
Original article

Smith L, Draper ES, Manktelow BN, et al. Arch Dis Child Fetal Neonatal Ed (2012). doi:10.1136/fetalneonatal-2011-301359 F1 of F5

1Department of Health 
Science, University of 
Leicester, Leicester, UK
2Directorate of Public Health 
and Health Improvement, NHS 
Leicester City, Leicester, UK

Correspondence to 
Lucy Smith, Department of 
Health Science, University of 
Leicester, 22-28 Princess Road 
West, Leicester LE1 6TP, UK; 
lks1@le.ac.uk

Received 14 November 2011
Accepted 24 March 2012

ABSTRACT
Objective To investigate regional variation in the 

registration of preterm births <24 weeks of gestation 

and the impact on infant death rates for English Primary 

Care Trusts (PCTs).

Design Cohort study.

Setting England.

Participants All registered births (1 January 2005–31 

December 2008) by gestational age and PCT (147 

trusts) linked to infant deaths (up to 1 year of life). Late-

fetal deaths at 22 and 23 weeks gestation (1 January 

2005–31 December 2006).

Main outcome measures Extremely preterm 

(<24 weeks) birth rate per 1000 live births and 

percentage of births registered as live born by PCT. 

Infant death rate and rank of mortality for (1) all live 

births and (2) live births over 24 weeks gestation by PCT.

Results Wide between-PCT variation existed in 

extremely preterm birth (<24 weeks) rates (per 1000 

births) (90% central range (0.31, 1.91)) and percentages 

of births <24 weeks of gestation registered as live born 

(median 52.6%, 90% central range (26.3%, 79.5%)). 

Consequently, the percentage of infant deaths arising 

from these births varied (90% central range (6.7%, 

31.9%)). Excluding births <24 weeks, led to signifi cant 

changes in infant mortality rankings of PCTs, with a 

median worsening of 12 places for PCTs with low rates 

of live born preterm births <24 weeks of gestation 

compared with a median improvement of four ranks for 

those with higher live birth registration rates.

Conclusions Infant death rates in PCTs in England are 

infl uenced by variation in the registration of births where 

viability is uncertain. It is vital that this variation is minimised 

before infant mortality is used as indicator for monitoring 

health and performance and targeting interventions.

INTRODUCTION
Despite overall improvements in infant mortality, 
wide variation exists between similarly devel-
oped countries.1 2 International variations in birth 
registration practices have been shown to have a 
major infl uence on infant mortality rankings1 3 4 
and there is a need to distinguish between ‘real’ 
variations and those arising from artefactual dif-
ferences. Registration disparities mainly relate 
to births of uncertain viability when defi nitions 
of late-fetal death and live birth are particularly 
complicated. Changes in views on the limit of 
viability have led to increases in registered live 
births less than 24 weeks gestation. However, 
survival of these infants remains poor5–9 and 
they impact greatly on death rates, accounting 
for 20% of neonatal deaths in England.5 Where 
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signifi cant differences exist in the interpreta-
tion of what constitutes a live birth between 
countries, regions or hospital units, comparisons 
may be of limited value since standard published 
infant death rates only include live births and in 
England there is no legal requirement to register 
fetal deaths before 24 weeks’ gestation.

In the UK, the role of improving infant mortal-
ity has fallen to PCTs who commission health-
care at a population level. PCT-level infant death 
rates are compared with peer-PCTs to adjust 
for variation attributable to risk factors such as 
socioeconomic deprivation, ethnicity and mater-
nal age.10 Attention has then focused on whether 
the substantial residual variation results from 
the effectiveness of local antenatal or neonatal 
services, with calls for public health interven-
tions to lower rates among PCTs perceived to be 

What is already known on this topic

Research has shown differing birth registra- ▶

tion practices to impact on international 
comparisons of infant mortality.
Infant mortality varies widely between PCTs  ▶

in the UK and has been suggested to refl ect 
case mix and effectiveness of local antenatal 
and neonatal services.
Within countries, variation in decision making  ▶

regarding the registration of births where 
viability is uncertain may also bias regional 
comparisons.

What this study adds

Wide differences exist in the reporting of  ▶

preterm births <24 weeks of gestation as live 
or stillborn between PCTs.
Variation in registration practices impact  ▶

greatly on regional infant death rates in England 
and must be minimised before comparisons of 
infant mortality are made.
Excluding preterm births <24 weeks of  ▶

gestation from infant death rates is an initial 
aid for healthcare commissioners and service 
providers to work towards improvements in 
care.
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PCTs was compared across different gestational ages, with 
a lower SD suggesting greater homogeneity between PCTs. 
Models were then adjusted for maternal age and ethnicity 
based on census data and socioeconomic deprivation, meas-
ured using the area-level index of multiple deprivation 200712 
(population-weighted average of super output areas in each 
PCT).

Infant mortality
The median, IQR and 90% centile range for the propor-
tion of infant deaths of <24 weeks’ gestation were calcu-
lated by PCT to assess variation in the contribution of these 
deaths to overall infant mortality. For each PCT standard 
infant death rates were calculated (denominator: all live 
births) and then recalculated excluding births where clini-
cal decision making was most prone to variation (births 
<24 weeks gestation). Sensitivity analyses excluding births 
<28 weeks’ gestation were also undertaken. For each PCT, 
the absolute change in infant mortality and the change in 
rank before and after excluding preterm births <24 weeks 
of gestation were calculated. Changes in infant mortality 
were compared between PCTs with a high (≥50%) or low 
(<50%) percentage of preterm births <24 weeks of gesta-
tion registered as live born.

RESULTS
Very preterm birth rates
There were 2 535 855 live births, 13 112 stillbirths and 2382 
estimated late-fetal deaths (147 PCTs). Wide between-PCT 
variation existed in extremely preterm live births (<24 weeks) 
(fi gure 1) with a sixfold difference in the 90% centile range 
(0.31 to 1.91 per 1000 births). This decreased with increas-
ing gestation, with twofold and 1.5-fold differences at 24–27 
and 28–32 weeks gestation, respectively (90% centile range: 
24–27 weeks: 2.48 to 5.26; 28–32 weeks: 10.24 to 15.75). 
This pattern was confi rmed by binomial regression models 
(table 1) with decreases in the between-PCT SD with increas-
ing gestation. After adjusting for socioeconomic deprivation, 
ethnicity and the age distribution of women in the PCT, the 
between-PCT variation was reduced but remained high in the 
extremely preterm group.

performing poorly. Before such comparisons are made, any 
registration variation needs to be minimised.11

We use data from England’s PCTs to explore variation in the 
registration of babies born before 24 weeks of gestation and its 
impact on infant death rates at PCT level.

METHODS
PCT-level data on all registered births and linked infant deaths 
(death before 1 year of life) in England by gestational age (<24 
weeks, 24–27 weeks; 28–32 weeks; 33–36 weeks; 37+weeks) 
for 1 January 2005 to 31 December 2008 were obtained from 
the Offi ce for National Statistics (ONS, http://www.statistics.
gov.uk). Four of the 151 PCTs were excluded for high levels 
of missing gestational age (13%–82% missing: n=14917) 
(0.3% overall). Fetal deaths less than 24 weeks’ gestation are 
not registerable in England but the Centre for Maternal and 
Child Enquiries (http://www.cmace.org.uk) collected national 
voluntary data on 22 and 23 weeks gestation deaths until 31 
December 2006 when data collection ceased. Information by 
PCT for 1 January 2005–31 December 2006 were used to esti-
mate the deaths for the 4-year period and estimates were com-
pared with those based on deaths for 1997–2006.

Very preterm birth rates
Registration of births in the UK is based on gestational age and 
not birth weight, so we use gestational age cut-offs for viabil-
ity. We explored variation in delivery outcome and rate of very 
preterm birth (≤32 weeks gestation) between PCTs using:

The gestation-specifi c birth rate for live born infants  ▶

(denominator: all live births).
The gestation-specifi c birth rate for all infants (denomina- ▶

tor: all live and stillbirths and late-fetal deaths).
The gestation-specifi c percentage of infants registered as  ▶

live (denominator: gestation-specifi c live births and still-
births/late-fetal deaths).

For each measure, the median, IQR and 90% centile range 
were calculated by gestational age and PCT. Binomial regres-
sion models were fi tted with PCT included as a random effect 
to compare the variation in gestation-specifi c rates between 
PCTs. These models enable the exploration of between-PCT 
variation in excess of that expected by chance, accounting for 
differences in sample size. The SD of the random effect for 

Figure 1 Median, IQR and 90% centile range of rate of preterm birth 
(live births and all births) by gestational age for Primary Care Trusts 
(log scale).

Figure 2 Median, IQR and 90% centile range for the percentage of 
preterm births registered as live born by gestational age for Primary 
Care Trusts (log scale).
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Infant mortality
The infant death rate was 4.78 per 1000 live births (n=12083). 
This varied widely between PCTs from 2.34 to 8.93 per 1000 
births. Despite making up only 1% of births, 19.5% of infant 
deaths arose from births <24 weeks gestation. Between PCTs 
this varied considerably (90% centile range (6.7% to 31.9%)).

Comparing the overall infant death rate versus the infant 
death rate excluding preterm births <24 weeks of gestation 
(fi gure 3) showed a decrease in infant mortality of more than 
one death per 1000 births after exclusion of preterm births <24 
weeks of gestation in 60 out of the 147 PCTs. Of these 83% 
registered more than half of preterm births <24 weeks of ges-
tation as live born. Conversely of those 87 PCTs which had 
a smaller decrease in infant mortality (≤1 death/1000 births), 
only 43% had registered over half of preterm births <24 weeks 
of gestation as live born. Looking at the median change in 
ranks after excluding preterm births <24 weeks of gestation 
(fi gure 4) showed a worsening of 12 places for PCTs that reg-
istered less than half of preterm births <24 weeks of gestation 
as live born compared with an improvement of four ranks for 
those that registered at least half of births as live born.

Analyses excluding infants <28 weeks’ gestation showed 
similar fi ndings. Further analyses using estimates of late-fetal 
deaths based on 1997 to 2006 data, showed a stronger rela-
tionship between the percentage of births registered as live 
born <24 weeks gestation and changes in both infant death 
rates and ranks when excluding births <24 weeks. Although 
missing gestational age data may be more common in earlier 

The overall rate of very preterm birth by gestational age 
(total births including fetal deaths) showed a reduction in the 
between-PCT variation in preterm births <24 weeks of gesta-
tion but little change at later gestations. There was a fourfold 
difference in the 90% centile range for those <24 weeks gesta-
tion (0.93 to 3.25 per 1000 births) compared with a twofold 
difference at 24–27 weeks (3.54 to 7.00) and 1.5-fold at 28–32 
weeks (11.17 to 17.13 per 1000 births) (fi gure 1). Binomial 
regression models confi rmed this pattern of variation between 
PCTs with reduced SD for the logarithm of the birth rate for 
all births compared with live births. The SD again decreased 
with increasing gestation (table 1).

The percentage of births recorded as live increased with 
increasing gestational age from 52.6% at <24 weeks to 73.9% 
at 24–27 weeks and 91.9% at 28–32 weeks gestation (fi gure 2). 
The variation at <24 weeks was wide with a 90% centile range 
of 26.3% to 79.5%, that is, in the lower 5% of PCTs, around a 
quarter of births were registered as live born compared with 
over three quarters in the upper 5% of PCTs. This variation 
reduced considerably with increasing gestation as seen in fi g-
ure 2 (90% centile range 24–27 weeks: (64.4% to 82.9%); 28–32 
weeks: (88.5% to 95.4%)). Binomial regression models (table 1) 
confi rmed this pattern of decreasing between-PCT variation 
in the percentage of births registered as live born with increas-
ing gestation. Adjusting for PCT population characteristics 
resulted in little change in the between-PCT variation for all 
gestational age groups.

Table 1 SD (95% CI) of between PCT variation from binomial regression models, before and after adjustment for risk factors*

Gestation

Total births

Birth rate
Percentage of all births classifi ed as 

live bornLive births All births

Live Still Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*

<24 Weeks 2647 2382† 0.38 (0.32 to 0.45) 0.30 (0.24 to 0.37) 0.29 (0.25 to 0.34) 0.23 (0.19 to 0.28) 0.54 (0.45 to 0.66) 0.51 (0.42 to 0.62)
24–27 Weeks 9402 3321 0.18 (0.15 to 0.22) 0.10 (0.08 to 0.14) 0.17 (0.14 to 0.20) 0.09 (0.06 to 0.11) 0.12 (0.07 to 0.21) 0.10 (0.05 to 0.21)
28–32 Weeks 32523 2848 0.11 (0.09 to 0.13) 0.08 (0.07 to 0.10) 0.11 (0.10 to 0.13) 0.08 (0.06 to 0.09) 0.17 (0.13 to 0.23) 0.11 (0.06 to 0.19)

*Adjusted for PCT average deprivation score, % of women under 20 years of age, percentage of women over 35 years, percentage of women aged 16–45 years who were 
Asian, percentage of women aged 16–45 years who were Black.
†Estimated based on recorded number of late fetal deaths at 22 and 23 weeks in 2005–2006.
PCTs, Primary Care Trusts.

Figure 3 Overall infant death rate versus infant death rate excluding 
infants less than 24 weeks gestation for Primary Care Trusts by 
percentage of births less than 24 weeks gestation registered as live 
born. Lines indicate an absolute difference of one death and two 
deaths per 1000 live births.

Figure 4 Rank of overall infant death rate versus rank of infant 
mortality excluding infants less than 24 weeks gestation for Primary 
Care Trusts by percentage of births less than 24 weeks registered 
as live born. Lines refer to an absolute increase and decrease of 20 
places in rankings, 1=lowest death rate, 147=highest death rate.
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gestations, analyses assuming that the rate of missing data 
was 100 times higher in the earliest gestational age group (<24 
weeks) had little effect on the results seen here.

DISCUSSION
Our study has shown wide variation in the rate of extremely 
preterm live births between PCTs in England that are not 
explained by population case mix. We highlight substantial 
differences in the reporting of preterm births <24 weeks of 
gestation as live births or late-fetal deaths. These registration 
differences have a major impact on infant death rates. The 
exclusion of preterm births <24 weeks of gestation leads to 
signifi cant improvements in rankings for PCTs which register 
high numbers of extremely preterm infants as live born. These 
fi ndings are of key importance to healthcare commissioners 
and service providers making regional comparisons and tar-
geting interventions to improve care.

Impact
We demonstrate that registration differences impact on 
within-country comparisons as well as between countries. 
In order to make direct comparisons in mortality, be it inter-
national, regional or unit level, it is essential there is detailed 
validation and standardisation to ensure we are comparing 
‘like with like’,3 distinguishing ‘real’ variation from ‘arte-
facts’ that arise from reporting and registration differences.13 
In the US, despite the implementation of national reporting 
requirements, clinical decision making based on defi nitions 
of viability do not match clinical decision making14 and vari-
ation exists in state registration practices15 similar to that 
shown here. A standardised approach to the collection, cal-
culation and presentation of death rates is required to reduce 
artefactual differences.16 In the UK, although peer groups 
of PCTs have been introduced to adjust for differences in 
case-mix, it is vital that registration differences are mini-
mised before comparisons of mortality are made.

Over 20 years ago, Fenton et al17 highlighted variations in 
extremely preterm birth rates. Despite improvements in care, 
variation persists. Differences in management strategies and 
decisions regarding viability by a range of healthcare profes-
sionals present at delivery are likely to be responsible for the 
wide variations in delivery outcome of extremely preterm 
infants. Such variation in management is unlikely to refl ect 
policy at PCT level but rather the approach of individual 
hospitals and their clinical teams. In the UK, the WHO defi -
nition of a live birth based on signs of life irrespective of ges-
tational age is generally accepted for registration purposes. 
However, there are practical diffi culties in interpreting true 
signs of life and subjective differences in judgements about 
the best outcome for parents. In the US, where the WHO 
defi nition is accepted, research shows nearly a third of physi-
cians to include gestational age in their personal criteria for 
defi ning a live birth14 with defi nitions ‘open to subjective 
interpretation’.9

Decisions over registration affect parents greatly. In the UK, 
since late-fetal deaths (<24 weeks gestation) are not offi cially 
registered, there is no requirement for a funeral and parents 
are not eligible for statutory benefi ts, unlike births registered 
as live born at the same gestation resulting in a neonatal death, 
or stillbirths after 24 weeks gestation. This impacts on the par-
ents’ grieving process and also access to benefi ts which is sig-
nifi cant since extremely preterm birth is considerably higher 
in more deprived areas.18

Limitations
Variation in the rate of live births at less than 24 weeks ges-
tation and the proportion of births registered as live born 
may refl ect true underlying differences in the extremely pre-
term birth rate and fetal death rate between PCTs. However, 
after adjusting for underlying aetiological differences such as 
socioeconomic deprivation, ethnicity and maternal age, wide 
variation between PCTs persisted in this early gestational age 
group. Furthermore, considerably less variation between PCTs 
was seen at later gestations and we are unaware of the report-
ing of any particular approaches to care and improved overall 
outcomes that such between-PCT variation could be attributed 
to. The variation we demonstrated is also unlikely to be due 
to different calculation methods of gestational age between 
PCTs with the increasing use of obstetric dating scans. If the 
wide variation in extremely preterm live births is due to ran-
dom chance, their dramatic impact on death rates suggest they 
should be excluded from published statistics.

Information on gestational age at birth has been collected 
since 1 January 2005 with the introduction of the National 
Health Service numbers for data of babies. Our study used the 
most recent data available but confi dentiality restrictions pre-
vented exploration of time trends. Changes may have occurred 
in the registration of births over time as views on the viabil-
ity of extremely preterm infants modify and this may vary 
systematically between PCTs. As more data become avail-
able, the opportunity to update these results will arise. Data 
on late-fetal deaths for the complete study period were not 
available and we were limited to national voluntarily reported 
data at 22- and 23-week gestation deaths. However, live births 
less than 22 weeks gestation are extremely rare. Geographical 
variations may exist in the reporting of late-fetal death data 
but we could not validate this using ONS data since they are 
not registerable deaths.

There are many risk factors for extremely preterm birth 
and infant death that we could not take account of here. We 
adjusted for similar measures to those identifi ed by Freemantle 
et al10 to explain between-PCT variation in infant mortality. 
Deprivation was measured at PCT level and this may not 
refl ect the pattern of deprivation in PCTs, however we under-
took sensitivity analyses incorporating measures of the heter-
ogeneity in deprivation within PCTs and this showed similar 
results to those seen here.

CONCLUSIONS
Where underlying regional or international differences over 
decisions regarding the viability of preterm births <24 weeks 
of gestation exist, standard published mortality statistics will 
be prone to bias. In England, when comparing PCTs with simi-
lar population mix to compare performance, excluding births 
less than 24-weeks gestation from infant death rates may be 
an initial quick fi x to minimise this problem. However, this 
would mean the exclusion of up to a third of infant deaths in 
some areas. The resumption of collection of detailed informa-
tion on late-fetal deaths at 22 and 23 weeks is vital and the ges-
tational age for statutory registration of stillborn infants may 
benefi t from re-evaluation. This move alone would remove 
the problem of variation between areas in relation to measures 
such as perinatal mortality which would currently suffer the 
same regional variation seen here in infant mortality. This step 
will improve our ability to investigate within-country differ-
ences and allow for direct international comparisons, particu-
larly in Europe where the vast majority of countries register all 
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births from 22 weeks gestational age. Such an approach would 
seem sensible for all developed countries. Ultimately, we need 
to work towards reducing the variation in the registration of 
extremely preterm infants in England. Research into under-
standing how this variation arises and improving consensus 
on guidelines regarding viability of infants less than 24 weeks 
would be steps towards this goal.
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