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Abstract 

Background There are limited data describing adverse infant outcomes in infants born to women with a low risk of 
complications during pregnancy, such as those who may be enrolled in maternal immunization trials. This retrospec‑
tive study estimated incidence proportions of infant outcomes in different cohorts of liveborn infants in England 
between 2005 and 2017.

Methods The incidence proportions of 10 infant outcomes were calculated for liveborn infants from pregnancies 
represented in the Clinical Practice Research Datalink (CPRD) Mother‑Baby Link (MBL) and linkage to Hospital Epi‑
sode Statistics (HES). Three infant cohorts were designed: (1) the all pregnancies infants cohort (N = 185,119), (2) the 
all pregnancies with a gestational age (GA) ≥ 24 weeks infants cohort (N = 183,869), and (3) the low‑risk pregnancies 
infants cohort (LR infants cohort, N = 121,871), which included pregnancies with a GA ≥ 24 weeks and no diagnosis of 
predefined high‑risk medical conditions until 24 weeks GA.

Results The most common adverse infant outcome in the three infant cohorts was macrosomia (e.g., 1,085.9/10,000 
live births in the LR infants cohort), followed by minor congenital anomalies (e.g., 800.6/10,000 in the LR infants 
cohort), very low/low birth weight (e.g., 400.6/10,000 in the LR infants cohort), and major congenital anomalies (e.g., 
270.4/10,000 in the LR infants cohort). The incidence proportions for early‑onset sepsis, very low/low birth weight, 
and minor and major congenital anomalies were lower in the LR infants than in the other cohorts (non‑overlapping 
confidence intervals [CIs]). The incidence proportions of neonatal death, infant death, late‑onset sepsis, macrosomia, 
small for GA, and large for GA were similar between cohorts (overlapping CIs).

Conclusions This study generated background rates of adverse infant outcomes from liveborn infants of all and 
low‑risk pregnancies represented in the CPRD Pregnancy Register MBL and linkage to HES. The results indicate lower 
incidence proportions of several adverse infant outcomes in infants from low‑risk pregnancies compared to all 
pregnancies, illustrating the importance of considering maternal risk factors. These background rates may facilitate 
the interpretation of safety data from maternal immunization trials and of pharmacovigilance data from maternal vac‑
cines. They may also be of interest for other interventions studied in pregnant women.
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Background
Maternal immunization has become a key public 
health strategy to reduce the burden of infectious 
diseases in pregnant women and their infants [1, 2]. 
Vaccine-induced maternal antibodies are transferred 
through the placenta and persist after birth to protect 
infants in their first months of life, before the comple-
tion of their primary vaccination series [1–3].

Clinical development programs for maternal vaccines 
require enrollment of pregnant women in large-scale 
Phase III maternal immunization clinical trials [2–4]. To 
aid in the interpretation of safety data from such trials, 
it is key to standardize safety assessments after immuni-
zation [5] and understand background rates of adverse 
infant outcomes in infants from a population of mothers 
such as those who will be enrolled in maternal immu-
nization clinical trials [4]. Generally, pregnant women 
who are considered as having a low risk of complica-
tions are more likely to be enrolled in maternal immu-
nization trials than women with high-risk pregnancies. 
However, despite an established link between certain 
maternal characteristics (e.g., age, gestational diabetes) 
and adverse infant outcomes (e.g., large for gestational 
age [GA], macrosomia, neonatal death) [6–9], there is 
a gap in understanding the incidence of adverse infant 
outcomes in infants born to women with low-risk preg-
nancies. To address this knowledge gap, several stud-
ies were initiated, including a prospective cohort study 
assessing the rates of neonatal events of interest in 
liveborn infants in low- and middle-income countries 
(NCT03614676). Here, we report the results of a retro-
spective observational cohort study using data from the 
United Kingdom (UK) Clinical Practice Research Data-
link (CPRD) and linked databases.

The study aimed to estimate the incidence proportions 
of adverse infant outcomes in three cohorts of liveborn 
infants from pregnancies represented in the CPRD Preg-
nancy Register Mother-Baby Link (MBL) and linkage to the 
Hospital Episode Statistics (HES) data: a cohort including 
infants from all pregnancies (AP infants), a cohort includ-
ing infants from all pregnancies with a GA ≥ 24  weeks 
(AP24 + infants) and a cohort of infants from low-risk preg-
nancies with a GA ≥ 24 weeks (LR infants).

The study also aimed to estimate the incidence 
proportions of pregnancy outcomes and pregnancy-
related events of interest; these results are presented 
in an accompanying paper [10]. A plain language sum-
mary is provided in Fig. 1.

Methods
The protocol of this study was approved by the Independ-
ent Scientific Advisory Committee for research involving 
CPRD data (protocol no. 18_144RA) and has been made 

available to the journal reviewers. Detailed methods are 
presented in the accompanying paper describing preg-
nancy outcomes and pregnancy-related events of interest 
from the same study [10]. An overview of the key elements 
of the study design and methodology are presented here.

Study design and data sources
This was a retrospective observational cohort study 
which enrolled pregnancies and the infants that were 
born from these pregnancies registered in the CPRD, 
with data linked to the Pregnancy Register, HES, the 
Office for National Statistics (ONS), and the Index of 
Multiple Deprivation (IMD). For the analysis of adverse 
infant outcomes, additional linkage to MBL was required.

The CPRD Pregnancy Register uses a validated algo-
rithm that identifies all pregnancy episodes in the CPRD 
GOLD database among women aged 11–49  years, with 
details about timing, duration, outcomes, and other fea-
tures of the pregnancy [11, 12]. CPRD GOLD is one of 
CPRD’s two primary care databases and contains longi-
tudinal de-identified patient record data (from 745 cur-
rent and historic [of which 269 currently contributing] 
primary care practices across the UK at the time of data 
extraction in September 2018) and is considered repre-
sentative of the UK population in terms of age, sex, and 
ethnicity [13, 14].

The MBL in the CPRD Pregnancy Register allows linking 
a mother’s medical records to those of her liveborn children 
[11]. The May 2018 version used in this study included > 1.3 
million babies and 843,132 pregnancies between 1987 and 
2018. While the Pregnancy Register captures all pregnancy 
outcomes, the MBL links mothers to infants for live births 
only. The MBL algorithm is based on data recorded in the 
primary care medical record and is updated monthly. At 
a per-pregnancy level, this identifies likely mother-baby 
pairs within the CPRD data, based on family identifier 
plus maternity information from the mother’s primary 
care record, and the month and/or year of birth of newly 
registered babies. The algorithm is designed to be specific 
(i.e., high confidence in the mother-baby pairs it identifies) 
rather than sensitive (i.e., it will not include all mothers and 
babies in CPRD GOLD).

HES provides diagnostic secondary care inpatient and 
outpatient records for England only [15] (thus restrict-
ing the analysis to pregnancies in England), the ONS 
provides information on the date and cause of all deaths 
recorded in England and Wales, and the IMD is a proxy 
for the socioeconomic status [15].

Study period and population
Pregnancies in the CPRD Pregnancy Register with link-
age to HES and with an end date from 1 January 2005 
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to 31 December 2017 were included if women were 
18–45  years of age on the pregnancy end date and if 
they were continuously actively registered in the data-
base from at least 365  days before pregnancy start (to 
be able to assess risk factors) until at least 90 days after 
pregnancy end (unless the woman died before the end of 
this period). To allow for this minimal 90-day follow-up 
after the pregnancy end date (to increase outcome ascer-
tainment), only pregnancies with an end date up until 2 
October 2017 were included (Fig. 2). Pregnancies associ-
ated with multiple births (e.g., twins, triplets) and with an 
unknown outcome were excluded. Exclusion criteria are 
reported in detail in the accompanying paper [10].

As described previously [10], three maternal cohorts 
were defined. The All Pregnancies cohort (AP cohort), 
including all eligible pregnancies, the All Pregnan-
cies ≥ 24  weeks GA cohort (AP24 + cohort), including 
all pregnancies fulfilling the aforementioned criteria 
and excluding those with a GA record that did not reach 

 240/7  weeks (calculated using the variable in the Preg-
nancy Register: “gestdays” < 168  days) and a Low-Risk 
cohort (LR cohort), including pregnancies from the 
AP24 + cohort without diagnosis of select high-risk med-
ical conditions or procedures in the woman’s medical his-
tory (including all available medical history prior to the 
start of pregnancy through  240/7  weeks GA) as detailed 
in the accompanying paper [10]. While the optimal win-
dow for administering a vaccine during pregnancy to 
maximize antibody transfer to the fetus has not been 
determined, the GA cut-off of 24 weeks reflects the cut-
off chosen in previous group B streptococcus maternal 
immunization trials [16–18] and falls within the window 
during which maternal pertussis immunization is recom-
mended in several countries [19].

As not all pregnancies included in the Pregnancy Reg-
ister can be linked to their infants using MBL, three addi-
tional pregnancy cohorts were generated: the AP-linked, 
the AP24 + -linked and the LR-linked cohorts, including 

Fig. 1 Plain language summary
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pregnancies from the AP, AP24 + and LR cohorts, respec-
tively, linked to their infants through the MBL (Fig.  3). 
Finally, three infant cohorts were defined: the AP infants, 
AP24 + infants and LR infants cohorts, including infants 
linked through MBL to pregnancies in the respective 
pregnancy linked cohorts. Inclusion in the infant cohorts 
was conditional on CPRD records being of acceptable 
quality and linkable to HES and infants being actively 
registered for at least 90  days after their date of birth 
(unless the infant died during this period).

Study endpoints
Study endpoints were selected based on guidance from 
the Brighton Collaboration and the Global Alignment 
of Immunization Safety Assessment (GAIA) project on 
standardized case definitions for maternal immuniza-
tion trials [5, 20]. However, these case definitions could 
not always be exactly applied because diagnostic labo-
ratory results, procedure results, and medication pre-
scribed during a hospital stay are underreported in the 
CPRD and linked datasets. Additionally, GAIA case def-
initions were not available for all study endpoints. Con-
sequently, diagnostic codes were used (Read codes for 
CPRD and International Classification of Diseases,  10th 

Revision [ICD-10] codes for HES) after manual align-
ment with GAIA definitions, where applicable (Addi-
tional file 1).

Adverse infant outcomes (listed in Table  1 with their 
assessment periods) were evaluated by inspecting both 
the mothers’ and infants’ records. All adverse infant out-
comes, except neonatal and infant death, were identified 
based on Read codes in CPRD or ICD-10 codes in HES 
(and/or birth weight records in HES for very low/low 
birth weight and macrosomia). Neonatal death and infant 
death were assessed using dates of death from CPRD or 
ONS. If dates conflicted between both databases, the 
date from ONS was used. Information on how death was 
derived in the CPRD can be found in the accompanying 
paper [10]. The algorithms and codes used to identify the 
adverse infant outcomes can be found in Additional files 1 
and 2, respectively. Information on the variables assessed 
in the study can be found in the accompanying paper [10].

Statistical analyses
Analyses were conducted using SAS software version 9.4 
(SAS Institute Inc., Cary, NC, USA). No hypothesis testing 
was performed in this descriptive study. Potential differ-
ences between groups were based on non-overlapping 95% 

Fig. 2 Overview of the study period.

GA, gestational age; (V)LBW, very low/low birth weight; SGA, small for gestational age; LGA, large for gestational age. *A minimum of 90 days of 
active registration after the pregnancy end date was required for women/infants to be enrolled except if the woman/infant died during this 90‑day 
period
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confidence intervals (CIs). Feasibility counts during proto-
col development indicated that the sample size obtained 
from the databases would provide sufficient precision for 
the descriptive purpose of the study. Standard data man-
agement practices were performed on the databases and 
missing values were identified but not imputed, assuming 
data were missing at random. To maintain confidentiality 
and individual data anonymization, data are shown only if 
at least five cases were observed for a given (sub)group.

Descriptive analyses for baseline demographic character-
istics were conducted on the AP, AP24 + and LR cohorts, 
including number and proportion for categorical vari-
ables, and mean, standard deviation, median, interquartile 
range, and minimum and maximum values for continuous 
variables.

Within each infant cohort, the incidence proportion for 
each study endpoint was calculated as follows:

Number of new cases of each adverse infant outcome in the period of interest

Number of live births identified in CPRD in the period of interest

Incidence proportions were calculated for every 
10,000 live births, and 95% CIs were estimated using a 
generalized estimating equation model. This was done 
to minimize potential bias originating from including 
sequential pregnancies from the same woman as sepa-
rate events in the cohorts, as such pregnancies are not 
independent [10].

Each study endpoint was presented for the entire study 
period and by calendar year of pregnancy start date. 
To calculate incidence proportions for the latter, out-
comes were included in the calendar year in which the 
pregnancy started, which did not necessarily match the 
year in which the outcome occurred (e.g., if the adverse 
infant outcome occurred in 2013 and the pregnancy 
started in 2012). This was done to ensure that outcomes 
aligned with the denominator populations as these were 
based on pregnancies by start date per year.

Fig. 3 Cohort selection flow chart.

AP cohort, All Pregnancies cohort; AP infants cohort; All Pregnancies infants cohort; AP24 + cohort, All Pregnancies with gestational age ≥ 24 weeks 
cohort; AP24 + infants cohort, All Pregnancies with gestational age ≥ 24 weeks infants cohort; LR cohort, Low‑Risk pregnancies cohort; LR infants 
cohort, Low‑Risk pregnancies infants cohort; CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; MBL, Mother‑Baby Link; GA, 
gestational age; N, number of pregnancies in the corresponding cohort/category



Page 6 of 11Riley et al. BMC Pregnancy and Childbirth          (2023) 23:330 

Results
Sample selection and cohort description
The selection of pregnancies in the AP, AP24 + and 
LR cohorts is detailed in the accompanying paper 
[10]. Of the 298,155 pregnancies included in the 
AP cohort, 187,625 (62.9%) could be linked to their 
infants, and 185,119 infants were included in the AP 
infants cohort (Fig.  3). Of the 208,328 pregnancies in 
the AP24 + cohort, 186,357 (89.5%) could be linked 
to their infants, and 183,869 infants were included in 
the AP24 + infants cohort (i.e., 99.3% of the AP infants 
cohort) (Fig.  3). Of the 137,932 pregnancies in the LR 
cohort, 123,457 (89.5%) could be linked to their infants, 
and 121,871 infants were included in the LR infants 
cohort (Fig. 3). Reasons for exclusion from the different 
infant cohorts are depicted in Fig. 3.

Demographic characteristics
Details on baseline characteristics of the AP, AP24 + and 
LR cohorts are described in the accompanying paper [10]. 
In brief, demographic characteristics were similar amongst 
these three pregnancy cohorts. The mean and median age 
of women at the start of pregnancy was 30 years and most 
women (≥ 84.0% of each cohort) were white.

Adverse infant outcomes
Incidence proportions over the entire study period
The most common adverse infant outcome in the 
three infant cohorts was macrosomia (1,085.9 per 
10,000 live births in the LR infants cohort and a lit-
tle over 1,060/10,000 infants in the two other cohorts), 
followed by minor congenital anomalies (800.6/10,000 
in the LR infants cohort, approximately 834/10,000 
in the other cohorts), very low/low birth weight 
(400.6/10,000 in the LR infants cohort, approximately 
453/10,000 in the other cohorts) and major congeni-
tal anomalies (270.4/10,000 in the LR infants cohort, 
approximately 298/10,000 in the other cohorts) 
(Table 2). The least common adverse infant outcomes 
were neonatal and infant death (1.4–1.8/10,000 and 
1.8–2.4/10,000, respectively, in the three cohorts) 
(Table 2).

As the AP infants and AP24 + infants cohorts com-
prised nearly identical populations, the incidence pro-
portions in those two cohorts were comparable for 
all adverse infant outcomes (Table  2). The incidence 
proportions for early-onset sepsis, very low/low birth 
weight, and minor and major congenital anomalies 
were lower in the LR infants than in the other two 
cohorts (based on non-overlapping CIs, Table 2). Inci-
dence proportions for the other outcomes (neonatal 
death, infant death, late-onset sepsis, macrosomia, 
small for GA, and large for GA) were similar across the 
three cohorts (based on overlapping CIs) (Table 2).

Incidence proportions by year of pregnancy start
The incidence proportions of early- and late-onset 
sepsis, infants diagnosed as large for GA, and minor 
congenital anomalies increased substantially through-
out the study period in each cohort (Fig. 4). Increases 
were strongest for the diagnoses large for GA (over 
12-fold in each cohort comparing 2016 to 2005, with 
rises starting abruptly as of 2011) and early-onset sep-
sis (over fourfold comparing 2016 to 2005, with grad-
ual rises throughout the study period) (Fig. 4).

An increase in the incidence proportions of infants 
diagnosed as small for GA was also seen, as well as 
a temporary rise in the incidence of macrosomia 
between 2008 and 2011 (Fig.  4). The incidence pro-
portions of very low/low birth weight and major con-
genital anomalies remained relatively stable during the 
study period (Fig. 4).

Time trends in the incidence proportions of neona-
tal and infant death could not be analyzed because the 
number of deaths per year was too low (< 5 deaths per 
cohort most years).

Table 1 Infant events of interest

a As the classification of major and minor congenital anomalies is only provided 
as International Classification of Diseases,  10th Revision (ICD-10) codes in the 
European Surveillance of Congenital Anomalies (EUROCAT) [21], Read codes in 
the Clinical Practice Research Datalink were mapped manually to ICD-10 codes, 
and congenital anomalies were then classified as major or minor applying 
EUROCAT definitions, with major congenital anomalies being defined as: a 
structural or functional defect of prenatal origin, present at the time of live birth 
or fetal demise, or in utero, and affecting (or has the propensity to affect) the 
health, survival, or physical or cognitive functioning of the individual; and minor 
congenital anomalies being those with lesser medical, functional, or cosmetic 
consequences [22]. See Additional file 2 for the diagnostic codes
b Birth weight was set to missing if < 300 g or > 7,000 g

Infant events of interest

Assessed during period as stated

 Neonatal death (from birth to day 28)

 Infant death (from day 29 to day 90)

 Early onset infant sepsis (from day 0 to day 7)

 Late onset infant sepsis (from day 8 to day 90)

Assessed from start of pregnancy until 90 days after birth

 Major congenital  anomaliesa

 Minor congenital  anomaliesa

Assessed from birth until 90 days after birth

 Very low (300–999 g) and low (1 000–2 499 g) birth  weightb

 Macrosomia (birth weight 4 001–7 000 g)b

 Small for gestational age

 Large for gestational age
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Discussion
This descriptive, retrospective cohort study using CPRD 
and linked data showed that the most common adverse 
infant outcomes in liveborn infants from pregnancies in 
England starting between 2004 and 2017 were macroso-
mia, followed by minor congenital anomalies, very low/
low birth weight, and major congenital anomalies. It 
should be noted that the congenital anomaly outcomes 
were likely underestimated as these were only assessed in 
pregnancies resulting in live births.

Although no statistical tests for differences were per-
formed in this descriptive analysis, the incidence propor-
tions for early-onset sepsis, very low/low birth weight, 
and minor and major congenital anomalies were lower in 
the LR infants cohort compared to the other two cohorts 
(based on non-overlapping CIs). The incidence propor-
tions for the remaining outcomes were similar between 
cohorts (based on overlapping CIs). These results suggest 
that the maternal risk profile influences the likelihood of 
developing certain infant outcomes more strongly than 
others.

The high incidence proportion observed for macroso-
mia in this study is in line with available estimates from 
ONS, showing that more than 10% of newborns had a 
birth weight of 4,000  g or higher in England and Wales 
in 2016 [23]. The estimates for major congenital anom-
alies in the AP infants cohort in the current study were 
higher than estimates reported by Public Health England 

(PHE), which showed an incidence of 205/10,000 total 
births (95% CI: 200.2–210.0) in England in 2016 [24]. 
This difference may result from different populations 
used as denominator: PHE used all births, including 
both live and stillbirths, while this study (based on MBL 
data) used live births only. The European surveillance of 
congenital anomalies reported 23.9 cases of major con-
genital anomalies per 1,000 births (of which 80% were 
live births) in 2003–2007 [25]. The incidence of neona-
tal and infant death (deaths occurring in the first 28 days 
and from day 29 to day 90, respectively) in this study 
(1.8 and 2.4/10,000 in the AP infants cohort) was more 
than tenfold lower than previously reported estimates 
of infant mortality (deaths occurring during the first 
year of life) for England based on ONS data: Nath et al. 
reported infant mortality rates of 36.7/10,000 live births 
in 2016 [26]. This difference could in part be explained 
by the definitions used. However, Nath et  al.’s estimates 
for early and late neonatal mortality (deaths from birth to 
day 6 and during days 7–27: 21.4 and 5.6/10,000, respec-
tively) were still higher than the estimates in the current 
study [26]. A possible explanation for this is that the MBL 
algorithm only includes infants that survive long enough 
for the algorithm to identify matching mother-infant 
pairs using information in both the mother’s and infant’s 
medical records. If an infant died soon after birth, the 
infant might not have enough information in its record to 
be identified by the MBL algorithm. Such deaths would 

Table 2 Incidence proportions of adverse infant outcomes by study cohort

Incidence, incidence proportion per 10 000 live births; AP infants cohort, All Pregnancies infants cohort; AP24 + infants cohort, All Pregnancies with gestational 
age ≥ 24 weeks infants cohort; LR infants cohort, Low-Risk pregnancies infants cohort; N, number of linked infants included in the analysis in each cohort; n, number 
of linked infants in the specified category; CI, confidence interval

If a particular outcome occurred several times for the same linked infant, it was only counted once for that linked infant. More than one linked infant can be included 
for the same mother

AP infants cohort N = 185 119 AP24 + infants cohort N = 183 869 LR infants cohort N = 121 871

n Incidence/10 000 (95% CI) n Incidence/10 000 (95% CI) n Incidence/10 000 (95% CI)

Assessed during period as stated
 Neonatal death (birth–day 
28)

33 1.8 (1.3–2.4) 33 1.8 (1.3–2.4) 17 1.4 (0.9–2.1)

 Infant death (days 29–90) 45 2.4 (1.8–3.2) 42 2.3 (1.7–3.0) 22 1.8 (1.2–2.6)

 Early-onset sepsis (birth–day 
7)

2 306 124.6 (119.5–129.8) 2 288 124.4 (119.3–129.7) 1 329 109.0 (103.2–115.2)

 Late-onset sepsis (days 8–90) 818 44.2 (41.2–47.3) 809 44.0 (41.0–47.2) 501 41.1 (37.6–44.9)

Assessed from birth to day 90
 Very low/low birth weight 8 380 452.7 (442.9–462.6) 8 334 453.3 (443.5–463.2) 4 882 400.6 (389.3–412.1)

 Macrosomia 19 718 1 065.2 (1 050.8–1 079.7) 19 543 1 062.9 (1 048.4–1 077.4) 13 234 1 085.9 (1 068.1–1 103.9)

 Small for gestational age 918 49.6 (46.4–53.0) 915 49.8 (46.5–53.2) 565 46.4 (42.6–50.4)

 Large for gestational age 1 910 103.2 (98.6–107.9) 1 896 103.1 (98.5–107.9) 1 185 97.2 (91.8–102.9)

Assessed from start of pregnancy to day 90
 Minor congenital anomalies 15 447 834.4 (821.8–847.3) 15 346 834.6 (821.9–847.5) 9 757 800.6 (785.3–816.1)

 Major congenital anomalies 5 519 298.1 (290.4–306.0) 5 476 297.8 (290.0–305.8) 3 296 270.4 (261.4–279.8)
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Fig. 4 Incidence proportions of adverse infant outcomes by study cohort and calendar year of pregnancy start

CI, confidence interval (depicted as error bars); AP infants, All Pregnancies infants; AP24+ infants, All Pregnancies with gestational age ≥24 weeks 
infants; LR infants, Low‑Risk pregnancies infants

*Because the study start date was 1 January 2005, pregnancies reported as starting in 2004 include only those which began in the last 9 months of 
2004 (if full term, for example)

°Pregnancies with a start date of 2017 were not included in this figure because the number was extremely low (and therefore incidence proportions 
less robust). Pregnancies reported as starting in 2017 included only those which began in the first month of 2017 (if full term, for example) because 
the study period end date was 31 December 2017 (with pregnancy end date up until 2 October 2017, as there was a requirement for at least a 
90‑day follow up after the pregnancy end date)
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therefore not have been included in the cohorts in this 
study, resulting in a lower reported incidence.

An increase in incidence proportions by calendar 
year of pregnancy start date was observed in this study 
for several adverse infant outcomes, most prominently 
for the diagnosis large for GA, starting from 2011. 
This increase may have been driven in part by coding 
changes; specifically, the Read code “large for dates” 
was introduced in 2010. This hypothesis is supported 
by the fact that macrosomia did not increase during the 
study period, except for a mild temporary rise between 
2008 and 2011. A true increase in the incidence of large 
for GA cannot be excluded, particularly since the inci-
dence of gestational diabetes, a known risk factor for 
this outcome [7, 9], also increased during the study 
period [10].

Increases in incidence proportions were also observed 
for early- and late-onset sepsis and, to a lesser extent, 
small for GA. The rising incidence of sepsis in infants 
parallels that observed for maternal sepsis in this study 
[10] and could be the result of a true rise combined with 
increased awareness and changes in screening and test-
ing practices during the study period [27]. The increase 
in incidence proportion of small for GA observed after 
2012 is in line with the increase seen for intrauterine 
growth restriction/poor fetal growth in the pregnancy 
cohorts in this study [10] and may also have been driven 
by coding changes as the Read code “small for age” was 
introduced in 2008. These results highlight that caution 
should be exerted when interpreting changes in inci-
dence over time observed in retrospective studies based 
on routinely collected data, as observed changes may 
reflect a combination of a true change in incidence and 
changes in coding practice, clinical practice, and diag-
nostic or screening guidelines. Moreover, future changes 
in coding may affect the outcomes measured in the pre-
sent study.

Additional strengths and limitations of this study are 
detailed in the accompanying paper [10].

Despite its limitations, this study provides valuable 
information on background rates of adverse infant out-
comes and contributes to the evidence that maternal risk 
factors influence the rates of these outcomes.

Conclusions
This real-world analysis based on primary and secondary 
care data from England generated background rates of 
adverse infant outcomes in infants from all and low-risk 
pregnancies represented in the CPRD Pregnancy Regis-
ter MBL and linkage to HES. Understanding these back-
ground rates is crucial to facilitate the interpretation of 
safety data from maternal immunization trials and the 
monitoring of pharmacovigilance data from maternal 

vaccines. In addition, they may also be of interest for 
other interventions studied in pregnant women. While 
the LR cohort approximates the population most likely 
to be enrolled in maternal immunization trials, the other 
two cohorts provide valuable evidence for trials enrolling 
women at a high and low risk of complications and may 
serve as a reference for administration of vaccines to the 
general population of pregnant women. The results of this 
study, illustrating a lower incidence of some adverse infant 
outcomes in infants from low-risk pregnancies compared 
to infants born to all pregnancies, demonstrate the impor-
tance of considering maternal risk factors when establish-
ing background rates of adverse infant outcomes.
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