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Key Points (88 words) 41 

Question: Does self-monitoring of blood pressure by pregnant individuals at higher risk of pre-42 

eclampsia lead to earlier detection of pregnancy hypertension compared to usual antenatal care? 43 

Findings: In this randomized clinical trial that included 2441 pregnant individuals at increased risk for 44 

pre-eclampsia, use of self-monitoring of BP with telemonitoring compared with usual care resulted 45 

in a mean time to clinic-based detection of hypertension of 104 vs 106 days, a difference that was 46 

not statistically significant. 47 

Meaning: Among pregnant individuals at higher risk of pre-eclampsia, blood pressure self-48 

monitoring with telemonitoring did not lead to earlier clinic-based detection of hypertension. 49 

  50 
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Abstract  51 

Importance: Inadequate management of elevated  BP is a significant contributing factor to maternal 52 

deaths. Self-monitoring of blood pressure (BP) in the general population has been shown to improve 53 

the diagnosis and management of hypertension, however little is known about its use in pregnancy. 54 

Objective: To determine whether self-monitoring of BP in higher risk pregnancies leads to earlier 55 

detection of pregnancy hypertension. 56 

Design, setting and participants: Unmasked, randomised clinical trial that recruited between 57 

November 2018 and October 2019. 2441 pregnant individuals at higher risk of pre-eclampsia were 58 

recruited at 20 weeks’ gestation from 15 hospital maternity units in England with final follow-up in 59 

April 2020.  60 

Interventions: Participating individuals were randomised to either BP self-monitoring with 61 

telemonitoring (n=1223) plus usual care or usual antenatal care alone (n=1218) without access to 62 

telemonitored BP.  63 

Main Outcomes: The primary outcome was time to first recorded hypertension measured by a 64 

healthcare professional.  65 

Results: Among 2441 participants who were randomized (mean age, 33; median gestation 20 66 

weeks), 2346 (96%) completed the trial. The time from randomisation to clinic recording of 67 

hypertension was not significantly different between individuals in the self-monitoring group (mean 68 

104 days) vs the usual care group (mean 106 days) (mean difference -1.6 days (95% confidence 69 

intervals -8.1, 4.9, p = 0.6). Eighteen serious adverse events were reported during the trial with none 70 

judged as related to the intervention: 12 (1%) in the self-monitoring group and 6 (0.5%) in those 71 

receiving usual care. 72 

Conclusions and relevance: Among pregnant individuals at higher risk of pre-eclampsia, blood 73 

pressure self-monitoring with telemonitoring compared with usual care did not lead to significantly 74 

earlier clinic-based detection of hypertension.  75 

Trial Registration: ClinicalTrials.gov NCT03334149 https://clinicaltrials.gov/ct2/show/NCT03334149  76 
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Abstract Word Count:  273 77 

Keywords: Pregnancy, Gestational Hypertension, Pre-eclampsia, Hypertension, Self-monitoring, 78 

Blood Pressure, Telemonitoring, Clinical Trial. 79 
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INTRODUCTION 83 

Raised blood pressure (BP) has been estimated to affect approximately 10% of pregnancies 84 

worldwide and 18 million pregnancies worldwide in 2019.1,2 In the UK, inadequate management of 85 

elevated BP has previously been reported as a significant contributing factor to maternal deaths. 86 

Although maternal deaths related to high BP have reduced in the UK in recent years, pre-eclampsia 87 

remains important due to its influence on maternal and perinatal outcomes.3,4 Individuals who are at 88 

higher risk of pre-eclampsia, due to risk factors such as age, high body mass index, or existing 89 

medical conditions may require more frequent monitoring.5 BP can increase  rapidly in pregnancy 90 

and hypertension may go undetected in between antenatal visits.6 91 

Self-monitoring of blood pressure (SMBP), which involves an individual measuring their own BP 92 

outside of the clinical setting, is now commonplace and effective at detecting and lowering BP in 93 

adults with hypertension outside of pregnancy. 7-9 Self-monitoring in pregnancy has been limited to 94 

small and mostly non-randomized feasibility studies, often without validated BP monitors.10,11 Low 95 

quality and heterogeneity limit the conclusions that can be drawn from such studies but initial 96 

results suggest reduced morbidity and resource use, acceptability for individuals and their clinicians, 97 

and feasibility. 10-13 98 

The Blood Pressure Monitoring in Higher Risk Pregnancy (BUMP1) trial aimed to establish whether 99 

SMBP with telemonitoring in addition to usual care could lead to earlier detection of raised clinic BP 100 

compared to usual care during higher risk pregnancies.  101 

 102 

 103 
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METHODS 104 

Study design  105 

The trial was an unmasked randomised clinical trial of SMBP in pregnancy for the detection of raised 106 

BP. The methods of the trial and its development have been published previously and are 107 

summarised below.14,15 The protocol and statistical analysis plan are available in Supplement 1 and 108 

Supplement 2, respectively. The West Midlands - South Birmingham NHS Research Ethics 109 

Committee: ref 17/WM/0241 provided ethical approval. All participants gave written informed 110 

consent. 111 

 112 

Study Population 113 

Pregnant individuals at higher risk of pre-eclampsia were recruited by research midwives through 114 

antenatal clinics in 15 secondary care maternity units between 16 and 24 weeks gestation between 115 

November 2018 and September 2019. ‘Higher risk’ was defined by the relevant UK guidance at the 116 

time and included one or more of the following risk factors for pregnancy hypertension5: age ≥40 117 

years nulliparity pregnancy interval >10 years, family history pre-eclampsia, previous history pre-118 

eclampsia or gestational hypertension, body mass index ≥30 kg/m2, chronic kidney disease (any CKD 119 

stage), twin pregnancy, pre-pregnancy diabetes, autoimmune disease (for example systemic lupus 120 

erythematosus or antiphospholipid syndrome). Individuals with a pre-existing diagnosis of 121 

hypertension were excluded.  122 

Randomisation and masking 123 

Eligible individuals were randomised (1:1 ratio) to either usual care or usual care plus SMBP with 124 

telemonitoring. The online randomisation sequence was generated by an independent statistician 125 

using permutated varying block sizes of 4 or 6 and stratified by recruitment site and parity (0 vs ≥1). 126 
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Both participants and health care professionals were unmasked due to the nature of the 127 

intervention. 128 

 129 

Procedures 130 

Self-monitoring  131 

Participants randomised to SMBP continued with usual antenatal care and in addition were provided 132 

with a validated automated monitor (Microlife WatchBP Home).16 They were given training and 133 

written instructions for BP self-monitoring by the recruiting research midwife, then enrolled on a 134 

mobile phone-based telemonitoring system with an optional paper diary.  135 

Participants were asked to monitor their BP three times a week, taking two readings, submitting the 136 

second to the study App manually. Raised readings triggered a request by the app for a third 137 

reading, which if raised led to a request by the app for participants to contact their local maternity 138 

unit [eFigure 3]. Initial contact was typically by telephone and subsequent arrangements for review 139 

were at the discretion of the unit. BP thresholds were equivalent to clinic, based on pilot work and a 140 

systematic review. 13,17   141 

Each site received training on the trial and intervention from the study team. Clinicians had access to 142 

a web-based dashboard and each site was sent a summary of their participants’ results each week. 143 

The app was designed to include a historic blood pressure data enabling participants to share their 144 

results with clinicians via their mobile phone display.  145 

Usual prenatal care consisted of pregnant individuals attending antenatal clinic as required (at least 146 

seven times during an uncomplicated pregnancy)18 including having their BP measured by their 147 
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antenatal care team. They did not have access to the telemonitoring system and such systems were 148 

not commonplace in the UK at the time of the study. 149 

Protocol Amendments 150 

The overall protocol was amended significantly on six occasions during the trial. Two amendments 151 

affected the trial: adding the external pilot and then to continue recruitment until the accompanying 152 

trial14 (same intervention in individuals with pregnancy hypertension) had finished recruitment 153 

which had the effect of modestly increasing the sample size (from 2262 to 2441).  154 

Outcomes 155 

The primary outcome was difference in the time from randomisation to first recording of ’clinic 156 

hypertension’ between the randomised groups. Clinic hypertension was defined as sustained BP 157 

≥140/90mmHg [i.e. either raised systolic (SBP) or diastolic (DBP) blood pressure or both] recorded by 158 

a healthcare professional in the clinical record in any setting up to the day before delivery. 159 

’Sustained’ was defined as at least two raised BP readings within one week (168 hours) with no 160 

minimum time between readings, with the second reading date taken as date of diagnosis.5 Clinic 161 

hypertension was additionally defined when either a recorded diagnosis of pre-eclampsia or 162 

gestational hypertension or prescription of antihypertensive medication where those came before 163 

recorded clinic hypertension. BP and other clinical data were extracted from the clinical record at 164 

the end of each woman’s participation in the trial. Prespecified subgroups were: eligible for aspirin 165 

prophylaxis; gestational age at recruitment; parity; measuring BP prior to randomisation; deprivation 166 

score; ethnicity; educational qualifications. 167 

Secondary outcomes were both maternal (severe hypertension (systolic BP ≥160 mmHg and/or 168 

diastolic BP ≥110 mmHg), serious maternal complications, onset of labour) and perinatal (stillbirth 169 

and early neonatal death, gestation at delivery, mode of delivery, birth weight (including centiles), 170 
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small for gestational age (<10th and <3rd centiles), neonatal admissions). Patient reported outcomes 171 

(illness perception (0 to 10, minimally clinically important difference [MCID] not available),19 anxiety 172 

((STAI6, scaled to 100 lowest 0 to highest 100, MCID 10),20 maternal health-related quality of life 173 

(EuroQol EQ-5D-5L, -0.594 (worst) to +1 (best), MCID 0.037))21 were captured by questionnaires at 174 

baseline, 30 weeks gestation and 12 weeks postnatally [See eTable 1 for full list]. In accordance with 175 

UK recommendations, self-reported ethnicity was recorded using standard descriptions derived from 176 

those used by UK Office for National Statistics.22 177 

Post hoc analyses assessed fidelity of participants in the intervention group to the self-monitoring 178 

regime as captured by the App and compared raised BP on self-monitoring to the reference standard 179 

of raised BP on clinic measurements. 180 

Sample size  181 

An external pilot phase including 40 participants tested all trial procedures prior to the main trial 182 

commencing. A sample size of 2262 (1131 per group) assuming a standard deviation (SD) of 40 days 183 

was estimated to allow detection of an effect size of 12 days difference in time to detection of clinic 184 

hypertension in pregnancy between self-monitoring and control groups, with 90% power, 5% level of 185 

significance (2-sided) and assuming a 15% attrition rate. The sample size was determined via 186 

simulation, using a bootstrapping method with replacement with parameters derived from pilot 187 

work.13 Of the planned 2262 participants, 362 (16%) were expected to develop hypertension. A 188 

statistical analysis plan was agreed prior to data lock (Supplement 2). 189 

Statistical analysis  190 

The primary analysis included all participants for whom data were available, according to the group 191 

participants were randomly allocated to regardless of any subsequent deviation from protocol. The 192 

primary outcome was analysed using a two-part “hurdle” model23: first the model determined 193 
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whether the participants had a diagnosis of clinic hypertension using a probit model, assuming an 194 

underlying latent distribution for the probability of having clinic hypertension. The second part 195 

determined the time between randomisation and clinic hypertension conditional on having cleared 196 

the hurdle. The pre-specified model adjusted for group, parity (0 or ≥1) as fixed effects, and site as 197 

random effect. However, because the model would not converge, site was subsequently fitted as a 198 

fixed effect. Sensitivity analyses included adjusting for baseline covariates that predicted 199 

missingness, multiple imputation (100 imputations) of missing values, and including only raised BP 200 

based on BP values (i.e. not clinical diagnoses or antihypertensive prescription). Prespecified 201 

subgroups were investigated through fitting a subgroup by randomised group interaction term in the 202 

model. Treatment effects of each subgroup and a test of interaction were obtained from the model. 203 

Continuous secondary outcomes, such as birthweight and length of stay, were analysed by means of 204 

regression method, adjusting for stratification factors. Binary secondary outcomes were analysed by 205 

means of a log binomial model. Because of the potential for type I error due to multiple 206 

comparisons, findings for analyses of secondary endpoints should be interpreted as exploratory. 207 

Post hoc analyses were undertaken assessing intervention fidelity comparing app use to the protocol 208 

of thrice weekly self-monitoring until BP rose to ≥135/85mmHg when participants were asked to 209 

monitor daily until delivery or hypertension diagnosis. Recorded hypertension in clinic or by SMBP 210 

was cross tabulated and the time between first raised SMBP and subsequent diagnosis of 211 

hypertension assessed using similar methods to the primary outcome analysis (second part). 212 

All analyses were performed using STATA SE version 16.1 (StataCorp) using a 5% threshold for 213 

significance (2-sided). 214 

 215 

 216 
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RESULTS 217 

Of 2458 potentially eligible pregnant individuals, 2441 were randomised to either BP self-monitoring 218 

(n=1223, 50.1%) or usual care (n=1218, 49.9%) (in line with the randomisation algorithm) [Figure 1]. 219 

Four participants subsequently found to be ineligible after randomisation, were immediately 220 

withdrawn from the trial and excluded from the analysis.   221 

Primary outcome data were available from 2346/2437 participants (96%, 1171 self-monitoring, 1175 222 

usual care) [Figure 1]. Baseline characteristics were well matched between groups with similar 223 

demographics and risk factors for hypertension and pre-eclampsia [Table1]. Mean age was 33 years 224 

old, mean gestation was 20 weeks, 950/2346 (39%) were of parity ≥1, 1399/2346 (59%) had been 225 

educated to at least degree level, 1801 (77%) were White British, 253 (11%) Asian or Asian British 226 

and 187 (8%) Black or Black British. Mean BP recorded before randomisation was 114/69mmHg and 227 

1146 (49%) had one major or two moderate risk factors for pre-eclampsia.5 Prior to randomisation, 228 

639/2414 (27%) participants reported previously measuring their own BP (305 (25%) intervention 229 

and 334 (28%) usual care). 230 

 231 

Primary Outcome 232 

Clinic hypertension was subsequently recorded for 363 (15.5%) of those randomised, of whom 102 233 

(4%) had pre-eclampsia: 179 (15.3%) intervention group and 184 (15.7%) usual care [Table 2]. The 234 

primary outcome (time to clinic hypertension defined from the clinical records) was not significantly 235 

different between individuals who self-monitored or received usual prenatal care alone (mean 104.3 236 

days vs 106.2 days respectively, mean difference -1.6 days (95% confidence interval -8.1, 4.9; p = 237 

0.6)) [Table 2]. This was not materially affected by sensitivity analyses including adjustment for 238 

missingness, multiple imputation or when clinic hypertension was restricted to evidence of raised 239 

professionally recorded BP only (i.e. recorded diagnosis of gestational hypertension or prescription 240 
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of anti-hypertensive medications alone was excluded) [eTable 2 in Supplement 3]. The primary 241 

outcome was not significantly different between randomised groups in most pre-specified 242 

subgroups including aspirin eligibility, gestational age at recruitment, parity, previous experience of 243 

self-monitoring, deprivation score, educational qualifications [eTable 3 and eFigure 1 and 2 in 244 

Supplement 3]. There was a significant interaction for ethnicity but both individual group results 245 

crossed unity. 246 

 247 

Secondary Outcomes  248 

Maternal outcomes 249 

There was no statistically significant difference in the incidence of severe hypertension or in the 250 

incidence of pre-eclampsia between the groups [Table 3].  251 

The incidence of serious maternal complications was 15/1209 (1.2%) of those in the self-monitoring 252 

group and 19/1209 (1.6%) of those receiving usual care; the pre-specified threshold of sufficient 253 

events to undertake a formal statistical comparison was not met (2% or more) [Table 3]. No 254 

participants in either group died. 255 

There was no significant difference in the proportion with spontaneous onset of labour (482/1187, 256 

41% self-monitoring vs 493/1181, 42% usual care; adjusted relative risk 0.97 (0.9, 1.1). Indications 257 

for induction or pre-labour caesarean section are presented in eTable 4. 258 

Anxiety (STAI6),20 was not significantly different between groups at either 30 weeks’ gestation or 259 

postnatally [eTable 6 in Supplement 3]. Individuals in the self-monitoring group had significantly 260 

improved scores on the modified brief Illness Perception Questionnaire at both 30 weeks and 261 

postnatally [eTable 7 in Supplement 3].19 Participants’ health-related quality of life based on index 262 

scores derived from the EQ-5D-5L descriptive system21 was not significantly different between 263 

groups at 30 weeks or at postnatal follow-up [eTable 8 in Supplement 3].  264 
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 265 

Perinatal Outcomes 266 

The proportions of stillbirths and early neonatal deaths in both groups were not formally compared 267 

due to low rates of occurrence. [Table 3]. Mean birthweight was 3247g in the self-monitoring group 268 

and 3264g for usual care. Small for gestational age infant birthweight (<10th centile) was present in 269 

104/1249 (8.3%) self-monitoring vs 87/1235 (7.0%) usual care; adjusted relative risk 1.2 (0.9, 1.5) 270 

Median gestation at delivery was not different between groups (39 weeks) [Table 3]. There were no 271 

significant differences in the proportions of either randomised groups that were admitted to a 272 

neonatal unit or for subsequent length of stay [Table 3 and eTable 5]. Spontaneous vaginal delivery 273 

occurred for (550 (43.7%) self-monitoring participants vs 527 (42.4%) usual care [eTable 5 in 274 

Supplement 3].  275 

 276 

Adverse events 277 

Eighteen serious adverse events were reported during the trial with none judged as related to the 278 

intervention by the supervising site principal investigator: 12 (1%) in the self-monitoring group (2 279 

miscarriages 20-23+6/40, 5 still births, 2 neonatal deaths, 3 terminations for fetal abnormalities) and 280 

6 (0.5%) in those receiving usual care (3 still births, 3 terminations due to fetal abnormalities (2) and 281 

sepsis (1)). 282 

 283 

Post hoc outcomes 284 

In a post hoc analysis, fidelity to the intervention by individuals randomised to self-monitoring was 285 

explored. Of the 1220 allocated to self-monitoring appropriately, 1198 self-monitored and 22 did 286 

not. The vast majority of participants used the app (1196, 99.8%) with 23 (2.2%) also recording some 287 

readings in a paper diary and 2 (0.2%) exclusively using a paper diary. Because data in the paper 288 

diaries were not directly comparable to that in the App (for example in terms of recording of timing 289 
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of readings, repeat readings), those readings were excluded from further analysis. Participants 290 

followed the protocol of monitoring three times per week until delivery or clinic hypertension 76.7% 291 

of the time; if their SMBP rose to ≥135/85mmHg and they were asked to monitor daily until delivery 292 

or hypertension diagnosis, this happened 71.7% of the time.  293 

Of the 179 individuals with clinic hypertension in the intervention group, 131 (73%) had self-294 

monitored within a week of that diagnosis and 16 (9%) had no self-monitored readings at all [Table 295 

4]. Of these, 109/179 (61%) individuals had a raised SMBP ≥140/90mmHg on the same day or before 296 

the detection of clinic hypertension. The median time between first raised SMBP and a subsequent 297 

diagnosis of hypertension was 29 days (interquartile range 7 to 72). Of those with a clinic diagnosis 298 

of hypertension, 43/179 (24%) did not have a raised SMBP (indicating likely white coat hypertension) 299 

at or before that time [Table 4].  300 

 301 

 302 

DISCUSSION 303 

In this randomized trial, SMBP from 20 weeks’ gestation until delivery or development of 304 

hypertension, in addition to usual care, did not lead to an earlier diagnosis of clinic hypertension, 305 

defined on the basis of routinely recorded clinical data. There were no significant differences in 306 

either maternal or perinatal outcomes or of serious adverse events. Of those individuals who self-307 

monitored BP in the trial who received a diagnosis of hypertension, the majority had self-monitored 308 

within a week of diagnosis suggesting that these individuals would have had an opportunity to 309 

detect hypertension at home.  310 

To our knowledge, this was the largest randomised clinical trolled trial of blood pressure self-311 

monitoring in individuals with higher-risk pregnancy published to date and was powered to detect 312 
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clinically important differences between the groups.24 The pragmatic trial design and broad inclusion 313 

criteria make findings applicable to routine antenatal care. Participants randomised had appropriate 314 

representation of ethnic minority ethnic groups but there was some evidence of over representation 315 

of those with higher educational attainment in the trial overall. Follow-up was high with over 95% of 316 

the primary outcome data available.  317 

A recent systematic review found two randomised clinical trials involving self-monitoring in 318 

antenatal care, one of which used self-monitoring as a screening test10: one UK-based group 319 

randomised 80 low risk pregnant individuals to weekly self-monitoring with reduced routine 320 

antenatal clinics and found that for individuals who self-monitored, overall clinic attendance was 321 

reduced despite an increase in unscheduled care.25 A French group randomised 57 individuals with 322 

pregnancy hypertension without proteinuria between 18-36 weeks to self-monitor BP with or 323 

without transmission of the measurements to their supervising clinicians and found no significant 324 

difference between groups.26 More recently, a US group randomised 300 low risk pregnant 325 

individuals to remote monitoring with reduced clinics vs usual care. The individuals randomised to 326 

remote care had reduced obstetric input but more nurse/midwife time was needed for providing 327 

remote care.11 Two other subsequent trials were not comparable.27 28 Two ongoing self-monitoring 328 

trials, one in high risk pregnancies and one with a similar screening strategy to the current study 329 

have not reported yet.29,30 330 

Self-monitoring of BP outside of pregnancy is already widespread and has a strong evidence 331 

base.7,8,31 Prior to the current study there were few data regarding the prevalence of SMBP in 332 

pregnancy, although the CHIPS study of different BP targets in pregnancy hypertension reported 333 

38% of hypertensive pregnant individuals as self-monitoring.32 A survey undertaken in parallel to this 334 

trial, but excluding those randomised found that in a sample of around 5500 pregnant individuals, 335 

17% of those without hypertension and 49% of those with hypertension were self-monitoring, often 336 

without clinician involvement.33   337 
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Limitations 338 

The study has several limitations. First, the trial was powered to detect a 12-day earlier presentation 339 

with SMBP compared to clinic-based diagnosis, a difference that was considered to be clinically 340 

relevant. Although very small differences cannot be ruled out, self-monitoring did not result in a 341 

clinically important or statistically significant earlier presentation of hypertension. Second, the study 342 

was not powered to detect differences in clinical outcomes. Third, the home readings for 26% of 343 

individuals with a clinic-based primary outcome of hypertension were normal, so that these 344 

participants could not have presented earlier on the basis of self-monitoring. Data on prognosis of 345 

white coat hypertension remains sparse, particularly as to the relative effect of antihypertensive 346 

therapy compared to true hypertension and therefore appropriate management strategies are 347 

uncertain.34 348 

Fourth, 61% of those with hypertension in the intervention group had elevated home BP prior to or 349 

concurrently with clinic BP and for these participants, SMBP rose approximately one month prior to 350 

their clinic recorded hypertension. Participants received advice through the app to check such 351 

readings with a midwife but there were no data regarding the response of participants and/or 352 

clinicians to such readings. Linked qualitative work suggested that clinicians tend to favor clinic 353 

readings in the case of discordance, perhaps explaining the observed lack of effect on the primary 354 

outcome.35  355 

Fifth, 27% of randomised individuals had self-monitored prior to randomisation which might have 356 

diluted any effect from the intervention. The study did not collect data regarding whether self-357 

monitoring continued later in pregnancy. However, other research suggests that at least half of 358 

these participants may have continued to do self-monitoring without the knowledge of their clinical 359 

team.33 Outside of pregnancy, there is evidence that such monitoring (without clinical support) has 360 

little effect on blood pressure.8,33 361 
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Sixth, the threshold for hypertension diagnosis with SMBP in pregnancy is not established. In the 362 

current study, the same BP threshold was used for home and clinic BP (140/90mmHg), although 363 

participants were asked to increase the frequency of measurement once their pressure reached 364 

135/85mmHg. This choice was made on the basis of a systematic review of BP measurement in 365 

different settings, which suggested that self- and clinic monitored BP were equivalent in 366 

normotensive pregnant individuals; it was also influenced by concerns from clinicians during the 367 

development phase regarding over alerting.13,17 A lower threshold for home readings might have led 368 

to a different result.  369 

Conclusions 370 

Among pregnant individuals at higher risk of pre-eclampsia, blood pressure self-monitoring with 371 

telemonitoring compared with usual care did not lead to significantly earlier clinic-based detection 372 

of hypertension.  373 

 374 

  375 
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Table 1: baseline characteristics by randomised group 572 

 Self-Monitoring Usual Care  
Characteristic n=1220 a n=1217 a 
Age (years)  32.8 (5.7) 33.0 (5.6) 
Gestation (weeks) at entry 20.3 (1.6) 20.3 (1.6) 
Parity: no previous births  745 (61.1%) 742 (61.0%) 
Body mass index (kg/m2) 26.5 (22.7 to 

32.1)  
26.1 (22.6 to 

32.4)  
   
Index of multiple deprivation quintile b n=1210 n=1211 
  1 (most deprived)  167 (13.8%) 170 (14.0%) 
  2 247 (20.4%) 239 (19.7%) 
  3 228 (18.8%) 258 (21.3%) 
  4 254 (21.0%) 244 (20.2%) 
  5 (least deprived) 314 (26.0%) 300 (24.8%) 
   
Ethnicity c n=1211 n=1007 
  Asian or Asian British 135 (11.1%) 118 (9.8%) 
  Black or Black British 88 (7.3%) 99 (8.2%) 
Chinese 16 (1.3%) 11 (0.9%) 
Mixed  55 (4.5%) 41 (3.4%) 
  Other 30 (2.5%) 24 (2.0%) 
  White (British, Irish, Other) 887 (73.3%) 914 (75.7%) 
   
Current smoker 57 (4.7%) 59 (4.9%) 
   
Highest education  n=1209 n=1201 
  Tertiary Education 715 (59.1%) 684 (57.0%) 
  Professional qualifications, n(%) 122 (10.1%) 120 (10.0%) 
  A-level or GCSE, n(%) 294 (24.3%) 335 (27.9%) 
  Vocational qualifications, n(%) 34 (2.8%) 32 (2.7%) 
  No formal qualifications, n(%) 44 (3.6%) 30 (2.5%) 
   
Risk factors for hypertension   
  Body mass index > 30 kg/m2 444 (46.4%) 417 (34.3%) 
  Previous hypertensive disorder of pregnancy  199 (16.3%) 220 (18.1%) 
  Family history of pre-eclampsia  144 (11.8%) 133 (10.9%) 
  Autoimmune diseased 83 (6.8%) 81 (6.7%) 
  Pre-pregnancy Diabetes (type 1 or 2) 75 (6.2%) 67 (5.5%) 
  Twin pregnancy 73 (6.0%) 67 (5.5%) 
  Interval between pregnancies >10 years  34 (2.8%) 36 (3.0%) 
  Chronic kidney disease (any grade) 9 (0.7%) 14 (1.2%) 
   
Blood pressure e n=1161 n=1162 
  Mean SBP at entry 113.4 (12.8) 113.9 (12.3) 
  Mean DBP at entry 68.5 (9.0 69.0 (9.0) 
   
Health questionnaires  n=1202 n=1194 
  EQ-5D-5L Index Valuef 0.88 (0.77 to 

1.00)  
0.85 (0.77 to 

1.00)  
 n=1201 n=1191 
  STAI-6g 22.2 (55.6 to 

33.3)  
22.2 (5.6 to 

33.3)  
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Self-monitoring prior to trial N, n (%) n=1209 n=1205 
 305 (25%) 334 (28%) 

   
Data are n (%) or mean (SD) or median (interquartile range).  573 
SBP: systolic blood pressure; DBP diastolic blood pressure. 574 
a As shown in Figure 1, 1223 (self-monitoring) and 1218 (control) were randomised, however 3 575 
intervention and 1 control participant were randomised in error and withdrawn immediately hence 576 
data are presented here for the remaining 1220 and 1217 respectively. N as stated unless otherwise 577 
specified. 578 
b The index of multiple deprivation is an assessment of deprivation based on a multiple weighted 579 
components including income, employment, education, health, crime, barriers to housing and 580 
services, and living environment. It is assessed at the postcode level. 581 
c Ethnicity self-attributed from closed list based on standard UK classification. Mixed included those 582 
self-identifying as mixed ethnicity (any combination). Other included any other ethnicity not listed 583 
above in which case participants were asked to specify: Self-monitoring: Arab: 4, Japanese: 3, Latin 584 
American: 2, Mauritian: 2, Brazilian: 1, Filipino: 1, Iraqi Kurdish: 1, Pacific Islander: 1, Tibetan 585 
Burmese Origin: 1, Turkish Kurdish: 1, Vietnamese: 1, Middle Eastern: 1, None stated: 11.  586 
Usual care arm: Latin American: 6, Arab: 3, Japanese: 2, Afghan: 1, Brazilian: 1, Filipino: 1, Iranian: 1, 587 
Malaysian: 1, South East Asia: 1, South Korean: 1, Vietnamese: 1, None stated: 5. 588 
d Any autoimmune disease for example systemic lupus erythematosis or antiphospholipid syndrome 589 
e at last clinic visit prior to randomisation 590 
f EQ-5D-5L: EuroQol instrument 5 Dimensions 5 levels (index value calculated from 5 domains: 591 
mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Value calculated using 592 
cross walk tool37 range -0.3-1, higher is better quality of life). 593 
g STAI: short form of stait-trait anxiety inventory (6 items range 6-24; scaled to be out of 100, higher 594 
is more anxious).20 595 
 596 
  597 
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Table 2: Primary outcome: time from randomisation to diagnosis of raised sustained blood pressure 598 

 Self-Monitoring Usual Care Estimated effect  
[95% CI] 

P valueb 

Participants with primary outcome 
data 

1171 1175   

Clinic hypertensiona  179 (15.3%) 184 (15.7%) 0.0% [-3% to 2%]c 0.75 
Mean time to clinic hypertension 
(days) 

104.3 (32.6) 
[n=179] 

106.2 (32.0) 
[n=184] 

-1.6 [-8.1 to 4.9]d 0.64 

Median (interquartile range)  109 (90 to 127) 
[n=179] 

115 (90 to 129) 
[n=184] 

  

 599 

Data are n (%) or mean (SD). 600 

a Sustained raised blood pressure defined as two blood pressures ≥140/90mmHg within 168 hours or a 601 
recorded diagnosis of pregnancy hypertension or prescription of an antihypertensive medication, whichever 602 
came first.  603 

b Self-monitoring versus usual care: threshold level of significance p = 0.05.  604 

c Difference in percentage of having raised blood pressure modelled against randomised group, parity, and 605 
site.  606 

d Mean difference in days to clinic hypertension  607 

 608 

 609 

 610 



JAMA21-12262R McManus-edited 

29 
 

 611 

Table 3 Selected Secondary Maternal and Perinatal Outcomes by Randomised Group a 612 

 Self-Monitoring Usual Care Adjusted absolute difference 
(95% CI)b 
 

Adjusted risk ratiob  
(95% CI) 
 

P value for 
treatment 
effect 

MATERNAL       
Severe hypertension  69/1171 (6.0%) 57/1175 (4.9%) 1.09% [-0.94% to 3.12%] 1.22 [0.87 to 1.70] 0.25 

      
Pre-eclampsia (N) 51/1209 (4.2%) 51/1209 (4.2%) 0.01% [-1.84% to 1.85%] 1.00 [0.66 to 1.51] 1.00 

      
One or more serious 
maternal complications c  

15/1209 (1.2%) 19/1209 (1.6%) -- -- -- 

      
      

PERINATAL      
Median Gestation at 
delivery (IQR) 

39.3 (38.1 to 40.4) 
N=1190 

39.3 (38.0 to 40.4) 
N=1185 

0.14 [-0.01 to 0.30]d 
 

-- -- 

      
Stillbirth 5/1260 (0.4%) 3/1248 (0.2%) -- -- -- 

      
Neonatal death within 7 
days   

2/1248 (0.2%) 0/1240 -- -- -- 

      
Small for gestational age 
(<10th centile) 

104/1249 (8.3%) 87/1235 (7.0%) 1.10% [-1.09% to 3.29%] 1.15 [0.87 to 1.53] 0.32 

      
Infant admitted to 
neonatal intensive care 

161/1248 (12.9%) 163/1240 (13.1%)  -0.64% [-3.34% to 2.05%] 0.95 [0.77 to 1.17] 0.63 

 613 
a See tables e3 and e4 in Supplement 3 for additional maternal and perinatal outcomes  614 
b Statistical comparisons completed when >2% event rate: Self-monitoring versus usual care. Log-Poisson generalised linear mixed effects model with 615 
robust standard errors adjusted for randomised arm, and parity as fixed effects; and site as a random effect. Level of significance p<0.05  616 



JAMA21-12262R McManus-edited 

30 
 

C one or more from: Eclampsia, transient ischemic attack or stroke, HELLP syndrome (haemolysis, elevated liver enzymes, low platelets), liver involvement 617 
(ALT or AST >70 U/L), pulmonary oedema, renal involvement (creatinine≥90mmol), haematological involvement (platelets <x100^9/L). 618 
d Estimated median difference (95% confidence interval) derived from quantile regression adjusted for randomised arm, parity and site. 619 
 620 

  621 
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Table 4: Self-monitoring vs clinic blood pressure for diagnosis of raised blood pressure 622 

  Raised BP on any home readingsb 
  Yes No Total 

Raised BP on any health 
professional readingsa 

Yes 120 43 163 
No 240 651 891 

Total 360 694 1054 
 623 

This table includes all 1054 women randomised to self-monitoring who had both health professional 624 

and self-monitored blood pressures recorded  625 

163 (15.5%) had clinic hypertension 626 

43 (4.1%) had white coat hypertension (raised in clinic but not at home) 627 

240 (22.8%) had masked hypertension (raised at home but not in clinic) 628 
aTwo blood pressures ≥140/90mmHg from any community or hospital setting within 168 hours or a 629 

new prescription of antihypertensive medication for raised blood pressure, whichever came first. 630 
bFirst recording of ≥140/90mmHg on home blood pressure device. 631 

 632 

 633 

 634 


