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Abstract 

• Background: Pre-eclampsia is a multisystem disorder affecting 2.8% of pregnancies in the UK. It 

usually presents after 20 weeks' gestation with new-onset high blood pressure and proteinuria. 

Complications include eclampsia, stroke, and HELLP syndrome for the mother, and preterm birth, 

fetal growth restriction, and stillbirth for the baby. Delivery is the only definitive cure, with 

antenatal care focusing on early detection and management of complications and optimising 

timing of delivery. Previous studies have shown calcium supplementation may reduce the risk of 

pre-eclampsia but findings are driven by large effects seen in small trials that have not been 

replicated in larger trials. Subgroup analysis suggests benefits may only be seen in women with 

low dietary calcium intake, so findings may not be applicable to populations with adequate dietary 

calcium. Although the largest benefits appear to be in high-risk women, data are very limited with 

no large trials conducted. Methods: CaPE is a two-arm parallel triple-blinded, placebo-controlled, 

multicentre, superiority randomised controlled trial testing the hypothesis that in pregnant women 

at increased risk, calcium supplementation is effective in reducing the occurrence of pre-

eclampsia. The study will recruit 7756 women from approximately 60 obstetric units in hospitals 

across the UK. Women with a confirmed viable pregnancy, with gestation 22+0 weeks’ or less 

and deemed eligible for aspirin therapy based on either NICE guideline criteria (at least one high-

risk factor or two or more moderate risk factors) or the Fetal Medicine Foundation (FMF) algorithm 

will be eligible to be randomised in a 1:1 ratio to receive either 2 grams per day of calcium 
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supplementation or placebo taken from 12 to 22 weeks, up to birth.  The primary outcome is 

clinician diagnosis of pre-eclampsia, based on the ISSHP definition. Key secondary outcome are 

severe pre-eclampsia index and preterm birth <37 weeks; other secondary outcomes include the 

Pre-eclampsia Core Outcome Set (COS).  

• Discussion: Calcium supplementation in high-risk women is an attractive intervention due to its 

potential efficacy, low cost and safety profile but a definitive trial is required to confirm benefits. 

• Trial registration: ISRCTN 12033893 (https://doi.org/10.1186/ISRCTN12033893). Registered 25th 

May 2021; first participant recruited: 11th August 2022. 

 

Keywords 

Pre-eclampsia, hypertension, calcium, pregnancy, high risk, randomised controlled trial  

 

Administrative information 

Note: the numbers in curly brackets in this protocol refer to SPIRIT checklist item numbers. The order 

of the items has been modified to group similar items (see http://www.equator-network.org/reporting-

guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/). 
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Introduction 

Background and rationale {6a} 

Pre-eclampsia is a multisystem disorder affecting 2.8% of pregnancies in the UK (1). It usually 

presents after 20 weeks of gestation with new-onset high blood pressure, proteinuria, and/or 

involvement of other maternal organs (2). Severe complications include eclampsia, stroke, 

haemolysis elevated liver enzymes low platelets (HELLP) syndrome, and disseminated intravascular 

coagulation (DIC). Risks to the fetus are also increased and may present as fetal growth restriction 

and stillbirth (3). Pre-eclampsia is a leading cause of iatrogenic prematurity (4).  It also leads to 

significant National Health Service (NHS) resource utilization due to increased surveillance, hospital 

admissions, and higher-level care (5). 

The exact cause of pre-eclampsia remains unclear but is it thought to occur secondary to poor 

placentation and endothelial cell damage, leading to vasoconstriction, abnormal coagulation and 

organ dysfunction (6). Once diagnosed, delivery is the only definitive cure, with antenatal care 

focusing on early detection and management of complications, and optimising timing of delivery. 

Preventative strategies, including antiplatelet agents (low dose aspirin) and calcium, may be effective 

in reducing the risk of pre-eclampsia (5). 

 

A Cochrane review of 77 trials (40,249 women, and their babies) demonstrated aspirin reduces pre-

eclampsia risk by 18% (7), with modest benefits in reducing risk of death in the baby, preterm birth, 

small for gestational age babies, and having a pregnancy with a serious adverse outcome in women 

with risk factors for pre-eclampsia. Aspirin may have greater benefits in reducing pre-eclampsia 

leading to birth prior to 37 weeks gestation (8). However, aspirin may slightly increase the risk of 

bleeding complications including postpartum haemorrhage (9). NICE and other international 

guidelines recommend low-dose aspirin (75-150 mg) from 12 weeks’ gestation for women with any 

high-risk factor or multiple moderate-risk factors for pre-eclampsia and aspirin is now standard of care 

in the UK and other parts of the world (10). 

Epidemiological studies suggest an inverse relationship between calcium intake and pre-eclampsia 

risk (11-14). Calcium may lower blood pressure by reducing parathyroid hormone release and 

intracellular calcium, which leads to reduced vascular smooth muscle contractility and 

vasoconstriction and lower resistance in uterine and umbilical arteries, increasing placental perfusion 
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and oxygenation to the baby (15, 16). A Cochrane review of 14 trials (15,730 women) found calcium 

supplementation (1.5-2 g daily) reduced pre-eclampsia risk by 55% (RR 0.45, 95% CI 0.31–0.65), 

preterm birth by 24% (RR 0.76, 95% CI 0.60–0.97), and serious maternal morbidity and mortality by 

20% (RR 0.80, 95% CI 0.65–0.97) (17). Concerns about potential adverse effects, including renal 

calculi have not been substantiated in clinical trials, (17). However, the benefits of calcium 

supplementation for pre-eclampsia may be limited to populations with low dietary calcium intake. 

Subgroup analysis showed marked risk reduction in women with low baseline dietary calcium intake 

(RR 0.36, 95% CI 0.20–0.65; 8 trials, 10,678 women) but not in those with adequate intake (RR 0.62, 

95% CI 0.32–1.20; 4 trials, 5022 women). Trials recruiting high-risk women suggest a 78% reduction 

in pre-eclampsia risk (RR 0.22, 95% CI 0.12–0.42; 5 trials, 587 women), though studies are small, 

use varied definitions of high risk, and recruited women with both adequate and inadequate dietary 

calcium intake (17). Large trials in high-risk populations are lacking. 

 

Calcium supplementation for pre-eclampsia prevention is not currently recommended in the UK (10), 

as prior trials predominantly recruited low-risk women with low dietary calcium intake, so findings have 

not been viewed as applicable to the UK population. There is limited data on dietary calcium intake in 

pregnant women in the UK but three small studies (total 215 women) suggest a mean intake from 720 

to 1345 mg/day (18). However, as calcium supplementation appears to be most beneficial for women 

at high risk of pre-eclampsia, an adequately powered, large randomised trial is needed to evaluate its 

efficacy in high-risk women, regardless of baseline dietary calcium intake. The importance of this 

research question has been recognized by NICE (10). Calcium is an attractive intervention due to its 

low cost, safety, and potential for reducing maternal and perinatal morbidity. This research could lead 

to improved maternal and perinatal outcomes and NHS cost savings. 

 

Combining calcium with aspirin may also have synergy through addressing both vascular dysfunction 

and coagulation abnormalities, the two primary pathological mechanisms seen in pre-eclampsia. A 

prior small trial assessing combined therapy was underpowered to detect meaningful differences, 

highlighting the need for further research (19). 
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Objectives {7} 

The primary objective is to test the hypothesis that in pregnant women at increased risk of pre-

eclampsia, calcium supplementation given in a dose of 2 grams per day during pregnancy plus usual 

care (including aspirin) is more effective than usual care alone in reducing the relative risk for the 

occurrence of pre-eclampsia by at least 20%. 

 

The secondary objectives are:  

1. To assess the impact of calcium supplements on other important outcomes for the woman 

and baby. 

2. To assess the cost-effectiveness of calcium plus usual care compared to usual care alone. 

3. To assess whether calcium has a differential effect in pre-specified subgroups of women. 

4. To assess the degree to which pregnant women are able to adhere to a calcium 

supplementation regimen. 

 

Trial design {8} 

The CaPE trial is a parallel-group, triple-blinded, placebo-controlled, multicentre, two-arm superiority 

randomised controlled trial with a 12-month internal pilot and health economics evaluation. 

Participants will be randomised at the level of the individual in a 1:1 ratio to either the equivalent of 2 

grams per day of calcium supplementation or placebo starting from between 12
+0

 and 22
+0 

weeks 

gestation and continuing up to delivery. The primary outcome will assess superiority of calcium 

supplementation at reducing the risk of women developing pre-eclampsia. 

 

Methods: Participants, interventions and outcomes 

Study setting {9} 

The study will be conducted in up to 60 obstetric units in hospitals across the United Kingdom. A list of 

participating study sites can be found on the CaPE trial website: 

https://www.birmingham.ac.uk/research/bctu/trials/womens/cape/recruitment 
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Eligibility criteria {10} 

Various screening strategies to identify women at high risk of pre-eclampsia have been explored (20). 

To date, NICE clinical risk factor screening as listed below remains the standard of care nationally for 

identification of high-risk women eligible for aspirin therapy in early pregnancy. A limited number of 

hospitals in the UK use the Fetal Medicine Foundation (FMF) algorithm to screen for risk of pre-

eclampsia for aspirin eligibility (21). In addition to the maternal risk factors included in NICE guidelines, 

the algorithm uses biophysical (mean arterial pressure, uterine artery doppler) and biochemical 

(placental growth factor, PAPP-A) markers; this algorithm has been found to have a better detection 

rate for pre-eclampsia and preterm pre-eclampsia compared to the NICE criteria for a 10% screen 

positive rate (22). However, as pre-eclampsia screening is an evolving area of research and national 

recommendations may change during the course of the trial, as a pragmatic approach, we will include 

women deemed to be eligible for aspirin based on NICE, FMF or any other nationally accepted risk 

assessment tool. This will ensure findings will remain generalisable and clinically relevant.  

 

There may be some women who are deemed eligible for aspirin but cannot take it due to 

contraindications. These women are still eligible to take part in CaPE and are particularly important to 

assess for calcium benefits. 

 
Inclusion Criteria  

 16 years of age or older 

 Able to provide informed consent.  

 Confirmed viable pregnancy on a dating scan (usually done between 10 and 14 weeks) 

and any subsequent scans. 

 Gestation 22
+0

 weeks’ or less 

 Women deemed eligible for aspirin therapy based on  

1) the NICE guideline criteria:  

either at least one high risk factor 

 hypertensive disease during a previous pregnancy 

 chronic renal disease 

 autoimmune disease such as SLE or antiphospholipid syndrome  
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 type 1 or 2 diabetes 

 chronic hypertension  

  or two or more moderate risk factors 

 nulliparity 

 age 40 years or older 

 BMI 35 kg/m
2
 or more at first visit  

 family history of pre-eclampsia  

 multifetal pregnancy  

 pregnancy interval of more than 10 years 

OR 

2) the Fetal Medicine Foundation (FMF) algorithm for pre-eclampsia risk assessment (21) 

OR 

3) any other national pre-eclampsia screening criteria guidelines that may be used in the 

future. 

Exclusion Criteria  

 Any known contraindications to regular calcium intake (history of renal stones, known 

renal impairment with pre-pregnancy eGFR <30 mL/min/1.73
m2

 or serum creatinine >150 

μmol/L, known history of hypercalcaemia or hypercalcaemia-causing diseases (e.g. 

parathyroid disease, sarcoidosis, malignancy)), current severe persistent vomiting 

leading to dehydration or requiring hospitalisation*. 

*If persistent vomiting resolves, the woman may be re-assessed for inclusion in the 

trial, providing all other inclusion and exclusion criteria are met. 

 Use of drugs with potential for severe interactions with calcium: digoxin or other cardiac 

glycosides; antiretroviral drugs for HIV treatment, anti-neoplastic drugs, and diuretics 

(thiazide, thiazide-like or xipamide) - the latter two are not usually used in pregnancy 

(23).  

 Use of any additional calcium supplement either on its own or as part of other 

multivitamin or Vitamin D preparations, and unable or unwilling to stop them or change to 
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other multivitamins without calcium, as this could lead to higher doses of calcium 

supplementation in the calcium group and contamination in the placebo group.  

 Women who are taking vitamin D regularly in high doses >1000 IU/day, as supplements 

or for conditions such as malabsorption syndromes. Note: a short course of high dose 

Vitamin D (e.g., 20000 IU weekly for 6 weeks) to treat Vitamin D deficiency during 

pregnancy is not an exclusion criterion.  

 Known contraindications to excipient Isomalt (e.g. hereditary fructose intolerance). 

 A diagnosis of pre-eclampsia in the current pregnancy, prior to trial entry. 

 

 

Who will take informed consent? {26a}        

Women who are eligible will be approached by a member of the direct care team which may include 

the maternity research team. Information about the trial will be provided both verbally and in writing 

via the Participant Information Sheet (PIS). Women will be given time to consider participation in the 

trial and ask any questions they may have. If the women would like to take part in the trial, then a 

doctor trained in study procedures will confirm eligibility and an appropriately trained (including GCP 

trained) individual will be able to take consent providing that local practice allows this and 

responsibility has been delegated by the site Principal Investigator (PI). The participant’s study 

participation will be documented in the paper or electronic maternity records.                                                                                                                                                                                              

Additional consent provisions for collection and use of participant data and 

biological specimens {26b} 

 The consent form states that participants will allow direct access to the medical records of the mother 

and baby if they agree to take part in the trial. Optional consent is available to take part in future 

research related to the study via electronic data linkage of routinely collected data from NHS 

databases and GP records. 

 

Consent for biological specimens is not applicable as no samples are being collected. 
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Interventions 

Explanation for the choice of comparators {6b} 

The current standard of practice is not to give calcium supplementation, hence no treatment aside 

from usual care is our comparator. We will use placebo tablets that contain no active ingredient and 

are manufactured to match the chewable tablets that are given to the intervention arm. Rationale for 

using a placebo is described in the section ‘Who will be blinded’ {17a}. Participants are instructed to 

take one tablet in the morning and one in the evening. 

 

Intervention description {11a} 

Participants randomised to the intervention arm will receive 2 g /day of calcium supplementation 

through oral, chewable tablets containing the equivalent of 1 gram of calcium carbonate in each 

tablet. Participants will be instructed to take one tablet in the morning and one in the evening. 

 

However, if the participant in the intervention or comparator arm is unable to take tablets in divided 

doses, they will be given the option to take both tablets at a more convenient frequency (i.e. at the 

same time) to improve adherence but will be advised of potential increase in risk of gastrointestinal 

side effects. 

 

The dose of 2 g/day has been selected for this study to ensure the highest likelihood of detecting a 

difference in the risk of pre-eclampsia if one exists, by using a high dose of calcium, without there 

being any known risks for women and their babies, based on the best available evidence from 

previous studies. Previous trials suggest a dose dependent effect: a dose of 2 g/day is the highest 

and most used dose among previous RCTs that show a significant reduction in risk of pre-eclampsia 

(17). One RCT directly comparing high dose calcium (2 g/day) with low dose (500 mg/day) found a 

greater reduction in the risk of pre-eclampsia with 2 g/day (24), although a non-inferiority trial 

comparing 1.5g/day with 500 mg/day did not find a significant difference (25) The dose of 2 g/day 

administered in this trial is within the maximum daily intake unlikely to cause adverse health effects 

(Tolerable Upper Intake Level), which is around 2.5 g/day to 3 g/day (for 19-50 and 14-18 years 

respectively) during pregnancy (26) . A previous large randomised trial using a dose of 2g/day in 

pregnant women with adequate baseline calcium intake (>1 g/day) showed that it was not associated 
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with any increase in adverse effects (27). Thus, we aim to optimise efficacy without compromising 

safety, based on best available evidence, and ensure the greatest likelihood of a definitive result for 

the trial. 

The optimum time of starting calcium is unclear as the mechanism of action is not clearly understood. 

Over 90% of women in previous calcium supplementation trials were randomised at or prior to 22 weeks 

(17). In line with previous trials, CaPE IMP may be started anytime from between 12 and 22 weeks. This 

will avoid IMP exposure in the first trimester which is a time of greater teratogenic risk and 

randomisation at a time of greater pregnancy loss. Starting in the 2
nd

 trimester will also improve 

adherence as nausea and vomiting subside with advancing gestation. It is still early enough to 

potentially benefit women who are at risk of developing early onset pre-eclampsia. This timing will 

also coincide with routine antenatal appointments (dating and anomaly scan), making it easier and 

more efficient for clinicians to recruit and less time consuming and inconvenient for women. 

 

Criteria for discontinuing or modifying allocated interventions {11b} 

Discontinuation of the investigational medicinal product (IMP) may occur at either the request of the 

participant or clinician. The time and reason for discontinuation of the IMP will be documented, but 

unless the participant also expresses a desire to withdraw, they will remain in the trial and their 

outcome data collected. Similarly, if a clinical decision is made to discontinue a participant’s IMP 

usage, this will be documented, but in of itself is not a reason to withdraw the participant.   

Participants can withdraw from the trial at any time without giving a reason and this will not impact 

their own (or their baby’s) ongoing care and standard clinic visits. 

 

Strategies to improve adherence to interventions {11c} 

Adherence to the IMP will be captured through two methods: 1) a pill count where unused IMP is 

returned to hospital at the end of pregnancy and 2) text messages to the participant enquiring about 

adherence to the IMP sent on a four-weekly basis. A ‘maintaining contact’ text message is also sent 

out monthly (two weeks after the adherence text messages) to thank the participant for their time in 

the trial and to remind them to take their tablets as advised by their local care team.  As a pragmatic 

trial, the regularity of these text messages is aimed to mimic the frequency with which routine care 
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contact may occur with the participant, both via clinic appointments and general healthcare phone 

calls and text messages which now form part of routine practice. 

 

Relevant concomitant care permitted or prohibited during the trial {11d} 

Women commonly use other supplements or medications during their pregnancy that may impact or 

be impacted by calcium (23). The common ones include: 

 Iron: calcium can decrease iron absorption. Women will be advised to take the trial tablets 

more than two hours before or after any iron tablets 

 Vitamin D: Vitamin D impacts calcium absorption, and regular high doses may result in too 

much calcium in the blood (hypercalcaemia). For the CaPE trial, women can take part if they 

are on vitamin D supplements in a preventative dose (≤1000 IU) or short-term treatment dose 

of vitamin D (e.g., 20000 IU weekly for 6 weeks) as it would be inappropriate to withhold 

these. Women will be asked not to use vitamin D supplements containing additional calcium. 

The use of or intention to use vitamin D will be recorded at the start of the pregnancy to 

confirm eligibility. 

 Multivitamins: During pregnancy women may routinely take multivitamins however whilst in 

the CaPE trial they should not take multivitamins containing calcium as this may lead to 

hypercalcaemia in the intervention arm or contamination of the placebo arm. Antacids: 

women will be advised to take non-calcium-based antacids, such as aluminium or 

magnesium-based antacid, to reduce the risk of hypercalcaemia. Proton pump inhibitors 

(such as omeprazole) can also be used as alternatives.  

 Thyroxine and hydroxychloroquine: calcium may reduce their absorption so women will be 

advised to leave a period of at least four hours before taking their trial tablet if they use these 

medications.  

 Folic acid: no known interaction with calcium, so women may take this as normal. 

 

Women will be given a drug information sheet at the time of recruitment which details what 

supplements and medications are suitable to take at what time point, relative to the IMP. Otherwise, 

participants can receive concomitant care as clinically required.  
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Co-enrolment in other randomised controlled trials may be acceptable but must be discussed and 

agreed upon by the Chief Investigator and Trial Management Group (TMG). 

 

Provisions for post-trial care {30} 

Trial outcomes will be collected until primary hospital discharge after birth or 28 days after estimated 

delivery date (EDD), whichever is sooner. IMP will be stopped at the end of pregnancy, so any 

postnatal data is unlikely to reflect the effect of the intervention. Postnatal care will be determined by 

the woman’s usual care team. Serious Adverse Event (SAE) data on maternal and neonatal death will 

be collected up to 28 days after discharge if the research team become aware of any such events. 

 

Outcomes {12} 

The following outcomes are collected from randomisation to maternal and neonatal hospital 

discharge, or up to 28 days after EDD, whichever is sooner.  

 

Primary outcome 

The primary outcome of the CaPE trial is a clinician diagnosis of pre-eclampsia, based on the ISSHP 

definition: a blood pressure ≥140/90mmHg (at least 2 readings several hours apart) AND either 

1. significant proteinuria (protein/creatinine ratio (PCR) of 30 mg/mmol or more) OR  

2. maternal multiorgan dysfunction: 

a. Acute kidney injury (AKI) (creatinine ≥90 μmol/L)  

b. Liver involvement (elevated transaminases e.g. alanine transaminase (ALT) or aspartate 

transaminase (AST) >40IU/L) with or without right upper quadrant or epigastric abdominal 

pain) 

c. neurological complications (including eclampsia, altered mental status, blindness, stroke, 

clonus, severe headaches, persistent visual scotomata) 

d. haematological complications (thrombocytopenia – platelet count below 150,000/μL, DIC, 

haemolysis)  

OR  

3. uteroplacental insufficiency (fetal growth restriction, abnormal Umbilical artery doppler, stillbirth) 

developing at or after 20 weeks gestation. 
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Key secondary outcomes 

The following are considered key secondary outcomes for the analysis as they are clinically very 

important, and have a potential to be impacted by calcium based on data from previous trials:   

 

 Severe pre-eclampsia index: any one of severe pre-eclampsia, early onset pre-eclampsia <32 

weeks, eclampsia, placental abruption, HELLP, or severe gestational hypertension (28). 

 Preterm birth <37 weeks 

 

Other secondary outcomes 

For the woman:  

Pre-eclampsia Core Outcome Set (COS) outcomes, namely:  

 Death  

 Eclampsia  

 Stroke 

 Visual impairment: retinal detachment or cortical blindness  

 Pulmonary oedema 

 Acute kidney injury: creatinine ≥90 μmol/L 

 Liver capsule haematoma or rupture (confirmed on ultrasound) 

 Raised liver enzymes: ALT or AST >40 IU/L. 

 Low platelets < 150,000/μL 

 Abruption 

 Postpartum haemorrhage: estimated or measured blood loss ≥500 mls and ≥1000 mls after birth  

 Admission to Intensive Therapy Unit (ITU)  

o Any admission 

o Days of admission 

 Use of mechanical ventilation (for other than Caesarean section) 

 

In addition to these COS outcomes: 
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 Gestational hypertension: new onset hypertension ≥140/90 mm Hg (at least two measurements 

several hours apart) after 20 weeks' gestation in the absence of proteinuria or other features of 

pre-eclampsia  

 Severe hypertension: blood pressure ≥160 systolic and/or 110 mm Hg diastolic  

 Severe gestational hypertension: new onset hypertension ≥160 mm Hg systolic and/or 110 mm 

Hg diastolic after 20 weeks' gestation in the absence of proteinuria or other features of pre-

eclampsia  

 Severe pre-eclampsia, defined as pre-eclampsia with severe features (ACOG definition) including 

severe hypertension or low platelets < 100,000/μL , or abnormal LFTs (liver enzymes at least 

twice the upper limit of normal) and right upper quadrant pain not accounted for by other 

diagnosis, or abnormal renal function (creatinine >1.1 mg/dl), or pulmonary edema or visual 

impairment or severe headache unresponsive to medication and no other cause found.  

 HELLP syndrome based on a clinician diagnosis, supported by low platelets and raised liver 

enzymes as defined above with or without evidence of haemolysis (raised lactate dehydrogenase 

enzyme or blood film) 

 Early onset pre-eclampsia < 32 weeks 

 Pre-eclampsia requiring delivery before 37 weeks. 

 Use of magnesium sulphate for pre-eclampsia. 

 Onset of birth: spontaneous, induction of labour or Caesarean section 

 Mode of birth: spontaneous vaginal birth, assisted vaginal birth, elective pre-labour Caesarean 

section, emergency pre-labour Caesarean section, emergency Caesarean section in labour. 

 Adverse effect: new diagnosis of maternal hypercalcaemia 

 Adverse effect: renal stones (confirmed on imaging, after starting IMP) 

 Adverse effect: stopping of medication due to adverse effects. 

 

For the baby:  

COS outcomes namely:  

 Any death in the baby up to hospital discharge. Data is collected separately for: 

o Fetal loss <24 weeks gestation (miscarriage) 

o Fetal loss ≥24 weeks’ gestation (stillbirth) 
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o Neonatal death (from birth up to 28 days) 

 Early neonatal death (up to 7 days after birth)  

 Late neonatal death (from 7 days up to 28 days) 

o Perinatal death – stillbirth or neonatal death up to 7 days 

o Termination of pregnancy 

 Gestational age at delivery (median, <28 weeks, <32 weeks, <37 weeks) 

 Birthweight (mean, <3rd centile, <10th centile)  

 Admission to NNU 

o any admission  

o level of neonatal care  

o days of admission 

 Respiratory support morbidity 

o use of surfactant 

o use of mechanical ventilation 

o use of non-invasive ventilation 

o use of supplementary oxygen 

o duration of respiratory support 

 Neonatal seizures 

 Neonatal brain injury: 

o hypoxic ischaemic encephalopathy requiring therapeutic hypothermia  

o neonatal stroke,  

o severe intraventricular haemorrhage (IVH) grade III/IV and / or cystic periventricular 

leukomalacia 

 

In addition to these COS outcomes: 

 Chronic lung disease (CLD) requiring oxygen therapy at 36 weeks post-menstrual age. 

 Necrotising enterocolitis (NEC) requiring surgery. 

 Retinopathy of prematurity (ROP) requiring treatment with laser or anti-VEGF injection. 

 Composite of death or serious morbidity: death or CLD, IVH grade III/IV, NEC requiring surgery or 

ROP requiring treatment. 
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 Adverse effects: neonatal hypocalcaemia requiring treatment.  

 

While the outcomes listed above will allow us to capture all events relevant to the trial’s main question 

on prevention of pre-eclamsia, we will seek consent from trial participants to be approached for long 

term data linkage studies in the future (requiring additional and separate funding and ethical 

approval). This could include assessment of cardiovascular health for both women and babies. 

 

Participant timeline {13} 

Participant timeline is presented in Figure 1 and Table 1. 
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Figure 1. Participant flow through CaPE trial 
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Table 1. Schedule of assessments 

  From randomisation 

Visit Screening 

 

Baseline 

 

After 

recruitment- as 

identified 

Every 4 weeks 

until delivery 

Admission 

for delivery 

Hospital discharge/ estimated 

delivery date plus four weeks 

Eligibility check x x     

Dietary calcium 

intake survey 

 x     

Intention to take or 

taking Vitamin D 

 x     

Intention to take or 

taking aspirin  

 x     

Valid informed 

consent 

 x     

Randomisation  x     

Dispensing of IMP  x     

Adherence text 

message 

(automated) 

   x   

Outcome CRF 

Completion  

     x 

Serious Adverse 

Events (SAE) 

  x   x * 

Return un-used 

IMP (Pill counting) 

  
 

 
 x**  

*Any events meeting the trial definition of a reportable SAE should be reported to the CaPE trial office within 24 hours of the 

site becoming aware. SAE reporting begins from the commencement of trial treatment and ends at hospital discharge after 

birth, 28 days after EDD, death, complete withdrawal or lost to follow-up, whichever occurs sooner. The only caveat to this is in 

regard to death of the participant or neonate – this must be reported up to hospital discharge following birth or up to 28 days 

after EDD, whichever occurs later. Should a participant completely withdraw or be lost-to-follow-up, the requirement to report 

death will halt on that date. 

** at point of admission for delivery or as close to as possible 
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Sample size {14} 

The trial will recruit women at high risk of pre-eclampsia, deemed eligible for aspirin based on NICE 

guideline criteria which includes a combination of 1) women with a single high-risk factor and 2) 

women with two or more moderate risk factors. The control group event rate of pre-eclampsia in 

women with a single high-risk factor on aspirin has been estimated to be 15% from the PARIS 

individual participant data (IPD) meta-analysis of antiplatelet agents for prevention of pre-eclampsia 

(29).  For women with two or more moderate risk factors, the control rate is estimated to be 8% from a 

retrospective study conducted at a tertiary referral unit (20). We estimated the ratio of the two risk 

factor groups to be approximately 50:50 (30), giving an overall control group event rate of 11.5%.  

N=7756 women will be recruited (approximately 3878 in each group). This allows us to detect with 

90% power (p=0.05) a 20% relative risk reduction in pre-eclampsia from 11.5% down to 9.2%, 

allowing for a 5% loss to follow up (total 7368 women after attrition). A 20% reduction is considered 

plausible given the 55% reduction observed in the Cochrane review (17), albeit in a population more 

heterogeneous and distinct from that considered in CaPE. It is also likely to be considered clinically 

meaningful by clinicians and policy makers given aspirin was adopted into clinical practice based on a 

17% reduction (7). The sample size was calculated using the power twoproportions command in Stata 

18. 

 

Recruitment {15} 

Recruitment will happen from maternity hospitals across the UK. All pregnant women are routinely 

screened for aspirin eligibility for prevention of pre-eclampsia, generally at their booking appointment, 

either in the hospital or in the community. Trial information will be available in the hospital and/or 

community antenatal clinics (including leaflets, PISs, posters).  In addition, CaPE information will be 

publicly available via online content, including social media, participating hospital websites, the CaPE 

website (including contact details of the local research team when provided) and patient and public 

involvement (PPI) websites/forums, etc.   
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Assignment of interventions: allocation 

Sequence generation {16a} 

Randomisation will be conducted through a secure randomisation system hosted at the University of 

Birmingham. Participants will be randomised in a 1:1 ratio to either calcium or placebo. A minimisation 

algorithm will be used within the online randomisation system to ensure balance in the treatment 

allocation over the following variables: 

 trial site 

 risk factor for pre-eclampsia (one or more high risk factor / two or more moderate risk factors / 

high risk on the FMF algorithm)  

 intention to use aspirin for prevention of pre-eclampsia (yes / no) 

 gestational age at randomisation (<16 weeks / ≥16+0 weeks)  

 

Women may have a high-risk factor along with moderate risk factors; in this case women will be 

minimised based on the high-risk factor as they are likely to be in the group at highest risk of 

developing pre-eclampsia. Where the FMF algorithm has been used to ascertain high risk for pre-

eclampsia, women will be minimised based on use of the FMF algorithm regardless of whether they 

have high or moderate risk factors based on NICE criteria, as women who are screen positive on the 

FMF algorithm have a higher probability of developing pre-eclampsia compared to use of the NICE 

criteria risk factors alone. A random element will be included in the minimisation algorithm, so that 

each participant has a probability of being randomised to the opposite treatment that they would have 

otherwise received. 

 

Concealment mechanism {16b} 

Randomisation will be performed by a central secure online randomisation system hosted by 

Birmingham Clinical Trials Unit (BCTU) (available at http://www.trials.bham.ac.uk/cape), ensuring 

allocation sequence is concealed. 
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Implementation {16c} 

The allocation sequence is generated by the secure online randomisation system. Women who are 

enrolled in the trial will be entered into the randomisation system by trained healthcare professionals 

who have been delegated the role of randomising participants by the site’s PI. The randomisation 

system assigns the participant to either calcium or placebo using the minimisation algorithm described 

in the section Sequence generation {16a}. 

 

Assignment of interventions: Blinding 

Who will be blinded {17a} 

This will be a triple blind placebo-controlled trial. Allocation concealment is preserved at the 

manufacturing level so the trial participants, their medical/care team, research team/investigators 

(including statistician) will be unaware of the treatment allocation (either calcium or placebo). Blinding 

will prevent any participant and researcher bias and ensure valid results. 

 

Procedure for unblinding if needed {17b} 

Authorised members of the research team can be unblinded to treatment allocation in case of a 

medical emergency and/or SAE where the information about the woman’s treatment allocation is 

required for the continued medical management of the woman or her child. Unblinding is anticipated 

to be a rare event. This can be done via the CaPE database (if delegated the duty by their PI) or by 

contacting the CaPE trial office. Any unblinding will be monitored centrally. 

 

For reporting purposes to regulatory bodies, cases that are considered serious, unexpected and 

possibly, probably or definitely related will be unblinded at the trial office by the Trial Manager (or 

other nominated individual). Members of the local care team and the participant will not be made 

aware of the actual trial treatment allocation unless it is deemed clinically necessary for the ongoing 

care of the participant by the Chief Investigator or the local clinical team. In all other circumstances, 

the participant, the investigators and research midwives/nurses will remain blind to treatment 

allocation whilst the participant remains in the trial. 
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Data collection and management 

Plans for assessment and collection of outcomes {18a} 

A summary of the data being collected is provided in Table 1. Prior to opening to recruitment, each 

site participating in CaPE will receive training on the protocol and data collection procedures during 

the site initiation visit. Once an eligible participant has provided informed consent, baseline data 

(including intention to take vitamin D, intention to take aspirin and risk factors for pre-eclampsia) will 

be recorded within the randomisation data collection form by the site research team. Participants will 

be required to complete a short, validated dietary calcium intake questionnaire (31) immediately after 

randomisation, and their daily baseline dietary calcium intake will be calculated via a web-based 

calculator (32) and recorded. Participants will remain blinded to these results to avoid influencing their 

dietary behaviour. All outcome data will be captured on the electronic case report forms (CRFs) 

available through the CaPE database. This data will be collected from standard maternity notes (both 

electronic medical records and paper-based records), by case note review, at primary hospital 

discharge or 28 days after EDD, whichever is sooner.  Plans for data quality and monitoring are 

reported in the section ‘Frequency and plans for auditing trial conduct {23}’. 

 

Plans to promote participant retention and complete follow-up {18b} 

Participants will be provided with contact details for the local research team if they have any questions 

or wish to provide any additional information about their participation in the trial.  A ‘maintaining 

contact’ text message will be sent automatically on a monthly basis (two weeks after the adherence 

text message) to remind women to take their tablets as advised by their local care team, as well as 

thanking them for taking part in the trial. An automated text message reminder will also be sent close 

to EDD (~36 weeks gestation) asking women to return unused IMP back to the hospital at the end of 

their pregnancy. The research team may also communicate with the participants via text or phone 

calls to remind women to bring the IMP bottles back at the end of the pregnancy or respond to any 

questions from the participants.  

Data management {19} 

CaPE trial data will be entered by sites to a bespoke BCTU trial database and is stored according to 

GCP guidelines. Processes pertaining to data accuracy will be detailed in the trial specific data 
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management plan. Coding and validation must be agreed between the trial manager, statistician and 

programmer and the trial database will be signed off only once the implementation of these has been 

agreed. 

 

Confidentiality {27} 

Personal data recorded on all documents will be regarded as strictly confidential and is handled and 

stored in accordance with the General Data Protection Regulation, 2018 (and any subsequent 

amendments). Participants will always be identified using their unique trial identification number on 

the CRFs and on any correspondence between members of the BCTU and site research team.  

BCTU will maintain the confidentiality of all participant’s data and will not disclose information by 

which participants may be identified to any third party other than those organisations for which the 

participant has given explicit consent for data transfer (e.g. the transfer of their mobile phone number 

to Text Local so the participant can receive texts measuring their adherence) or those who need 

access to fulfil regulatory or legal functions.  Representatives of the CaPE trial team and sponsor may 

be required to have access to participant’s notes for quality assurance purposes, but participants will 

be reassured that their confidentiality will be respected at all times. 

 

Plans for collection, laboratory evaluation and storage of biological specimens 

for genetic or molecular analysis in this trial/future use {33} 

No biological samples will be collected. 

 

Statistical methods 

Statistical methods for primary and secondary outcomes {20a} 

The separate Statistical Analysis Plan (SAP) provides a more comprehensive description of the 

planned statistical analyses. A brief outline of these analyses is given below: 
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The primary comparison groups will be composed of those randomised to usual care plus an 

additional dietary calcium supplement of 2 grams per day versus those randomised to usual care plus 

a placebo (the randomised groups).   

In the first instance, all analyses will be based on the intention to treat principle, i.e. all participants will 

be analysed in the treatment group to which they were randomised, irrespective of adherence or other 

protocol deviation. For all outcome measures, appropriate summary statistics will be presented by 

group (e.g. proportions/percentages, mean/standard deviation or median/interquartile range). All 

outcomes will be presented with point estimates (e.g. relative risks, incident rate ratios, hazard ratios, 

mean differences) and 95% confidence intervals. The final analysis dataset will only include items up 

to and including hospital discharge of the mother and baby or 28 days after EDD (whichever occurs 

sooner), with the exception of SAE data on maternal and neonatal death which will be collected up to 

28 days after discharge if the research team become aware of any such events. Analyses will be 

conducted using complete case analysis, with participants excluded from the intention to treat 

analysis if their outcome data is missing. 

 

Primary outcome 

A mixed effects log-binomial regression model will be used to calculate the risk difference and relative 

risk with 95% confidence intervals for the primary outcome (defined in the Outcomes section {12}) 

adjusting for the minimisation variables listed in the ‘Sequence generation section {16a}’. The p-value 

relating to the intervention group parameter as generated by the model estimating the relative risk will 

also be presented. 

 

Secondary outcomes 

Secondary outcomes are defined in the ‘Outcomes section {12}’. Secondary maternal outcomes are 

all dichotomous (e.g. eclampsia occurred or not) and will be analysed using risk ratios and 95% 

confidence intervals, generated using a log-binomial regression model, adjusting for the minimisation 

variables listed in the Sequence generation section {16a}. Dichotomous secondary outcomes for the 

baby (e.g. small for gestational age <10th centile) will be analysed in the same fashion. Continuous 

outcomes for the baby (e.g. birthweight) will be analysed using a linear regression model, adjusting 

for the same factors to obtain a mean difference between groups, and 95% confidence interval. 
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Secondary outcomes will not be subject to hypothesis testing and confidence intervals will be 

interpreted cautiously given the potential for multiplicity. 

 

A trial-based health economic evaluation will be undertaken to explore the cost-effectiveness of the 

intervention to prevent pre-eclampsia in expectant mothers compared to standard care. The cost 

differences between the intervention and control groups will be measured, valued and combined with 

the clinical effectiveness data, and the main analysis will assess the cost per case of pre-eclampsia 

prevented. In line with existing recommendations, the economic analysis will adopt a health care 

perspective by considering costs incurred by the NHS (33). The analysis will use the individual level 

data on resource use collected during the trial and unit costs will be applied. The results will be 

presented initially in a disaggregated format using a cost consequences analysis and secondly using 

cost-effectiveness acceptability curves (CEAC) to reflect decision uncertainty across different 

thresholds of willingness-to-pay per additional unit of outcome. Deterministic and probabilistic 

sensitivity analyses will be undertaken to explore the robustness of the findings to plausible variations 

in key assumptions and analytical methods used, and to consider the broader issue of generalisability 

of the trial’s results. The economic evaluation will be conducted and reported in line with relevant 

guidance (33-35).   

 

Interim analyses {21b} 

Interim analyses of safety and efficacy for presentation to the independent Data Monitoring 

Committee (DMC) will take place during the trial. The committee has agreed the manner and timing of 

such analyses and includes the analysis of the primary and major secondary outcomes, the primary 

outcome event rate and full assessment of safety (SAEs) at least at annual intervals. Criteria for 

stopping or modifying the trial based on this information will be ratified by the DMC. Details of the 

agreed plan are written into the SAP and DMC charter.  

 

Methods for additional analyses (e.g. subgroup analyses) {20b} 

Subgroup analyses are restricted to the primary outcome only. Adequate vs inadequate baseline 

dietary calcium intake (defined as ≥ 700 mg/day vs <700 mg/day) is the main subgroup of interest, 
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based on the hypothesis that calcium may be more efficacious in those women with inadequate 

intake. 

Analysis will be carried out using a test for statistical heterogeneity, i.e. by including the treatment 

group by subgroup interaction parameter in the regression model to produce a p-value, and 95% 

confidence intervals will be produced for estimates within each subgroup and will be presented using 

forest plots. 

Other subgroup analyses will include (full details to be listed in the SAP): 

 

• At least one high risk factor for pre-eclampsia vs two or more moderate risk factors 

• Women deemed eligible based on NICE criteria vs FMF algorithm 

• Gestational age at randomisation (<16 weeks vs ≥16+0 weeks) 

• Aspirin intake of 150mg vs aspirin intake of 75mg vs no aspirin 

• Vitamin D supplement vs no vitamin D supplement 

 

Analyses will be considered exploratory and performed in the same manner as the main subgroup of 

interest, but confidence interval widths will be interpreted cautiously given the potential for multiplicity. 

 

Methods in analysis to handle protocol non-adherence and any statistical 

methods to handle missing data {20c} 

Every attempt will be made to collect full follow-up data on all participating women and their babies; it 

is anticipated that missing data will be minimal. Participants with missing primary outcome data will 

not be included in the primary analysis in the first instance. This presents a risk of bias, and sensitivity 

analyses will be undertaken to assess the possible impact of the risk. This will include imputing 

missing data using multiple imputation techniques. Further sensitivity analysis will include an 

assessment of efficacy with those who had good adherence to treatment using a CACE (Complier 

Average Causal Effects) approach. Full details are included in the Statistical Analysis Plan.   
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Plans to give access to the full protocol, participant level-data and statistical 

code {31c} 

Access to the full trial protocol, statistical code and an anonymised final trial dataset can be made 

available to external researchers upon request and with approval from the TMG and the BCTU data 

sharing committee in line with standard data sharing practices for clinical trial data sets.  

 

Oversight and monitoring 

Composition of the coordinating centre and trial steering committee {5d} 

The trial coordinating centre is the Birmingham Clinical Trials Unit (BCTU), based at the University of 

Birmingham. The Trial Management Group (TMG) will monitor all aspects of the conduct and progress 

of the trial as well as take responsibility for the day-to-day management of the trial. The TMG includes 

(but is not limited to) the CI, co-applicants, senior statistician, team leader, senior trial manager, health 

economist and PPI representatives. 

The TMG will report to the Trial Steering Committee (TSC) who will meet at least annually to provide 

trial oversight to ensure that the trial is running in a way which is both safe for the participants and 

provides appropriate feasibility data to the sponsor and investigators. TSC members include an 

independent chair, three other independent members (including a statistician), a PPI representative, 

an independent health economist and the CI.  

 

Composition of the data monitoring committee, its role and reporting structure 

{21a} 

The DMC is independent from the sponsor and any competing interests and has been established to 

assess trial progress and important safety data. Data analyses will be provided in confidence to the 

DMC, and they will assess the safety and efficacy of the IMP during the trial and monitor the overall 

conduct of the clinical trial.  

The DMC will operate in accordance with the trial specific charter. The DMC will meet at least 

annually as agreed by the committee and documented in the Charter. More frequent meetings may be 
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required for a specific reason (e.g. safety) and will be recorded in the meeting minutes. The DMC may 

recommend stopping the trial early if there is “proof beyond reasonable doubt” of clear benefit or harm 

of a treatment. 

The DMC will report directly to the TSC who will convey the recommendations of the DMC to the 

TMG.  They will be asked to give advice on whether the accumulated data from the trial, together with 

the results from other relevant research, justifies the continuing recruitment of further participants 

 

Adverse event reporting and harms {22} 

CaPE sites will be required to report any adverse events throughout their participation in the trial, from 

the day of commencement of trial treatment until primary hospital discharge after birth or 28 days after 

EDD, whichever is sooner. The only caveat to this is death of the participant or neonate – this must be 

reported up to hospital discharge following birth or up to 28 days after EDD, whichever occurs later. 

The recording and reporting of Adverse Events (AEs) will be in accordance with the UK Policy 

Framework for Health and Social Care Research, the Principles of GCP as set out in the UK Statutory 

Instrument (2004/1031; and subsequent amendments) and the requirements of the Health Research 

Authority (HRA) and, The Medicines for Human Use (Clinical Trials) Regulations 2004 and 

amendments thereof.  

AEs are rarely encountered in participants taking additional dietary calcium and previous trials in 

pregnant women have consistently shown no increase in AEs.  As the safety profile of the IMP used in 

this trial are well characterised and mild side effects have significant overlap with pregnancy 

symptoms (nausea, dyspepsia, abdominal pain, itching, etc), we will only be reporting AEs that have a 

higher probability of being related to calcium intake on the outcome CRF. These include: 

Reportable adverse events 

 New diagnosis of maternal hypercalcaemia  

 New diagnosis of renal stones in the woman (confirmed on imaging, after starting of IMP) 

 Milk alkali syndrome (hypercalcaemia, alkalosis, and biochemical evidence of renal impairment) 

 Neonatal hypocalcaemia requiring treatment 

 Symptomatic neonatal hypocalcaemia (usually presenting as neonatal seizures)  
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Reportable adverse events will be recorded in the study database and the assessment of severity, 

seriousness and relatedness to the IMP (causality) will be documented. 

An AE that meets the definition of serious (i.e. results in death, is life threatening, requires 

hospitalisation or prolongation of existing hospitalisation, results in persistent or significant disability or 

incapacity, is a congenital anomaly/birth defect, is otherwise considered medically significant by the 

Investigator) will be reported as an SAE. SAEs will be recorded on the SAE CRF and must be signed 

off by the site PI and CI. The PI will also report the SAE to their own Trust in accordance with local 

practice and to the Trial Office. All SAEs are reviewed by the DMC during the DMC meetings 

throughout the trial. 

However, there are SAEs that are considered expected for the trial population. These are recorded in 

the case note review but are not considered to be critical to evaluations of the safety of the trial and 

do not need to be reported. These include: 

 

Expected maternal serious adverse events: 

 Pre-planned hospitalisation 

 Hospitalisation for pregnancy bleeding 

 Hospitalisation for the management of pregnancy loss at gestations prior to 24 weeks 

 Hospitalisation for rest in pregnancy 

 Hospitalisation for observation or monitoring of pregnancy. 

 Hospitalisation for maternal discomfort in pregnancy 

 Hospitalisation for complications of pregnancy e.g. urinary tract infection, pyelonephritis 

 A diagnosis of pre-eclampsia (this information is already being collected on the outcome CRF) 

 Hospitalisation for birth (including caesarean section) 

 Prolonged hospitalisation for post-natal care 

 

Expected neonatal serious adverse events: 

 Neonatal hospitalisation for sepsis 

 Neonatal hospitalisation for prematurity  
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Frequency and plans for auditing trial conduct {23} 

The monitoring requirements for CaPE have been developed following a trial specific risk assessment 

by BCTU and are documented in the trial specific monitoring plan. 

 

BCTU trial team staff will be in regular contact with the site research teams to check on progress and 

address any queries that they may have. Trial staff will check incoming consent forms and CRFs for 

compliance with the protocol, data consistency, missing data and timing. Sites will be sent data 

clarification forms requesting missing data or clarification of inconsistencies or discrepancies.   

Sites will be requested to send in copies of signed consent forms and other documentation for in-

house review for all participants providing explicit consent. This is detailed in the monitoring plan. 

 

Additional onsite monitoring may be triggered by poor CRF return, poor data quality, low SAE 

reporting rates, excessive number of participant withdrawals or deviations (also defined in the 

monitoring plan). The site PI must permit trial-related monitoring, audits, ethical review, and regulatory 

inspection(s) at their site, providing direct access to source data/documents.  

 

For this trial we will monitor sites in accordance with the trial risk assessment and monitoring plan. 

 

Plans for communicating important protocol amendments to relevant parties 

(e.g. trial participants, ethical committees) {25} 

Any substantial protocol amendments will be submitted to Medicines & Healthcare products 

Regulatory Agency (MHRA), Research Ethics Committee (REC) and Health Research Authority 

(HRA) for approval as appropriate. Research teams at each site will be notified of the amendment 

and, if they have no objection to the amendment, it will be implemented at site. Online support 

sessions and newsletters will allow the trial team to relay information and share challenges and good 

practices. 
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Dissemination plans {31a} 

The results of this trial will be submitted for publication in a peer reviewed journal to be communicated 

to healthcare professionals. We will also disseminate the information to PPI through relevant 

meetings and social media platforms. 

Discussion 

The grant was activated in November 2020 during the Covid pandemic which impacted many studies, 

including the CaPE trial. Sites were asked to prioritise COVID research initially and then studies 

already open, and this delayed the start of the CaPE trial. Covid also led to reduction in the NHS 

workforce and Research and Development department capacity as a result re-allocation of research 

staff to cover sickness, fatigue, and staff leaving posts. This has impacted recruitment to the CaPE 

Trial.  

 

The calcium supplements given as IMP are an Excess Treatment Cost, which the sites can find 

difficult to recoup from the Clinical Research Network (CRN), as many sites may not reach the 

financial threshold to recoup them. This resulted in some sites declining to join the trial and others 

setting lower recruitment targets. However, we have overcome this barrier with the Sponsor now 

being allowed to recoup the costs directly from the CRN. 

 

Trial status 

The protocol is currently v2.0, 8
th
 August 2024. The trial began recruiting on 4

th
 August 2022, with 

planned recruitment until June 2025. 
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