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ABSTRACT 

Objectives: This study aimed to assess the impact of maternal ethnicity on the risk of adverse 

perinatal outcome in pregnant women with chronic hypertension.  

Methods: Demographic and delivery data of women with chronic hypertension and singleton 

pregnancies from three obstetric units (2000 to 2014) were collated. Multivariable logistic 

regression models were used to calculate risk ratios (RR) by ethnic group for adverse perinatal 

outcome in women with chronic hypertension adjusted for other maternal characteristics. The 

impact of maternal ethnicity on birthweight centile calculation was investigated by comparing 

customised birthweight centile (GROW) to birthweight centile calculator that does not adjust 

for maternal ethnicity (Intergrowth 21st).    

Results: The cohort included 4045 women (4481 pregnancies) with chronic hypertension. 

Women of White ethnicity accounted for 47% (n=2122) of the cohort; 36% were Black 

(n=1601) and 8.5% Asian (n=379).  The overall incidence of stillbirth was 1.6%, preterm birth 

<37 weeks 16%, and fetal growth restriction (birthweight <3rd centile) 11%. Black women, 

compared to White women, had the highest risk for all adverse perinatal outcomes: stillbirth 

3.1% versus 0.6% (adjusted RR 5.56; 95% CI 2.79 to 11.09), preterm birth <37 weeks 21% 

versus 11% (aRR 1.70; 95% CI 1.43 to 2.01), birthweight <3rd centile 16% versus 7.4% (aRR 2.07; 

95% CI 1.71 to 2.51). Asian women, compared to White women, were also at increased risk of 

adverse perinatal outcomes: stillbirth 1.6% versus 0.6% (aRR 3.03; 95% CI 1.11 to 8.28), 

preterm birth <37 weeks 20% versus 11% (aRR 1.86; 95% CI 1.44 to 2.40) and birthweight <3rd 

centile 12% versus 7.4% (aRR 1.69; 95% CI 1.24 to 2.30). 

Conclusions: Black ethnicity (compared to White) is associated with the greatest risk of 

adverse perinatal outcome in women with chronic hypertension even after adjusting for other 

maternal characteristics. Women of Asian ethnicity are also at increased risk, but to a lesser 

extent.  

Health Regulation Authority Approval: 17/HRA/0021 
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INTRODUCTION 

Ethnic variation in the incidence of adverse maternal and perinatal outcomes has been 

reported,1-4 with women of Black ethnicity being at greater risk of hypertensive disorders of 

pregnancy compared to White1, 5 as well as other pregnancy-related morbidity and mortality.3, 

6 Some postulate that these differences relate predominantly to social deprivation and 

restricted access to healthcare,2, 7 but given the ethnic variation in pathophysiology observed 

in conditions such as hypertension outside pregnancy, the mechanisms underpinning these 

differences in pregnancy warrant further investigation.8, 9      

 

Chronic hypertension complicates around 3% of pregnancies and is rising in incidence due to 

increasing maternal age and the global obesity epidemic.10-14 Superimposed pre-eclampsia, 

stillbirth, fetal growth restriction, and preterm birth all occur more frequently in pregnancies 

complicated by chronic hypertension, compared with normotensive pregnancies.11, 15-18 

Previous population studies have found that young and middle-aged women of Black ethnicity 

demonstrate a steeper age-gradient in prevalence of chronic hypertension than those of White 

ethnicity and men of Black ethnicity.8 Outside pregnancy, ethnic origin is considered when 

prescribing antihypertensive treatment due to variation in drug response;19 the potential 

benefits of tailoring antihypertensive treatment in pregnancy is yet to be elucidated.  

 

Data from contemporaneous cohorts of women with chronic hypertension in pregnancy 

investigating the relationship between ethnicity and the incidence of adverse perinatal 

outcome are lacking and could inform research prioritisation, surveillance pathways and 

stratified treatment options. The objectives of this large multicentre cohort study were to 

assess the impact of ethnicity on the risk of adverse perinatal outcome in pregnancy 

complicated by chronic hypertension amongst a population with access to free healthcare.   
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METHODS 

The cohort was collated from three obstetric units in the UK: Guy’s and St Thomas’ National 

Health Service (NHS) Foundation Trust (London), St George’s University Hospitals NHS 

Foundation Trust (London), and Central Manchester University Hospitals NHS Foundation Trust 

(Manchester). All deliveries after 20 weeks’ gestation recorded on maternity databases 

between 2000 and 2014 with maternal history of chronic hypertension (diagnosed outside of 

pregnancy) or a documented blood pressure greater than or equal to 140 mmHg systolic 

and/or 90 mmHg diastolic recorded before 20 weeks’ gestation (as per the International 

Society for the Study of Hypertension in Pregnancy classification)20 were extracted for analysis. 

Multifetal pregnancies were then excluded from the cohort due to a risk of confounding 

perinatal outcomes.21 Demographic and delivery data were recorded for all the remaining 

singleton pregnancies complicated by chronic hypertension. Only pregnancies with a complete 

baseline demographic dataset (comprising maternal age, body mass index (BMI), parity, 

smoking, ethnicity, and deprivation index) were included in the analysis. The size of the study 

was dictated by the earliest year maternal demographic and delivery data were recorded 

electronically at each centre. 

 

Ethnicity (as recorded at antenatal booking) was assigned using four ethnic groups, White, 

Black, Asian, and Other, based on the grouping used by the UK Office for National Statistics.22 

For example women of European origin were assigned to the White ethnic group, women of 

West African or Caribbean origin were assigned to the Black group, and women of Indian, 

Pakistani or Bangladeshi origin were assigned to the Asian group. Women of mixed ethnic 

origin were included in the group that they shared heritage with in the following order of 

priority: Black, Asian, White and Other. Socioeconomic status was classified using data from 

the 2010 UK census (updated in 2015) regarding deprivation in seven domains: Income, 

Employment, Health, Education, Housing and Services, Crime, and the Living Environment. 

This article is protected by copyright. All rights reserved.
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Women were linked to one of 32,844 census areas using their full 8-character postcode; 

participants were then categorised into the five groups with one being the least deprived and 

five being the most deprived.23 Where the participant had no fixed abode they were included 

in deprivation index group five. 

 

Birthweight centiles were calculated using birthweight centile charts (Gestation Related 

Optimal Weight (version 6.7.5.1 2014) and Intergrowth-21st 

(http://intergrowth21.ndog.ox.ac.uk/)).24, 25 The GROW customised birthweight centiles adjust 

for maternal height, maternal weight, maternal ethnicity, parity, gestation at delivery, infant 

sex and infant birthweight in its calculation.24 The Intergrowth-21st birthweight centiles adjust 

for gestation at delivery, infant sex and infant birthweight.25 Infants were then categorised into 

those with a birthweight less than the 10th centile and less than the 3rd centile (the latter group 

characterised as fetal growth restriction (FGR) by a recent Delphi consensus26). GROW 

birthweight centiles24 were used in the primary analysis and Intergrowth-21st 25 for subsequent 

comparison. Preterm births (spontaneous and iatrogenic) were categorised as those born 

before 37 weeks’ gestation and 34 weeks’ gestation. Stillbirths were defined as infants born 

without signs of life after 20 weeks’ gestation. Neonatal unit admission included infants 

requiring neonatal intensive care unit and/or special care baby unit admission.  
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Statistical Analysis 

Means (SD) or medians (IQR) were calculated for continuous variables and numbers with 

percentages were calculated for categorical data. Within the cohort of pregnancies 

complicated by chronic hypertension, unadjusted risk ratios and associated 95% CIs were 

calculated by generalised linear models using the statistical package Stata (version 14.1) for 

baseline demographic factors and subsequent perinatal outcomes (including stillbirth, preterm 

birth, neonatal unit admission, birthweight <10th and <3rd centile). Adjusted risk ratios were 

then calculated using a multivariable regression model comparing ethnicity with other 

demographic factors that could be explanatory or confounding in association with adverse 

perinatal outcome: deprivation index, maternal age, parity, BMI, smoking history, and year of 

delivery. Allowance was made for women having more than one pregnancy within the cohort 

duration by adjusting the standard errors for clustering by hospital identification number. The 

validity of the model was confirmed by repeating the multivariable regression only including 

the significant risk factors for each perinatal outcome. Further associations of maternal 

characteristics and adverse outcome were explored via chi-squared test or linear regression 

models. Investigation of possible confounding included assessing the impact of centre of 

delivery on each perinatal outcome.  

 

The study was registered with the Health Regulation Authority (17/HRA/0021) and reported in 

line with STROBE guidance for observational studies.27 

 

 

 

 

 

 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
RESULTS 

Data from 4481 singleton pregnancies in 4045 women with chronic hypertension between 

2000 and 2014 were included in the analysis. The distribution of ethnicity was 47% (n=2122) 

White, 36% Black (n=1601), 8.5% Asian (n=379), and 8.5% Other (n=379). The flow diagram of 

participants is shown in Figure 1. Only pregnancies with all demographic characteristics 

required for the multivariate regression model were included in the final analysis (86% of 

singleton pregnancies identified). The most common missing data point was BMI accounting 

for 13% of pregnancies excluded from the analysis with the majority of these in the earliest 

years of the dataset. Sixteen postcodes could not be linked to deprivation index as they were 

incorrectly recorded in the source data; these participants were also excluded from the 

analysis. Thirteen women had no fixed abode and were included in deprivation index group 

five. The cohort included 2016 (45%) pregnancies from Guy’s and St Thomas’ NHS Foundation 

Trust (London), 2029 (45%) from St George’s University Hospitals NHS Foundation Trust 

(London), and 436 (10%) from Central Manchester University Hospitals NHS Foundation Trust 

(Manchester). There were a greater number of pregnancies included in the cohort from 2010 

onwards as maternity records from Central Manchester University Hospitals NHS Foundation 

Trust were not available before this date (Table 1). 

 

The proportion of women in this cohort requiring caesarean section was 39% and maternal 

high dependency unit care was needed for 11%. The incidence of stillbirth was 1.6%, preterm 

birth before 37 weeks’ gestation 16%, birthweight below the 3rd centile 11% and neonatal unit 

admission was required for 9.2% of infants. Maternal and perinatal outcomes for the whole 

cohort and for each ethnic group are presented in Table 2.   

 

 

 

This article is protected by copyright. All rights reserved.



A
cc

ep
te

d 
A

rti
cl

e
Multivariable regression model analysis comparing ethnicity to other risk factors contributing 

to adverse perinatal outcome 

Using stillbirth as an important perinatal endpoint, the impact of ethnicity and other maternal 

characteristics was assessed in a multivariable regression model. The only maternal 

characteristics remaining significant in the adjusted model were Black and Asian ethnicity. 

Black women had a risk ratio of 5.56 (95% CI 2.79 to 11.09) of having a stillbirth compared to 

White women, and Asian women had risk ratio of 3.03 (95% CI 1.11 to 8.28) compared to 

White women (Table S1). 

 

When the risks were calculated for birthweight <3rd centile, an increased risk was seen in 

women of Black (RR 2.07; 95% CI 1.71 to 2.51), Asian (RR 1.69; 95% CI 1.24 to 2.30) or Other 

ethnicity (RR 1.70, 95% CI 1.26 to 2.31) (compared to White women), women aged 40 years or 

older (RR 1.53; 95% CI 1.09 to 2.16) (compared to women aged <40 years), and women who 

smoked (RR 1.53; 95% CI 1.15 to 2.04) (compared to non-smokers) (Table S2). Baseline 

characteristics significantly increasing the risk of birthweight <10th centile in the adjusted 

model included Black ethnicity (RR 1.64; 95% CI 1.45 to 1.87), being aged 40 years or older (RR 

1.34; 95% CI 1.06 to 1.69), nulliparity (RR 1.16; 95% CI 1.03 to1.30), smoking (RR 1.52; 95% CI 

1.28 to 1.81), and living in an area of greatest deprivation (RR 1.20; 95% CI 1.04 to 1.38) (Table 

S3). 

 

Factors increasing the risk of preterm birth before 37 weeks’ gestation included: Black or Asian 

ethnicity (RR 1.70; 95% CI 1.43 to 2.01 and RR 1.82; 95% CI 1.41 to 2.35 respectively), being 

aged 40 years or older (RR 1.52; 95% CI 1.13 to 2.05), nulliparity (RR 1.17; 95% CI 1.01 to 1.35), 

and living in an area of greatest deprivation (RR 1.42; 95% CI 1.18 to 1.70) (Table S4). When 

the analysis was repeated assessing the risk of preterm birth before 34 weeks’ gestation, only 

women of Black (RR 2.69; 95% CI 2.03 to 3.55), Asian (RR 2.48; 95% CI 1.69 to 3.66) and Other 

This article is protected by copyright. All rights reserved.
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ethnic groups (RR 1.69; 95% CI 1.07 to 2.68), and women living in the most deprived areas (RR 

1.39; 95% CI 1.05 to 1.86) were at significantly increased risk (Table S5). In this cohort, where 

15.6% of women delivered preterm, 3.2% followed spontaneous labour whilst 12.4% were 

iatrogenic. No ethnic difference was seen amongst the spontaneous preterm births, but the 

proportion of Black versus White women giving birth before 37 weeks’ gestation through 

iatrogenic delivery was 17% versus 7.9% (p<0.0001).   

 

Neonatal unit admission was associated with Black, Asian and Other ethnicity compared to 

White (RR 1.55; 95% CI 1.25 to 1.93, RR 1.58; 95% CI 1.12 to 2.23, and RR 1.46; 95% CI 1.06 to 

2.04 respectively), and nulliparity compared to multiparity (RR 1.32; 95% CI 1.08 to 1.61) 

(Table S6). Year of delivery also affected the risk of neonatal unit admission with babies born 

between 2000-2004 and 2005-2009 at greater risk than those born between 2010-2014 (RR 

1.35; 95% CI 1.05 to 1.74, and RR 1.30; 95% CI 1.06 to 1.60 respectively). 

 

The regression model for each perinatal outcome was repeated including only the data from 

women who delivered their babies in the last five years of the study as a sensitivity analysis. 

This ensured that all centres were included for the same time period. The characteristics 

associated with the greatest increased risk of adverse outcome remained significant. Non-

White ethnicity, living in an area of greater deprivation, smoking and primiparity were all 

associated with and increased risk of adverse outcome in this model (Table S7). 
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A summary of all the significant adjusted risk ratios and related confidence intervals for the 

maternal characteristics associated with adverse perinatal outcome in women with chronic 

hypertension was collated (Table 3).  

 

Further investigation into potential aetiology underpinning disparity in outcome within the 

cohort of pregnancies complicated by chronic hypertension  

Investigation of a surrogate for severity of maternal disease was conducted by comparing the 

proportion of mothers admitted to the high dependency unit or intensive care unit after birth. 

Black mothers versus White mothers were more likely to require high-level care after birth, 

14% versus 8.2% (odds ratio 1.83; 95% CI 1.46-2.29).       

 

Of stillborn babies, 77% had a birthweight <10th centile and 63% had a birthweight <3rd centile. 

Most stillbirths occurred before 37 weeks’ gestation (93%). No impact of ethnicity on the 

proportion of stillbirths with birthweight <10th centile or the gestation at delivery was found. 

Within the entire cohort, the proportion of neonates with birthweight <3rd centile was higher 

amongst those born preterm (54% of births before 34 weeks’ gestation and 19% of births 34 to 

37 weeks’ gestation) compared to 6.9% of births from 37 weeks’ gestation (Figure S1). Just 

over half the infants requiring neonatal admission had birthweights below the 10th centile and 

40% of infants requiring neonatal unit admission had birthweight <3rd centile.  
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Further investigation of the importance of ethnicity within birthweight centile calculation was 

assessed by comparing the Intergrowth-21st birthweight centiles, which do not include an 

adjustment for maternal ethnicity, with the GROW birthweight centiles.24, 25 The proportion of 

infants classed as <3rd birthweight centile was 11% using the GROW versus 5.1% using 

Intergrowth-21st birthweight centiles; those with birthweight <10th centile were 23% versus 

13% respectively. No infants classed as birthweight <3rd centile by Intergrowth-21st but not by 

GROW were admitted to the neonatal care unit; however, 47 infants (12%) requiring neonatal 

unit admission were classed as birthweight <3rd centile by GROW but birthweight >10th by 

Intergrowth-21st.The sensitivity and specificity for infants requiring neonatal unit admission 

were 40% and 93% for those with birthweight <3rd centile calculated using GROW, compared 

to 16% and 96% respectively for those with birthweight <3rd centile calculated using 

Intergrowth-21st.   
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DISCUSSION 

Main Findings 

This large contemporary cohort study of women with chronic hypertension in pregnancy 

demonstrates that non-White ethnicity (especially Black) is associated with an increased risk of 

adverse maternal and perinatal outcome. Other maternal characteristics associated with 

adverse perinatal outcome have also been identified and are consistent with findings of 

previous studies; 28, 29 advanced maternal age, smoking status, primiparity and deprivation all 

impact perinatal complications to differing extents.   

 

It is striking that Black ethnicity was consistently associated with the highest increased risk for 

all adverse outcomes compared with other baseline characteristics in women with chronic 

hypertension in pregnancy, even after controlling for deprivation, maternal age, BMI, parity, 

year of delivery, and smoking. The explanation for this is likely to be multifactorial with 

biological and non-biological factors contributing. Women with chronic hypertension who 

were of Black (versus White) ethnicity had a more than a five-fold increase in stillbirth risk. A 

disparity in incidence of stillbirth in women born in African/Caribbean countries (0.7%) 

compared to women born in the UK (0.5%) is reported by the Office for National Statistics,30 

but these data suggest that the disparity between ethnicities among women with chronic 

hypertension is much greater. In this cohort, there was greater sensitivity (40% versus 16%) for 

infants needing neonatal unit admission identified as <3rd birthweight centile using centiles 

customised for ethnicity (GROW) compared to Intergrowth-21st birthweight centile (without 

such customisation), and only a small difference in specificity (93% versus 96%). The surrogate 

outcome of high dependency unit admission was used to assess severity of disease and 

women of Black ethnicity were significantly more likely to require this level of care after 

delivery (compared to White women), suggesting a correlation with increased disease severity 

amongst this group, and supported by a significantly higher proportion of preterm births that 

This article is protected by copyright. All rights reserved.
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were iatrogenic among mothers of Black ethnicity compared to White. This corresponds with 

the findings of another study that found an association between Black ethnicity and iatrogenic 

preterm delivery.31 

 

Strengths and Limitations 

To our knowledge, this is the largest cohort study of women with chronic hypertension in 

pregnancy examining the impact of ethnicity on adverse perinatal outcome in the UK. The data 

were collated from three centres, which reduces the risk of confounding found in single-centre 

studies. Robust statistical methodology using regression modelling has allowed for 

identification and quantification of the impact of maternal factors on subsequent perinatal 

outcome.    

 

The study has some limitations; it was not possible to assess the severity or duration of chronic 

hypertension within the cohort. Coding for superimposed pre-eclampsia was not sufficiently 

reliable given the complexities of this diagnosis in women with pre-existing hypertension20 and 

so the additional impact of this diagnosis on adverse perinatal outcome could not be assessed. 

Additionally, adequately detailed data on blood pressure control, antihypertensive treatment, 

aspirin prescription, mode of conception and other maternal co-morbidity were not available. 

Comparison of temporal changes in care was not possible due to restrictions in the availability 

of this data; the only outcome that appeared to improve over time within the cohort was 

neonatal unit admission. Postcode data was utilised to assign socioeconomic status; this 

methodology may have led to incorrect attribution of level of deprivation, but as English 

postcode data relates to relatively small size areas compared to similar metrics in other 

countries, it is unlikely that use of this variable will have led to substantial inaccuracies. It is 

also likely that other characteristics included in the regression model will have allowed some 

adjustment for incorrect attribution of deprivation.  

This article is protected by copyright. All rights reserved.
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Although the cohort had free access to healthcare, it was not possible to assess adherence or 

uptake of antenatal care amongst differing ethnic groups. There may be cultural or language 

barriers that influence healthcare access, but the FASTER trial examined variation in perinatal 

outcomes in women who accessed antenatal care in the first trimester and found Black 

women had an increased risk of perinatal morbidity compared to White (OR 3.5; 95% CI 2.5 to 

4.9), so this factor cannot entirely explain the difference in outcome.32  

 

Interpretation 

Women of Black ethnicity with chronic hypertension are at significantly greater risk of all 

adverse perinatal outcomes than White women with chronic hypertension in pregnancy. 

Women of Asian and Other ethnicities are also at increased risk, but to a lesser extent. There 

are well described differences in pathophysiology causing hypertension that relate to 

ethnicity.8, 33 Variation in socioeconomic circumstances have previously been linked to these 

differences,1 but these cannot account entirely for the variances given that the model 

presented here included deprivation score as a baseline characteristic and the participants had 

free point-of-care access to a healthcare system for their antenatal care. Severity of maternal 

disease may also have contributed to these findings and highlights the need to optimise 

treatment strategies for these women. Outside pregnancy, national recommendations in the 

UK and US are that first-line antihypertensive agents are stratified based on ethnicity with 

Black women receiving calcium-channel blockers rather than angiotensin-converting enzyme 

inhibitors.19, 34 Consideration of the potential role of first-line antihypertensive agent choice in 

women of African/Caribbean family origin, as is used outside pregnancy, is recommended, in 

order to evaluate whether this strategy might improve maternal and perinatal outcomes. 

Investigation of the impact of genetics in addition to environmental and cultural variations 
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may improve our understanding of why there is ethnic variation in outcome and how this 

might be ameliorated.   

 

Comparison of customised and non-customised birthweight centiles has been discussed in 

recent studies in the general population.35, 36 The importance of accounting for maternal 

ethnicity in the calculation of birthweight centiles is unclear. Ethnicity has a strong association 

with adverse outcome within this population of women with chronic hypertension and 

birthweight centiles customised for ethnicity have greater sensitivity and comparable 

specificity in association with an important outcome indicative of adverse perinatal outcome. 

Classification of fetal and hence neonatal growth restriction has recently been examined by a 

Delphi consensus outlining criteria for diagnosis of fetal growth restriction.26 Further 

investigation into classification of neonatal growth restriction and the role of including 

ethnicity within birthweight centile calculation is warranted.26, 37 

  

Non-White ethnicity (especially Black), deprivation, advanced maternal age, primiparity, and 

smoking status all increase the risk of adverse perinatal outcome in women with chronic 

hypertension. Ethnicity has the largest impact, with Black women with chronic hypertension at 

greatest risk. Further research is needed to explore the aetiology underpinning these 

disparities. An awareness of these differences should be considered to inform stratification of 

antenatal care and treatment pathways. 
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FIGURE LEGENDS 

 

Figure 1: Flow diagram of identification of the study cohort 
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TABLES  

Table 1: Demographic characteristics of the whole cohort with chronic hypertension and by 

ethnic group  

Maternal Characteristic All pregnancies 

n=4481 

White ethnicity  

n=2122 

Black ethnicity 

n=1601 

Asian ethnicity 

n=379 

Age at delivery, years 

mean (SD) 
33 (5.8) 33 (5.5) 34 (6.2) 32 (5.3) 

Body Mass Index, kg/m2 

mean (SD) 
28 (6.4) 27 (6.4) 30 (6.3) 28 (5.2) 

Nulliparous 2112 (47%) 1210 (57%) 553 (35%) 135 (36%) 

Smoker 312 (7%) 209 (9.9%) 71 (4.4%) 11 (2.9%) 

Deprivation Index 
 

   

1 (least deprived) 350 (8%) 288 (14%) 21 (1.3%) 19 (5.0%) 

2 462 (10%) 339 (16%) 54 (3.4%) 36 (9.5%) 

3 953 (21%) 522 (25%) 242 (15%) 98 (26%) 

4 1403 (32%) 575 (27%) 574 (36%) 123 (32%) 

5 (most deprived) 1313 (29%) 398 (19%) 710 (44%) 103 (27%) 

Year of pregnancy     

2000-2004 836 (19%) 404 (19%) 318 (20%) 60 (16%) 

2005-2009 1598 (36%) 770 (36%) 575 (36%) 128 (34%) 

2010-2014 2047 (45%) 948 (45%) 708 (44%) 191 (50%) 

SD= standard deviation 
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Table 2: Maternal and perinatal outcomes of the whole cohort with chronic hypertension and 

by ethnic group 

 All pregnancies 

n=4481 

White ethnicity  

n=2122 

Black ethnicity 

n=1601 

Asian ethnicity 

n=379 

Maternal Outcomes 
 

   

Gestation at delivery, weeks  

median (IQR) 

39.3 

(38.0 to 40.4) 

39.7  

(38.3 to 40.7) 

39.0 

(37.4 to 40.1) 

39.0 

(37.0 to 40.0) 

Onset of labour     

Spontaneous 1832 (41%) 942 (45%) 558 (35%) 154 (41%) 

Induction 1471 (33%) 709 (34%) 542 (34%) 91 (24%) 

Pre-labour caesarean section 1007 (23%) 329 (16%) 399 (25%) 101 (27%) 

Mode of delivery 
 

   

Unassisted vaginal delivery 2152 (48%) 1039 (49%) 758 (47%) 180 (47%) 

Assisted vaginal delivery 580 (13%) 376 (18%) 113 (7.1%) 39 (10%) 

Caesarean section delivery 1749 (39%) 706 (33%) 727 (45%) 160 (42%) 

High dependency unit admission 417 (11%) 151 (7.1%) 201 (13%) 26 (6.9%) 

Fetal outcomes 
 

   

Stillbirth 72 (1.6%) 12 (0.6%) 49 (3.1%) 6 (1.6%) 

Preterm birth     

<37 weeks 701 (16%) 236 (11%) 335 (21%) 77 (20%) 

<34 weeks 305 (6.8%) 76 (3.6%) 170 (11%) 35 (9.2%) 

Birthweight, g,  

median (IQR) 

3230 

(2780 to 3630) 

3350 

(2960 to 3740) 

3100 

(2560 to 3520) 

3000 

(2600 to 3380) 

Birthweight centile (GROW) 
 

   

<10th centile 1047 (23%) 389 (18%) 492 (31%) 82 (22%) 

<3rd centile 499 (11%) 157 (7.4%) 248 (15%) 46 (12%) 

Neonatal unit admission  413 (9.2%) 156 (7.4%) 176 (11%) 40 (11%) 

IQR= interquartile range
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Table 3: Adjusted risk ratios (95% confidence intervals) of significant maternal characteristics 

associated with adverse perinatal outcomes in women with chronic hypertension 

Perinatal 

outcome 

Black versus 

White 

women 

Asian 

versus 

White 

women 

Maternal age  

>40 years 

versus <25 

years 

Smokers 

versus non-

smokers 

Primip 

versus 

multip 

Deprivation 

Index group 5* 

versus 1 to 3 

Stillbirth 
5.56 

(2.79 to 11.09) 

3.03 

(1.11 to 8.28) 

1.07  

(0.54 to 2.13) 

0.53  

(0.12 to 2.20) 

1.56  

(0.94 to 2.60) 

1.31  

(0.60 to 2.12) 

Birthweight 

<10th centile 

1.64 

(1.45 to 1.87) 

1.21  

(0.97 to 1.51) 

1.34 

(1.06 to 1.69) 

1.52 

(1.28 to 1.81) 

1.16 

(1.03 to 1.30) 

1.20 

(1.04 to 1.38) 

Birthweight 

<3rd centile 

2.07 

(1.71 to 2.51) 

1.69 

(1.24 to 2.30) 

1.53 

(1.09 to 2.16) 

1.53 

(1.15 to 2.04) 

1.19  

(0.99 to 1.42) 

1.14  

(0.92 to 1.42) 

Preterm 

<37 weeks 

1.70 

(1.43 to 2.01) 

1.82 

(1.41 to 2.35) 

1.52 

(1.13 to 2.05) 

1.26  

(0.97 to 1.63) 

1.17 

(1.01 to 1.35) 

1.42 

(1.18 to 1.70) 

Preterm 

<34 weeks 

2.69 

(2.03 to 3.55) 

2.48 

(1.69 to 3.66) 

1.39  

(0.99 to 1.94) 

1.34  

(0.87 to 2.07) 

1.18  

(0.94 to 1.49) 

1.39 

(1.05 to 1.86) 

Neonatal unit 

admission 

1.55  

(1.25 to 1.93) 

1.58  

(1.12 to 2.23) 

1.38  

(0.93 to 2.04) 

1.29  

(0.92 to 1.82) 

1.32  

(1.08 to 1.61) 

1.12  

(0.88 to 1.43) 

*Deprivation index group 5 is associated with the greatest deprivation. Significant risk ratios 

are in bold type.  
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Pregnancies complicated by chronic 

hypertension 2000 to 2014  
n= 5365 

Singleton pregnancies complicated 
by chronic hypertension  

2000 to 2014  
n= 5231 

Singleton pregnancies complicated 
by chronic hypertension  

2000 to 2014 with complete 
baseline data required for 

regression model  
n= 4481 

Multifetal pregnancies complicated by 
chronic hypertension 2000 to 2014  

n= 134 

Pregnancies excluded from analysis 
due to missing data: 

Body Mass Index n=653 
Smoking history n= 81 

 Index of Multiple Deprivation n= 16 
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