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Abstract
Objective To describe ethnic and socioeconomic
variation in cause-specific infant mortality of preterm
babies by gestational age at birth.
Design National birth cohort study.
Setting England and Wales 2006–2012.
Subjects Singleton live births at 24–36 completed
weeks’ gestation (n=256 142).
Outcome measures Adjusted rate ratios for death
in infancy by cause (three groups), within categories of
gestational age at birth (24–27, 28–31, 32–36 weeks),
by baby’s ethnicity (nine groups) or area deprivation
score (Index of Multiple Deprivation quintiles).
Results Among 24–27 week births (5% of subjects;
47% of those who died in infancy), all minority ethnic
groups had lower risk of immaturity-related death than
White British, the lowest rate ratios being 0.63 (95% CI
0.49 to 0.80) for Black Caribbean, 0.74 (0.64 to 0.85)
for Black African and 0.75 (0.60 to 0.94) for Indian.
Among 32–36 week births, all minority groups had
higher risk of death from congenital anomalies than
White British, the highest rate ratios being 4.50 (3.78 to
5.37) for Pakistani, 2.89 (2.10 to 3.97) for Bangladeshi
and 2.06 (1.59 to 2.68) for Black African; risks of death
from congenital anomalies and combined rarer causes
(infection, intrapartum conditions, SIDS and unclassified)
increased with deprivation, the rate ratios comparing the
most with the least deprived quintile being, respectively,
1.54 (1.22 to 1.93) and 2.05 (1.55 to 2.72). There was
no evidence of socioeconomic variation in deaths from
immaturity-related conditions.
Conclusions Gestation-specific preterm infant
mortality shows contrasting ethnic patterns of death
from immaturity-related conditions in extremely-preterm
babies, and congenital anomalies in moderate/latepreterm babies. Socioeconomic variation derives from
congenital anomalies and rarer causes in moderate/
late-preterm babies. Future research should examine
biological origins of extremely preterm birth.

Introduction
Inequalities in infant mortality in England and
Wales remain of concern, with relatively high risks
in some Black and South Asian ethnic groups1 and
for disadvantaged mothers.2 These inequalities
reflect similar ethnic and socioeconomic variation
in the occurrence of preterm birth,1 2 which is very
closely associated with infant mortality. Preterm
babies (under 37 weeks’ gestation) constituted 8%

What is already known on this topic?
►► In England and Wales, most babies who die in

infancy are born preterm.

►► Patterns of infant mortality for preterm babies

are poorly understood and may differ by level of
prematurity.

What this study adds?
►► In extremely preterm babies, risk of immaturity-

related death is lower for all minority ethnic
groups than for White British.
►► In moderate/late preterm babies, risk of death
from congenital anomalies is higher for all
minority ethnic groups than for White British
and increases with deprivation.
►► The study found no evidence of socioeconomic
variation in deaths from immaturity-related
conditions in any gestational age group.

of live births in England and Wales in 2015, but
72% of those who died in infancy.1
Whether there is also ethnic and socioeconomic
variation in infant mortality specifically among
preterm babies is not clear. Patterns of risk are
poorly understood and may differ by degree of
prematurity and cause of death. To our knowledge,
no relevant gestation-specific analysis has examined
different causes of death separately, and international evidence about gestation-specific all-cause
mortality is limited by varying outcome definitions,
gestation categories and ethnic groupings.3–15 The
extent to which socioeconomic circumstances might
contribute to ethnic variation in infant mortality,
and vice versa, is uncertain.
We aimed to describe ethnic and socioeconomic
variation in cause-specific infant mortality of
singleton preterm babies in England and Wales by
gestational age at birth.

Methods
Study design and data sources

We conducted a national cohort study using routine
data provided by the Office for National Statistics
(ONS), based on National Health Service birth
notifications linked with civil birth and death registrations. Details are reported elsewhere.16 The full
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Variables

Using the ONS hierarchical classification based on The Tenth
Revision of the International Statistical Classification of Diseases
and Related Health Problems (ICD-10),18 we grouped the causes
of infant death as congenital anomalies, immaturity-related
conditions, and all other causes combined ('other'). Following
WHO guidelines,19 we categorised gestational age at birth as
24–27 completed weeks (extremely preterm), 28–31 (very
preterm) and 32–36 (moderate/late preterm). We grouped the
baby’s ethnicity (stated by the mother) as White British, White
Non-British, Pakistani, Indian, Bangladeshi, Black African, Black
Caribbean, other stated and unstated16; the ‘other stated’ group
included categories that were mixed (eg, mixed White and Black
Caribbean), rare (eg, Chinese) or non-specific (eg, ‘any other
Asian background’). We assessed socioeconomic disadvantage
using quintile categories of the respective national Index of
Multiple Deprivation (IMD) for England 201520 and for Wales
2014,21 based on the mother’s address at birth registration.
Gestational age was obtained from routine maternity records
and is likely to have been based on the results of ultrasound
examinations.22 No data were available for other aspects of clinical care, such as the use of antenatal corticosteroids.

Sensitivity analysis

We used IMD in our main analysis because this area-based
measure of disadvantage was available for all members of the
cohort. ONS applies the occupation-based National Statistics
Socioeconomic Classification25 (NS-SEC) to a 10% random
sample of births. We refitted our socioeconomic model in this
subgroup of the dataset to assess sensitivity to the socioeconomic
measure used, replacing IMD with household NS-SEC (higher
managerial, administrative and professional occupations; intermediate occupations; routine and manual occupations; other,
including unstated/unspecific occupations, students, long-term
unemployed and never worked).

Results
Descriptive analysis

After exclusions for implausible gestational age (0.4%), missing
birth weight (0.4%) and implausible birth weight (1.5%), there
were 4 634 932 live singleton births,16 of which 256 142 were at
24–36 completed weeks of gestation (table 1). The proportion of
births in the ‘unstated’ category of ethnicity was 6%, decreasing
from 10% in 2006 to 4% in 2012. There were no other missing
data.

Statistical analysis

We conducted a separate analysis for each combination of gestation category and cause group, using Stata V.13 (StataCorp, 2013).
Within gestation groups, we calculated cause-specific infant
Table 1

Characteristics of the study population

Gestation at birth

24–27 weeks

Number of births

N

28–31 weeks
%

N

32–36 weeks
%

N

Total
%

N

Ethnicity
 White British

% IMD5
6727

57.7

16 852

63.2

 White Non-British

653

5.6

1436

5.4

13 534

6.2

15 623

27.5

 Pakistani

540

4.6

1200

4.5

8930

4.1

10 670

56.0

 Indian

339

2.9

822

3.1

6749

3.1

7910

25.9

 Bangladeshi

141

1.2

340

1.3

3442

1.6

3923

58.2

 Black African

857

7.4

1348

5.1

7100

3.3

9305

49.7

 Black Caribbean

336

2.9

536

2.0

2934

1.4

3806

51.5

1231

10.6

2462

9.2

19 707

9.1

23 400

36.5

828

7.1

1691

6.3

13 520

6.2

16 039

 Other stated
 Unstated

141 887

65.1

165 466

IMD

28.4

26.9
% WB

 1=advantaged

1229

10.5

3073

11.5

28 256

13.0

32 558

76.1

 2

1560

13.4

3697

13.9

32 612

15.0

37 869

73.4

 3

1921

16.5

4482

16.8

38 534

17.7

44 937

67.9

 4

2784

23.9

6504

24.4

50 400

23.1

59 688

59.2

 5=disadvantaged

4158

35.7

8931

33.5

68 001

31.2

81 090

11 652

100.0

26 687

100.0

Total

217 803

100.0

256 142

58.0
100.0

Live singleton births at 24 – 36 weeks , England and Wales 2006 – 2012. Stratified by gestational age at birth (completed weeks).
IMD, Index of Multiple Deprivation; IMD5, most disadvantaged IMD quintile; N, number of births; WB, White British.

F2

Kroll ME, et al. Arch Dis Child Fetal Neonatal Ed 2019;0:F1–F8. doi:10.1136/archdischild-2018-316463

Arch Dis Child Fetal Neonatal Ed: first published as 10.1136/archdischild-2018-316463 on 23 May 2019. Downloaded from http://fn.bmj.com/ on 30 May 2019 by guest. Protected by
copyright.

mortality rates per 1000 live singleton preterm births during
2006–2012, by ethnicity and by IMD quintile. To estimate the
association of infant mortality with ethnicity, we fitted a Poisson
regression model with robust standard errors, adjusting for
potential confounding by birth year and gestation week (within
gestation category) as continuous variables and for IMD as a
categorical variable. To estimate the association with socioeconomic circumstances, we used IMD instead of ethnicity as the
main exposure variable and included ethnicity instead of IMD
among the adjustment factors. Causal diagrams for these models
are presented in online supplementary figure S1.23 Variation in
adjusted risk was measured by the appropriate Wald statistic,
using a Bonferroni significance level of 0.0021 to compensate
for multiple testing.24

cohort comprised all 4.7 million singleton babies born alive at
22+ completed weeks of gestation in England and Wales from 1
January 2006 to 31 December 2012. We sequentially excluded
births with implausible gestational age (43+ weeks), missing
birth weight, or implausible birth weight for gestational age
(more than twice the IQR above or below the median within
sex–gestation–ethnicity strata of the dataset). We analysed the
subset born at 24 to 36 completed weeks of gestation, applying
the lower limit because of known variation in completeness of
registration of births before 24 weeks.17

Original article
Number of infant deaths, by ethnicity and by area deprivation (IMD)
24–27 weeks

Cause of death

ConAnm

ImmRel

Other

28–31 weeks
ConAnm

ImmRel

Other

32–36 weeks
ConAnm

Total
ImmRel

Other

Ethnicity
109

1522

206

213

442

166

553

146

488

 White Non-British

 White British

18

124

28

28

49

16

67

15

33

378

 Pakistani

15

104

27

33

35

23

168

20

54

479

 Indian/Bangladeshi
 Black African/Caribbean

3845

8

86

15

23

28

11

88

8

28

295

20

211

49

15

32

20

78

5

35

465

 Other stated

19

218

39

34

63

27

107

20

59

586

 Unstated

16

182

29

24

56

11

57

18

39

432

IMD
 1=advantaged

14

260

43

35

89

14

91

26

60

632

 2

16

301

43

41

103

44

153

36

80

817

 3

32

409

70

56

113

45

159

36

107

1027

 4

52

613

82

92

164

73

267

56

187

1586

 5=disadvantaged
Total
%

91

864

155

146

236

98

448

78

302

2418

205

2447

393

370

705

274

1118

232

736

6480

3

38

6

6

11

4

17

4

11

100

Live singleton births at 24 – 36 weeks , England and Wales 2006 – 2012. Stratified by gestational age at birth (completed weeks) and cause of death. Ethnic groups with few
deaths are combined to preserve confidentiality.
IMD, Index of Multiple Deprivation; ConAnm, congenital anomalies; ImmRel, immaturity-related.

The proportion of babies in the most disadvantaged IMD
quintile (category 5) varied with ethnicity, being 26% to 28%
for the Indian, White Non-British and White British groups but
50% to 58% for the Black African, Black Caribbean, Pakistani
and Bangladeshi groups (table 1). The proportion of ethnic
minority babies was higher for births at earlier gestational ages;
in particular, the combined proportion of Black African and
Black Caribbean babies increased from 5% of births at 32–36
weeks to 10% of births at 24–27 weeks.
Overall, 6480 babies died in infancy (table 2), a rate of 25.3
per 1000 live singleton births at 24–36 weeks; 52% of infant
deaths were attributed to immaturity-related conditions, 26%
to congenital anomalies and 22% to other causes (postpartum
infections 5%, intrapartum asphyxia/anoxia/trauma 4%, sudden
infant death 3%, antepartum infections 2% and unclassified 5%).
Births at 24–27 weeks constituted just 5% of babies in the study
population but 47% of those who died in infancy, while births at
32–36 weeks constituted 85% of babies but 32% of those who
died in infancy. Hence, crude all-cause infant mortality rates
decreased from 261 per 1000 for births at 24–27 weeks to 10
per 1000 for births at 32–36 weeks (table 3).

Ethnicity

In babies born at 24–27 weeks, risk of immaturity-related
death was low for the Black Caribbean (adjusted rate ratio
0.63), Black African (0.74), Indian (0.75), Pakistani (0.79) and
White Non-British (0.83) groups compared with White British
(p<0.0001 for ethnic variation) (table 4).
In babies born at 28–31 weeks, risk of death from congenital
anomalies was high for the Pakistani (2.00), Bangladeshi (1.91)
and White Non-British (1.53) groups, but low for the Black
Caribbean group (0.14) (p=0.0008).
In babies born at 32–36 weeks, risk of death from congenital
anomalies was high for the Pakistani (4.50), Bangladeshi (2.89),
Black African (2.06), Indian (1.79) and White Non-British (1.29)
groups (p<0.0001).
There was no statistically significant ethnic variation in the
other cause-gestation strata.

Area deprivation

In babies born at 32–36 weeks, risk of death from congenital
anomalies was highest in the most disadvantaged IMD quintile (adjusted rate ratio 1.54 relative to the most advantaged)
(p=0.0009 for variation between quintiles) (table 5). Risk of
death from ‘other’ causes was highest in the most disadvantaged
quintile (2.05) (p<0.0001) with an increasing trend.
There was no statistically significant variation between quintiles for any cause of death in babies born before 32 weeks or for
immaturity-related death in any gestation category.

Sensitivity analysis

Although the NS-SEC analysis found no strong evidence of
socioeconomic differences, the results were consistent with
a socioeconomic trend in risk of death from ‘other’ causes in
babies born at 32–36 weeks (online supplementary table S1), as
for the IMD analysis.

Discussion
Statement of principal findings

Among live singletons born at 24–36 completed weeks’ gestation, extremely preterm babies (24–27 weeks, 5% of the births)
accounted for nearly half of infant deaths, very preterm babies
(28–31 weeks, 10%) a fifth and moderate/late preterm babies
(32–36 weeks, 85%) a third. Four-fifths of deaths were attributed
to immaturity-related conditions or congenital anomalies.
Patterns of ethnic variation differed by gestational age at
birth. Among extremely preterm babies, all minority ethnic
groups had lower risk of immaturity-related death than White
British, with adjusted rate ratios of 0.63–0.83 for Black Caribbean, Black African, Indian, Pakistani and White Non-British.
Among moderate/late preterm babies, all minority groups had
higher risk of death from congenital anomalies than White
British, with adjusted rate ratios of 4.5 for Pakistani, 2.9 for
Bangladeshi and 2.1–1.2 for Black African, Indian and White
Non-British. Patterns of ethnic variation for very preterm babies
were intermediate.
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Table 2

Gestation at birth

Original article
Crude infant mortality rate per 1000 by ethnicity and by area deprivation (IMD), with 95% CI
Congenital anomalies

Immaturity-related

Other causes

All causes

Gestation at birth

Rate per 1000

Rate per 1000

Rate per 1000

Rate per 1000

24–27 weeks

17.6 (15.3 to 20.1)

210 (203 to 218)

33.7 (30.5 to 37.2)

261 (253 to 269)

Ethnicity
 White British

16.2 (13.3 to 19.5)

226 (216 to 236)

30.6 (26.6 to 35.0)

273 (262 to 284)

 White Non-British

27.6 (16.4 to 43.2)

190 (161 to 222)

42.9 (28.7 to 61.4)

260 (227 to 296)

 Pakistani

27.8 (15.6 to 45.4)

193 (160 to 228)

50.0 (33.2 to 71.9)

270 (233 to 310)

 Indian/Bangladeshi

16.7 (7.22 to 32.6)

179 (146 to 216)

31.3 (17.6 to 51.0)

227 (190 to 267)

 Black African/Caribbean

16.8 (10.3 to 25.8)

177 (156 to 200)

41.1 (30.5 to 53.9)

235 (211 to 260)

 Other stated

15.4 (9.32 to 24.0)

177 (156 to 200)

31.7 (22.6 to 43.1)

224 (201 to 249)

 Unstated

19.3 (11.1 to 31.2)

220 (192 to 250)

35.0 (23.6 to 49.9)

274 (244 to 306)

IMD
 1=advantaged

11.4 (6.24 to 19.0)

212 (189 to 235)

35.0 (25.4 to 46.8)

258 (234 to 283)

 2

10.3 (5.87 to 16.6)

193 (174 to 213)

27.6 (20.0 to 37.0)

231 (210 to 252)

 3

16.7 (11.4 to 23.4)

213 (195 to 232)

36.4 (28.5 to 45.8)

266 (246 to 286)

 4

18.7 (14.0 to 24.4)

220 (205 to 236)

29.5 (23.5 to 36.4)

268 (252 to 285)

 5=disadvantaged

21.9 (17.7 to 26.8)

208 (196 to 220)

37.3 (31.7 to 43.5)

267 (254 to 281)

28– 31 weeks

13.9 (12.5 to 15.3)

26.4 (24.5 to 28.4)

 White British

12.6 (11.0 to 14.4)

26.2 (23.9 to 28.8)

 White Non-British

19.5 (13.0 to 28.1)

34.1 (25.3 to 44.9)

11.1 (6.38 to 18.0)

64.8 (52.6 to 78.8)

 Pakistani

27.5 (19.0 to 38.4)

29.2 (20.4 to 40.3)

19.2 (12.2 to 28.6)

75.8 (61.5 to 92.3)

 Indian/Bangladeshi

19.8 (12.6 to 29.6)

24.1 (16.1 to 34.6)

10.3 (9.09 to 11.6)

50.5 (48.0 to 53.2)

Ethnicity

 Black African/Caribbean

7.96 (4.46 to 13.1)

9.85 (8.41 to 11.5)

9.47 (4.73 to 16.9)

48.7 (45.5 to 52.1)

53.4 (41.1 to 67.9)

17.0 (11.6 to 23.9)

10.6 (6.50 to 16.3)

35.6 (27.7 to 44.9)

11.0 (7.24 to 15.9)

50.4 (42.1 to 59.8)

 Other stated

13.8 (9.58 to 19.2)

25.6 (19.7 to 32.6)

 Unstated

14.2 (9.11 to 21.0)

33.1 (25.1 to 42.8)

 1=advantaged

11.4 (7.95 to 15.8)

29.0 (23.3 to 35.5)

 2

11.1 (7.97 to 15.0)

27.9 (22.8 to 33.7)

11.9 (8.66 to 15.9)

50.9 (44.0 to 58.4)

 3

12.5 (9.45 to 16.2)

25.2 (20.8 to 30.2)

10.0 (7.33 to 13.4)

47.7 (41.7 to 54.4)

 4

14.1 (11.4 to 17.3)

25.2 (21.5 to 29.3)

11.2 (8.81 to 14.1)

50.6 (45.4 to 56.2)

 5=disadvantaged

16.4 (13.8 to 19.2)

26.4 (23.2 to 30.0)

11.0 (8.92 to 13.4)

53.7 (49.2 to 58.6)

6.51 (3.25 to 11.6)

53.8 (43.5 to 65.7)

4.56 (2.49 to 7.63)

44.9 (37.9 to 52.8)

IMD

32–36 weeks

5.13 (4.84 to 5.44)

1.07 (0.93 to 1.21)

3.38 (3.14 to 3.63)

9.58 (9.17 to 10.0)

Ethnicity
 White British

3.90 (3.58 to 4.24)

1.03 (0.87 to 1.21)

3.44 (3.14 to 3.76)

8.37 (7.90 to 8.85)

 White Non-British

4.95 (3.84 to 6.28)

1.11 (0.62 to 1.83)

2.44 (1.68 to 3.42)

8.50 (7.02 to 10.2)

 Pakistani
 Indian/Bangladeshi

18.8 (16.1 to 21.8)
8.64 (6.93 to 10.6)

2.24 (1.37 to 3.46)

6.05 (4.55 to 7.88)

27.1 (23.8 to 30.7)

0.79 (0.34 to 1.55)

2.75 (1.83 to 3.97)

12.2 (10.1 to 14.5)
11.8 (9.74 to 14.1)

 Black African/Caribbean

7.77 (6.15 to 9.69)

0.50 (0.16 to 1.16)

3.49 (2.43 to 4.85)

 Other stated

5.43 (4.45 to 6.56)

1.01 (0.62 to 1.57)

2.99 (2.28 to 3.86)

9.44 (8.14 to 10.9)

 Unstated

4.22 (3.19 to 5.46)

1.33 (0.79 to 2.10)

2.88 (2.05 to 3.94)

8.43 (6.96 to 10.1)

IMD
 1=advantaged

3.22 (2.59 to 3.95)

0.92 (0.60 to 1.35)

2.12 (1.62 to 2.73)

6.26 (5.38 to 7.25)

 2

4.69 (3.98 to 5.49)

1.10 (0.77 to 1.53)

2.45 (1.95 to 3.05)

8.25 (7.30 to 9.29)

 3

4.13 (3.51 to 4.82)

0.93 (0.65 to 1.29)

2.78 (2.28 to 3.35)

 4

5.30 (4.68 to 5.97)

1.11 (0.84 to 1.44)

3.71 (3.20 to 4.28)

10.1 (9.26 to 11.0)

7.84 (6.98 to 8.77)

 5=disadvantaged

6.59 (5.99 to 7.23)

1.15 (0.91 to 1.43)

4.44 (3.96 to 4.97)

12.2 (11.4 to 13.0)

Live singleton births at 24 – 36 weeks , England and Wales 2006 – 2012. Stratified by gestational age at birth (completed weeks) and cause of death. Ethnic groups with few
deaths are combined to preserve confidentiality.
IMD, Index of Multiple Deprivation.

There was evidence of socioeconomic variation only for
moderate/late preterm babies and for causes other than immaturity-related conditions: risks of death from congenital anomalies
and combined rarer causes (infections, intrapartum conditions,
sudden infant death and unclassified) increased with area deprivation, adjusted rate ratios being 1.54 and 2.1, respectively,
comparing the most with the least disadvantaged IMD quintile.
F4

Strengths and limitations
To our knowledge, this is the first study to describe ethnic and
socioeconomic variation in gestation-specific preterm infant
mortality by cause of death. Some of our findings may be generalisable to similar ethnic and social groups resident in other
countries. The study was based on linked routine data from
England and Wales for a 7-year national birth cohort, with
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Table 3

Cause of death

Original article
Adjusted incidence rate ratio for infant mortality in preterm babies, by ethnicity relative to White British, with 95% CI
Congenital anomalies

Immaturity-related

Other causes

All causes

Gestation at birth
24–27 weeks
 White British

1.00

1.00

1.00

1.00

 White Non-British

1.66 (1.02 to 2.71)

0.83 (0.70 to 0.97)

1.44 (0.98 to 2.11)

0.94 (0.83 to 1.08)

 Pakistani

1.47 (0.86 to 2.50)

0.79 (0.67 to 0.94)

1.55 (1.04 to 2.29)

0.92 (0.80 to 1.05)

 Indian

0.87 (0.36 to 2.11)

0.75 (0.60 to 0.94)

0.85 (0.44 to 1.65)

0.77 (0.64 to 0.93)

 Bangladeshi

1.15 (0.37 to 3.55)

0.77 (0.54 to 1.09)

1.43 (0.65 to 3.15)

0.87 (0.65 to 1.15)

 Black African

0.86 (0.49 to 1.50)

0.74 (0.64 to 0.85)

1.24 (0.87 to 1.77)

0.80 (0.71 to 0.90)

 Black Caribbean

0.94 (0.42 to 2.11)

0.63 (0.49 to 0.80)

1.30 (0.77 to 2.21)

0.72 (0.59 to 0.88)

 Other stated

0.88 (0.54 to 1.43)

0.76 (0.67 to 0.86)

1.03 (0.73 to 1.44)

0.80 (0.72 to 0.89)

 Unstated

1.12 (0.67 to 1.88)

0.91 (0.80 to 1.03)

1.04 (0.71 to 1.54)

 
Χ2 for variation

7.4, p=0.5

53.0, p<0.0001

9.3, p=0.3

0.94 (0.84 to 1.05)
40.1, p<0.0001

28–31 weeks
 White British

1.00

1.00

1.00

1.00

 White Non-British

1.53 (1.03 to 2.26)

1.27 (0.95 to 1.69)

1.11 (0.67 to 1.86)

1.31 (1.06 to 1.60)

 Pakistani

2.00 (1.38 to 2.89)

1.11 (0.79 to 1.56)

1.82 (1.18 to 2.82)

1.50 (1.21 to 1.85)

 Indian

1.32 (0.77 to 2.26)

0.72 (0.44 to 1.18)

0.95 (0.47 to 1.93)

0.92 (0.67 to 1.27)

 Bangladeshi

1.91 (0.98 to 3.72)

1.32 (0.75 to 2.34)

0.86 (0.28 to 2.68)

1.39 (0.94 to 2.06)

 Black African

0.76 (0.44 to 1.31)

0.56 (0.36 to 0.87)

0.90 (0.51 to 1.59)

0.68 (0.51 to 0.91)

 Black Caribbean

0.14 (0.02 to 0.98)

0.75 (0.42 to 1.34)

1.21 (0.57 to 2.56)

0.68 (0.44 to 1.06)

 Other stated

1.06 (0.74 to 1.51)

0.95 (0.73 to 1.24)

1.07 (0.71 to 1.60)

1.00 (0.83 to 1.20)

 Unstated

1.12 (0.73 to 1.71)

1.26 (0.96 to 1.65)

0.63 (0.34 to 1.15)

 
Χ2 for variation

26.7, p=0.0008

17.1, p=0.03

11.1, p=0.2

1.09 (0.88 to 1.35)
35.0, p<0.0001

32–36 weeks
 White British

1.00

1.00

1.00

1.00

 White Non-British

1.29 (1.00 to 1.66)

1.16 (0.68 to 1.97)

0.71 (0.50 to 1.02)

1.04 (0.86 to 1.25)

 Pakistani

4.50 (3.78 to 5.37)

2.13 (1.32 to 3.45)

1.49 (1.12 to 1.98)

2.93 (2.55 to 3.37)

 Indian

1.79 (1.33 to 2.41)

1.02 (0.48 to 2.18)

0.85 (0.54 to 1.32)

1.30 (1.03 to 1.65)

 Bangladeshi

2.89 (2.10 to 3.97)

0.29 (0.04 to 2.05)

0.57 (0.29 to 1.16)

1.59 (1.20 to 2.11)

 Black African

2.06 (1.59 to 2.68)

0.24 (0.06 to 0.97)

0.86 (0.57 to 1.29)

1.33 (1.07 to 1.65)

 Black Caribbean

1.20 (0.72 to 2.00)

0.91 (0.29 to 2.84)

0.83 (0.44 to 1.54)

1.01 (0.69 to 1.46)

 Other stated

1.36 (1.11 to 1.67)

0.98 (0.61 to 1.56)

0.82 (0.62 to 1.07)

1.09 (0.93 to 1.27)

 Unstated

1.08 (0.83 to 1.42)

1.20 (0.73 to 1.96)

0.81 (0.58 to 1.12)

 
Χ2 for variation

308.7, p<0.0001

16.7, p=0.03

19.7, p=0.01

0.99 (0.82 to 1.20)
238.8, p<0.0001

Live singleton births at 24 – 36 weeks , England and Wales 2006–2012 . Stratified by gestational age at birth (completed weeks) and cause of death. Adjusted for IMD, birth
year and gestation week. All models have acceptable goodness-of fit (Pearson p>0.1). P-value from Wald test for ethnic variation shown in bold if statistically significant, with
Bonferroni significance level 0.0021 to compensate for multiple tests.
IMD, Index of Multiple Deprivation.

virtually complete follow-up through the death registration
system. Gestational age was derived from maternity records, and
the proportion of exclusions for missing or implausible information was very small (2%).
Where infant deaths were attributed to congenital anomalies, no information on the specific type of congenital anomaly
was available. The study period (2006–2012) is now several
years old, but the observed patterns of ethnic and socioeconomic variation seem likely to be reasonably stable over time.
The proportion of births with unstated ethnicity decreased
over time, from 10% in 2010 to 4% in 2016, but all regression analyses were adjusted for potential confounding by birth
year. Although birth notifications nominally recorded the
baby’s ethnicity as stated by the mother, in practice they may
have included reports by healthcare professionals of the baby’s
or mother’s ethnicity26; any resulting misclassification might
have caused underestimation of differences between ethnic
groups, but the potential bias is probably small. Area deprivation scores do not necessarily reflect individual socioeconomic

circumstances; the sensitivity analysis using individual-level
NS-SEC was underpowered, being based on just a 10% sample
of births, but gave compatible results. Using separate IMD
quintiles for England and for Wales is unlikely to have materially affected the results, as deprivation-specific mortality rates
are similar,27 and only 5% of the cohort were born to mothers
resident in Wales.

Relation to other findings
Our results appear broadly consistent with international
evidence on ethnic3–11 or socioeconomic12–15 variation in gestation-specific all-cause mortality of preterm babies. Comparisons
require caution, however, as designs, settings, time periods,
outcome definitions, gestation categories and ethnic groupings
varied; births before 24 weeks and multiples were included;
and maternal (not infant) ethnicity was generally examined.
Some studies did not provide CIs or hypothesis tests, and none
reported cause-specific risks.
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Table 4

Cause of death

Original article
Adjusted incidence rate ratio for infant mortality in preterm babies, by area deprivation (IMD quintile relative to 1=advantaged), with

Cause of death

Congenital anomalies

Immaturity-related

Other causes

All causes

Gestation at birth
24–27 weeks
 1=advantaged

1.00

1.00

1.00

1.00

 2

0.89 (0.44 to 1.83)

0.92 (0.80 to 1.06)

0.77 (0.51 to 1.17)

0.90 (0.79 to 1.02)

 3

1.45 (0.78 to 2.71)

1.01 (0.89 to 1.16)

1.01 (0.69 to 1.46)

1.03 (0.92 to 1.16)

 4

1.61 (0.89 to 2.91)

1.09 (0.96 to 1.23)

0.78 (0.55 to 1.13)

1.07 (0.96 to 1.19)

 5=disadvantaged

1.90 (1.08 to 3.34)

1.04 (0.92 to 1.17)

0.99 (0.71 to 1.39)

8.0, p=0.09

5.3, p=0.3

 
Χ2 for variation

11.3, p=0.02

1.07 (0.97 to 1.19)
13.5, p=0.009

28–31 weeks
 1=advantaged

1.00

1.00

1.00

1.00

 2

0.97 (0.62 to 1.52)

0.95 (0.72 to 1.25)

2.59 (1.42 to 4.71)

1.12 (0.90 to 1.39)

 3

1.08 (0.71 to 1.64)

0.85 (0.65 to 1.11)

2.13 (1.17 to 3.89)

1.04 (0.84 to 1.28)

 4

1.20 (0.81 to 1.78)

0.87 (0.67 to 1.12)

2.36 (1.33 to 4.19)

1.10 (0.91 to 1.34)

 5=disadvantaged

1.38 (0.95 to 2.00)

0.91 (0.72 to 1.16)

2.26 (1.29 to 3.96)

1.17 (0.97 to 1.41)

 
Χ2 for variation

6.1, p=0.2

2.0, p=0.7

 1=advantaged

1.00

1.00

1.00

1.00

 2

1.41 (1.09 to 1.83)

1.18 (0.72 to 1.96)

1.16 (0.83 to 1.62)

1.30 (1.07 to 1.57)

 3

1.16 (0.90 to 1.50)

0.98 (0.59 to 1.62)

1.31 (0.95 to 1.80)

1.19 (0.99 to 1.43)

 4

1.35 (1.07 to 1.72)

1.18 (0.74 to 1.88)

1.76 (1.31 to 2.35)

1.46 (1.23 to 1.74)

 5=disadvantaged

1.54 (1.22 to 1.93)

1.17 (0.75 to 1.83)

2.05 (1.55 to 2.72)

10.3, p=0.04

3.8, p=0.4

32–36 weeks

 
Χ2 for variation

18.8, p=0.0009

1.4, p=0.8

43.6, p<0.0001

1.65 (1.40 to 1.95)
50.5, p<0.0001

Live singleton births at 24–36 weeks , England and Wales 2006–2012. Stratified by gestational age at birth (completed weeks) and cause of death. Adjusted for ethnicity
(nine groups), birth year and gestation week. All models have acceptable goodness-of-fit (Pearson p>0.1). P-value from Wald test for socioeconomic variation shown in bold if
statistically significant, with Bonferroni significance level 0.0021 to compensate for multiple tests.
IMD, Index of Multiple Deprivation.

In the UK in the 1990s, a relatively small hospital-based study
found that neonatal mortality rates were similar for Black,
South Asian and White mothers before 28 weeks, but lower
for Black mothers than White among later preterm babies3; a
larger hospital-based study found that perinatal mortality rates
were lower for Black mothers than White before 32 weeks, but
higher for Black than White thereafter and highest for babies
of South Asian mothers at all preterm gestations.4 In the Netherlands during 1999–2007, national neonatal mortality rates
for babies born at 26–31 weeks were higher for White mothers
than African, South Asian, Mediterranean or East Asian.5 In
the USA, national infant mortality rates until the early 2000s
were lower for Black mothers than White among extremely/
very preterm births and higher among later preterm births,6 7
but more recently were higher for Black mothers at all preterm
gestations8; other findings were similar.9–11
For England and Wales in 2005, national infant mortality rates
within each preterm category were higher in households with
routine/manual occupations than managerial/professional.12
Studies from France, Sweden and the Trent region of England
found no evidence of socioeconomic variation in predischarge
or infant mortality among births before 32 or 33 weeks,13–15 but
a socioeconomic gradient in infant mortality for later preterm
births.15

Meaning of the study

A population-based study in the Trent region of England found
a socioeconomic gradient in incidence of birth at 22–32 weeks’
gestation but not in subsequent survival, suggesting that deprivation was not a barrier to accessing and receiving effective
neonatal care.13 Our results for immaturity-related deaths
F6

confirm this finding in the national population and extend it to
moderate/late preterm babies. Despite similar antenatal detection rates, women living in more deprived areas of the Trent
region had lower rates of termination of pregnancy for major
congenital anomalies than women in more affluent areas; this
differential contributed to higher rates of birth with such anomalies and hence to higher rates of neonatal mortality.28 Similarly,
for moderate/late preterm babies in the national population,
we found that infant mortality from congenital anomalies was
highest in the most disadvantaged group. We also found a socioeconomic trend in death from ‘other’ causes (including infections, intrapartum conditions and sudden infant death), but
this is difficult to interpret, as the component causes will have
different mechanisms and were too rare to analyse separately in
our dataset.
Among moderate/late preterm babies, we found relatively
high rates of death from congenital anomalies in the Pakistani
and Bangladeshi groups (nearly five and three times the corresponding White British rate, respectively). Pakistani babies are
known to have a relatively high incidence of congenital anomalies, particularly autosomal recessive conditions.29 Diabetes may
play a role,30 but it is generally accepted that the most important
single cause is the high prevalence of endogamy and consanguineous marriage in some Pakistani communities29: for example, in
a recent study in Bradford UK, 59% of 5127 Pakistani mothers
were married to a blood relative.31 Accessibility or use of
fetal anomaly screening may also contribute: limited evidence
suggests that rates of prenatal diagnosis might be relatively low
for South Asian women in the UK32 and attitudes to termination
of pregnancy may vary.
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Table 5
95% CI

Original article

Conclusions
Provision of neonatal care for preterm babies in England and
Wales seems to be equitable, as we found no evidence of a
socioeconomic gradient in gestation-specific risk of immaturity-related death. Variations in prevalence of consanguineous
marriage, uptake of fetal anomaly screening and attitudes to
termination of pregnancy probably contribute to ethnic and
socioeconomic variation in infant death from congenital anomalies. Among extremely preterm babies, risk of immaturity-related
death is lower for Black and South Asian ethnic groups than for
White, perhaps reflecting ethnic variation in the proportions
of different causes of extremely preterm birth; future research
should investigate potential biological mechanisms.
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We found that the risk of immaturity-related death among
extremely preterm babies was relatively low for Black and South
Asian groups compared with White, despite their generally
higher risks of preterm birth.16 We speculate that this apparently paradoxical observation might reflect variation between
ethnic groups in the proportions of the many different biological causes of extremely preterm birth operating within those
groups. For example, maternal sickle cell disease (SCD)33 34
incurs a risk of small fetal size and preterm delivery35 36 and
will therefore contribute to the incidence of extremely preterm
birth in the Black ethnic groups. The baby of a mother with SCD
usually does not have SCD and may have no special problems
after birth, other than immaturity. The spectrum of causes of
extremely preterm delivery in babies of mothers without SCD
will be slightly different, and may include a higher proportion of
fetal conditions with serious postpartum implications. Maternal
thalassaemia might provide a similar mechanism for South Asian
babies.33 34 37
Ethnic variation in immaturity-related infant death is relevant
to ‘customisation’ of the standards that support clinical decisions to induce labour for inappropriate fetal growth.38 Previous
evidence that extremely preterm babies had better survival rates
if their mothers were Black and that preterm births were more
frequent in Black and South Asian families generated a hypothesis that the optimal period of gestation might be genetically
shorter for Black and South Asian than White babies.39 The findings of our study are consistent with that hypothesis, but other
explanations are possible (as discussed above, for example).
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ill-health. Our results suggest the latter should be considered.
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