SBP) of
Table 1 Relative risk on cardiovascular outcome in participants with
untreated hypertension
Health outcome Relative risk (95 % CI) Distribution Reference
Ischaemic heart 1.32
Fixed
11
disease
Stroke
1.49
Fixed
11
Heart failure
1.47 (1.35–1.61)
Normal
12
End-stage renal 2.57 (2.06–3.22)
Normal
13
disease
Cardiovascular 1.61 (1.35–1.92)
Normal
12
mortality
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Table 2 Cost-effectiveness results (probabilistic analysis)
Screening strategy Mean (95 %
credible intervals)
Expected health care costs
(€/horizon)
10 year horizon
3058 (1893; 5446)
20 year horizon
8016 (4614; 14627)
Expected life years
9.1716
(years/horizon)
10 year horizon
(9.1676; 9.1752)
16.9529
20 year horizon
(16.9390; 16.9660)
8.93 (8.81; 9.03)
Expected QALYs
16.40 (16.15; 16.65)
(QALYs/horizon)
10 year horizon
20 year horizon
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No screening strategy Mean (95 % CI)

Increment Mean (95 % CI)

3083 (1755; 5778)
9087 (4721; 17,785)
9.1701

– 25 (– 392; 142)
– 1071 (– 3146; – 87)
0.0015

(9.1659; 9.1741)
16.9427
(16.9259; 16.9583)
8.92 (8.81; 9.02)
16.37 (16.11; 16.63)

(0.0007 0.0022)
0.0102
(0.0053; 0.0158)
0.0046 (0.0020;0.0078)
0.0320
(0.0143; 0.0533)

Table 3 Results of the deterministic threshold and sensitivity analysis (over 20 years)
Incremental costs screening Incremental QALYs screening
(euro/time horizon 20 y)
(QALYs/time horizon 20 y)
Base case analysis
0.032
– 1062
Costs of screening € 151/y
–4
0.032
Adherence on medication 75 %
– 1024
0.031
Utility hypertension 0.95
– 1062
0.030
Utility hypertension 0.90
– 1062
0.026
Utility untreated hypertension 0.95
– 1062
0.184
Utility untreated hypertension 0.90
– 1062
0.437
Utility untreated hypertension 0.90,
– 1062
0.283
treated hypertension 0.95
– 1062
0.133
Utility untreated hypertension 0.95,
treated hypertension 0.97

140 mmHg and one drug standard dose [11]. As Law et
al. did not describe the effects of blood pressure lowering
on heart failure and mortality we used hazard ratios (per
20 mmHg SBP increase) on CVD mortality and total CVD
events in a Dutch cohort study (35–65 years of age) to estimate the effects on these health states [12]. Estimation of
the relative risk for the development of end-stage renal disease was also based on an SBP difference of 20 mmHg in a
American cohort of 37 years of age [13].
Costs
Costs (Supplementary data, Table 2) were presented in
Euros (€). Price indices were used to convert costs to the
2012 price level, future expenditures were discounted to
their present value by a rate of 4 % [14]. Estimation of costs
in the intervention strategy was based on a single screening
visit at the GP of € 30 (Dutch reference price, as established
by the Dutch Healthcare Insurance Board) [14]. Costs for
detection of hypertension in both strategies were based on
three GP visits and an ECG recording (€ 130) and yearly
costs for treatment of hypertension and medication use
according to current Dutch GP guidelines [15, 16]. Costs

Incremental costs per QALY gained
Screening dominates
Screening dominates
Screening dominates
Screening dominates
Screening dominates
Screening dominates
Screening dominates
Screening dominates
Screening dominates

associated with the potential CVD and yearly ongoing costs
thereafter were derived from published Dutch cost studies;
[17, 18] if not available other European studies were used
[19].
Effects
QALYs were used as outcome measure in the model. To
measure health-related quality of life we used a single index
utility, on a scale from 0 (death) to 1 (perfect health). Utility data (Supplementary data, Table 3) were derived from
recent population-based literature [20, 24]. Because of the
general preference to enjoy benefits as soon as possible,
future effects were discounted to their present value by a
rate of 1.5 % [14].
Analysis
Total event rates, life-years, QALYs and expected costs
were calculated for both strategies. If one strategy was
more effective and less costly, this strategy was deemed
cost-effective. If screening was more costly and more
effective, or the opposite, incremental cost-effectiveness
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Fig. 2 Effectiveness of screening
for hypertension post preeclampsia according to the probabilistic
analysis in 20 year time horizon
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ratios (ICERs) were calculated by dividing the incremental costs by the incremental QALYs. Whether screening is
cost-effective depends on whether this ICER is below the
societal willingness to pay for a QALY. The informal willingness to pay in the Netherlands is € 20,000 per QALY for
standard health interventions [14].

for women with and without hypertension at 0.98 [20], we
propose that hypertension and use of medication might
decrease quality of life.

Sensitivity analysis

Base-case analysis

To reflect the uncertainty of the parameter estimates in the
model probabilistic sensitivity analyses were performed
[25]. For this purpose distributions were assigned to the
model parameters. Parameter values were drawn at random
from the assigned distributions, using Monte Carlo simulation with 5000 iterations. Based on these simulations, mean
values and 2.5th and 97.5th percentiles (95 % credible intervals) surrounding the costs and effects were calculated.
The results of this probabilistic analysis are demonstrated
in a cost-effectiveness plane and cost-effectiveness acceptability curve (CEAC). The CEAC shows the probability that
screening is cost-effective over a range of willingness-topay thresholds [26].
In addition, a threshold analysis was performed to determine the maximum costs of screening for which screening
is the most effective and least expensive strategy.
One-way deterministic sensitivity analyses were performed to evaluate the effect of reduced adherence to
hypertension treatment in women (75 %), as in common
clinic practice adherence to antihypertensive medication
is less than 100 %. Deterministic sensitivity analyses were
also used to evaluate changes in quality of life of women
with hypertension. In our primary model we set utility index

Screening for hypertension was found to be slightly more
effective than no screening (Table 2). Over a time horizon
of 20 years events occurred in 7.2 % of the population after
screening, and in 8.5 % of the population without screening.
Life-years in the screening strategy were 16.9529 versus
16.9427 per person in the no screening strategy, an increment of 0.0102 (95 % CI 0.0053; 0.0158) life-years. QALYs
increased to 16.37 for the no screening strategy and to 16.40
for the screening strategy, an increment of 0.0320 (95 % CI
0.0143; 0.0533) QALYs, which equals 12 days in perfect
health quality.
Screening was also found to be less expensive than no
screening. Estimated expenditures over a 20-year time horizon in the screening strategy were € 8016, compared with
€9087 in the no screening strategy. This results in further
savings of €1071 (95 % CI – 3146; – 87) per person.

Results

Sensitivity analysis
The results of the probabilistic sensitivity analysis showed
that despite considerable uncertainty, in almost all simulations the screening strategy was less costly and more effective than the no screening strategy over 20 years (Fig. 2).
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Fig. 3 Cost-effectiveness acceptability curves for hypertension
screenig in women post preeclampsia, combined results for 10 and
20 year time horizon

From the CEAC it is clear that regardless of the willingness to pay for a QALY, screening has a probability of being
cost-effective of over 99 % in 20 years (Fig. 3).
In the threshold analysis, screening remained the least
costly strategy over 20 years with costs of screening up to
€ 151 per year.
Table 3 shows the one-way sensitivity analysis on adherence and utility. With an adherence percentage of 75 % cost
savings decrease to € 1024 and the QALY gain to 0.031,
but screening remains cost-effective. For each variation in
utility the screening strategy remained the most effective
strategy.
Discussion
Several studies have clearly demonstrated the increased risk
for CVD in women with a history of preeclampsia [1, 3].
Especially women after early and severe preeclampsia are
at higher risk for future CVD [1, 10]. The 2011 American
Heart Association guidelines on cardiovascular disease prevention in women recognise pregnancy as a unique chance to
predict women’s lifetime cardiovascular risk, as pregnancyrelated complications may unmask premature vascular or
metabolic diseases. Therefore, appropriate monitoring of
CVD risk factors in these high-risk women is recommended
[5]. The 2012 European Society of Cardiology guideline on
CVD prevention also indicates that prevention of CVD in
women ideally starts during pregnancy and lasts until end of
life [7]. However, in standard primary care obstetric history
is not yet routinely incorporated in risk assessment [27].
In this model-based analysis we assess the expected costeffectiveness of a hypertension screening strategy in women
after preeclampsia. We found that a relatively simple preventive strategy, consisting of a yearly blood pressure measurement at the GP’s surgery after index pregnancy, gives

The power of this Markov model is founded in the combination of the available evidence on CVD post preeclampsia.
Our model could be of help in making evidence-based decisions on prevention post preeclampsia, without performing
costly long-term follow-up studies.
However, our model has some limitations. To estimate
risk of hypertension in women after preeclampsia, we
used a cohort of women post early preeclampsia. As early
preeclampsia confers the highest future CVD risk of all
hypertensive pregnancy disorders [1, 10], the results of our
Markov model should not be extrapolated to all women post
hypertensive pregnancy disorders. As future risk for hypertension and CVD are lower in women with late compared
with early preeclampsia, the magnitude of screening effects
will be smaller.
Secondly, as prospective data in women after early preeclampsia are relatively scarce, we also used CVD risk
data of patients with less severe preeclampsia to estimate
risk of future CVD after preeclampsia. This may have
underestimated the net effect of hypertension screening on
CVD risk in women post early preeclampsia in our model.
Nonetheless, the presented data are convincing and underline the need for preventive measures in women post early
preeclampsia.
In our model we used mainly Dutch costs. As costs in
other jurisdictions will be different from the Dutch situation, our results could be less generalisable to other health
systems. However, in general costs in the US tend to be
higher than in the Dutch healthcare system, so savings in
the US will probably be larger. On the other hand, the Dutch
well-structured GP system can adopt our intervention strategy easily, whereas this might be more difficult in other
countries.
To perform our model we made some assumptions. First,
we assumed that women with non-treated hypertension in
the non-intervention strategy had a 20 mmHg higher SBP
than women with adequately treated hypertension in the
intervention strategy, based on our PREVFEM data. This
seems reliable if women in the intervention strategy are
directly well controlled and treated, but in current daily
practice this is disappointing 28 s, in our model participants
were all compliant in taking their antihypertensive medication, in real practice a quarter of women on blood pressure
medication do not take their medication regularly, which
will reduce the calculated preventive effects [29]. However,
sensitivity analysis shows that screening remains cost-effective with an adherence rate of 75 %.
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To estimate the increase in CVD risk in the presence of
increased blood pressure we used a meta-analysis and two
cohort studies; these studies consisted of men and women
with an age distribution between 35 and 65 years. Use of
data based on both men and women might have overrated
over effects as men have higher CVD rates at younger ages
[30].
Clinical implications and future perspective
In our model we demonstrated that a yearly blood pressure
measurement at the GP’s office in women after early preeclampsia is cost-effective in preventing CVD. However, in
a time horizon of 20 years we found only a slight gain in
QALYs (12 days living in perfect health). Although this gain
is associated with cost savings, the clinical relevance of this
small gain in QALYs can be debated. Besides this, we also
need to consider the willingness of young, healthy women
to use blood pressure medication, with potential side effects,
for a 12-day longer life in perfect health. Also, it is unclear
what the effects of routine screening are on quality of life
in healthy young women. We expect a small negative effect
on quality of life; however, because of a lack of data on the
magnitude of these effects this was not incorporated in our
model. A pilot study on screening might give more insight
into these effects.
Further, before considering incorporation of a screening
strategy into new primary care guidelines, it should be investigated if the strategy used is attainable for GPs. The potential burden for GPs may be decreased by starting screening
at 10-year postpartum or by reducing the frequency of the
screening. More research is needed to establish the best time
schedule for hypertension screening. For the future, there
might be an interesting role for e-health medicine in prevention of CVD in young high-risk women after preeclampsia.
Conclusion
The presented Markov model demonstrates that annual
hypertension screening and treatment in primary care in
women after early preeclampsia might be cost-effective in
preventing future CVD. However, the described assumptions, mainly regarding compliance and limited clinical
effects, should be taken into account before any recommendations regarding screening programs post preeclampsia
can be made.
Acknowledgements The authors thank V.R.C. Derks for help in
proofreading and submitting the article.
Funding/conflicts of interest No competing financial interests exist.

Neth Heart J (2015) 23:585–591
Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References
1. Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-eclampsia
and risk of cardiovascular disease and cancer in later life: systematic review and meta-analysis. BMJ. 2007;335:974–7.
2. Von Dadelszen P, Magee LA, Roberts JM. Subclassification of
preeclampsia. Hypertens Pregnancy. 2003;22:143–8.
3. McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux PJ.
Cardiovascular sequelae of preeclampsia/eclampsia: a systematic
review and meta-analyses. Am Heart J. 2008;156:918–30.
4. Brown MC, Best KE, Pearce MS, Waugh J, Robson SC, Bell R.
Cardiovascular disease risk in women with preeclampsia: systematic review and meta-analysis. Eur J Epidemiol. 2013;28:1–19.
5. Mosca L, Benjamin EJ, Berra K, et al. Effectiveness-based guidelines for the prevention of cardiovascular disease in women—2011
update a guideline from the American Heart Association. Circulation. 2011;123:1243–62.
6. Drost JT, Arpaci G, Ottervanger JP, Boer MJ de, et al. Cardiovascular risk factors in women 10 years post early preeclampsia:
the Preeclampsia Risk Evaluation in FEMales study (PREVFEM).
Eur J Prev Cardiol 2012;19:1138–44.
7. Perk J, De Backer G, Gohlke H, et al., European Association for
Cardiovascular Prevention & Rehabilitation (EACPR); ESC Committee for Practice Guidelines (CPG). European Guidelines on cardiovascular disease prevention in clinical practice. (version 2012).
The Fifth Joint Task Force of the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of nine societies
and by invited experts). Eur Heart J. 2012;33:1635–701. (Erratum
in: Eur Heart J 2012;33:2126).
8. Van Baaren GJ, Hermes W, Franx A, et al. Cost-effectiveness
analysis of cardiovascular risk factor screening in women who experienced hypertensive pregnancy disorders at term. Pregnancy.
Hypertension. 2014;4:264–70.
9. Mannisto T, Mendola P, Vaarasmaki M, et al. Elevated blood pressure in pregnancy and subsequent chronic disease risk. Circulation. 2013;127:681–90.
10. Lykke JA, Langhoff-Roos J, Sibai BM, Funai EF, Triche EW,
Paidas MJ. Hypertensive pregnancy disorders and subsequent cardiovascular morbidity and type 2 diabetes mellitus in the mother.
Hypertension. 2009;53:944–51.
11. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering
drugs in the prevention of cardiovascular disease: meta-analysis of
147 randomised trials in the context of expectations from prospective epidemiological studies. BMJ. 2009;338:b1665.
12. van Dis I, Geleijnse JM, Boer JM, et al. Effect of including nonfatal events in cardiovascular risk estimation, illustrated with data
from The Netherlands. Eur J. Prev Cardiol. 2014;21:377–83.
13. Hsu CY, McCulloch CE, Darbinian J, Go AS, Iribarren C. Elevated
blood pressure and risk of end-stage renal disease in subjects without baseline kidney disease. Arch Intern Med. 2005;165:923–8.
14. Health Care Insurance Board. Guidelines for pharmaco-economic
research, updated version (in Dutch). Diemen: Health Care Insurance Board; 2006.
15. https://www.nhg.org/standaarden/samenvatting/cardiovasculairrisicomanagement (in Dutch).
16. Health Care Insurance Board. Pharmacotherapeutic Compass. Diemen. 2013. (in Dutch). Januar 2012.

Neth Heart J (2015) 23:585–591
17. Greving JP, Buskens E, Koffijberg H, Algra A. Cost-effectiveness
of aspirin treatment in the primary prevention of cardiovascular
disease events in subgroups based on age, gender, and varying cardiovascular risk. Circulation. 2008;117:2875–83.
18. http://www.cbo.nl/Downloads/1463/Multidisciplinaire%20richtlij
n%20CVRM%20definitief.pdf (in Dutch).
19. Dorenkamp M, Bonaventura K, Leber AW, et al. Potential lifetime cost-effectiveness of catheter-based renal sympathetic denervation in patients with resistant hypertension. Eur Heart J.
2013;34:451–61.
20. Stein JD, Brown GC, Brown MM, Sharma S, Hollands H, Stein
HD. The quality of life of patients with hypertension. J Clin Hypertens. 2002;4:181–8.
21. Schweikert B, Hunger M, Mesinger C, Koning HH, Gapp O, Holle
R. Quality of life several years after myocardial infarction: comparing the MONICA/KORA registry to the general population.
Eur Heart J. 2009;30:436–43.
22. Luengo-Fernandez R, Gray AM, Bull L, Welch S, Cuthbertson F,
Rothwell PM. Quality of life after TIA and stroke: ten-year results
of the Oxford Vascular Study. Neurology. 2013;81:1588–95.
23. Janssen DJA, Franssen FME, Wouters EFM, Schols JMGA,
Spruit MA. Impaired health status and care dependency in patients
with advanced COPD or chronic heart failure. Qual Life Res.
2011;20:1679–88.
24. Culleton BF, Walsh M, Klarenbach SW, et al. Effect of frequent
nocturnal hemodialysis vs conventional hemodialysis on left ventricular mass and quality of life: a randomized controlled trial.
JAMA. 2007;298:1291–9.

591
25. Briggs AH, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ,
Paltiel AD, ISPOR-SMDM Modeling Good Research Practices
Task Force. Model parameter estimation and uncertainty: a report
of the ISPOR-SMDM Modeling Good Research Practices Task
Force–6. Value Health. 2012;15:835–42.
26. van Hout BA, Al MJ, Gordon GS, Rutten FF. Costs, effects and
C/E-ratios alongside a clinical trial. Health Econ. 1994;3:309–19.
27. Nijdam ME, Timmerman MR, Franx A, et al. Cardiovascular risk
factor assessment after pre-eclampsia in primary care. BMC Fam
Pract. 2009;10:77–82.
28. Prugger C, Keil U, Wellmann J, EUROASPIRE III Study Group,
et al. Blood pressure control and knowledge of target blood pressure in coronary patients across Europe: results from the EUROASPIRE III survey. J Hypertens. 2011;29:1641–8.
29. Doner Lotenberg L, Clough LC, Mackey TA, Rudolph AE, Samuel R, Foody JM. Lessons learned from a survey of the diagnosis
and treatment journeys of postmenopausal women with hypertension. J Clin Hypertens. 2013;15:532–41.
30. Nichols M, Townsend N, Scarborough P, Rayner M. Trends in agespecific coronary heart disease mortality in the European Union
over three decades: 1980–2009. Eur Heart J. 2013;34:3017–22.

