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4 Abstract 

5 Pre-eclampsia (PE) is a major contributor to maternal and neonatal morbidity and mortality. Research 

6 in high-income countries has shown that biomarker-based PE screening can improve timely detection 

7 and management of women at high risk of PE. We conducted a pre-trail cost-effectiveness analysis of 

8 introducing biomarker screening in Tanzania to identify key parameters informing a full, trial-based 

9 economic evaluation. We developed a decision tree comparing current practice with two biomarker-

10 based screening strategies: Strategy 1 introducing placental growth factor (PlGF), and Strategy 2 adding 

11 soluble fms-like tyrosine kinase-1 (sFlt-1)/PlGF ratio. Under both strategies we assumed early aspirin 

12 prophylaxis and/or close monitoring for high-risk women. For each of the three options, we modelled 

13 PE diagnosis, as well as maternal and neonatal outcomes over a one-year time horizon, assuming a 

14 healthcare sector perspective. We quantified health outcomes in terms of disability-adjusted life years 

15 (DALYs) and costs in 2023 US$.

16 When compared to current practice, the incremental cost per DALY averted was $410.45 for Strategy 

17 1 and $1,011.78 for Strategy 2. Limiting the novel strategies to nulliparous women, decreased 

18 incremental cost-effectiveness ratios to $184.15 (Strategy 1) and $413.33 (Strategy 2). Key parameters 

19 impacting cost-effectiveness were PE prevalence, biomarker screening accuracy, adherence to and 

20 effectiveness of preventive treatment and monitoring, and related costs. 

21 Based on our findings, biomarker screening has the potential to be cost-effective in Tanzania, 

22 particularly if introduced early in pregnancy and targeted at nulliparous women. Further research in 

23 low-resource settings is needed to overcome the current data and evidence gaps. 

24

25 Keywords: pre-eclampsia; biomarker screening; PlGF; sFlt-1/PlGF; cost-effectiveness analysis; 

26 Tanzania.
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28 Glossary

29

ANC Antenatal care

CET Cost-effectiveness threshold

DALYs Disability-adjusted life years

E Eclampsia

GDP Gross domestic product

HICs High-income countries

ICER Incremental cost-effectiveness ratio

LMICs Low- and middle-income countries

MAP Mean arterial pressure

MNM Maternal near miss

PE Pre-eclampsia

PlGF Placental growth factor

PRESHA PREventing Severe Hypertensive Adverse events in pregnancy and childbirth 

sFlt-1 Soluble fms-like tyrosine kinase-1 

TDHS-MIS Tanzania Demographic and Health Survey and Malaria Indicator Survey

YLL Years of life lost
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31 Introduction

32 Pre-eclampsia (PE), a hypertensive disorder of pregnancy, affects approximately 3-5% of pregnancies 

33 worldwide. Every year, an estimated 76,000 maternal deaths, 500,000 perinatal deaths and 200,000 

34 stillbirths are associated with PE [1,2]. Most of these birth complications and deaths occur in low- and 

35 middle-income countries (LMICs) [2]. In sub-Saharan Africa, hypertensive disorders account for 16% 

36 of maternal deaths [3]. In Tanzania, the prevalence of PE and eclampsia is 4.2%, contributing to 

37 approximately 22% of maternal deaths, 23% of maternal near misses (MNMs), and 41% of stillbirths 

38 [4,5].

39

40 If left untreated, PE can lead to severe maternal complications, such as eclampsia, HELLP syndrome, 

41 stroke, maternal death, and increased long-term cardiovascular risk. For the offspring, untreated PE 

42 may lead to foetal death, preterm birth, growth restriction, and neurodevelopmental disorders [1]. Early 

43 screening and timely management of high-risk women are crucial for improving maternal and neonatal 

44 outcomes. Known maternal risk factors for PE include primiparity, pre-existing hypertension, chronic 

45 kidney disease, diabetes mellitus, previous PE, obesity and family history of PE [1]. In most LMICs, 

46 including Tanzania, antenatal screening for PE remains predominantly opportunistic and risk-factor-

47 based. However, this approach has limited predictive value, failing to identify a substantial portion of 

48 high-risk women [1]. This limitation reflects the complex aetiology of PE, incomplete understanding of 

49 its pathophysiology, heterogeneous clinical manifestations, and differences across populations [6].

50

51 Clinical guidelines now recommend incorporating placenta-associated biomarkers into early pregnancy 

52 screening to improve prediction accuracy [1,7]. When combined with maternal demographic 

53 characteristics and blood pressure measurements, biomarkers can aid in identifying pregnant women 

54 who may benefit from intensified surveillance or early therapeutic interventions [8]. Key biomarkers 

55 include placental growth factor (PlGF), a proangiogenic protein often reduced prior to clinical PE 

56 diagnosis, and antiangiogenic soluble fms-like tyrosine kinase-1 (sFlt-1), another placenta-associated 

57 protein, often elevated before and during PE. In the second half of pregnancy, their combined 
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58 measurement is expressed as the sFlt-1/PlGF ratio, with higher values indicating greater disease risk 

59 [8]. In first trimester screening, PlGF remains the most efficient biomarker for prediction algorithms 

60 [9]. Economic evaluation studies have shown that incorporating such biomarkers into clinical practice 

61 can be highly cost-effective [10–12].

62  

63 Most studies of biomarker screening for PE come from high-income countries (HICs), leading to the 

64 development of complex multi-parameter laboratory assays utilising proteomic and metabolomic 

65 analytical techniques. These techniques may not be practical in low-resource settings due to limited 

66 laboratory infrastructure and prohibitive costs [13]. Further research is needed to evaluate the 

67 suitability, performance, and economic impact of biomarker-based PE screening in LMICs [13].

68

69 This study presents a pre-trial economic evaluation of the PREventing Severe Hypertensive Adverse 

70 events in pregnancy and childbirth (PRESHA) study, currently underway in Tanzania, to demonstrate 

71 the feasibility and efficacy of  introducing PlGF and/or sFlt-1/PlGF ratio for PE screening in a low-

72 resource setting [14]. To our knowledge, this is the first planned cost-effectiveness analysis of 

73 biomarker-based PE screening in sub-Saharan Africa. The study will help establish key assumptions 

74 and identify data to be collected in the planned trial, to enable a comprehensive and robust cost-

75 effectiveness analysis of PE screening interventions. 

76 Methods 

77 Study Design 

78 We developed a decision tree model, using Microsoft Excel (Version 16.94), to assess the cost-

79 effectiveness of PE screening strategies introducing PlGF and sFlt-1/PlGF ratio measurement compared 

80 to current practice. The population was a hypothetical cohort of 3,000 Tanzanian women aged 16 or 

81 older, with a confirmed gestational age of less than 20 weeks. The base-case analysis adopts a healthcare 

82 sector perspective which accounts for all medical costs within the formal healthcare system, irrespective 

83 of the payer. A one-year time horizon is applied, covering pregnancy and three months postpartum to 

84 capture potential adverse outcomes. Given the limited time perspective, both costs and effects are not 
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85 discounted. The 2022 CHEERS checklist was used to align with current reporting standards for health 

86 economic evaluations (S1 Table). 

87 In this analysis PE is defined as new-onset hypertension at or after 20 weeks of gestation, coupled with 

88 new-onset proteinuria and/or other signs of maternal end-organ or uteroplacental dysfunction [2]. PE is 

89 subclassified as preterm (delivery  <37+0 weeks) or term (delivery ≥37+0 weeks) PE [2]. Given the 

90 variation in prevalence and screening performance with respect to preterm and term PE, the analysis is 

91 conducted for these two sub-populations. 

92 Study Context

93 As part of the PRESHA project, the study is set in Mwanza, Tanzania, where antenatal care (ANC) 

94 services are government-funded, but considerable out-of-pocket payments are incurred for medication, 

95 delivery, and management of complications. In low-resource settings like Tanzania, ANC is typically 

96 initiated later than in HICs, and the quality of care is limited by restricted access to clinical laboratories 

97 and trained personnel [13]. Although 90% of pregnant women in Tanzania attend at least one ANC 

98 visit, only 65% complete four or more visits, and about 34% start ANC before 16 weeks of gestation 

99 [15]. National ANC guidelines, require a comprehensive physical examination and documentation of 

100 the medical and obstetric history of every pregnant woman, ensuring the identification of maternal risk 

101 factors for PE [16]. However, in the absence of specific routine screening for PE and subsequent risk 

102 stratification, women with identified risk factors are managed according to routine ANC protocols. PE 

103 is often diagnosed only upon the emergence of clinical signs later in pregnancy.

104 Comparators: Biomarker-based tests 

105 Two biomarker-based PE screening strategies are evaluated in this study. These strategies stratify 

106 women into high and low/no risk categories for PE, based on different screening methods and timing.

107 Strategy 1 combines the identification of maternal risk factors, maternal mean arterial pressure (MAP) 

108 and levels of PlGF before 16 weeks of gestation. This approach is expected to improve the accuracy of 

109 PE prediction and prevent preterm PE through timely management of high-risk women. In line with 

110 international guidelines, management consists of early initiation of low-dose aspirin and close 
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111 monitoring of high-risk women [17]. Following Zakiyah et al., (2022), close monitoring is quantified 

112 as four additional ANC visits and two ultrasounds.  

113 Strategy 2 builds upon current practice by introducing MAP and sFlt-1/PlGF ratio measurements from 

114 24 weeks of gestation, reflecting the physiological rise in sFlt-1 levels starting around 21–24 weeks [8]. 

115 This strategy aims to identify high-risk women later in pregnancy to prevent adverse outcomes through 

116 close monitoring. Low-dose aspirin is not recommended, as it is ineffective when started at this stage 

117 of gestation [18].

118 Modelling

119 The decision tree model, illustrated in Fig 1, aligns with previous cost-effectiveness analyses on PE 

120 screening strategies [11,19–21]. At the decision node, three options are compared: current practice, 

121 Strategy 1, and Strategy 2. The primary outcome of each screening option is PE diagnosis, which is 

122 categorised as PE <37 (preterm PE), PE ≥ 37 (term PE), and No PE. For each primary outcome, the 

123 model tracks maternal and neonatal outcomes. Maternal outcomes include maternal death, MNM, and 

124 no complications. MNMs are defined as women who survive potentially life-threatening conditions 

125 during pregnancy, childbirth or postpartum [22]. In this analysis, MNM is used as a proxy for severe 

126 maternal complications arising from PE. Neonatal outcomes include live birth, preterm or at term, and 

127 stillbirth. Adverse outcomes such as low birth weight, NICU admission, low APGAR score, and 

128 neonatal death, are correlated to preterm birth. The interdependence of these outcomes makes individual 

129 modelling within a decision tree challenging. We therefore assume that preterm birth alone can 

130 encompass multiple sources of perinatal morbidity and mortality.

131

132 Fig 1. Decision tree model comparing current practice with two biomarker-based PE screening strategies. 

133 Current practice consists in the identification of maternal risk factors. No risk stratification nor preventive 

134 measures for high-risk women follow. Strategy 1 adds measurements of mean arterial pressure (MAP) and 

135 Placental growth factor (PlGF) levels to current practice, as well as risk stratification, aspirin and close monitoring 

136 for high-risk women. No aspirin + close monitoring refers to non-adherence to preventive recommendations. Each 

137 PE diagnosis decision node is followed by related maternal and neonatal outcomes. Strategy 2, adding MAP and 

138 soluble fms-like tyrosine kinase-1 (sFlt-1)/PlGF ratio measurements, unfolds in the same way as Strategy 1, except 

139 for managing high-risk women through close monitoring only, no aspirin. MNM = Maternal near miss. PE = Pre-

140 eclampsia. PE<37 = Preterm PE. PE≥37 = Term PE. 
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141 Data Inputs

142 Local data and estimates from Tanzania or comparable low-resource settings were prioritised, with HIC 

143 data used only when necessary and verified for applicability. The PRESHA team at Bugando Medical 

144 Centre helped refine model assumptions and validate data inputs. Model parameters, values, and sources 

145 are summarised in Table 1. 

Parameter Value Source 
Cohort size 3,000 Hypothetical
PE Prevalence  
Prevalence of PE/E in the population 4.2% [4]
Proportion of PE cases that are preterm 20% [2,23,24]
Proportion of PE cases that are term 80% [2,23,24]
Preterm PE Screening (<37 weeks)  
Maternal risk factors + MAP + PlGF - Sensitivity 69% [25,26]
Maternal risk factors + MAP + PlGF - Specificity 90% [25,26]
Maternal risk factors + MAP + sFlt-1/PlGF - Sensitivity 98% [25,27]

Maternal risk factors + MAP + sFlt-1/PlGF - Specificity 90% [25,27]

Term PE Screening (≥37 weeks)  

Maternal risk factors + MAP + PlGF - Sensitivity 43% [25,26]

Maternal risk factors + MAP + PlGF - Specificity 90% [25,26]
Maternal risk factors + MAP + sFlt-1/PlGF - Sensitivity 66% [25,27]
Maternal risk factors + MAP + sFlt-1/PlGF - Specificity 90% [25,27]
Preventive Treatment/Monitoring - High-risk women  
Adherence 80% [28,29]
Relative risk of preterm PE given aspirin treatment 0.33 [18]
Relative risk of term PE given aspirin treatment 0.92 [18]
Relative risk of maternal morbidity given close monitoring 0.15 [30]
Relative risk of stillbirth given close monitoring 0.73 [30]

Adverse Outcomes - General Population  
Probability of maternal death 1.09% [5]; Estimation
Probability of maternal near miss 10.43% [5]; Estimation
Probability of preterm birth 17% [31] 
Probability of stillbirth 1.56% [5]; Estimation
Adverse Outcomes - PE/E  
Probability of maternal death 7.18% [5]; Estimation
Probability of maternal near miss 73.08% [5]; Estimation
Probability of stillbirth 24.92% [5]; Estimation
DALYs  
PE (untreated) 0.17 [32]; Estimation 
PE (treated) 0.11 [32]; Estimation 
Maternal death 41.00 [4,33,34]; Estimation 
Maternal near miss 0.31 [32]; Estimation 
Stillbirth 66.80 [34]; Estimation
Preterm birth 11.81 [32,34,35]; Estimation
Provider Costs  
PlGF screening 54.51 [36]
sFlt-1/PlGF screening 109.02 [36]
Close monitoring 41.24 [37]
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146 Table 1. Data inputs. All costs are US$ at 2023 values. DALYs = Disability-adjusted life years. E = Eclampsia. 

147 GDP = Gross domestic product. MAP = Mean arterial pressure. PE = Pre-eclampsia. PlGF = Placental growth 

148 factor. sFlt-1 = Soluble fms-like tyrosine kinase-1. 

149

150 Screening sensitivity and specificity are taken from research in HICs, assuming that locally derived 

151 PlGF and sFlt-1 thresholds will achieve comparable predictive performance. As the effectiveness of 

152 low-dose aspirin depends on compliance, we adopted the adherence reported in the ASPRE trial, the 

153 largest RCT on aspirin for PE prevention [28]. Similar adherence was observed in a Nigerian PE study, 

154 supporting its relevance in a comparable low-resource setting like Tanzania [29]. The same compliance 

155 rate is assumed for close monitoring, based on the expectation that patients respond similarly to 

156 preventive recommendations. In line with previous cost-effectiveness studies, the analysis considers 

157 only the effect of aspirin on PE onset. This approach isolates the role of preventive treatment in relation 

158 to the primary outcome of this analysis, as validated estimates of relative risk reduction for the broader 

159 range of adverse outcomes are unavailable. Commonly, preterm PE is associated with a higher rate of 

160 severe adverse outcomes than term PE [2,8]. However, consistent with its greater prevalence, von 

161 Dadelszen et al., (2022) found that term disease is associated with at least equivalent total numbers of 

162 maternal, and a significant proportion of perinatal adverse events compared with preterm PE. Based on 

163 these findings and the absence of outcome data disaggregated by gestational age, this model assumes 

164 equal risk of adverse outcomes for PE<37 and PE≥37. Probabilities of adverse maternal and neonatal 

165 outcomes, in both the presence and absence of PE were derived from the 2024 Quarterly Reports of the 

Normal delivery 49.14 [38]

PE 163.06 Estimation
Maternal death 572.80 Estimation
Maternal near miss 572.80 Estimation
Preterm birth 623.71 [38]
Patient Costs  
Aspirin treatment (22 weeks) 21.56 Estimation

  Aspirin 150 mg (per tablet) 0.14 [39]
Close monitoring 36.70 [40]; Estimation
Normal delivery 40.38 [40]; Estimation
PE 133.99 [40]; Estimation
Maternal near miss 470.69 [40]; Estimation
Preterm birth 319.74 [38]
Cost-Effectiveness Threshold  
GDP per capita in Tanzania (x 1) 1,224.49 [41,42]
GDP per capita in Tanzania (x 3) 3,673.47 [41,42]
GDP per capita in Tanzania (x 0.45) 551.02 [42,43]
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166 Bugando Medical Centre Department of Obstetrics and Gynaecology [5]. Since the reports did not 

167 provide the total number of PE/eclampsia cases but only those that resulted in MNMs, maternal deaths, 

168 and stillbirths, the total number of cases was approximated by multiplying the total number of deliveries 

169 by the prevalence of PE/eclampsia in the population (S2 Table).

170 Health outcomes were further quantified into disability adjusted life years (DALYs). As specific 

171 disability weights for PE, MNM, and preterm birth, are unavailable, we averaged weights from the 

172 Global Burden of Disease Study 2021 for related complications (S3 Table) [32]. Disability weights for 

173 PE vary by compliance with preventive treatment or close monitoring, with lower weights assigned to 

174 compliant women due to improved management and reduced likelihood of progression. DALYs for PE 

175 and MNM are computed by multiplying the disability weight by a one-year duration, capturing 

176 pregnancy, postpartum, and extended morbidity. DALYs for preterm birth account for severity of 

177 impairment, assuming lifelong duration equal to life expectancy at birth, and mortality (S4 Table). 

178 Maternal death DALYs equal years of life lost (YLL), calculated by subtracting mean age at PE 

179 diagnosis from female life expectancy in Tanzania. For stillbirth, YLL correspond to average life 

180 expectancy at birth for both sexes in Tanzania. 

181 Costs Estimation

182 All costs are presented in USD at 2023 values, adjusted using inflation calculators and currency 

183 converters (S5-S9 Table). Costs of PlGF and sFlt-1/PlGF screening include additional machine costs, 

184 reagents, service charges, training, and staff costs, and refer specifically to the Elecsys PLGF and sFlt-

185 1 assays (Roche). Since MAP uses standard blood pressure readings, no additional costs are assumed. 

186 Aspirin cost per pregnancy was estimated by multiplying the unit cost by the duration of therapy. A 

187 daily dose of 150 mg was assumed, consistent with evidence that doses ≥100 mg reduce preterm PE 

188 risk [18]. Treatment duration was determined based on initiation at 15 weeks, aligning with evidence 

189 that aspirin is effective in reducing preterm PE risk when started before 16 weeks [18]. Close monitoring 

190 costs are shared between the provider, covering four additional ANC visits, and the patient, paying for 

191 urine tests at each visit and additional ultrasounds. ANC and postnatal care costs are omitted, as they 

192 are incurred equally across all screening options.
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193 We assessed patient costs for three scenarios: a normal vaginal delivery, a vaginal delivery complicated 

194 by PE, and a MNM (S10 Table). For a normal vaginal delivery, we assumed discharge within 24 hours, 

195 consistent with regional norms. For the PE and MNM case, where costs can vary depending on the 

196 severity of the condition, we used data from randomly selected cases hospitalised for 7 and 13 days, 

197 respectively. PE-complicated and MNM deliveries were estimated to cost patients 3.32 and 11.66 times 

198 more than uncomplicated vaginal deliveries, respectively. Provider costs were derived by applying the 

199 same multipliers to baseline delivery costs, assuming similar scaling due to increased resource use. 

200 Provider costs of maternal death are assumed equal to MNM costs due to similar care intensity. Stillbirth 

201 and full-term neonates incur no additional costs beyond delivery. Preterm birth costs are proxied by 

202 provider costs for low-birth-weight neonates.

203 Cost-effectiveness

204 The outcomes of this analysis are expressed in terms of incremental cost per DALY averted. The 

205 incremental cost-effectiveness ratio (ICER) is computed for each novel screening strategy with respect 

206 to current practice, and for Strategy 2 with respect to Strategy 1. We applied two approaches to 

207 determine intervention cost-effectiveness:

208 1. The WHO-CHOICE approach estimates a cost-effectiveness threshold (CET) based on a 

209 country’s gross domestic product (GDP) [41]. Interventions are “very cost-effective” if ICER 

210 < 1 x GDP per capita; “cost-effective” if ICER < 3 x GDP per capita. This analysis applies 

211 Tanzania’s 2023 GDP per capita ($1,224.49).

212 2. To counter noted limitations of the WHO-CHOICE approach, Woods et al., (2016) present 

213 country-level CETs based on the opportunity cost imposed on the country’s healthcare system 

214 to reflect its marginal productivity [43]. For Tanzania, the purchasing-power-parity-adjusted 

215 CET (2013 US$), was estimated as ranging between 4.7% - 95% of the country’s GDP per 

216 capita. An intervention is therefore “cost-effective” if ICER < 45% x GDP per capita. 
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217 Sensitivity Analyses

218 To account for parameter uncertainty, we performed a probabilistic sensitivity analysis (PSA) using a 

219 Monte Carlo simulation with 2,000 iterations. We assigned Beta distributions to probability parameters 

220 and Lognormal distributions to relative risk parameters. For continuous, positive, right-skewed costs 

221 and DALYs data, a Gamma distribution was fitted. For DALYs associated with non-fatal conditions 

222 assumed to last up to one year, a Beta distribution was used. Where standard error estimates were not 

223 available, a coefficient of variation ranging from 0.2-0.3 was used to approximate uncertainty in the 

224 parameter values. 

225 We conducted one-way sensitivity analyses to identify the parameters driving cost-effectiveness, 

226 varying each parameter within a range of ±30% from its baseline value. 

227 Scenario Analysis 

228 We explored limiting biomarker-based screening to nulliparous women, given the expected financial 

229 challenges of a universal implementation in a low-resource setting. As maternal risk-factor-based 

230 screening relies on prior pregnancy history, it is less applicable to nulliparous women, making this sub-

231 group a key target for new screening approaches. According to the latest TDHS-MIS, approximately 

232 23% of pregnant women in Tanzania are nulliparous [15]. We applied this proportion in the model, 

233 assuming that only nulliparous women would be eligible for the new screening options – Strategy 1 and 

234 Strategy 2 – while the remaining would be subject to current practice. Unlike the base case analysis, we 

235 assumed that all high-risk women, regardless of parity, would receive preventive treatment and close 

236 monitoring, reflecting an improved standard of care with risk stratification and management following 

237 risk factor assessment. Additional data inputs utilised for performing this analysis are available in S2 

238 Appendix.

239 Results

240 Base Case Analysis

241 The incremental cost per DALY averted associated with Strategy 1 and Strategy 2 as compared to 

242 current practice is $410.45 and $1,011.78, respectively (Table 2). Both Strategy 1 and 2 are deemed 
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243 cost-effective under the WHO-CHOICE CET ($3,673.47), but only Strategy 1 remains cost-effective 

244 under the CET proposed by Woods et al., (2016) ($551.02). When compared to Strategy 1, Strategy 2 

245 is dominated.

246
Screening Strategy Costs DALYs Incremental Cost per DALY 

averted

Strategy 1/2 vs. current practice

Current practice 381.94 4.29

Strategy 1 443.82 4.14 410.45

Strategy 2 494.14 4.18 1,011.78

Strategy 2 vs. Strategy 1

Strategy 1 443.82 4.14

Strategy 2 494.4 4.18 -  1,261.70

247
248 Table 2. Base-case analysis - Incremental cost per DALY averted. All costs are in US$ at 2023 values. DALYs 

249 = Disability-adjusted life years.

250

251 The possibility of early PE screening as provided for by Strategy 1, allows for an early initiation of 

252 aspirin, which is effective in reducing the risk of preterm PE [28]. In our analysis, approximately nine 

253 cases of preterm PE could be averted, resulting in an incremental cost per preterm PE case averted of 

254 $23,082 (Table 3). Only costs related to screening, preventive treatment, and monitoring were included 

255 in this analysis to isolate the impact of screening on preterm PE prevention rather than adverse 

256 outcomes.

257
Screening Strategy Costs DALYs Incremental Cost per PE<37 

averted

Strategy 1 vs. current practice

Current practice - 25.20

Strategy 1 71.71 15.88 23,081.92

258
259 Table 3. Base-case analysis - Incremental cost per PE<37 averted. Costs relate to screening, aspirin and close 

260 monitoring only, and are expressed in US$ at 2023 values. DALYs = Disability-adjusted life years. PE<37 = 

261 Preterm pre-eclampsia.

262
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263 While neither strategy clearly improves maternal mortality, Strategy 2 is associated with the lowest 

264 number of MNMs, and Strategy 1 is the most effective in preventing stillbirths (Table 4). 

265  

Screening Strategy Maternal Deaths MNMs Stillbirths

Current practice 40.45 391.77 76.12

Strategy 1 39.72 361.40 70.82

Strategy 2 40.45 346.20 71.18

266
267 Table 4. Adverse outcomes associated with each screening strategy. MNMs = Maternal near misses.
268

269 Probabilistic Analysis

270 Fig 2 presents ICER distributions from 2,000 PSA iterations comparing biomarker-based strategies 

271 singularly with current practice and directly with each other.  Strategy 1 consistently yielded higher 

272 costs and better outcomes compared to current practice, while Strategy 2 showed greater uncertainty, 

273 especially in terms of health outcomes, with a portion of the iterations dominated by current practice. 

274 The scatterplot confirmed that Strategy 2 is dominated by Strategy 1 in most iterations.

275
276 Fig 2. Distributions of ICERs for Strategy 1 vs. current practice, Strategy 2 vs. current practice, and 

277 Strategy 2 vs. Strategy 1.  The bigger point estimates, marked in light purple, light green, and light blue represent 

278 the mean ICERs of each of the three distributions. Incremental costs are in US$ at 2023 values. DALYs = 

279 Disability-adjusted life years. ICERs = Incremental cost-effectiveness ratios.

280

281 The cost-effectiveness acceptability curves in Fig 3 show that once the CET exceeds approximately 

282 $410, Strategy 1 becomes more likely to be cost-effective compared to the other approaches, with a 

283 65% and an 84% probability of being cost-effective at a CET of $551.02 and of $3,673.47, respectively. 

284 Strategy 2 is consistently dominated by Strategy 1 across all threshold values but becomes more 

285 favourable over current practice at CETs above $1,050. 

286
287 Fig 3. Cost-effectiveness acceptability curves for current practice, Strategy 1, and Strategy 2. Cost-

288 effectiveness thresholds are in US$ 2023 values.

289
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290 The cost-effectiveness acceptability frontier in Fig 4 shows that current practice is only viable at low 

291 CETs but is quickly outperformed by Strategy 1 as more resources become available. The absence of 

292 Strategy 2 suggests that the latter never yields the highest cost-effectiveness probability. 

293
294 Fig 4. Cost-effectiveness acceptability frontier for current practice, Strategy 1, and Strategy 2. Cost-

295 effectiveness thresholds are in US$ 2023 values.

296

297 Sensitivity Analyses

298 When comparing Strategy 1 with current practice (Fig 5), the most influential parameter is the 

299 proportion of PE term cases. As Strategy 1 is particularly effective in preventing preterm PE through 

300 early aspirin initiation, the ICER increases with a greater incidence of term rather than preterm disease. 

301 Similarly, a lower prevalence of PE and reduced effectiveness of close monitoring elevate the ICER by 

302 diminishing the intervention’s overall health impact. Despite the acknowledged parameter uncertainty, 

303 the ICER remains below the WHO-CHOICE CET ($1,224.49), supporting the conclusion that 

304 Strategy 1 is very cost-effective. Under the CET proposed by Woods et al., (2016) ($551.02), Strategy 1 

305 remains cost-effective except when the proportion of term cases is very high.

306
307 Fig 5. One-way sensitivity analyses. Tornado diagram for Strategy 1 vs. current practice.  Input parameters 

308 are ranked from top to bottom according to the magnitude of their impact on the ICER. Each parameter is varied 

309 within a ±30% range of its baseline value. The ICER is expressed in terms of incremental 2023 US$ per DALY 

310 averted. DALYs = Disability-adjusted life years. ICER = Incremental cost-effectiveness ratio. PE = Pre-

311 eclampsia. PE<37 = Preterm PE. PE≥37 = Term PE. PlGF = Placental growth factor. 

312

313 The corresponding one-way sensitivity analysis for Strategy 2 vs. current practice is available in S1 

314 Appendix, in addition to one-way sensitivity analyses of the most influential parameters going beyond 

315 the ±30% range.

316 Scenario Analysis

317 When introducing biomarker-based PE screening only for nulliparous women, while strengthening 

318 current practice with risk stratification, preventive treatment and close monitoring for high-risk women, 

319 the incremental cost per DALY averted is $184.15 for Strategy 1 and $413.33 for Strategy 2. At the 
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320 WHO-CHOICE CET ($1,224.49), both strategies are very cost-effective, and they remain cost-effective 

321 even at the CET proposed by Woods et al., (2016) ($551.02). Consistent with the main findings, 

322 Strategy 1 dominates Strategy 2 (S2 Appendix).

323 Key Parameters for Data Collection

324 Table 5 lists key parameters along with suggested approaches for data collection during the planned 

325 PRESHA trial to enable a full and robust cost-effectiveness analysis of PE screening interventions. 

326 These parameters require particular consideration, as they have either shown considerable influence on 

327 the ICER, or relied on rough approximations due to data gaps. 

328

Parameter Suggestion for data collection 

PE Prevalence  

Prevalence of PE/E in the population

Proportion of PE cases that are preterm

Proportion of PE cases that are term

Record the total number of women enrolled and document 
the incidence of PE together with the exact gestational age 
at diagnosis and at delivery.

Preterm PE Screening (<37 weeks)  

Maternal risk factors + MAP + PlGF - Sensitivity

Maternal risk factors + MAP + PlGF - Specificity

Maternal risk factors + MAP + sFlt-1/PlGF - Sensitivity

Maternal risk factors + MAP + sFlt-1/PlGF - Specificity

Collect information on maternal risk factors, MAP, and 
sFlt-1/PlGF levels and compare screening test results with 
actual outcomes (PE/No PE) retrospectively.

Term PE Screening (≥ 37 weeks)  

Maternal risk factors + MAP + PlGF - Sensitivity

Maternal risk factors + MAP + PlGF - Specificity

Maternal risk factors + MAP + sFlt-1/PlGF - Sensitivity

Maternal risk factors + MAP + sFlt-1/PlGF - Specificity

Collect information on maternal risk factors, MAP, and 
sFlt-1/PlGF levels and compare screening test results with 
actual outcomes (PE/No PE) retrospectively.

Preventive Treatment/Monitoring - High-risk women  

Adherence
Assess adherence to aspirin treatment and close 
monitoring by means of pill counts, medical records, or 
patient self-reports.

Relative risk of preterm PE given aspirin treatment

Relative risk of term PE given aspirin treatment

Relative risk of maternal morbidity given close monitoring
Relative risk of stillbirth given close monitoring

Compare outcomes (preterm/term PE, MNM, stillbirth) in 
patients receiving preventive treatment/close monitoring 
vs. those who despite being at high risk do not follow 
preventive treatment and monitoring recommendations.

Adverse Outcomes - PE/E  

Probability of MNM

Probability of stillbirth

Track any MNM case and stillbirth during the trial among 
women diagnosed with PE (ideally separately for preterm 
and term PE). 

Costs  

PlGF screening
sFlt-1/PlGF screening

Collect direct intervention and outcome-related costs and 
link them to each participant by means of standardized 
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Close monitoring
Normal Delivery
PE

Maternal death

MNM
Preterm birth

cost tracking forms or trial management software. Bills 
issued to individual patients are a valuable source of 
patient-borne expenditure. To assess provider costs 
instead, detailed resource utilisation (both human and 
physical), coupled with a clear duration over which costs 
are incurred, needs to be documented.

329
330 Table 5. Key parameters and recommendations for trial data collection. DALYs = Disability-adjusted life 

331 years. E = Eclampsia. MAP = Mean arterial pressure. MNM = Maternal near miss. PE = Pre-eclampsia. PlGF = 

332 Placental growth factor. sFlt-1 = Soluble fms-like tyrosine kinase-1. 

333 Discussion

334 This study addresses a significant evidence gap by evaluating the cost-effectiveness of biomarker-based 

335 PE screening in a low-resource setting in sub-Saharan Africa. This pre-trial economic evaluation shows 

336 that supplementing current PE screening with biomarkers may be cost-effective in Tanzania. 

337 Particularly, Strategy 1, introducing PlGF, followed by aspirin prophylaxis and close monitoring for 

338 high-risk women, provided an ICER well below the applied CETs, aligning with evidence from HICs 

339 that early biomarker-based screening combined with aspirin prophylaxis and intensive monitoring 

340 effectively prevents preterm PE [11,19,20]. The cost per preterm PE case averted by Strategy 1 

341 ($23,082), was consistent with estimates reported by Shmueli et al. (2012), Park et al. (2021), and 

342 Zakiyah et al. (2022), who evaluated comparable strategies in Israel, Australia, and European high-

343 income countries, respectively. Other studies in HICs have also demonstrated that biomarker-based 

344 screening can be cost-saving, due to reduced hospitalisation and complication-related costs, further 

345 supporting our results [10,19,21].

346

347 Strategy 2, introducing the sFlt-1/PlGF ratio from mid-pregnancy, was cost-effective only under the 

348 WHO-CHOICE CET and dominated by Strategy 1. However, it may still represent a realistic 

349 opportunity of reducing adverse outcomes, as it is consistent with a later average initiation of ANC in 

350 low-income settings. To address local challenges, we explored a scenario in which nulliparous women 

351 undergo biomarker-based screening, while parous women are assessed by risk factors. This approach 

352 acknowledges financial and operational constraints and produces real-world evidence to inform the 

353 gradual expansion of the intervention to all pregnant women. At the same time, it highlights the need 
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354 to strengthen existing practice to ensure optimal use of current tools and to improve outcomes 

355 irrespective of the adoption of advanced screening. 

356

357 Our findings should be interpreted in light of several assumptions. Screening was modelled as occurring 

358 only at the first ANC visit, excluding repeat testing. Despite guidelines recommend combined aspirin 

359 and calcium supplementation for PE prevention, our analysis modelled prophylaxis with aspirin alone, 

360 potentially underestimating treatment effectiveness. Conversely, assuming high adherence may 

361 overstate effectiveness, given the cultural, educational, and financial barriers to adherence in LMICs 

362 [44]. 

363

364 The close monitoring framework was adapted from HICs and may not fully reflect the reality of 

365 Tanzania. Monitoring costs are likely underestimated, as hospitalisation and hypertensive medication 

366 were excluded due data limitations. Postpartum costs were omitted given their variability and limited 

367 relevance to this pre-trial evaluation.

368

369 Delivery costs were derived from individual billing records, as averaging across cases was unfeasible 

370 due to lack of data. Sensitivity analyses, however, showed limited impact of these estimates on cost-

371 effectiveness outcomes. Finally, the short time horizon excludes long-term maternal and neonatal 

372 outcomes, likely underestimating the true benefits of screening.

373

374 Robust, evidence-based decisions on introducing biomarkers require more precise costs and outcomes 

375 estimates, achievable through improved data availability, reporting, and investment in locally relevant 

376 studies and trials. Longer time horizons would better capture long-term health and economic 

377 consequences of PE, enabling more realistic DALYs estimates and analyses from a broader societal 

378 perspective. 

379
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380 Finally, further research in LMICs is needed to adapt biomarker-based screening to low-resource 

381 contexts, focusing on point-of-care tests and community health workers engagement to enhance  

382 feasibility, as demonstrated in the CLIP trials [45]. Establishing locally appropriate biomarker 

383 thresholds is also critical, given population differences observed in previous studies [46].

384

385 While final policy recommendations should await the post-trial assessment of PRESHA, our analysis 

386 anticipates that early biomarker-based PE screening is likely cost-effective in Tanzania. Policymakers 

387 should consider phased integration into ANC, initially focusing on nulliparous women. Supportive 

388 educational policies for healthcare professionals and patients, may be developed in advance to facilitate 

389 successful implementation of a more comprehensive and cost-efficient PE screening.

390   
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532 Supporting information

533 Tables

534 S1 Table. CHEERS 2022 Checklist. Source: Husereau et al., 2022.

535
536 S2 Table. Probability of adverse pregnancy outcomes for women without/with PE/E. E = Eclampsia. MNM 

537 = Maternal near miss. PE = Pre-eclampsia.

538
539 S3 Table. Disability weights associated with PE, MNM, and preterm birth. ª Moderate impairments with a 

540 disability weight of 0.24, which is closer to the weights assigned to severe impairments, were grouped with the 

541 severe category, while moderate impairments with disability weights closer to mild impairment were categorised 

542 as mild impairments. 

543
544 S4 Table. DALYs associated with preterm birth. DALYs = Disability-adjusted life years.

545
546 S5 Table. Cost of aspirin treatment for women at high risk of PE, from 15 to 36 weeks of gestation. Source: 

547 Bugando Medical Centre Pharmacy, 2025. Exchange rate as of March 6th, 2025: 1 TZS = 0.000382719 USD; 1 

548 US$ = 2,612.88 TZS. Cumulative inflation rate (2025 US$ – 2023 US$): -4.1%. TZS = Tanzanian Shilling.

549
550 S6 Table. Cost of the tests for the measurement of biomarker levels. Source: NICE, 2022. Exchange rate as 

551 of March 6th, 2025: 1 GBP = 1.28934 USD; 1 US$ = 0.775591 GBP. Cumulative inflation rate (2025 US$ – 2023 

552 US$): -4.1%. GBP = Great British Pound. PlGF = Placental growth factor. sFlt-1 = Soluble fms-like tyrosine 

553 kinase-1.

554
555 S7 Table. Cost of close monitoring for women at high risk of PE. Sources: Definition of close monitoring by 

556 Zakiyah et al., 2022; ANC visit cost retrieved from Chamani et al., 2021; cost of ultrasound and urine analysis 

557 from billing records from Bugando Medical Centre, 2025. Exchange rate as of March 6th, 2025: 1 TZS = 

558 0.000382719 US$; 1 US$= 2,612.88 TZS. Cumulative inflation rate (2018 US$ – 2023 US$): 21.3%; Cumulative 

559 inflation rate (US$ 2025 – US$ 2023): -4.1%. ANC = Antenatal care. TZS = Tanzanian Shilling.

560
561 S8 Table. Provider costs for an uncomplicated vaginal delivery, a delivery complicated by PE, a delivery 

562 complicated by MNM/maternal death, and preterm birth. Source: Mori et al., 2020. Costs associated with PE 

563 and MNM/MD were approximated by multiplying the cost of a vaginal delivery ($49.14) by the respective 

564 multiplier computed in the main analysis: 3.32 for PE and 11.66 for MNM/MD. Preterm birth costs were 

565 approximated by the costs of manging LBW neonates ($623.71) based on comparable resource use. Cumulative 

566 inflation rate (2018 US$ – 2023 US$): 21.3%. LBW = Low birth weight. MD = Maternal death. MNM = Maternal 

567 near miss. PE = Pre-eclampsia. 

568
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569 S9 Table. Patient costs for a preterm birth. Source: Mori et al., 2020. Preterm birth costs were approximated 

570 by the costs of delivering LBW neonates ($319.74) based on comparable resource use. Cumulative inflation rate 

571 (2018 US$ – 2023 US$): 21.3%. LBW = Low birth weight.

572
573 S10 Table. Direct patient costs associated with a normal, PE-complicated, and MNM delivery. Cost ratios 

574 indicate the incremental cost of a PE-complicated and MNM-complicated delivery with respect to an 

575 uncomplicated delivery and are expressed in terms of multipliers. The following criteria are used for conversion 

576 into US$ 2023 values: Exchange rate as of March 6th, 2025: 1 TZS = 0.000382719 US$; 1 US$ = 2,612.88 TZS; 

577 Cumulative rate of inflation (2025 US$ - 2023 US$): -4.1%. MNM = Maternal near miss. TZS = Tanzanian 

578 Shilling. 

579 Appendices

580 S1 Appendix - Sensitivity Analysis
581
582 S1 Fig. One-way and two-way sensitivity analyses of the most influential parameters on the ICER 

583 of Strategy 1 vs. current practice. For assessing the impact on the ICER of the variation in the 

584 proportion of PE cases that are term, a two-way sensitivity analysis is needed, as this proportion changes 

585 simultaneously with the complementary proportion of PE cases that are preterm. The ICER is expressed 

586 in terms of incremental cost (US$ 2023) per DALY averted. ICER = Incremental cost-effectiveness ratio. 

587 pAdh = Adherence to preventive treatment/close monitoring. pPrev = Prevalence of PE. pPrev_PPE = 

588 Proportion of PE cases that are preterm. pPrev_TPE = Proportion of PE cases that are term. 

589 RR_Stillbirth_Monitoring = Relative risk of stillbirth given close monitoring.

590
591 S2 Fig. One-way sensitivity analysis. Tornado diagram for Strategy 2 vs. current practice.  Input 

592 parameters are ranked from top to bottom according to the magnitude of their impact on the ICER. Each 

593 parameter is varied within a ±30% range of its baseline value. The ICER is expressed in terms of 

594 incremental 2023 US$ per DALY averted. DALYs = Disability-adjusted life years. ICER = Incremental 

595 cost-effectiveness ratio. MNM = Maternal near miss. PE = Pre-eclampsia. PE<37 = Preterm PE. PE≥37 

596 = Term PE. PlGF = Placental growth factor. sFlt-1 = Soluble fms-like tyrosine kinase-1. 

597
598 S3 Fig. One-way and two-way sensitivity analyses of the most influential parameters on the ICER 

599 of Strategy 2 vs. current practice. The ICER is expressed in terms of incremental cost (US$ 2023) per 

600 DALY averted. DALY = Disability-adjusted life years. DALY_Stillbirth = DALYs associated with 

601 stillbirth. ICER = Incremental cost-effectiveness ratio. pPrev = Prevalence of PE. pStillbirth_PE = 

602 Probability of stillbirth given PE. RR_Stillbirth_Monitoring = Relative risk of stillbirth given close 

603 monitoring.

604 S2 Appendix - Scenario analysis
605
606 S11 Table. Additional data inputs required to perform the scenario analysis. Strategy 1 occurring 

607 before 16 weeks of gestation is associated with maternal risk factor screening in early pregnancy (11-13 
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608 weeks), while Strategy 2 taking place after 24 weeks is associated with late pregnancy maternal risk 

609 factor screening (30-34). PE = Pre-eclampsia. 

610
611 S12 Table. Scenario analysis – Incremental cost per DALY averted. All costs are in US$ at 2023 

612 values. DALYs = Disability-adjusted life years.

613
614 S13 Table. Scenario analysis – Difference in adverse outcomes and preterm PE cases averted 

615 with respect to the base case analysis. All costs are in US$ at 2023 values. MNMs = Maternal near 

616 misses. PE<37 = Preterm pre-eclampsia.
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