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Abstract

Background: Previous studies showed a higher risk of maternal morbidity amongst black and other minority ethnic (BME)
groups, but were unable to investigate whether this excess risk was concentrated within specific BME groups in the UK. Our
aim was to analyse the specific risks and to investigate reasons for any disparity.

Methods: Unmatched case-control analysis using data from the United Kingdom Obstetric Surveillance System (UKOSS),
February 2005-January 2013. Cases were 1,753 women who experienced severe morbidity during the peripartum period.
Controls were 3,310 women who delivered immediately before the cases in the same hospital. Multivariable logistic
regression modelling was used to adjust for known confounders and to understand their effects.

Results: Compared with white European women, the odds of severe maternal morbidity were 83% higher among black
African women (adjusted odds ratio (aOR)=1.83; 95% Confidence Interval (Cl)=1.39-2.40), 80% higher among black
Caribbean (aOR = 1.80; 95% Cl = 1.14-2.82), 74% higher in Bangladeshi (aOR = 1.74; 95% Cl = 1.05-2.88), 56% higher in other
non-whites (non-Asian) (@OR=1.56; 95% Cl=1.05-2.33) and 43% higher among Pakistani women (aOR=1.43; 95%
Cl=1.07-1.92). There was no evidence of substantial confounding. Anaemia in current pregnancy, previous pregnancy
problems, inadequate utilisation of antenatal care, pre-existing medical conditions, parity>3, and being younger and older
were independent risk factors but, the odds of severe maternal morbidity did not differ by socioeconomic status, between
smokers and non-smokers or by BMI.

Discussion: This national study demonstrates an increased risk of severe maternal morbidity among women of ethnic
minority backgrounds which could not be explained by known risk factors for severe maternal morbidity.
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Background

Previous studies have shown a higher risk of maternal morbidity
and mortality amongst non-white ethnic groups in the United
Kingdom (UK) [1,2]. However, these studies were unable to
investigate whether this excess risk was concentrated within
specific black and other minority ethnic groups (BME). The
Office for National Statistics in the UK has projected the total
population of BME groups to increase from 13% in 2006 to 28%
in 2031 and as high as 44% by 2056 [3]. There has also been a
continuous increase in the proportion of births to women born
outside the UK since 1995 [4]. In 2012, the reported proportion
was 25.9% which was more than double than that in 2000 [4].
Thus, it is important to understand whether there are specific risks
of severe maternal morbidity in women belonging to BME groups
to help devise effective prevention strategies.

Studies have also not been able to ascertain the causes that
contribute to the increased risk of maternal morbidity among
BME groups [1,5]. Knight et al. postulated that the increased risk
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of severe maternal morbidity among non-whites compared to
whites in the UK could be related to pre-existing medical
conditions and factors related to care during pregnancy and child
birth [1]. The aim of this study was to quantify the risks of
maternal morbidity for individual ethnic groups in the UK and to
further investigate reasons for any disparity including pre-existing
medical conditions, past and current pregnancy problems, and
healthcare utilization.

Methods

Ethics statement: The London Multi-centre Research Ethics
Committee approved the UK Obstetric Surveillance System
(UKOSS) general methodology (04/MRE02/45) and the surveil-
lance of individual near-miss maternal morbidities using UKOSS
(04/MRE02/46, 04/MRE02/71, 04/MRE02/72, 04/MRE02/
73, 04/MRE02/74, 04/MRE02/77, 07/H0718/54, 09/H0718/
8, 10/H0717/20).
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We conducted an unmatched case-control analysis using
existing United Kingdom Obstetric Surveillance System (UKOSS)
data collected between February 2005 and January 2013. The
UKOSS methodology is described in detail elsewhere [6,7].
Briefly, UKOSS was set up in 2005 to investigate uncommon
disorders of pregnancy and ‘near-miss’ conditions [6]. Case
notification cards are sent to all consultant-led obstetric units in
the UK every month and the approach of ‘nil-reporting’ enables
surveillance of different severe maternal morbidities. For every
case reported, details are collected on a data collection form by the
clinician responsible for managing the case. Rigorous follow-up of
non-responders ensures a high level of data completeness [6].

The cases included in this analysis were women who were
reported to have one of the following ten conditions of severe
maternal morbidity directly attributable to pregnancy causes:
antenatal pulmonary embolism [8], eclampsia [9], acute fatty liver
of pregnancy (AFLP) [10], amniotic fluid embolism (AFE) [7],
peripartum hysterectomy [11], stroke in pregnancy [12], uterine
rupture [13], placenta accreta [14], HELLP (Haemolysis, Elevated
Liver enzymes and Low Platelets) syndrome and severe sepsis [15]
(Table 1). Out of the ten conditions included, five had been
included in an earlier study which showed a 50% increased risk of
maternal morbidity among non-white ethnic groups compared to
whites [1]. We undertook a preliminary analysis of the risk of
morbidity among non-whites compared to whites in the new set of
conditions (stroke in pregnancy, uterine rupture, placenta accreta,
HELLP and sepsis) and since we found evidence of a similar level
of excess risk among non-whites in this new set, the datasets of the
ten conditions (five conditions included in the previous study and
five new conditions) were merged and analysed together. The
standard case definitions of these conditions as used in the
UKOSS studies are given in box-1 (Figure 1). For all conditions,
with the exception of AFLP, AFE and uterine rupture, the controls
were women who delivered immediately before the cases in the
same hospital [1]. The dataset did not have controls for AFLP and
AFE cases, and we excluded the controls for uterine rupture
because these were selected differently. In addition, we also
included controls from a further study [16]. In total 1,753 cases
and 3,310 controls were thus included.

We categorised the ethnic groups based on self-reported
ethnicity noted in medical records according to the UK national
census classification [17]. Potential confounders (described in
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box-2 in Figure 2) were those that were adjusted for in previous
studies [1,5,18]. Parity was included either as a continuous or
ordinal variable with three categories, ‘primiparous’, ‘parity 1-3’
and ‘parity >3’ [18].

Similar to parity, BMI and maternal age were included either as
continuous or categorical variables. Maternal age was categorised
mto <20 years, 20-34 years and = 35 years [1,18] and based on
BMI at booking the women were grouped as underweight
(BMI<18.5 kg/m?), normal/overweight (18.5 to 30 kg/m? and
obese (=30 kg/m?) [19]. Socioeconomic status was based on the
reported occupation of the women (or their partner if the woman
was not in paid employment) and classified according to the
National Statistics Socio-economic Classification system used in
the UK [20].

Behavioural factors included were smoking and healthcare
secking. Women were classified as smokers or non-smokers.
Information on concealed pregnancy, late booking and minimal
antenatal care (ANC) were combined to create a binary variable
‘inadequate utilisation of ANC services’.

For the 1,753 cases and 3310 controls and considering a
prevalence of 1.1% (exposure of the Bangladeshi ethnic minority
group that constituted the lowest proportion), our analysis had
80% power to detect an odds ratio of 1.8 or greater associated with
severe maternal morbidity at p <0.05 (two-tailed).

Statistical Analysis

A univariable analysis was carried out to assess the association of
ethnicity and other independent variables with the outcome. All
variables found to be associated with the outcome at p-value <0.1
(two-tailed) and those identified in previous literature were used to
build the multivariable logistic regression models.

Information on ethnicity was not available for about 1.8% of the
sample. Knight et al. [1] included women with unknown ethnicity
in the ‘white European’ group because the re-distributed
proportions matched more accurately with the estimated ethnic
profiles in the UK population census [21]. The same was done in
this study. This method may not absolutely accurately classify
women with missing information about ethnicity, but Moser et al.
showed that the proportions of ethnic minority groups obtained by
including maternities with missing ethnicity in white European
group were in agreement with the profile of infants’ ethnicity at
birth [22]. Although for a majority of the independent variables
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Table 1. UKOSS studies from which data were included.

Sl. No. Study Cases/controls Number of cases
1 Eclampsia Cases and controls 214
2 Peripartum hysterectomy Cases and controls 322
3 Acute Fatty Liver of Pregnancy/AFLP Cases onlyf 51
4 Antenatal Pulmonary Embolism Cases and controls 142
5 Obesity Controls only -

6 Stroke in Pregnancy Cases and controls 37
7 Uterine Rupture Cases only" 159
8 Placenta Accreta Cases and controls 137
9 HELLP syndrome Cases and controls 205
10 Severe Sepsis Cases and controls 367
1" Amniotic Fluid Embolism/AFE Cases only’ 119
fControls were not available;

Controls were selected differently.

doi:10.1371/journal.pone.0095086.t001
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Condition Definition
Antenatal Either pulmonary embolism is confirmed antenatally with suitable imaging (angiography, computed tomography,
pulmonary echocardiography, magnetic resonance imaging, or ventilation perfusion scan showing a high probability of pulmonary
embolism embolism)
Or pulmonary embolism is confirmed antenatally at surgery or post-mortem examination
Or a clinician has made a diagnosis of pulmonary embolism antenatally with signs and symptoms consistent with pulmonary
embolism present, and the patient has received a course of anticoagulation treatment of more than one week’s duration
Eclampsia The occurrence of convulsions during pregnancy or in the first 10 days postpartum, together with at least two of the

following features within 24 hours after the convulsions —
1. Hypertension (a booking diastolic pressure of <90 mm Hg, a maximum diastolic of
>90 mm Hg, and a diastolic increment of 225 mm Hg)
Proteinuria (at least protein present in a random urine sample or 20.3 gin a 24 hour
collection)
Thrombocytopenia (platelet count of less than 100x10°/1)
An increased plasma alanine aminotransferase concentration (242 1U/1)
7. Oranincreased plasma aspartate aminotransferase concentration (242 1U/l)

o vk wN

Acute fatty
liver of
pregnancy

Either acute fatty liver of pregnancy has been confirmed by biopsy or post-mortem
examination

Or a clinician has made a diagnosis of acute fatty liver of pregnancy with signs and
symptoms consistent with acute fatty liver of pregnancy present

Amniotic fluid

Either a clinical diagnosis of amniotic fluid embolism(acute hypotension or cardiac arrest, acute hypoxia, or coagulopathy in

Elevated Liver
enzymes and
Low Platelets)
syndrome

embolism the absence of any other potential explanation for the symptoms and signs observed)
Or a pathological diagnosis (presence of foetal squamous or hair in the lungs)

Peripartum Any woman giving birth to an infant and having a hysterectomy during the same clinical episode

hysterectomy

Stroke in All women in the UK identified as having a stroke during pregnancy —

pregnancy Either confirmed at post-mortem
Or confirmed by a consultant neurologist or physician
Or confirmed by diagnostic testing (e.g. CT/MRI)

Uterine Any woman in the UK identified as having a uterine rupture using the following definition —

rupture A complete separation of the wall of the pregnant uterus, with or without expulsion of the foetus, involving rupture of the
membranes at the site of the uterine rupture or extension into the uterine muscle separate from any previous scar, and
endangering the life of the mother or fetus.
Excluded — any asymptomatic palpable or visualized defect (for example dehiscence noted incidentally at caesarean
delivery)

Placenta All pregnant women identified as having —

accrete Either placenta accrete/increta/percreta diagnosed histologically following hysterectomy or postpartum
Or an abnormally adherent placenta, requiring active management, including conservative approaches where the placenta
is left in situ.
Excluded — women who have had a manual placental removal with minimal or moderate difficulty but required no
additional active management.

HELLP All pregnant women identified as having HELLP syndrome defined as NEW ONSET of the following —

(Haemolysis, 1. Elevated liver enzymes, defined as Serum aspartate aminotransferase (AST) 270 iu/L OR Gamma-

glutamlytransferase (y-GT) 270 iu/L OR Alanine aminotransferase (ALT) 270 iu/L

AND

2. Low platelets, defined as platelet count <100X10°/L
AND

3. Either

a. Haemolysis, defined by abnormal peripheral blood smear or serum lactate dehydrogenase (LDH) levels 2600
iu/L or total bilirubin >20.5 pmol/L
Or

b. Hypertension, defined as a systolic blood pressure 2140 mmHg or a diastolic blood pressure 290 mmHg
Or

c. Proteinuria, defined as 1+ (0.3g/L) or more on dipstick testing, a protein: creatinine ratio of 30mg/mmol or
more on a random sample, or a urine protein excretion of 300mg or more per 24 hours

Severe sepsis

Any pregnant woman (up to six weeks postpartum) diagnosed with severe sepsis (irrespective of the source of infection).
A severe sepsis case would be expected to include women in one of the following groups —
1. Death related to infection or suspected infection
2. Any women requiring level 2 or level 3 critical care (or obstetric HDU type care) due to severe sepsis or suspected
severe sepsis
3. Adclinical diagnosis of severe sepsis — based on 2 or more the following —
a. Temperature > 38°C or <36°C measured on 2 occasions at least 4 hours apart
b. Heart rate >100 beats/minute measured on 2 occasions at least 4 hours apart
c. Respiratory rate >20/minute measured on 2 occasions at least 4 hours apart
d. White cell count >17X10°/L or <4 X10°/L or with >10% immature band forms, measured on 2 occasions

Figure 1. Box-1 - Definition of the conditions of severe maternal morbidity included in the analysis.
doi:10.1371/journal.pone.0095086.9001
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Potential confounders were grouped as —
1. Pregnancy related factors which included six variables
i. parity
ii. anaemia in current pregnancy
iii. diabetes in current pregnancy
iv. mental health problems in current pregnancy
V. past history of pregnancy related problems such as history of early pregnancy
problems, infertility, mental health problems, diabetes, hypertensive and related
disorders, other medical problems in pregnancy, placental disorders, bleeding
complications, infection, infant problems, late pregnancy or delivery problems
Vi. pre-existing medical problems such as history of cancer, cardiac disease, diabetes,
epilepsy, essential hypertension, gynaecological problems, renal problems,
thrombotic events, haematological disorders
Behavioural factors which included smoking status and utilisation of antenatal care services
Socioeconomic status
Demographic factors
Body mass index

Nk b

Figure 2. Box-2 - Potential confounders that were adjusted for in this study.
doi:10.1371/journal.pone.0095086.9002
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the number of participants with missing data was <1% and their
distribution did not differ significantly between the cases and
controls and among the ethnic groups, for four variables —
‘socioeconomic status’, ‘BMI’, ‘smoking’ and ‘previous pregnancy
problems’, the proportion of participants with missing information
was >1%. On the basis of previous work [23], we assumed the
data were not missing at random and coded ‘missing’ as a separate
group for the categorical variables. In addition, a sensitivity
analysis was performed for the four variables with >1% missing
data by assuming extreme scenarios and accordingly redistributing
the missing observations into the extreme groups; this had no
significant effect on the findings.

Four multivariable logistic regression models were built to adjust
for the identified confounders in a hierarchical fashion entering
proximal factors first. In model-1 we adjusted for anaemia in
current pregnancy, diabetes in current pregnancy, previous
pregnancy problems, pre-existing medical problems and parity.
In model-2 we added in smoking status and inadequate utilisation
of ANC services. Model-3 included socioeconomic status in
addition to those variables included in model-2 and model-4
adjusted for all variables including women’s age and BMI. In
addition to controlling for the known risk factors, this approach
enabled understanding of their effects on the association between
ethnicity and severe maternal morbidity. We tested for the most
plausible interactions (between ethnicity and parity, ethnicity and
smoking, ethnicity and socioeconomic status, socioeconomic status
and smoking, and socioeconomic status and BMI) by adding
interaction terms and using likelihood ratio testing (LR-test
p<<0.05); no significant interactions were identified.

We tested continuous variables for deviations from linearity by
fitting functional polynomials in the univariable logistic regression
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models with multiple transformations of the continuous variable
xP, where power (p) included —2, , —0.5, 1, 2, 3 and natural
logarithmic transformation [24]. The best-fitting models for the
continuous variables among 44 different combinations [24]
suggested that there were non-linear associations between these
variables and the outcome (Figure 3). We analysed both the best-
fitting transformed continuous variables and the ordinal categor-
ical forms in the multivariable logistic regression models and
conducted subsequent LR-tests. The variables in one form or the
other were not different in their confounding effects on the
association between ethnicity and severe maternal morbidity and
both forms of the variables indicated equally good fit (p-value of
LR-test was <<0.05). Thus, in the final model we incorporated
these as categorical variables for the ease of interpretation of the
odds ratios and the advantage of including and testing the missing
data as a separate category. All analysis was done using Stata
version 11 (StataCorp, College Station, TX) [25].

Results

The distribution of the severe morbidity conditions differed
significantly across the ethnic groups (Figure 4). While severe sepsis
was most common among the black Caribbean and Indian
women, peripartum hysterectomy, placenta accreta and uterine
rupture, grouped as haemorrhagic disorders were most common
among the Bangladeshi, Pakistani and black African groups. The
ethnic groups differed in their characteristics (Table 2). Consid-
ering just the control women, a higher proportion of the black
Caribbean women were in the extreme age groups at the time of
delivery (either <20 years or =35 years). While a higher
proportion of the Bangladeshi women were underweight, obesity
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Table 3. Unadjusted odds ratios for severe maternal morbidity.

Risk factors No (%) Cases No (%) Controls Unadjusted odds ratio OR (95% ClI)
Ethnicity

White European 1303 (74.3) 2691 (81.3) 1

Indian 47 (2.7) 100 (3.0) 0.97 (0.68 to 1.38)
Pakistani 86 (4.9) 130 (3.9) 1.37 (1.03 to 1.81)
Bangladeshi 31 (1.8) 37 (1.1) 1.73 (1.07 to 2.80)
Other Asian 50 (2.9) 80 (2.4) 1.29 (0.90 to 1.85)
Black Caribbean 39 (2.2) 45 (1.4) 1.79 (1.16 to 2.76)
Black African 123 (7.0) 124 (3.8) 2.05 (1.58 to 2.65)
Other non - white (not Asian) 47 (2.7) 61 (1.8) 1.59 (1.08 to 2.34)
Mixed 27 (1.5) 42 (1.3) 1.33 (0.82 to 2.16)

Pregnancy related factors

Current pregnancy problems

Anaemia

No 1716 (97.9) 3250 (98.2) 1

Yes 24 (1.4) 24 (0.7) 1.89 (1.07 to 3.35)
Missing 13 (0.7) 36 (1.1) 0.68 (0.36 to 1.29)
Diabetes

No 1685 (96.1) 3208 (96.9) 1

Yes 55 (3.1) 66 (2.0) 1.59 (1.10 to 2.28)
Missing 13 (0.7) 36 (1.1) 0.69 (0.36 to 1.30)
Mental health problems

No 1731 (98.8) 3259 (98.4) 1

Yes 9 (0.5) 15 (0.5) 1.13 (0.49 to 2.59)
Missing 13 (0.7) 36 (1.1) 0.68 (0.36 to 1.29)
Parity

Primiparous 717 (40.9) 1427(43.1) 0.96 (0.86 to 1.09)
1to3 912 (52.0) 1751 (52.9) 1

>3 121 (6.9) 112(3.4) 2.07 (1.58 to 2.71)
Missing 3(0.2) 20 (0.6) 0.29 (0.09 to 0.97)
Previous pregnancy problems

No 1338 (76.3) 2594 (78.3) 1

Yes 406 (23.2) 548 (16.6) 1.44 (1.24 to 1.66)
Missing 9 (0.5) 168 (5.1) 0.10 (0.05 to 0.20)
Pre-existing medical problems

No 1238 (70.6) 2591 (78.3) 1

Yes 509 (29.1) 689 (20.8) 1.55 (1.35 to 1.77)
Missing 6 (0.3) 30 (0.9) 0.42 (0.17 to 1.01)

Behavioural factors, demographic factors and BMI|

Smoking status

Non-smoker 1364 (77.8) 2479 (74.9) 1

Smoker 361 (20.6) 768 (23.2) 0.85 (0.74 to 0.98)
Missing 28 (1.6) 63 (1.9) 0.81 (0.52 to 1.27)
Inadequate utilization of ANC

No 1722 (98.3) 3259 (98.4) 1

Yes 18 (1.0) 15 (0.5) 2.27 (1.14 to 4.52)
Missing 13 (0.7) 36 (1.1) 0.68 (0.36 to 1.29)
Socioeconomic status (occupational classification (NS-SEC))

Managerial 450 (25.7) 844 (25.5) 1

Intermediate 357 (20.3) 679 (20.5) 0.99 (0.83 to 1.17)
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was more prevalent in black Caribbean and black African women.
A higher proportion of Indian women had a higher socioeconomic
status (45% in managerial jobs), routine/manual class was higher
in the Bangladeshi (30%) and other Asian (33%) groups, and
unemployment was higher in the Bangladeshi (27%) black African
(27%) and Caribbean groups (31%). In general, a lower
proportion of women in the ethnic minority groups smoked
compared to women with white European and mixed ethnic
origins. Largely, the ethnic groups did not significantly differ with
regards to the pregnancy related factors. A higher proportion of
women with black African, other Asian and mixed ethnic
backgrounds were diagnosed with diabetes during their current
pregnancy. Proportionately more women of Pakistani, black
African and black Caribbean origins had a parity of >3. About
6.5% of the black African, and 2% of Pakistani and black
Caribbean women were grand multipara (=5 pregnancies).

Unadjusted univariable analysis showed that women belonging
to black African ethnic minority group had twice the odds of
severe maternal morbidity compared with the white European
women (Table 3). Compared to the white European women, the
odds of severe maternal morbidity were 79% higher among the
black Caribbeans, 73% higher among Bangladeshi women, 59%
higher among the other non-white (non-Asian) group (includes
women from any other black background and other ethnic groups
such as Hispanics/Latin Americans) and 37% higher among the
Pakistani women.

Having accounted for other factors and possible confounders
sequentially, the fully adjusted model 4 shows that compared with
white European women, the odds of severe maternal morbidity
were 83% higher among the black African women, 80% higher
among black Caribbean, 74% higher in Bangladeshi, and 56%
and 43% higher in the other non-white (non-Asian) and Pakistani
groups, respectively (Table 4). There was remarkably little change
in odds ratios with adjustment for other factors across the models
suggesting that other socio-demographic and clinical factors had
little or no confounding effects.

Anaemia in the current pregnancy, previous pregnancy
problems, pre-existing medical conditions, parity >3 and being
younger and older were independent risk factors for severe

PLOS ONE | www.plosone.org

Table 3. Cont.

Risk factors No (%) Cases No (%) Controls Unadjusted odds ratio OR (95% ClI)
Routine and manual 444 (25.3) 923 (27.9) 0.90 (0.77 to 1.06)

Unemployed 252 (14.4) 465 (14.1) 1.02 (0.84 to 1.23)

Missing 250 (14.3) 399 (12.0) 1.18 (0.97 to 1.43)

Age

<20 years 103 (5.9) 156 (4.7) 1.45 (1.12 to 1.88)

20 - 34 years 1106 (63.1) 2436 (73.6) 1

= 35 years 544 (31.0) 698 (22.1) 1.72 (1.50 to 1.96)

Missing 0 (0.0) 20 (0.6) Omitted

BmI’

<185 49 (2.8) 92 (2.8) 1.04 (0.73 to 1.48)

18.5 - 30 1214 (69.2) 2373 (71.7) 1

= 30 348 (19.9) 597 (18.0) 1.14 (0.98 to 1.32)

Missing 142 (8.1) 248 (7.5) 1.12 (0.90 to 1.39)

Total sample =5063;

Body mass index at the time of booking (kg/m?); ANC - Antenatal care; OR - odds ratio; Cl — Confidence Interval; 1 denotes the baseline comparison group; the non-
white (non-Asian) group included women from any other black background and other ethnic groups such as Hispanics/Latin Americans.
doi:10.1371/journal.pone.0095086.t003

maternal morbidity. However, the odds of severe morbidity did
not differ according to the socioeconomic status of the women,
between smokers and non-smokers or by BMI.

Women with inadequate utilisation of ANC services were twice
as likely to be at risk of severe morbidity compared to women who
adequately utilized the services (adjusted OR=1.97; 95%
CI=0.96 to 4.04) although this result was not statistically
significant. The odds of inadequate utilization of ANC services
was higher among black African (OR =4.46; 95% CI=1.47 to
11.48) and Caribbean (OR=4.35; 95% CI=0.49 to 18.19)
women compared with white European women.

Discussion

This study which included 1,753 women with severe maternal
morbidity reported through the nationwide surveillance system,
UKOSS, demonstrated a significantly higher risk of severe
morbidity between 43% to 83% among women belonging to the
Pakistani, Bangladeshi, black Caribbean, black African and other
non-white (non-Asian) ethnic minority groups compared with
white European women. Although not statistically significant, the
risk was 28% higher in the mixed group and 27% higher in the
other Asian group. However, the risk among Indian women was
the same as that of white European women. Factors including
inadequate utilisation of ANC, parity, smoking, pre-existing
medical problems and age explained a small part of this increased
risk, but socioeconomic status did not influence the association. In
addition to ethnic background, anaemia during pregnancy, pre-
existing medical problems, previous pregnancy problems, high
parity, and younger and older age were all independent risk factors
for severe maternal morbidity.

The findings of this study are similar to those of the earlier
UKOSS study in which Knight et al. demonstrated the unadjusted
relative risk of having a ‘near-miss’ condition to be more than two
times higher in black Caribbean and African women and about
49% higher among Pakistani women than the white Europeans
[1]. The ethnic disparities in severe maternal morbidity observed
in this study are also supported by studies conducted in other parts
of the world. Studies in the USA have consistently demonstrated a
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Table 4. Adjusted odds ratios for severe maternal morbidity by ethnic group.

Risk factors Unadjusted

Model-1

Model-2

Model-3

Model-4

OR (95% Cl)

aOR (95% CI)

aOR (95% ClI)

aOR (95% CI)

aOR (95% ClI)

Ethnicity

White European 1

Indian 0.97 (0.68 to 1.38)
Pakistani 1.37 (1.03 to 1.81)
Bangladeshi 1.73 (1.07 to 2.80)
Other Asian 1.29 (0.90 to 1.85)

Black Caribbean
Black African

1.79 (1.16 to 2.76)
2.05 (1.58 to 2.65)
1.59 (1.08 to 2.34)
1.33 (0.82 to 2.16)

Other non - white (non-Asian)
Mixed

Pregnancy related factors
Current pregnancy problems
Anaemia

No

Yes

Diabetes

No

Yes

Previous pregnancy problems
No

Yes

Pre-existing medical problems
No

Yes

Parity

Primiparous

1-3

>3

Behavioural factors, demographic factors and BMI
Smoking

Non-smoker

Smoker

Inadequate utilization of ANC services

No

Yes

Socioeconomic status (occupational
classification (NS-SEC))

Managerial
Intermediate
Routine and manual
Unemployed

Age

<20 years

20 - 34 years

= 35 years

BMI"

<185
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1

0.98 (0.69 to 1.40)
1.38 (1.04 to 1.84)
1.67(1.02 to 2.74)
1.32 (0.92 to 1.90)
1.89 (1.21 to 2.94)
1.90 (1.46 to 2.48)
1.61 (1.09 to 2.38)
1.35 (0.82 to 2.23)

1
1.80 (0.99 to 3.26)

1
1.26 (0.87 to 1.83)

1
1.28 (1.09 to 1.50)

1
1.53 (1.33 to 1.75)

0.98 (0.86 to 1.12)

1
1.79 (1.35 to 2.37)

10

1

0.95 (0.66 to 1.36)
1.33 (0.99 to 1.77)
1.61 (0.98 to 2.65)
1.27 (0.88 to 1.83)
1.84 (1.18 to 2.88)
1.80 (1.38 to 2.35)
1.56 (1.05 to 2.31)
1.37 (0.83 to 2.26)

1
1.82 (1.01 to 3.31)

1
1.26 (0.87 to 1.83)

1
1.28 (1.09 to 1.50)

1
1.55 (1.35 to 1.77)

0.98 (0.85 to 1.11)
1
1.83 (1.38 to 2.42)

1

0.84 (0.73 to 0.98)

1
2.07 (1.02 to 4.23)
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1

0.94 (0.66 to 1.35)
1.32 (0.98 to 1.76)
1.65 (1.00 to 2.72)
1.28 (0.89 to 1.84)
1.90 (1.21 to 2.97)
1.83 (1.39 to 2.39)
1.55 (1.04 to 2.30)
1.35 (0.82 to 2.23)

1
1.83 (1.01 to 3.32)

1
1.27 (0.87 to 1.85)

1
1.28 (1.09 to 1.50)

1
1.55 (1.35 to 1.77)

0.97 (0.85 to 1.11)
1
1.82 (1.37 to 2.41)

1
0.86 (0.74 to 1.01)

1
2.04 (1.00 to 4.17)

1

0.99 (0.83 to 1.18)
0.88 (0.75 to 1.04)
0.91 (0.74 to 1.12)

1

1.00 (0.70 to 1.44)
1.43 (1.07 to 1.92)
1.74 (1.05 to 2.88)
1.27 (0.87 to 1.84)
1.80 (1.14 to 2.82)
1.83 (1.39 to 2.40)
1.56 (1.05 to 2.33)
1.28 (0.77 to 2.13)

1
1.82 (1.00 to 3.32)

1
1.20 (0.82 to 1.75)

1
1.27 (1.08 to 1.50)

1
1.54 (1.34 to 1.77)

1.00 (0.87 to 1.15)
1
1.64 (1.23 to 2.20)

1
0.88 (0.75 to 1.03)

1
1.97 (0.96 to 4.04)

1

1.04 (0.87 to 1.24)
0.94 (0.79 to 1.11)
0.92 (0.74 to 1.15)

1.63 (1.23 to 2.17)
1

1.58 (1.37 to 1.82)

1.11 (0.77 to 1.60)



Table 4. Cont.

Ethnic Variations in Severe Maternal Morbidity in the UK

Risk factors Unadjusted

Model-1

Model-2 Model-3 Model-4

OR (95% Cl)

aOR (95% CI)

aOR (95% ClI) aOR (95% CI) aOR (95% ClI)

18.5 - 30
= 30

1
1.03 (0.88 to 1.21)

Model-4: all variables included in models 1, 2 and 3 plus age and BMI.
doi:10.1371/journal.pone.0095086.t004

higher risk of severe maternal morbidity (almost 40% higher)
among African-American women compared to the white popula-
tion [5,26-30]. A study conducted in Germany (2001-2007)
among 441,199 mothers demonstrated a higher risk of severe
morbidity (sepsis, eclampsia, hysterectomy and haemorrhage)
among migrant women from Asia, Africa/Latin America and
the Middle East compared to German women [31]. A nationwide
prospective study from the Netherlands demonstrated a 1.3 fold
higher risk of severe maternal morbidity among the ‘non-Western
immigrant population’ (defined as all immigrants other than those
from the FEuropean countries, North America, Japan and
Indonesia) compared to Western women [32]. The risk was found
to be markedly higher among women from sub-Saharan Africa
[32]. This increased risk was partly explained by the socio-
demographic, lifestyle and immigration related factors [32], a
qualitative study attributed the risk to low health literacy, language
barriers, non-familiarity with the health system [33], and
substandard care was found to be a risk factor during audits [34].

Analysis of maternal mortality in the UK (2003-2008) showed
that the likelihood of dying following an episode of severe
morbidity was higher among black Caribbean and African women
compared with white European women [35]. While the exact
cause of this increased risk is not known, the authors suggested a
possible role of inadequate access/utilisation of healthcare services
among the black ethnic groups [35]. In this study, we were able to
demonstrate quantitatively that inadequate utilisation of ANC
services 1s an independent risk factor for severe maternal morbidity
and may explain some of the observed increased risk among the
ethnic minority groups. This finding is supported by the results of
two cross-sectional studies in England. Cresswell et al. using
electronic patient record data from East London, showed that the
odds of late booking (after 12 weeks gestation) was higher among
women from the ethnic minority groups compared to British white
women even among the black Caribbean/African women who
were born in the UK and spoke English [36]. Rowe et al.
identified women from 198 hospitals across England and
demonstrated a higher rate of late booking among women from
black Caribbean and African ethnic backgrounds compared to
white women [37]. The small number of pregnant women with
concealed pregnancy/minimal ANC/late booking problems in
our dataset precludes a definitive finding, but suggests a hypothesis
that could be tested in further studies.

We found other factors that also independently increased the
risk of severe morbidity. Women who had anaemia during
pregnancy and those with previous pregnancy or medical
problems were at a higher risk of experiencing a severe morbidity
condition than women who did not. A number of studies both in
the UK and abroad have demonstrated associations between
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1

Body mass index at the time of booking OR = odds ratio aOR = adjusted odds ratio CI = Confidence Interval ANC = Antenatal Care 1 denotes the baseline
comparison group the non-white (non-Asian) group included women from any other black background and other ethnic groups such as Hispanics/Latin Americans.
Model-1: adjusted for anaemia in current pregnancy, diabetes in current pregnancy, previous pregnancy problems, pre-existing medical problems and parity.
Model-2: adjusted for all variables included in model-1, smoking and inadequate utilization of ANC services.

Model-3: adjusted for variables included in models 1 and 2 plus socioeconomic status.

anaemia during pregnancy and severe morbidity. A case-control
study in Scotland showed that after controlling for other risk
factors, women with anaemia during pregnancy (most likely iron
deficiency anaemia) were at a higher risk of severe sepsis [38].
Similarly, a national study in Norway using data from the
population based registry, showed a significant association
between anaemia during pregnancy (haemoglobin <9 g/dl) and
severe obstetric haemorrhage [39]. A further case-control study
conducted in South East England to identify the predictors of
severe maternal morbidity found that women who were taking
iron supplements at booking were five times more likely to develop
a ‘near-miss’ condition (severe pre-eclampsia and peripartum
haemorrhage) compared with women who did not [40].

A study in the USA using National Hospital Discharge Survey
data for women giving birth between 1993 and 1997 [41] and a
case-control study in 19 maternity units in England (1997-98) [40]
showed that women who had experienced complications during
one or more previous pregnancies were at a higher risk of
experiencing subsequent severe morbidity. Studies in the UK and
USA have reported a significantly higher risk of developing a
‘near-miss’ condition among women with pre-existing medical
conditions (hypertension, diabetes, extrinsic asthma, malignancy)
[30,40,42]. While these are independent risk factors importantly,
they did not explain the observed ethnic differences in severe
maternal morbidity in the UK.

As the population of ethnic minority groups in the UK
continues to increase, it is important to focus on these ethnic
disparities in severe maternal morbidity. The observed disparities
could be due to inadequate utilization of ANC services, but the
known risk factors for severe maternal morbidity explained very
little of this disparity. There could be residual confounding in our
study due to factors that were not measured well (for example
socioeconomic status, inadequate utilization of ANC) or not
measured at all (for example education level of the women,
cultural factors and social status of women). The variable
‘inadequate utilisation of ANC’ included women who did not
seck any antenatal care, but we did not have information about
women who were irregular attendees or defaulters in care seeking.
Further, it is important to understand other elements of the care
pathway to disentangle the reasons for inadequate utilisation of
ANC which could be lack of information, language barriers or
cultural differences. Studies globally have associated inadequate
provision and utilization of healthcare services [43—45], certain
cultural practices [44-46], lower level of education [43,44] and
low social status of women [44,45] with increased risk of maternal
morbidity and mortality. Thus, it is important to understand the
role of these factors in increasing the risk of severe morbidity
among women belonging to BME groups in the UK.
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Policies have been developed by the National Institute for
Health and Care Excellence (NICE) for cardiovascular disease
(CVD) screening and prevention in which NICE recommends that
certain ethnic groups that are at a higher risk of CVD should be
targeted for primary prevention and are considering measures to
develop a UK population based risk scoring system taking into
account the ethnic differences in CVD prevalence [47]. It may be
time to consider the same for care in pregnancy. In addition to
providing a quantitative estimation of the risk of severe morbidity
in the different minority ethnic groups in the UK, this study also
elucidates the independent contribution of preventable factors
such as inadequate utilisation of ANC services and anaemia during
pregnancy to increased maternal morbidity.

Strengths and limitations

In this national study, the approach used to identify severe
maternal morbidity as an aggregate of ten conditions directly
related to maternal mortality in the UK addresses the challenges
related to the difficulty of defining ‘severe maternal morbidity’.
However, potential limitations due to non-inclusion of the indirect
causes of maternal mortality in the UK such as cardiac disease,

References
1. Knight M, Kurinczuk [J, Spark P, Brocklehurst P (2009) Inequalities in maternal

health: national cohort study of ethnic variation in severe maternal morbidities.
BM]J 338: b542.

2. Lewis G, editor (2007) The Confidential Enquiry into Maternal and Child
Health (CEMACH). Savingmothers’ lives: reviewing maternal deaths to make
childhood safer—2003-2005. London: CEMACH.

3. Coleman D (2010) Projections of the ethnic minority populations of the United
Kingdom 2006-2056. Population and Development Review 36: 441-486.

4. Office for National Statistics (2013) Births in England and Wales by parents’

country of birth, 2012. Newport: Office for National Statistics.

Goffman D, Madden RC, Harrison EA, Merkatz IR, Chazotte C (2007)

Predictors of maternal mortality and near-miss maternal morbidity. J Perinatol

27: 597-601.

6. Knight M, Kurinczuk JJ, Tuffnell D, Brocklehurst P (2005) The UK Obstetric
Surveillance System for rare disorders of pregnancy. BJOG 112: 263-265.

7. Knight M, Tuffnell D, Brocklehurst P, Spark P, Kurinczuk JJ (2010) Incidence
and risk factors for amniotic-fluid embolism. Obstet Gynecol 115: 910-917.

8. Knight M, Ukoss (2008) Antenatal pulmonary embolism: risk factors,
management and outcomes. BJOG 115: 453-461.

9. Knight M (2007) Eclampsia in the United Kingdom 2005. BJOG 114: 1072~
1078.

10. Knight M, Nelson-Piercy C, Kurinczuk JJ, Spark P, Brocklehurst P (2008) A
prospective national study of acute fatty liver of pregnancy in the UK. Gut 57:
951-956.

11. Knight M, Ukoss (2007) Peripartum hysterectomy in the UK: management and
outcomes of the associated haemorrhage. BJOG 114: 1380-1387.

12. Scott CA, Bewley S, Rudd A, Spark P, Kurinczuk JJ, et al. (2012) Incidence, risk
factors, management, and outcomes of stroke in pregnancy. Obstet Gynecol 120:
318-324.

13. Fitzpatrick KE, Kurinczuk [JJ, Alfirevic Z, Spark P, Brocklehurst P, et al. (2012)
Uterine Rupture by Intended Mode of Delivery in the UK: A National Case-
Control Study. PLoS Med 9: ¢1001184.

14. Fitzpatrick KE, Sellers S, Spark P, Kurinczuk JJ, Brocklehurst P, et al. (2012)
Incidence and Risk Factors for Placenta Accreta/Increta/Percreta in the UK: A
National Case-Control Study. PLoS ONE 7: ¢52893.

15. Acosta CD, Knight M, Lee HC, Kurinczuk JJ, Gould JB, et al. (2013) The
Continuum of Maternal Sepsis Severity: Incidence and Risk Factors in a
Population-Based Cohort Study. PloS one 8: ¢67175.

16. Knight M, Kurinczuk JJ, Spark P, Brocklehurst P (2010) Extreme obesity in
pregnancy in the United Kingdom. Obstet Gynecol 115: 989-997.

17. Office for National Statistics (2003) Ethnic group statistics: a guide for the
collection and classification of ethnicity data. Newport: Office for National
Statistics.

18. Souza JP, Cecatti JG, Faundes A, Morais SS, Villar J, et al. (2010) Maternal near
miss and maternal death in the World Health Organization’s 2005 global survey
on maternal and perinatal health. Bull World Health Organ 88: 113-119.

19. World Health Organization (2006) Global database on body mass index. World
Health Organization.

20. Office for National Statistics The National Statistics Socio-cconomic Classifi-
cation (NS-SEC rebased on the SOC2010).

21. NHS (2006) NHS maternity statistics England 2005-6. Statistical bulletin 2006/
08. Leeds: Information Centre for Health and Social Care.

(&)

PLOS ONE | www.plosone.org

Ethnic Variations in Severe Maternal Morbidity in the UK

psychiatric illness and suicide [48] remain. As discussed above,
residual confounding due to factors not included or adequately
measured remains a possibility.

Conclusion

In summary, this national study clearly demonstrates an
increased risk of severe maternal morbidity among women of all
ethnic minority backgrounds in the UK except among women of
Indian and mixed origins, and provides important insights into the
independent association of inadequate utilisation of ANC, high
parity and pregnancy in younger and older age with the odds of
severe maternal morbidity. This provides a focus for further
research into possible pathways of prevention of severe maternal
morbidity.
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