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Introduction: Birmingham and Solihull face significant challenges related
to adverse birth outcomes. This study aimed to identify demographic,
socioeconomic, and lifestyle factors associated with an increased risk of low birth
weight, premature birth, stillbirth, and neonatal death in Birmingham and Solihull.

Methods: Births (n = 41,231) between October 2020 and April 2023 were
analysed. The attributable fraction of premature births and low birth weight
(LBW) attributable to socioeconomic and ethnic inequality was calculated.
Multiple logistic regression analyses identified groups that had increased odds
of premature birth (n = 3,312), LBW (n = 1,197), stillbirth (n = 173), and neonatal
death (n = 208).

Results: Attributable fraction analysis estimated that 191 premature births and
211 LBWs each year would not have occurred if all women had the same rates
as White women living in the least deprived areas. Ethnicity, socioeconomic
deprivation, medical care, lifestyle, and vulnerability status were found to be
significant risk factors for adverse birth outcomes. Asian and Black women
had 1.4-2.7 times the odds of LBW compared to White women (p < 0.01).
Black women had increased odds of stillbirth (OR:1.75,p = 0.017) and Asian
women had increased odds of neonatal death (OR:1.90,p < 0.001). The odds
of LBW (OR:3.3), premature birth (OR:27.2), and neonatal death (OR:5.6) were
significantly increased for twins (p < 0.001). For women smoking at delivery, the
odds of LBW (OR:2.3), premature birth (OR:1.5), and stillbirth (OR:1.6) were
significantly increased (p < 0.05). Deprivation, and/or financial and housing
issues also increased the odds of adverse birth outcomes (p < 0.05).

Discussion: These findings underscore the importance of targeted interventions
and support for at-risk populations to reduce adverse birth outcomes in
vulnerable communities.

KEYWORDS

pregnancy outcome, pregnancy complications, health inequities, social determinants of
health, socioeconomic factors, ethnicity, logistic models
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1 Introduction

Birmingham and Solihull (BSol) Integrated Care system covers
two different local authority areas. Overall, BSol faces substantial
challenges related to adverse pregnancy outcomes. The rates of
all key pregnancy outcomes are significantly higher in BSol than
the England average including for low birth weight (LBW) (35.8%
higher), premature birth (11.3% higher), stillbirths (27.7% higher),
and neonatal mortality (97.9% higher) (1). The rates of these
adverse pregnancy outcomes have been significantly higher in BSol
for over a decade (see Supplementary Figure S1). These increased
rates are largely dominated by Birmingham’s contribution. The
rates of each of these outcomes are higher in Birmingham than in
Solihull. In addition to the greater population size of Birmingham,
the birth rate in Birmingham is much higher than in Solihull. In
2021, Birmingham City made up 87% of the births in BSol (1).

Birmingham suffers from high levels of deprivation and has
been ranked as the 7th most deprived local authority in England
with 43% of the city’s population living in the most deprived 10%
of neighbourhoods in England. This increases to 51% for those
aged 0-15 years indicating that children are disproportionately
affected by deprivation (2). In contrast, Solihull is the 32nd least
deprived upper-tier local authority with 12% of the population
living in the most deprived 10% of neighbourhoods in England.
However, there is significant polarisation in Solihull with over
half of North Solihull residents living in the most deprived 10%
of neighbourhoods in England (3). Socioeconomic deprivation is
known to be a significant risk factor for negative birth outcomes.
Meta-analyses of maternal outcomes in the UK have found that
women living in the most deprived quintiles have significantly
higher rates of LBW, premature birth, stillbirth, and neonatal death
than women living in the least deprived areas (4-6). Additionally,
between 2014 and 2017 in England, there was an unexpected rise
in infant mortality rate. One study estimated that around a third
of the increase could be attributed to the simultaneous rise in child
poverty (7).

In 2020-22, the most deprived 10% of counties and unitary
authorities in England had an average infant mortality rate of 6.0
per 1,000 live births compared to 2.8 for those living in the 10%
least deprived (1). BSol’s infant mortality rate was higher than
average for the most deprived areas at 6.9 per 1,000 live births. This
suggests that there may be additional inequalities contributing to
the increased infant mortality rate.

Birmingham is the most ethnically diverse core city in England
and Wales.! In the 2021 census, 51.5% of BSol residents described
themselves as something other than “White British”. After the
White British group (48.5%), the largest groups were Pakistani
(14.9%), Indian (5.7%), Black African (5.0%), and Other White
(3.8%) (8). Studies in the UK have found significant variations
in infant mortality rates between ethnic groups, with Pakistani
and Caribbean infants typically suffering the highest rates (9, 10).
Asian, Black, and Mixed ethnicity residents of Birmingham also
experience other health inequalities such as increased risk of type
2 diabetes (11).

1 England and Wales Core Cities include Birmingham, Bristol, Cardiff,

Leeds, Liverpool, Manchester, Newcastle, Nottingham, and Sheffield.
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The impact of socioeconomic and ethnic inequalities on the risk
of adverse pregnancy outcomes may be cumulative. The interaction
of belonging to a minoritised ethnic group and living in a deprived
area may increase the risk of adverse birth outcomes. This would
mean those from a higher-risk ethnic group who live in a deprived
area are at greater risk than those of the same ethnic group in
a less deprived area. Similarly, those in a high-risk ethnic group
are at greater risk than other groups living in areas of the same
deprivation level. South Asian women and Black women living
in the most socioeconomically deprived areas were found to be
at the highest risk of stillbirth, premature birth and fetal growth
restriction (12). This is particularly important for Birmingham due
to its high levels of deprivation and ethnic diversity.

Studies on the wider determinants of birth outcomes tend to
be conducted at a national level (4, 5, 9, 10, 12). Despite having
a larger sample size, these studies may generalise issues and mask
inequalities that have substantial impacts in some regions and not
others. Where studies on maternal health have been conducted
in more focused geographical areas, these tend to be qualitative
(13, 14). To date, no large-scale quantitative study of the wider
determinants of birth outcomes has been performed in BSol. This,
however, is key to understanding and developing the local response.
The size of the Birmingham and Solihull population (1.36 million)
provides a unique opportunity for a place-based analysis of the
wider determinants of health (8).

This study aimed to determine (i) the inequalities in adverse
birth outcomes associated with ethnicity and social deprivation,
and their cumulative impact, and (ii) the key factors associated with
an increased odds of adverse birth outcomes for women living in
Birmingham and Solihull.

2 Methods

Anonymised routine maternity data were obtained for all births
(n = 41,231) between October 2020 and April 2023 occurring at
four maternity units across Birmingham provided by Birmingham
Women’s and Children’s NHS Foundation Trust (n 19,152)
and University Hospital Birmingham NHS Foundation Trust (n =
22,079).

Routine data included demographic information, health and

risk factors, antenatal care and pregnancy outcomes. Demographic
data about the women giving birth included age, whether they
had financial or housing issues, the Index of Multiple Deprivation
(IMD) decile of the Lower Super Output Area (LSOA) that they
lived in, and ethnicity. IMD is a national metric in which areas are
ranked from most deprived (rank 1) to least deprived. The metric
combines data on employment, education, health and disability,
crime, barriers to housing, and lived environment (15). Due to
the small number of neighbourhoods in IMD quintiles 3, 4, and
5, it was necessary to combine these quintiles into one group
(3+). Maternal ethnicity was coded using the Office of National
Statistics categorisation system from the UK census. The dataset
also included the person’s citizenship status, whether they have
difficulty understanding English and whether an interpreter was
required at antenatal appointments. Information on the person’s
health and risk factors included sensory and physical disabilities,
obesity status, smoking status at delivery, gestational diabetes,
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consanguineous union, whether the woman was a victim of female
genital mutilation or domestic abuse and whether they have
learning disabilities. Antenatal care data included how many, if
any, antenatal appointments were missed, the gestation of the
first booking, and whether folic acid was taken during pregnancy.
Pregnancy outcomes included gestation at birth, whether the baby
was less than 2500 grams at birth, whether the baby was stillborn,
or died within 28 days of birth (neonatal death).

All maternity units used the BadgerNet administrative system
(16). Cases were removed from the dataset if they related to a
pregnancy involving three or more babies, had an unknown Index
of Multiple Deprivation (IMD), or had an unknown number of
missed antenatal appointments. For pregnancies involving twins,
only the first birth was included to limit women appearing in
the data twice. However, since the data were anonymised and
spanned over 31 months, it is likely that a small number of women
still appear twice by having multiple pregnancies in this period.
After these exclusions, there were 39,972 (96.9%) unique births
remaining in the data.

Four adverse pregnancy outcomes were investigated. Two
intermediate outcomes: i. premature birth, ii. LBW, and two final
outcomes: iii. stillbirth, and iv. neonatal death. Premature birth and
LBW were defined such that they are mutually exclusive: Premature
birth was defined as a live baby born before 37 weeks of gestation,
and LBW was defined as a live full-term baby (gestation of 37 weeks
or more) weighing less than 2500 grams. Stillbirth is defined by the
Births and Deaths Registration Act 1953 as “a child which has issued
forth from its mother after the 28th week of pregnancy and which
did not at any time after being completely expelled from its mother
breathe or show other signs of life” (17). Neonatal death is defined
as the death of an infant before the 28th day of life (18).

2.1 Statistical analysis

The unadjusted attributable fraction (AF) of LBW and
premature births attributed to ethnicity and IMD were estimated
using

_PR-1

AF = , 1
PR (1)

where PR is the outcome prevalence of the exposed group
compared to the unexposed group given by

Prevalence of outcome in the exposed

Prevalence of outcome in the unexposed

The attributable fractions for stillbirth and neonatal death were
not calculated due to the small number of outcomes. For the AF
calculation, an additional 173 cases (0.5%) were removed since
the person’s ethnicity was unknown. The remaining births were
then aggregated into broader ethnic groups: Asian, Black, Middle
Eastern, Mixed, Other and White. The “unexposed” reference
population is taken to be White women living in areas with an IMD
quintile of 3 or higher. The 95% confidence interval is calculated
using bootstrapping with 1,000 bootstrap distributions for each
outcome variable. The AF was calculated using a locally written
Python library called EquiPy.
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A multiple logistic regression analysis was performed for each
of the four outcomes to examine the odds associated with a set of
determinants of health, considering variables beyond ethnicity and
IMD. This makes it possible to explore multifaceted relationships
between several explanatory factors and birth outcomes. For
premature birth and LBW, the following variables were included
in the regression: ethnicity, IMD quintile, financial/housing issues,
substance abuse status, social services involvement, the mother’s
age group, whether the baby was a twin, mental health issues,
sensory/physical disability, body mass index (BMI)>35, gestational
diabetes, smoking at delivery, folic acid taken during pregnancy,
late antenatal booking (more than 20 weeks after conception), 4
or more missed appointments [half of the number recommended
the WHO (19)], and consanguineous union. The reference group
was taken to be White British women, aged 20-29, living in an area
with an IMD of 3 or more without known risk factors. For the
logistic regressions of final outcomes, fewer explanatory variables
were considered due to the smaller number of final outcome
occurrences. These were: broad ethnicity (Asian, Black, Middle
Eastern, Mixed, Other, White, and unknown), IMD, the mother’s
age group, folic acid taken during pregnancy, financial/housing
issues, whether the baby is a twin, mental health issues and smoking
at delivery. Similarly to the regressions for the intermediate
outcomes, the reference group is chosen to be White women, aged
20-29, living in an area with an IMD of 3 or more without known
risk factors. Regression results are plotted as a forest plot produced
using the R package Forestplot (20).

An alpha level of 0.05 was required for statistical significance
in all tests. All data processing was performed in R Studio
(version 2023.12.1, R version 4.3.3). AF was performed in Python
3.13 while the logistic regression was performed in R Studio
(version 2023.12.1, R version 4.3.3). Data visualisations were
performed in both R Studio (version 2023.12.1, R version 4.3.3)
and Python 3.13. All code used in this study is available on
GitHub.

3 Results

The number of intermediate and final outcomes were: i.
premature birth (n = 3,312), ii. LBW (n = 1,197), iii.
stillbirth (n = 173), and iv. neonatal death (n = 208).

The number of stillbirths and neonatal deaths that occurred
following a full-term normal birth weight, LBW or premature
birth are shown in Supplementary Table S1. A full breakdown of
intermediate and final outcomes across each of the considered
variables is given in Supplementary Tables S2, S3, respectively. The
distribution of births across the five BSol localities? is shown in
Supplementary Figure S3. Additionally, a descriptive analysis of the
population included in the analysis, including trends in risk factors
across ethnicity and IMD is given in Supplementary Section 3.

The unadjusted AF of LBW and premature births attributable
to the woman’s ethnicity and IMD was calculated. Figure I
shows that almost all groups, for which there were sufficient
data, experienced a higher rate of premature and LBW than
the reference group. Results for Other ethnicities are not shown

2 BSol localities: North, South, East, West, and Solihull.
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Premature Birth
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Asian Black Middle Mixed Unknown White
Eastern
FIGURE 1
Percentage of low birth weight (top) and premature births (bottom) across ethnicity and IMD that would not have occurred if the woman had the
same level of risk as White ethnicity women in the least deprived area (IMD quintile 3+). A is the number of low birth weight (top) and premature
births (bottom) that would have been avoided. The colour reflects the attributable fraction from negative (blue) to positive (orange).

due to limited records. Furthermore, the AF was higher for
women living in the most deprived areas who were Asian (LBW:
62%,95% CI= [55%; 71%]; premature birth: 24% [16%,33%]),
Mixed ethnicity (premature birth: 38% [26%,54%]) and White
(LBW: 43% [32%,57%]; premature birth: 26% [18%, 35%]). For
premature birth, those with an unknown ethnicity had the highest
attributable fraction. Overall, it is estimated that if all women had
the same prevalence as the reference group there would have been
211 fewer low-weight births each year from an average total of 463,
and 191 fewer premature births each year from an average total
of 1,282.

The logistic regression results for the two intermediate
outcomes, LBW and premature birth, are shown in Figure 2 and
the logistic regression results for the two final outcomes, stillbirth
and neonatal death are shown in Figure 3. The variance inflation
factor for these variables is less than or approximately equal to
two, indicating that any correlations between the variables are
not large enough to indicate the presence of multicollinearity
(Supplementary Figure S2).

The odds of LBW were increased for Asian-Other, Bangladeshi,
Black African, Black Caribbean, Chinese, Indian, Middle Eastern,
Mixed-Other, Pakistani, or unknown ethnicity women. All had
between 1.37 and 2.73 times increased odds of LBW (p < 0.05)
compared to White British women. Living with financial and/or
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housing issues significantly increased the odds of LBW (OR = 1.35
[1.17; 1.55], p < 0.001). Other factors associated with increased
odds of LBW were substance abuse (OR = 1.60 [1.07; 2.32], p =
0.016), if the baby was a twin (OR = 3.33 [2.39; 4.54], p < 0.001),
gestational diabetes (OR = 1.21 [1.00; 1.45], p = 0.045), smoking
at delivery (OR = 2.33, [1.93; 2.82], p < 0.001), missing more than
four antenatal appointments (OR = 1.29 [1.04; 1.58], p = 0.019),
and consanguineous union (OR = 1.27 [1.03; 1.55], p = 0.025).
Having a BMI> 35 was associated with reduced odds of LBW
(OR = 0.54 [0.43; 0.67], p < 0.001).

The odds of premature birth were increased for Bangladeshi
(OR = 1.25 [1.00; 1.53], p = 0.043) and Pakistani (OR = 1.22
[1.09; 1.37], p < 0.001) women. Women of unknown ethnicity
had the greatest increase in odds of premature birth (OR = 2.90
[2.02; 4.09], p < 0.001). Other ethnicity women had reduced odds
of premature birth (OR = 0.53 [0.27; 0.93], p < 0.042). Living in
one of the 20% most deprived areas nationally was associated with
increased odds of premature birth (OR = 1.12 [1.02; 1.24], p =
0.021). Other factors associated with increased odds of premature
birth were substance abuse (OR = 1.43 [1.07; 1.87], p = 0.012),
social services involvement (OR = 1.35 [1.19; 1.52], p < 0.001),
maternal age between 30 and 39 (OR = 1.12 [1.03; 1.21], p = 0.005)
or 40 and above (OR = 1.48 [1.25;1.73], p < 0.001), if the

baby was a twin (OR = 27.2 [22.5;33.0], p < 0.001), mental
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Low Birth Weight Premature Birth
OR [95% CI] p—value OR [95% CI] p-—value
Mother Ethnicity
White British - Reference . Reference
Asian—Other - 1.89[1.35; 2.58]  <0.001 - 0.95[0.75; 1.20] 0.7
Bangladeshi - 2.73[2.03; 3.61]  <0.001 - 1.25[1.00; 1.53] 0.043
Black—Other - 1.51 [0.77; 2.66] 0.2 - 0.80 [0.50; 1.21] 0.3
Black African - 1.37[1.03; 1.79] 0.027 - 0.85[0.71; 1.01] 0.077
Black Caribbean - 2.17[1.54; 2.98]  <0.001 - 1.02 [0.79; 1.29] 0.9
Chinese - 2.05[1.01; 3.72] 0.029 . 0.84 [0.49; 1.36] 0.5
Eastern European - 0.95[0.55; 1.52] 0.8 - 0.93 [0.70; 1.22] 0.6
Indian - 2.41[1.86; 3.09] <0.001 . 1.02 [0.84; 1.22] 0.9
Irish . 1.07 [0.33; 2.55] 0.9 - 0.68[0.32; 1.26] 0.3
Middle Eastern - 1.81[1.11; 2.80] 0.011 - 0.87 [0.61; 1.22] 0.4
Mixed—Other - 2.04[1.17; 3.31] 0.007 - 0.79 [0.50; 1.19] 0.3
Other - 0.95[0.34; 2.10] >0.9 - 0.53[0.27; 0.93] 0.042
Pakistani - 2.05[1.71; 2.45]  <0.001 . 1.22[1.09; 1.37]  <0.001
Unknown - 0.64 [0.19; 1.60] 0.4 2.90[2.02; 4.09]  <0.001
White—Other - 0.83[0.59; 1.13] 0.3 - 0.87[0.72; 1.03] 0.10
White and Asian - 2.40[1.28; 4.11] 0.003 - 0.80 [0.45; 1.30] 0.4
White and Black African - 0.46 [0.03; 2.08] 0.4 1.45[0.73; 2.61] 0.2
White and Black Caribbean - 1.60 [1.05; 2.35] 0.022 - 1.220.93; 1.57] 0.14
IMD Quintile
3+ . Reference . Reference
1 » 1.10 [0.94; 1.29] 0.2 » 1.12[1.02; 1.24] 0.021
2 » 1.07 [0.88; 1.30] 0.5 L] 0.97 [0.86; 1.09] 0.6
Financial/Housing Issues
No = Reference . Reference
Yes - 1.35[1.17; 1.55]  <0.001 . 1.10 [1.00; 1.21] 0.055
Substance Abuse
No L] Reference . Reference
Yes - 1.60 [1.07; 2.32] 0.016 1.43[1.07; 1.87] 0.012
Social Services
No . Reference . Reference
Yes - 1.15[0.94; 1.39] 0.2 - 1.35[1.19; 1.52]  <0.001
Age Group
20-29 - Reference . Reference
Less than 20 - 1.18[0.82; 1.64] 0.3 - 1.03 [0.82; 1.29] 0.8
30-39 . 0.99 [0.87; 1.12] 0.9 . 1.12[1.03; 1.21] 0.005
40+ - 1.02 [0.76; 1.33] >0.9 1.48 [1.25; 1.73]  <0.001
Twins
No - Reference . Reference
Yes - 3.33[2.39; 4.54] <0.001 27.2[22.5; 33.0] <0.001
Mental Health Issue(s)
No - Reference . Reference
Yes - 1.14 [0.99; 1.32] 0.066 . 1.15[1.05; 1.26] 0.002
Sensory/Physical Disability
No L] Reference . Reference
Yes - 0.97 [0.73; 1.26] 0.8 1.51[1.29; 1.74]  <0.001
BMI>35
No . Reference . Reference
Yes . 0.54[0.43; 0.67] <0.001 . 0.96 [0.86; 1.07] 0.5
Gestational Diabetes
No - Reference . Reference
Yes - 1.21[1.00; 1.45] 0.045 1.36 [1.21; 1.52]  <0.001
Smoking at Delivery
No - Reference . Reference
Yes - 2.3311.93; 2.82]  <0.001 1.51[1.33; 1.71]  <0.001
Folic Acid Taken
Yes = Reference . Reference
No . 0.99 [0.85; 1.15] >0.9 . 1.15[1.05; 1.27] 0.003
Late booking
No L] Reference . Reference
Unknown - 2.70 [1.10; 5.65] 0.015 1.87[1.09; 3.07] 0.018
Yes - 1.18 [0.95; 1.46] 0.13 1.74[1.53; 1.97]  <0.001
> 4 missed apts
No - Reference . Reference
Yes - 1.29[1.04; 1.58] 0.019 L 0.97[0.82; 1.13] 0.7
Consanguineous Union
No = Reference . Reference
Yes - 1.27[1.03; 1.55] 0.025 - 0.98 [0.84; 1.14] 0.8
G012 3 4 s s - | E s s
FIGURE 2

Odds ratios for low birth weight (left) and premature birth (right) compared to the reference group (White women, aged 20-29, living in an area with
IMD of 3 or more without known risk factors). The reference group is indicated by the vertical line at OR = 1
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IMD Quintile
3+

1
2

Smoking at Delivery
No

Financial/Housing Issues

Stillbirth

OR [95% CI]
Ethnicity Group
White Reference
Asian 1.08 [0.74; 1.57]
Black 1.75[1.09; 2.74]
Middle Eastern 0.89 [0.14; 2.87]
Mixed 1.19[0.50; 2.41]
Other 0.00 [0.00; 0.00]
Unknown 5.28 [1.76; 12.8]

Reference
1.72 [1.14; 2.67]
1.41[0.84; 2.35]

No Reference
Yes 1.09 [0.76; 1.55]
Age Group

2029 Reference
Less than 20 0.89 [0.31; 2.03]
30-39 1.00 [0.73; 1.37]
40+ 1.68 [0.90; 2.91]
Twins

No Reference
Yes 2.04[0.72; 4.52]
Mental Health Issue(s)

No Reference
Yes 1.34[0.95; 1.87]

Reference

Yes 1.60[0.99; 2.51]
Folic Acid Taken
Yes Reference
No 1.24 [0.85; 1.76]
Late booking
No Reference
Unknown 0.00 [0.00; 864]
Yes 1.73 [1.07; 2.67]
-1 0 1 2 3 4 5 6
FIGURE 3

Odds ratios for stillbirth (left) and neonatal death (right) compared to the reference group (White women, aged 20-29, living in an area with IMD of 3
or more without known risk factors). The reference group is indicated by the vertical line at OR = 1.

Neonatal Death
p—value OR [95% CI] p—value
Reference
0.7 1.90[1.38; 2.63] <0.001
0.017 0.85[0.46; 1.47] 0.6
0.9 - 0.43[0.02; 1.94] 04
0.7 0.70 [0.21; 1.69] 0.5
>0.9 1.67 [0.27; 5.38] 0.5
<0.001 4.87[1.96; 10.7] <0.001
Reference
0.013 1.04 [0.73; 1.50] 0.8
0.2 1.04 [0.67; 1.60] 0.9
Reference
0.6 1.16 [0.82; 1.62] 0.4
Reference
0.8 1.12[0.43; 2.41] 0.8
>0.9 1.00 [0.75; 1.35] >0.9
0.078 1.82 [1.05; 2.98] 0.024
Reference
0.12 5.58[3.05; 9.41] <0.001
Reference
0.092 1.12[0.79; 1.54] 0.5
Reference
0.046 1.03 [0.59; 1.71] >0.9
Reference
0.2 1.98 [1.44; 2.70]  <0.001
Reference
>0.9 1.16 [0.18; 4.36] 0.9
0.019 1.59 [1.02; 2.41] 0.034
-1 0 1 2 3 4 5 6

health issues (OR = 1.15 [1.05; 1.26], p = 0.002), sensory/physical
disability (OR = 1.51 [1.29; 1.74], p < 0.001), gestational diabetes
(OR = 1.36 [1.21; 1.52], p < 0.001), smoking at delivery (OR =
1.51 [1.33; 1.71], p < 0.001), folic acid not being taken during
pregnancy (OR = 1.15 [1.05; 1.27], p = 0.003), and late booking of
the first antenatal appointment (OR = 1.74 [1.53; 1.97], p < 0.001).

The odds of stillbirth were greater for Black (OR = 1.75
[1.09; 2.74], p = 0.017) or unknown ethnicity (OR = 5.28
[1.76; 12.8], p < 0.001) women. Living in one of the 20% most
deprived areas nationally was also associated with increased odds
of stillbirth (OR = 1.72 [1.14; 2.67], p = 0.013). Other factors
associated with increased odds of stillbirth were smoking at delivery
(OR = 1.60 [0.99; 2.51], p = 0.046), and late booking of the first
antenatal appointment (OR = 1.73 [1.07; 2.67], p = 0.019).

The odds of neonatal death were greater for Asian (OR = 1.90
[1.38;2.63], p < 0.001) and unknown ethnicity (OR = 4.87
[1.96; 10.7], p < 0.001) women. Other factors associated with
increased odds of neonatal death were maternal age of 40 and
above (OR = 1.82 [1.05; 2.98], p = 0.024), if the baby was a twin
(OR = 5.58 [3.05;9.41], p < 0.001), folic acid not being taken
during pregnancy (OR = 1.98 [1.44;2.70], p < 0.001), and late
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booking of the first antenatal appointment (OR = 1.59 [1.02; 2.41],
p=0.034).

4 Discussion

The present study provides a comprehensive analysis of
the associations between a range of socioeconomic, clinical,
and behavioural factors with key maternal outcomes among a
representative cohort of BSol’s maternity patients. To the author’s
knowledge, this is the first quantitative study to investigate the
wider determinants of maternity outcomes at a local level. Ethnicity
was found to be a significant risk factor for all outcomes studied.
Additionally, social deprivation was associated with increased odds
of LBW and stillbirth. Substance abuse, smoking at delivery, and
late antenatal booking were also found to be associated with
increased odds of adverse pregnancy outcomes.

A large proportion of premature births and LBWs were found
to be associated with ethnic and socioeconomic inequalities. This
is consistent with the findings from a UK-based study using
national data which found South Asian, Black, and Mixed and other
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ethnicity mothers to have increased rates of preterm birth and fetal
growth restriction compared to White mothers. These rates were
greater still for mothers living in more deprived areas (12). The
magnitudes of the attributable fractions found in this study are
generally slightly lower than those found by Jardine et al. (12). This
is likely due to the difference in reference groups. Due to the small
number of affluent areas in BSol, this study defined the reference
group as White women in the 60% least deprived areas (quintiles
3, 4 and 5) as opposed to the 20% least deprived used by Jardine
et al. (12). This may also explain why the associations between
maternity outcomes and IMD were found to be less pronounced
in the present study. The influence of IMD was more significant
for White women. Rescaling deprivation indices for local contexts
would allow for greater differentiation between areas that have a
similar level of deprivation on a national scale.

The association between ethnicity and each of the adverse
pregnancy outcomes was further highlighted by the multiple
logistic regression analyses. A meta-analysis of over 2,198,655
pregnancies in high-income and upper-middle income countries
found that babies born to Black women had an increased risk of
premature birth, stillbirth, neonatal death, and having a small birth
weight for their gestational age (21). Babies born to South Asian
women were found to have an increased risk of preterm birth and
having a small birth weight for their gestational age (21). The effect
of ethnicity on preterm birth and small-for-gestational-age babies
was not found to vary significantly across region (21), however,
Asian and Black women in the UK have also been found to have an
increased risk of stillbirth (12). While the present study did not find
significantly increased odds of premature birth for Black mothers
or stillbirth for Asian mothers, the effect of ethnicity was largely
consistent with the existing literature.

There are several potential mechanisms that explain why
ethnicity is associated with increased odds of adverse pregnancy
outcomes. One possible explanation is poor communication
between women in maternal care and healthcare professionals
and mistreatment due to discrimination. An evidence synthesis
of 26 UK-based studies on the experiences of Black, Asian and
minority ethnic women’s experiences in maternity care found
that staff, midwives and doctors communicated in a manner that
was not accessible to women from minoritised ethnic groups.
Women also reported differential treatment from staff including
direct discrimination, stereotyping and racist comments (22). A
2010 national survey of women’s experience of maternity care
corroborates these findings (23). It found that Asian, Black, Mixed,
and other ethnicity women were less likely to feel like staff had
communicated with them well, trusting staff in providing care
during labour and birth, and feeling satisfied with the care they
received during labour, birth, and after birth (23). Additionally,
some of the difference in fetal growth may be due to genetics.
Attempts have been made to construct ethnicity-specific growth
charts (24, 25). However, it is difficult to determine how much of
this variation is due to confounding with other wider determinants
of health. One retrospective cohort study found at least partial
mediation of the difference by variation in the adequacy of prenatal
care (26).

Women with an unknown ethnicity had the highest odds
of premature birth, stillbirth, and neonatal death. This missing
ethnicity data may be due to limited engagement of these women
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with the maternal healthcare system. This is supported by Figure
S8 which shows that women with an unknown ethnicity made
their first antenatal booking late (after 19 weeks gestation) in
42.6% of pregnancies compared to the average of 6.9%. This
highlights the need for the ICS, including local authorities, to
develop mechanisms that facilitate the earlier connection of these
women to support that could reduce their odds of adverse birth
outcomes. Such interventions will require further understanding of
the underlying causes of missing demographic data and the factors
contributing to its likelihood.

Results from the logistic regression reinforced the importance
of IMD on pregnancy outcomes. Women in the most deprived
quintile had significantly increased odds of premature birth and
stillbirth. This is consistent with national studies on the association
between IMD and adverse pregnancy outcomes (4, 6, 12). Financial
and housing issues were associated with an increased odds of
LBW and premature birth. Poverty and social deprivation are
associated with a variety of negative health-related determinants
and behaviours (27). A 2021 systematic review of socioeconomic
inequalities and adverse pregnancy outcomes in the UK and the
Republic of Ireland outlined a range of potential causal pathways
for deprivation to impact pregnancy outcomes (5). These include
inadequate dietary patterns (28), reduced levels of physical activity
(29), poor engagement with maternal care (30), increased drug
and alcohol use during pregnancy (31, 32), and a higher chance
of exposure to domestic violence (33). There is also evidence that
individuals experiencing economic hardship are more likely to
focus on coping in the short term rather than making lifestyle
changes to improve their long-term wellbeing (34). Neighbourhood
socioeconomic deprivation has also been associated with increased
levels of the stress hormone, cortisol (35). Deregulation of cortisol
can impact metabolic regulation (36), reduce immune functions
(37), and promote mental health disorders (38). Cortisol may,
therefore, provide a mechanism by which deprivation can more
directly impact physical health.

Supplementary Section 3.4 explores trends in risk factor
prevalence, highlighting  differences
socioeconomic groups. The analysis indicates that Asian,
Black, and Mixed-ethnicity women were disproportionately likely

across ethnic and

to live in the most deprived areas. The analysis also highlights
how ethnicity and IMD are both associated with risk factors that
significantly increase the odds of adverse pregnancy outcomes.
While individual variables contribute to the odds of adverse
pregnancy outcomes, their interplay may amplify or mediate
these effects. Therefore, understanding these correlations provides
important context for interpreting observed inequalities in adverse
pregnancy outcomes.

Maternal smoking during pregnancy was associated with
increased odds of LBW, premature birth, and stillbirth. The
negative impact of smoking during pregnancy on fetal health
has been well documented (39-41). Physical mechanisms for
this include the restriction of placental blood vessels by nicotine
(42) and the binding of carbon monoxide to fetal haemoglobin
(43). However, studies have shown that early smoking cessation
during pregnancy can significantly reduce the risk of negative
outcomes (44-46). As demonstrated in Supplementary Section 3.4,
the prevalence of smoking during pregnancy varies markedly across
ethnicity and IMD. In agreement with previous studies, White
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women in the most deprived areas are found to have the highest
prevalence (47, 48).

Maternal age also emerged as a significant factor, with women
in the age ranges 30-39 and 40+ having an increased odds of
premature birth. Additionally, women aged 40+ were found to
have an increased odds of neonatal death. Advanced maternal
age is a well-established risk factor for adverse birth outcomes.
Part of this risk is believed to be due to a combination of the
increased prevalence of comorbidities such as hypertension and
diabetes, and the higher risk of medical complications (49, 50).
The percentage of women in Birmingham aged 40 and over has
consistently increased from 3.4% in 2014 to 4.7% in 2021 (51). The
association between maternal age and adverse pregnancy outcomes
is therefore increasingly important. However, the overall impact of
these changing demographics is yet to be fully understood (52).

A BMI greater than 35kg/m? was associated with reduced odds
of LBW but no association was found for premature birth. A 2010
systematic review and meta-analysis similarly found reduced odds
of LBW among overweight and obese women (53). However, the
association with LBW is still contested as the protective effect
disappeared after correcting for reporting bias. The study also
found that, although there was no association observed for overall
preterm birth, the odds of induced preterm birth was greater for
overweight and obese women. Maternal obesity is also associated
with increased odds of gestational diabetes (54), which the present
study found to be associated with increased odds of LBW and
premature birth. Another systematic review found gestational
diabetes to be associated with an increased risk of macrosomia,
being born large for gestational age, preeclampsia, and cesarean
delivery (55). It is therefore possible that the protective effect
of obesity masks comorbidities that are associated with adverse
maternal outcomes.

The presence of twins was associated with significantly
increased odds of LBW, premature birth, and neonatal death.
Developmental growth studies have found twins to have a lower
mass at the same gestation length than single-born infants (56).
The association between twins and premature birth could be, in
part, related to iatrogenic (induced) preterm deliveries due to the
increased risk of maternal and fetal complications (57).

Consanguineous union was associated with increased odds of
LBW. This is consistent with a 2017 meta-analysis which found
a similar association between consanguinity and LBW (58). The
analysis included many studies from South Asia and the Middle
East. This is important since Asian and Middle Eastern mothers
in the present study had the highest prevalence of consanguineous
union (see Supplementary Figure S8). The meta-analysis did not,
however, include any studies from the UK. The present study
therefore provides new knowledge on consanguinity and LBW in
a UK context. Consanguinity is also of particular concern due to its
association with a range of negative health outcomes, particularly
congenital anomalies (59).

4.1 Policy implications

On a global level infant mortality is identified as a priority
by various organisations and supported by a range of policy
and guidance documents. WHO (60) and UNICEF (61) both
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provide guidance on how infant mortality can be reduced. Infant
mortality forms a priority for the Millennium Development Goals
which include, breastfeeding, complementary feeding, routine
immunisation and micronutrient supplementation. The Royal
College of Paediatrics and Child Health has provided policy
recommendations for England. These include: the implementation
of the recommendations from the National Maternity Review (62),
the implementation of the National Strategy for Child Health
and Wellbeing, renewed investment and resources to support
the Healthy Child Programme, and the implementation of the
commitments of the NHS England long-term plan (63) as well as
the Neonatal Critical Care Review (64).

The findings of this study highlight the need for targeted
interventions. Resources should be focused on the most deprived
and ethnically diverse areas as these women have the greatest
odds of adverse pregnancy outcomes. Prenatal care plans should
be sensitive to the age of the woman and the presence of
sensory/physical disabilities with risk assessments conducted for
those with increased risks of negative outcomes. Further study of
the demographic and socioeconomic trends in risk factors and
pregnancy outcomes is needed. These studies should be place-based
and consider the unique populations living in different areas.

4.2 Strengths and limitations

This research uniquely focuses on the local context of
Birmingham and Solihull, providing a nuanced understanding of
the determinants directly impacting women and their babies in this
location. The large size of the maternity dataset means that results
are representative of the BSol maternity population attending
one of the two NHS Trusts included. The high-quality maternity
dataset, with 95.5% ethnicity completeness [compared to 89% for
NHS Digital Maternity Services Dataset (65)] also minimises biases
related to missing data and allows for a detailed analysis. The study
considers detailed ethnic categories rather than broad aggregates
to reflect the diverse lived experiences within these groups (66).
However, broader aggregation was necessary for certain analyses
due to small outcome occurrences.

This study has limitations that should be acknowledged. Firstly,
the exclusion of data from City Hospital (accounting for 18% of
BSol births in 2021) may limit the complete representation of BSol
women in maternity care. Additionally, the IMD is an area-based
aggregate measure of socioeconomic deprivation. This may lead
to non-differential misclassification, diluting the true impact of
socioeconomic deprivation. The sex of the babies born was also
not included in the data and, therefore, the tendency of female
babies to have a birth weight slightly lower than males is not
considered (67). However, since the proportion of male and female
babies is expected to be fairly even across the variables of interest,
this is not a significant concern for this study. Only smoking
status at birth was available, limiting analysis of smoking’s impact
during pregnancy and thus not capturing the complete impact
on pregnancy outcomes. Finally, ORs have been presented for a
large number of variables, thus increasing the risk of type-I error.
However, since this is descriptive study, « was not reduced to avoid
missing real effects.
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5 Conclusions

This study highlights several key factors associated with
adverse pregnancy outcomes in the Birmingham and Solihull area.
Ethnicity emerged as a significant determinant, with various ethnic
groups, including Bangladeshi, Indian, Pakistani, Asian Other,
Black African, Black Caribbean, and Mixed ethnicity women, facing
increased odds of negative pregnancy outcomes. The odds of
premature birth, stillbirth, and neonatal death were highest among
women of unknown ethnicity, emphasising the critical need for
accurate data collection and reporting in healthcare systems.

The influence of financial and housing challenges on LBW
emphasises the relevance of addressing socioeconomic disparities
to improve pregnancy outcomes. Maternal age, the presence of
twins, sensory/physical disabilities, gestational diabetes, and folic
acid not being taken were also found to increase the odds of adverse
pregnancy outcomes. While this study offers valuable insights
into a core UK city, its findings likely reflect broader national
trends, reinforcing the significance of targeted interventions and
comprehensive support systems for diverse maternal populations.
These findings call for further research and, more urgently, for the
development of tailored public health policies and interventions
to address the identified determinants of adverse pregnancy
outcomes and ultimately enhance maternal and child health in
Birmingham, Solihull and other areas of a similar demographic and
socioeconomic population profile.

Data availability statement

The data analysed in this study is subject to the following
licenses/restrictions: the raw data used in this study, although
pseudonymized, is potentially identifiable. It can therefore
not be made public due to confidentiality reasons. Requests
to access these datasets should be directed to Birmingham
Women and Children’s Hospital NHS Foundation Trust,
bwec.accesstohealthrecords@nhs.net.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study
was not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Author contributions

DE: Conceptualization, Formal analysis, Investigation,
Methodology, Project administration, Software, Visualization,

Writing - original draft, Writing - review & editing. CA-Y:

Frontiersin Public Health

09

10.3389/fpubh.2025.1544903

Conceptualization, Investigation, Methodology, Software, Writing
- original draft, Writing - review & editing. AD: Supervision,
Writing - original draft, Writing - review & editing. RB: Data
curation, Writing — original draft, Writing - review & editing.
SO-N: Data curation, Writing - original draft, Writing — review &
editing. JR: Project administration, Supervision, Writing — original
draft, Writing - review & editing. RH-J: Supervision, Writing
- original draft, Writing - review & editing. JV: Supervision,
Writing - original draft, Writing - review & editing. MG:
Conceptualization, Supervision, Writing — original draft, Writing
- review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors would like to thank Dyna Arhin, Albert Prats
Uribe, Jo Tonkin, and Julia Pauschardt for their guidance and
support in conducting this work. The authors would also like to
extend special gratitude to Jeanette Davis, Elise Robinson, and
Eloise Watkin for their thoughts and feedback on this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen AI was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.
1544903/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1544903
mailto:bwc.accesstohealthrecords@nhs.net
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1544903/full#supplementary-material
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Ellis et al.

References

1. OHID. Office for health improvement and disparities, in Public Health Profiles
2024. (2024). Available online at: https://fingertips.phe.org.uk (accessed 22 March,
2024).

2. Birmingham City Council. Deprivation in Birmingham analysis of the 2019,
in Indices of Deprivation. (2019). Available online at: https://www.birmingham.gov.
uk/download/downloads/id/2533/index_of_deprivation_2019.pdf (accessed 20 April,
2023).

3. Solihull Metropolitan Borough Council. Deprivation in Solihull. (2019).
Available ~ online  at:  https://www.solihull.gov.uk/sites/default/files/migrated/
InfoandIntelligence_Index- of- Multiple- Deprivation-Summary.pdf ~ (accessed 29
November, 2024).

4. Weightman AL, Morgan HE, Shepherd MA, Kitcher H, Roberts C, Dunstan FD.
Social inequality and infant health in the UK: systematic review and meta-analyses.
BM]J Open. (2012) 2:964. doi: 10.1136/bmjopen-2012-000964

5. Thomson K, Moffat M, Arisa O, Jesurasa A, Richmond C, Odeniyi A, et al.
Socioeconomic inequalities and adverse pregnancy outcomes in the UK and Republic
of Ireland: a systematic review and meta-analysis. BMJ Open. (2021) 11:¢042753.
doi: 10.1136/bmjopen-2020-042753

6. Opondo C, Gray R, Hollowell J, Li Y, Kurinczuk JJ, Quigley MA. Joint contribution
of socioeconomic circumstances and ethnic group to variations in preterm birth,
neonatal mortality and infant mortality in England and Wales: a population-based
retrospective cohort study using routine data from 2006 to 2012. BMJ Open. (2019)
9:€028227. doi: 10.1136/bmjopen-2018-028227

7. Taylor-Robinson D, Lai ETC, Wickham S, Rose T, Norman P, Bambra C, et
al. Assessing the impact of rising child poverty on the unprecedented rise in infant
mortality in England, 2000-2017: time trend analysis. BMJ Open. (2019) 9:¢029424.
doi: 10.1136/bmjopen-2019-029424

8. ONS. Census 2021. (2021). Available online at: https://www.ons.gov.uk/census
(accessed March 22, 2024).

9. Hollowell J, Kurinczuk JJ, Brocklehurst P, Gray R. Social and ethnic inequalities
in infant mortality: a perspective from the United Kingdom. Semin Perinatol. (2011)
35:240-4. doi: 10.1053/j.semperi.2011.02.021

10. Li Y, Quigley MA, Dattani N, Gray R, Jayaweera H, Kurinczuk JJ, et al. The
contribution of gestational age, area deprivation and mother’s country of birth to ethnic
variations in infant mortality in England and Wales: A national cohort study using
routinely collected data. PLoS ONE. (2018) 13:1-18. doi: 10.1371/journal.pone.0195146

11. Au-Yeung CH, Ellis D, Dallaway A, Riley ], Varney ], Howell-Jones R.
Socioeconomic and ethnic inequalities increase the risk of type 2 diabetes: an analysis of
NHS health check attendees in Birmingham. Front Public Health. (2024) 12:e1477418.
doi: 10.3389/fpubh.2024.1477418

12. Jardine J, Walker K, Gurol-Urganci I, Webster K, Muller P, Hawdon J,
et al. Adverse pregnancy outcomes attributable to socioeconomic and ethnic
inequalities in England: a national cohort study. Lancet. (2021) 398:1905-12.
doi: 10.1016/50140-6736(21)01595-6

13. Silverio SA, De Backer K, Dasgupta T, Torres O, Easter A, Khazaezadeh
N, et al. On race and ethnicity during a global pandemic: An imperfect
mosaic of maternal and child health services in ethnically-diverse South London,
United Kingdom. eClinicalMedicine. (2022) 48:101433. doi: 10.1016/j.eclinm.2022.
101433

14. Richards J, Kliner M, Brierley S, Stroud L. Maternal and infant health of Eastern
Europeans in Bradford, UK: a qualitative study. Commun Practit. (2014) 87:33-6.

15. Ministry of Housing, Communities & Local Government. English Indices
of Deprivation 2019. (2019). Available online at: https://www.gov.uk/government/
statistics/english-indices- of- deprivation-2019 (accessed 11 February, 2022).

16. Clevermed. What is BadgerNet? (2023). Available online at: https://www.
clevermed.com/badgernet/ (accessed 11 May, 2023).

17. UK Government. Births and Deaths Registration Act 1953. (1953). Available
online at: https://www.legislation.gov.uk/ukpga/Eliz2/1-2/20/contents (accessed 23
April, 2024).

18. Barfield WD, FETUS CO. NEWBORN, Watterberg K, Benitz W, Cummings J,

et al. Standard terminology for fetal, infant, and perinatal deaths. Pediatrics. (2016)
137:€20160551. doi: 10.1542/peds.2016-0551

19. World Health Organisation. New Guidelines on Antenatal Care for a Positive
Pregnancy Experience. (2016). Available online at: https://www.who.int/news/item/
07-11-2016-new- guidelines- on-antenatal- care- for-a- positive- pregnancy- experience
(accessed 11 February, 2025).

20. Gordon M, Lumley T. forestplot: advanced forest plot using grid’ graphics, in

R Package Version 3.1.3. (2023). Available online at: https://CRAN.R-project.org/
package=forestplot (accessed April 6, 2024).

21. Sheikh J, Allotey J, Kew T, Ferndndez-Félix BM, Zamora J, Khalil A, et al. Effects
of race and ethnicity on perinatal outcomes in high-income and upper-middle-income

Frontiersin Public Health

10.3389/fpubh.2025.1544903

countries: an individual participant data meta-analysis of 2 198 655 pregnancies.
Lancet. (2022) 400:2049-62. doi: 10.2139/ssrn.4023225

22. MacLellan J, Collins S, Myatt M, Pope C, Knighton W, Rai T. Black, Asian and
minority ethnic women’s experiences of maternity services in the UK: A qualitative
evidence synthesis. ] Adv Nurs. (2022) 78:2175-90. doi: 10.1111/jan.15233

23. Redshaw M, Rowe R, Hockley C, Brocklehurst P. Recorded delivery 2006.
In: National Maternity-Survey-Report Oxford: National Perinatal Epidemiology Unit.
(2023).

24. Kiserud T, Benachi A, Hecher K, Perez RG, Carvalho ], Piaggio G, et al. The
World Health Organization fetal growth charts: concept, findings, interpretation, and
application. Am J Obstet Gynecol. (2018) 218:5619-29. doi: 10.1016/j.ajog.2017.12.010

25. Louis GMB, Grewal ], Albert PS, Sciscione A, Wing DA, Grobman WA, et al.
Racial/ethnic standards for fetal growth: the NICHD Fetal Growth Studies. Am J Obstet
Gynecol. (2015) 213:449. doi: 10.1016/j.aj0g.2015.08.032

26. Nasiri K, Moodie EE, Abenhaim HA. To what extent is the association between
race/ethnicity and fetal growth restriction explained by adequacy of prenatal care?
A mediation analysis of a retrospectively selected cohort. Am ] Epidemiol. (2020)
189:1360-8. doi: 10.1093/aje/kwaa054

27. Marmot M, Bell R. Fair society, healthy lives. Public Health. (2012) 126:54-S10.
doi: 10.1016/j.puhe.2012,05.014

28. Haggarty P, Campbell DM, Duthie S, Andrews K, Hoad G, Piyathilake
C, et al. Diet and deprivation in pregnancy. Br ] Nutr. (2009) 102:1487-97.
doi: 10.1017/S0007114509990444

29. Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M. Diet or exercise,
or both, for preventing excessive weight gain in pregnancy. Coch Datab Systematic
Reviews. (2015) 2015:CD007145. doi: 10.1002/14651858.CD007145.pub3

30. McDonagh M. Is antenatal care effective in reducing maternal morbidity and
mortality? Health Policy Plan. (1996) 11:1-15. doi: 10.1093/heapol/11.1.1

31. Bauer CR, Shankaran S, Bada HS, Lester B, Wright LL, Krause-Steinrauf H, et al.
The maternal lifestyle study: drug exposure during pregnancy and short-term maternal
outcomes. Am J Obstet Gynecol. (2002) 186:487-95. doi: 10.1067/mob.2002.121073

32. Huizink AC, Mulder EJ, Smoking M. Maternal smoking, drinking
or cannabis use during pregnancy and neurobehavioral and cognitive
functioning in human offspring. Neurosci Biobehav Rev. (2006) 30:24-41.
doi: 10.1016/j.neubiorev.2005.04.005

33. Janssen PA, Holt VL, Sugg NK, Emanuel I, Critchlow CM, Henderson AD.
Intimate partner violence and adverse pregnancy outcomes: a population-based study.
Am ] Obstet Gynecol. (2003) 188:1341-7. doi: 10.1067/mob.2003.274

34. Bell R. Psychosocial Pathways and Health Outcomes: INFORMING Action on
Health Inequalities. London: The Institute of Health Equity. (2017).

35. Barrington WE, Stafford M, Hamer M, Beresford SAA, Koepsell
T, Steptoe A. Neighborhood socioeconomic  deprivation,  perceived
neighborhood factors, and cortisol responses to induced stress among
healthy adults. Health Place. (2014) 27:120-6. doi: 10.1016/j.healthplace.2014.
02.001

36. Christiansen JJ, Djurhuus CB, Gravholt CH, Iversen P, Christiansen JS, Schmitz
O, et al. Effects of Cortisol on carbohydrate, lipid, and protein metabolism: studies of
acute cortisol withdrawal in adrenocortical failure. J Clini Endocrinol Metabol. (2007)
92:3553-9. doi: 10.1210/jc.2007-0445

37. Cain DW, Cidlowski JA. Immune regulation by glucocorticoids. Nat Rev
Immunol. (2017) 17:233-47. doi: 10.1038/nri.2017.1

38. James KA, Stromin JI, Steenkamp N, Combrinck MI. Understanding
the relationships between physiological and psychosocial stress, cortisol and
cognition. Front Endocrinol. (2023) 14:1085950. doi: 10.3389/fendo.2023.1
085950

39. Pineles BL, Park E, Samet JM. Systematic review and meta-analysis of miscarriage
and maternal exposure to tobacco smoke during pregnancy. Am J Epidemiol. (2014)
179:807-23. doi: 10.1093/aje/kwt334

40. Marufu TC, Ahankari A, Coleman T, Lewis S. Maternal smoking and the risk
of still birth: systematic review and meta-analysis. BMC Public Health. (2015) 15:239.
doi: 10.1186/s12889-015-1552-5

41. Pineles BL, Hsu S, Park E, Samet JM. Systematic review and meta-analyses of
perinatal death and maternal exposure to tobacco smoke during pregnancy. Am |
Epidemiol. (2016) 184:87-97. doi: 10.1093/aje/kwv301

42. Suzuki K, Horiguchi T. Comas-urrutia AC, Mueller-Heubach E, Morishima
HO, Adamsons K. Pharmacologic effects of nicotine upon the fetus and
mother in the rhesus monkey. Am ] Obstet Gynecol. (1971) 111:1092-101.
doi: 10.1016/0002-9378(71)90109-8

43. Lambers DS, Clark KE. The maternal and fetal physiologic effects of nicotine. In:
Seminars in Perinatology. London: Elsevier (1996). p. 115-126.

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1544903
https://fingertips.phe.org.uk
https://www.birmingham.gov.uk/download/downloads/id/2533/index_of_deprivation_2019.pdf
https://www.birmingham.gov.uk/download/downloads/id/2533/index_of_deprivation_2019.pdf
https://www.solihull.gov.uk/sites/default/files/migrated/InfoandIntelligence_Index-of-Multiple-Deprivation-Summary.pdf
https://www.solihull.gov.uk/sites/default/files/migrated/InfoandIntelligence_Index-of-Multiple-Deprivation-Summary.pdf
https://doi.org/10.1136/bmjopen-2012-000964
https://doi.org/10.1136/bmjopen-2020-042753
https://doi.org/10.1136/bmjopen-2018-028227
https://doi.org/10.1136/bmjopen-2019-029424
https://www.ons.gov.uk/census
https://doi.org/10.1053/j.semperi.2011.02.021
https://doi.org/10.1371/journal.pone.0195146
https://doi.org/10.3389/fpubh.2024.1477418
https://doi.org/10.1016/S0140-6736(21)01595-6
https://doi.org/10.1016/j.eclinm.2022.101433
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.clevermed.com/badgernet/
https://www.clevermed.com/badgernet/
https://www.legislation.gov.uk/ukpga/Eliz2/1-2/20/contents
https://doi.org/10.1542/peds.2016-0551
https://www.who.int/news/item/07-11-2016-new-guidelines-on-antenatal-care-for-a-positive-pregnancy-experience
https://www.who.int/news/item/07-11-2016-new-guidelines-on-antenatal-care-for-a-positive-pregnancy-experience
https://CRAN.R-project.org/package=forestplot
https://CRAN.R-project.org/package=forestplot
https://doi.org/10.2139/ssrn.4023225
https://doi.org/10.1111/jan.15233
https://doi.org/10.1016/j.ajog.2017.12.010
https://doi.org/10.1016/j.ajog.2015.08.032
https://doi.org/10.1093/aje/kwaa054
https://doi.org/10.1016/j.puhe.2012.05.014
https://doi.org/10.1017/S0007114509990444
https://doi.org/10.1002/14651858.CD007145.pub3
https://doi.org/10.1093/heapol/11.1.1
https://doi.org/10.1067/mob.2002.121073
https://doi.org/10.1016/j.neubiorev.2005.04.005
https://doi.org/10.1067/mob.2003.274
https://doi.org/10.1016/j.healthplace.2014.02.001
https://doi.org/10.1210/jc.2007-0445
https://doi.org/10.1038/nri.2017.1
https://doi.org/10.3389/fendo.2023.1085950
https://doi.org/10.1093/aje/kwt334
https://doi.org/10.1186/s12889-015-1552-5
https://doi.org/10.1093/aje/kwv301
https://doi.org/10.1016/0002-9378(71)90109-8
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Ellis et al.

44. Moore E, Blatt K, Chen A, Van Hook J, DeFranco EA. Relationship of trimester-
specific smoking patterns and risk of preterm birth. Am J Obstet Gynecol. (2016)
215:109. doi: 10.1016/j.ajog.2016.01.167

45. Soneji S, Beltran-Sanchez H. Association of maternal cigarette smoking
and smoking cessation with preterm birth. JAMA Netw Open. (2019) 2:¢192514.
doi: 10.1001/jamanetworkopen.2019.2514

46. Tobacco Advisory Group of the RC of Physicians of London. Hiding in Plain
Sight: Treating Tobacco Dependency in the NHS. London: Royal College of Physicians
of London (RCP). (2018).

47. Mathur R, Schofield P, Smith D, Gilkes A, White P, Hull S. Is individual smoking
behaviour influenced by area-level ethnic density? A cross-sectional electronic health
database study of inner south-east London. ERJ Open Res. (2017) 3:00130-2016.
doi: 10.1183/23120541.00130-2016

48. Office for National Statistics. Deprivation and the Impact on Smoking Prevalence,
England and Wales: 2017 to 2021. (2021). Available online at: https://www.ons.gov.
uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/
birthcharacteristicsinenglandandwales (accessed 24 October, 2023).

49. Yuan W, Steffensen E, Nielsen G. Moller M, Olsen J, Serensen HT. A population-
based cohort study of birth and neonatal outcome in older primipara. Int ] Gynecol
Obstet. (2000) 68:113-8. doi: 10.1016/S0020-7292(99)00181-2

50. Bell JS, Campbell DM, Graham W], Penney GC, Ryan M, Hall MH. Can
obstetric complications explain the high levels of obstetric interventions and maternity
service use among older women? A retrospective analysis of routinely collected
data. Br ] Obstetr Gynaecol. (2001) 108:910-8. doi: 10.1016/S0306-5456(01)002
14-5

51. Birmingham City Council. Joint Strategic Needs Assessment (JSNA). (2024).
Available online at: https://www.cityobservatory.birmingham.gov.uk/@birmingham-
city- council/joint-strategic- needs- assessment-jsna (accessed 14 February, 2024).

52. Carolan M, Frankowska D. Advanced maternal age and adverse
perinatal outcome: a review of the evidence. Midwifery. (2011) 27:793-801.
doi: 10.1016/j.midw.2010.07.006

53. McDonald SD, Han Z, Mulla S, Beyene J. Overweight and obesity in mothers and
risk of preterm birth and low birth weight infants: systematic review and meta-analyses.
BM]J. (2010) 341:¢3428. doi: 10.1136/bmj.c3428

54. Chu SY, Callaghan WM, Kim SY, Schmid CH, Lau J, England L], et al. Maternal
obesity and risk of gestational diabetes mellitus. Diabet Care. (2007) 30:2070-6.
doi: 10.2337/dc06-2559a

55. Wendland EM, Torloni MR, Falavigna M, Trujillo ], Dode MA, Campos
MA, et al. Gestational diabetes and pregnancy outcomes-a systematic review of the
World Health Organization (WHO) and the International Association of Diabetes in

Frontiersin Public Health

11

10.3389/fpubh.2025.1544903

Pregnancy Study Groups (IADPSG) diagnostic criteria. BMC Pregn Childbirth. (2012)
12:1-13. doi: 10.1186/1471-2393-12-23

56. Grantz KL, Grewal ], Albert PS, Wapner R, D’Alton ME, Sciscione A, et al.
Dichorionic twin trajectories: the NICHD Fetal Growth Studies. Am J Obstet Gynecol.
(2016) 215:221.e1-221. doi: 10.1016/j.aj0g.2016.04.044

57. Khalil A, Rodgers M, Baschat A, Bhide A, Gratacos E, Hecher K, et al. ISUOG
Practice Guidelines: role of ultrasound in twin pregnancy. Ultrasound Obstet Gynecol.
(2016) 47:247-63. doi: 10.1002/u0g.15821

58. Poorolajal J, Ameri P, Soltanian A, Bahrami M. Effect of consanguinity on low
birth weight: a meta-analysis. Arch Iran Med. (2017). 20:3.

59. Oniya O, Neves K, Ahmed B, Konje JC. A review of the reproductive
consequences of consanguinity. Eur ] Obstet Gynecol Reprod Biol. (2019) 232:87-96.
doi: 10.1016/j.¢jogrb.2018.10.042

60. The World Health Organisation. Committing to implementation of the Global
Strategy for Womens, Children’s and Adolescents Health (2016-2030). (2023).
Available online at: https://www.who.int/publications/i/item/WHO-UHL- MCA-GS-
23.01 (accessed 24 October, 2023).

61. United Nations Inter-Agency Group for Child Mortality Estimation (UN IGME).
Levels and Trends in Child Mortality. (2023). Available online at: https://data.unicef.
org/resources/levels-and- trends- in- child-mortality/ (accessed 24 October, 2023).

62. NHS England. National Maternity Review. (2016). Available online at: https://
www.england.nhs.uk/mat- transformation/implementing- better- births/mat- review/
(accessed 24 October, 2023).

63. The Royal College of Paediatrics and Child Health. NHS England Long-Term
Plan A Summary of Child Health Proposals. (2019). Available online at: https://
www.rcpch.ac.uk/resources/nhs-long-term-plan- summary- child- health- proposals
(accessed 24 October, 2023).

64. NHS England. Implementing the Recommendations of the Neonatal Critical
Care Transformation Review. (2019). Available online at: https://www.england.nhs.
uk/publication/implementing- the- reccommendations- of- the- neonatal- critical- care-
transformation-review/ (accessed 24 October, 2023).

65. Scobie S, Spencer ], Raleigh V. Ethnicity Coding in English Health Service
Datasets. London: Nuffield Trust. (2021).

66. Birmingham City Council and Lewisham Council. Birmingham and Lewisham
African and Caribbean Health Inequalities Review (BLACHIR). (2022). Available online
at: https://www.birmingham.gov.uk/downloads/file/23111/blachir_report (accessed 23
September, 2023).

67. Cole TJ, Williams AF, Wright CM, RCPCH Growth Chart Expert Group. Revised
birth centiles for weight, length and head circumference in the UK-WHO growth
charts. Ann Hum Biol. (2011) 38:7-11. doi: 10.3109/03014460.2011.544139

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1544903
https://doi.org/10.1016/j.ajog.2016.01.167
https://doi.org/10.1001/jamanetworkopen.2019.2514
https://doi.org/10.1183/23120541.00130-2016
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthcharacteristicsinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthcharacteristicsinenglandandwales
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/livebirths/datasets/birthcharacteristicsinenglandandwales
https://doi.org/10.1016/S0020-7292(99)00181-2
https://doi.org/10.1016/S0306-5456(01)00214-5
https://www.cityobservatory.birmingham.gov.uk/@birmingham-city-council/joint-strategic-needs-assessment-jsna
https://www.cityobservatory.birmingham.gov.uk/@birmingham-city-council/joint-strategic-needs-assessment-jsna
https://doi.org/10.1016/j.midw.2010.07.006
https://doi.org/10.1136/bmj.c3428
https://doi.org/10.2337/dc06-2559a
https://doi.org/10.1186/1471-2393-12-23
https://doi.org/10.1016/j.ajog.2016.04.044
https://doi.org/10.1002/uog.15821
https://doi.org/10.1016/j.ejogrb.2018.10.042
https://www.who.int/publications/i/item/WHO-UHL-MCA-GS-23.01
https://www.who.int/publications/i/item/WHO-UHL-MCA-GS-23.01
https://data.unicef.org/resources/levels-and-trends-in-child-mortality/
https://data.unicef.org/resources/levels-and-trends-in-child-mortality/
https://www.england.nhs.uk/mat-transformation/implementing-better-births/mat-review/
https://www.england.nhs.uk/mat-transformation/implementing-better-births/mat-review/
https://www.rcpch.ac.uk/resources/nhs-long-term-plan-summary-child-health-proposals
https://www.rcpch.ac.uk/resources/nhs-long-term-plan-summary-child-health-proposals
https://www.england.nhs.uk/publication/implementing-the-recommendations-of-the-neonatal-critical-care-transformation-review/
https://www.england.nhs.uk/publication/implementing-the-recommendations-of-the-neonatal-critical-care-transformation-review/
https://www.england.nhs.uk/publication/implementing-the-recommendations-of-the-neonatal-critical-care-transformation-review/
https://www.birmingham.gov.uk/downloads/file/23111/blachir_report
https://doi.org/10.3109/03014460.2011.544139
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Wider determinants of adverse birth outcomes in Birmingham and Solihull
	1 Introduction
	2 Methods
	2.1 Statistical analysis

	3 Results
	4 Discussion
	4.1 Policy implications
	4.2 Strengths and limitations

	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


