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ABSTRACT

Objective: To estimate the direct healthcare cost of
infants born to overweight or obese mothers to the
National Health Service in the UK.

Design: Retrospective prevalence-based study.
Setting: Combined linked anonymised electronic data
sets on a cohort of mother—child pairs enrolled on the
Growing Up in Wales: Environments for Healthy Living
(EHL) study. Infants were categorised according to
maternal early-pregnancy body mass index (BMI):
healthy weight mother (18.5<BMI<25 kg/m?; n=342),
overweight mother (25<BMI<29.9 kg/m? n=157) and
obese mother (BMI>30; n=110).

Participants: 609 singleton pregnancies with
available health service records and an antenatal
maternal BMI.

Primary outcome measure: Total health service
utilisation and direct healthcare costs for providing
these services in the year 2012-2013. Costs are
calculated as cost of the infant (no maternal costs
considered) and are related to health service usage
from birth to age 1 year.

Results: A strong association existed between
healthcare usage cost and BMI (p<0.001). Mean total
costs were 72% higher among children born to obese
mothers (rate ratio (RR) 1.72, 95% Cl 1.71 to 1.73)
compared with infants born to healthy weight mothers.
Higher costings were attributed to a significantly
greater number (RR 1.39, 95% Cl 1.04 to 1.84) and
duration (RR 1.55, 95% Cl 1.37 to 1.74) of inpatient
visits and a higher number of general practitioner visits
(RR 1.10, 95% Cl 1.03 to 1.16). Total mean additional
resource cost was estimated at £65.13 for infants born
to overweight mothers and £1138.11 for infants born
to obese mothers, when compared with infants of
healthy weight mothers.

Conclusions: Increasingly infants born to mothers
with high BMIs consume additional health service
resources in the first year of life; this was apparent
across inpatient and general practitioner services.
Considering both maternal and infant health service use,
interventions that cost less than £2310 per person in
reducing obesity early pregnancy could be cost-effective.

INTRODUCTION

With approximately one in five women pre-
senting as obese at antenatal booking,'
obesity is one of the greatest challenges to

Rebecca A Hill,?
Sinead T Brophy?

Strengths and limitations of this study

m Study strengths include the availability of clinic-
ally recorded early-pregnancy body mass index
(BMI) and linked health records providing a com-
prehensive account of sociodemographics and
clinical data.

= Limitations of this study include the use of a
BMI value recorded at a single time point, chal-
lenges presented when quantifying health service
utilisation, for example, inability to account for
community services, and the disregard of indir-
ect and intangible health service costs.

= The observational design cannot indicate caus-
ation or account for the effects of unmeasured
confounding.

maternity services throughout the UK. Poor
maternal health, for example, poor diet® 2
and low physical activity levels,4 has been
shown to predispose infants to adverse
health outcomes in later life,5 through expos-
ure to an adverse environment in uteri.
Moreover, obesity during pregnancy is asso-
ciated with an increased likelihood of over-
weight in the offspring,6 and in turn
overweight children are more likely to
become overweight or obese adults.” There
is a clear need to target the weight of
mothers before pregnancy as this offers not
only an avenue for increasing maternal well-
being but also a mode of tackling childhood
obesity levels.

Considerable research efforts have been
made to quantify the amount of capital
which can be used to develop effective pol-
icies and preventative obesity strategies.
Research to date has shown that obesity in
adult populations®  and throughout preg-
is associated with increasing direct
healthcare costs. In agreement, we previously
found that obese women place increasing
strain on the National Health Service (NHS)
in Wales, accessing higher rates of health ser-
vices throughout pregnancy when compared
with  healthy  weight counterparts.12
Calculating costs associated with health
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service use throughout pregnancy and 2 months after
the birth, our findings showed that obese women utilise
an £1200 of NHS resources per pregnancy. However, this
particular study did not consider subsequent potential
healthcare costs associated with infants born to obese
mothers.

Studies examining costs associated with infant health
service use in the early years of life are scarce. Two
studies'® '* have examined neonatal healthcare costs
associated with smoking during pregnancy, revealing
increasing costs among infants exposed to cigarette
smoke in uteri. Other studies have examined costs asso-
ciated with preterm births.">™'” One study has reported
estimates of infant healthcare costs associated with
maternal pre-pregnancy body mass index (BMI), within
a 90-day period following birth.'® The authors reported
that maternal obesity was not associated with excess hos-
pital costs for infants; conversely, infants born to under-
weight mothers revealed significantly higher costs in
comparison to healthy weight pregnancies. This study,
however, was limited to inpatient admissions and relied
on selfreported BMI. Quantifying the ongoing costs
associated with maternal obesity could provide a frame-
work for future interventions and policies aiming to
prevent childhood obesity and improve health outcomes
for children and mothers.

Using data from a prospective birth cohort study, we
aimed to add to the current literature gap, examining
follow-up data of infants born to women of varying early-
pregnancy BMI. Using a population of mothers from
earlier work,'? the present study examines infant health
service use throughout the first year of life to estimate
potential additional costs attributable to maternal obesity
during pregnancy in the year 2012-2013 and whether
these accrue in the postpartum phase (age 0-7 days), age
1 week to 6 months or from 6 months to 1 year.

METHODS

Study sample

Data from children born to women who took part in the
Growing Up in Wales: Environments for Healthy Living
(EHL) birth cohort study'® were used for the present
study. Pregnant women were recruited from within the
Abertawe Bro Morgannwg University (ABMU) NHS
Board, in Wales, UK, to participate in the EHL study.
Providing health services for a population of 500 000
individuals, ABMU NHS Board is the largest health
board in Wales comprising of 18 hospitals and 77
general practices (GPs). Women in the EHL study
resided within the City and County of Swansea and sur-
rounding areas; of this population, approximately 95%
are Caucasian and 12% of Swansea’s local areas are cate-
gorised in the 10% most deprived areas of Wales.”’
Participants (aged 16 and older) were recruited to the
study during pregnancy, completed a questionnaire
(demographic and socioeconomic data) and provided
consent to obtain anthropometric measures. Participants

also provided consent for researchers to access medical
records (antenatal and postnatal records) for both the
mother and the infant.

Exclusion criteria for the present study were multiple
births, infants born with a congenital abnormality, those
with unobtainable medical records, infants whose
mother had a missing early-pregnancy BMI reading,
those with an underweight mother during pregnancy
and infants who had not reached age 1 by the time of
analysis.

Demographic data

Questionnaire data obtained at baseline provided mater-
nal age at delivery, ethnicity, parity, maternal working
status, smoking and alcohol consumption (yes or no)
during pregnancy, and psychological distress score
(based on Kessler 6 test). Electronic GP medical records
were used to identify any diagnoses of a comorbidity
within 3 years prior to pregnancy (using the Charlson
Index?") and to substitute smoking data from missing
questionnaire data. The National Community Child
Health Database (NCCHD) provided a Lower Super
Output Area score and associated multiple deprivation
indicator, ranking scores from 1 (most deprived) to 5
(least deprived)) for each mother—child pair and birth
data (child gender, birth weight and gestational age).

BMI categories

Infants were stratified according to maternal early-
pregnancy BMI values, which were obtained from ante-
natal records (calculated by a midwife around 12 weeks
gestation). For the purpose of this study, three groups
were formed: infants born to healthy weight mothers
(18.5<BMI<25 kg/m?), infants born to overweight
mothers (25<BMI<29.9 kg/mz) and infants born to
obese mothers (BMI>30 kg/m2).

Health services use data

Following on from our previous study examining mater-
nal health service use,]2 we aimed to obtain the same
measures of health service use and apply costs concern-
ing the infant. Study methods have previously been
described elsewhere when calculating costs for health
service use of the mother."? Infant medical records were
extracted from birth to age 1year using the Secure
Anonymised Information Linkage (SAIL) databank
developed at Swansea Uninf:rsity.22 We examined GP
Read codes enabling us to quantify the number of GP
visits, the number of medications prescribed by a GP, the
number and length of each inpatient appointment
(totalling the number of days for each inpatient admis-
sion), and the number of outpatient appointments.

To capture health service use relating to GP visits,
Read codes were extracted from the primary care data
set. Using a previously adopted method,'” we calculated
the number of GP visits and also extracted all medica-
tions Read codes (indicated by Read codes starting in
lower case letters a-z) which had been prescribed
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throughout the study period (2012-2013). The Patient
Episode Database for Wales (PEDW) provided data of
any inpatient or outpatient visits across the study period.
Data extracted included date of admission spell, date of
discharge (in cases of inpatient data) and specialty code
for each spell. For each visit, a distinct record was
extracted; therefore, it was only possible for an infant to
have one record of an outpatient appointment on any
given date.

Economic analysis

In order to compare the mean difference in healthcare
costs for each group of infants, specific costs were
applied to each health service visit. All healthcare costs
are related to the infant only and do not consider any
related healthcare use of the mother. For each inpatient
and outpatient visit, a specialty unit cost was applied to
the patient event. Specialty costings were provided by
the Welsh Costing Return (WCR) 2011-2012, and costs
are fully inclusive of all medications, treatments and
operations an individual might receive during a patient
event. Thereafter, the unit cost was multiplied by the
number of days the infant spent under that specialty for
each inpatient visit. To calculate costs associated with GP
visits, it was assumed that each visit involved lasted
approximately 17.2 min (including direct care staff costs
and qualifications), and a unit cost was provided by the
Unit Costs of Health and Social Care 2012.** In order to
apply costings to prescriptions, each medication was
assigned a unit cost as provided by the British National
Formulary November 2011,24 relevant to the medication
type and dosage. Read codes relating to vaccination
were excluded.

Statistical analyses

Mother—child pairs participating in the Growing Up in
Wales birth cohort that were eligible for inclusion in the
present study and were divided into three groups,
according to maternal early-pregnancy BMI: healthy
weight (BMI between 18.5 and 24.9 kg/m?), overweight
(BMI  between 25 and29.9 kg/m2) and obese
(BMI>30 kg/m?). Demographic  characteristics  of
mother—child pairs were examined and reported accord-
ing to early-pregnancy BMI group. To identify significant
differences in baseline characteristics between all three
groups, Kruskal-Wallis tests for categorical measures and
one-way analysis of variance for continuous measures
were carried out. Student t tests were conducted to
detect any difference in characteristics between those
mother—child pairs included in the study and mother—
child pairs excluded due to lack of maternal BMI data.
The mean and SD for each hospital service use and cost
are reported for the healthy weight group. Poisson
regression models were carried out to report incident
rate ratios (RRs) and 95% CIs for health service use and
associated costs, comparing findings of overweight and
obese groups relative to healthy weight. As the cost data
were skewed, further parametric modelling was not

carried out. STATA V.12.1 was used for all statistical ana-
lyses, and statistical significance was set at p<0.05
throughout.

RESULTS

Demographics

Among the total study population, 609 (83.7%) mother—
child pairs met the study inclusion criteria. The average
age of mothers at birth was 29.3 years and infants had a
mean birth weight and gestational age of 3.4 kg and
39.5 weeks, respectively. In terms of deprivation scores,
one-fifth of the total study sample were from the most
deprived category (n=121) and one-quarter (n=152)
from the least deprived category.

Figure 1 highlights the process for obtaining the study
population, and descriptive statistics for all three groups
of mother—child pairs are shown in table 1. Over half of
mothers had a healthy weight (BMI between 18.5 and
24.9 kg/ m?) during early pregnancy and approximately
44% of mothers were overweight or obese (BMI>25 kg/
m?). Mothers who were obese were more likely to be
affluent (signified by Lower Super Output Area (LSOA)
deprivation score), have at least one previous child and
deliver a macrosomic infant. No significant differences
were shown between the number of women smoking
and reporting alcohol consumption during pregnancy
between the three groups. Mothers excluded because of
missing early-pregnancy BMI data were of similar age
(29.3 vs 28.6, p=0.42) and deprivation (3.0 vs 3.1,
p=0.38) to those included within the study. Their infants
also displayed similar birth weights (3.38 vs 3.43, p=0.45)
and gestational ages (39.48 vs 39.53, p=0.83) as those
infants included.

Health service utilisation

The usage rate for all healthcare services, with the
exception of outpatient visits, was significantly higher for
infants born to obese mothers when compared with
infants born to healthy weight mothers (table 2).
Specifically, infants born to obese mothers experienced
a 39% higher rate of inpatient visits and a 55% increase
in the duration of inpatient visits. Examining GP data, a
10% higher visit rate and 10% higher prescription of
medications were shown among infants born to obese
mothers compared with healthy weight mothers. No sig-
nificant differences were observed when comparing the
overweight group to healthy weight mothers.

Cost evaluation

A strong association between mean total costs and mater-
nal BMI was evident, with infants born to obese mothers
utilising on average 72% higher resource costs (p<0.01).
Table 3 provides a breakdown of mean resource costs by
health service. As shown, infants born to obese mothers
had higher resource costs for each health service with
the exception of outpatient visits and prescribed medica-
tions. Infants born to overweight mothers also had
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Figure 1 A flow diagram
depicting participant involvement
within the study (BMI, body mass
index).

Cohort participants
N= 728

e N

Exclusions

Non-singleton infants N=29 (3.98%)

».| No maternal BMI available N=62 (8.52%)

Underweight mother= 20 (2.74%)

Infant not reached age 1 year N=8 (1.1%)

Total mother-child pairs
N= 609 (83.7%)

1

.

N

J

Infants with a healthy weight
(18.4< BMI <25kg/m2) mother

N= 342 (56.2%)

Infants with an overweight
mother (25< BMI <29.9 kg/m2)

N=157 (25.8%)

Infants with an obese mother
(BMI> 30 kg/m2)

N= 110 (18.1%)

higher mean total costs; however, significantly lower
costs were observed for outpatient visits, GP visits and
prescribed medications.

Table 4 provides a breakdown of resource costs for the
three periods: postpartum, age 1 week to 6 months and
age 6-12months. As shown, infants born to obese
mothers accrued higher mean costs for all three
periods, with greatest costs demonstrated in the post-
partum phase (274% higher than infants born to
healthy weight mothers). Conversely, infants born to
overweight mothers accrued significantly lower costs in
the first and last period while revealing higher costs in
early infancy. Examining inpatient appointments, infants
born to obese mothers accessed a significantly higher
number of surgical specialties in comparison to the
other two groups (9% vs 0.5%), all of which occurred
after the postpartum stage (later than age 1week). No
significant differences were evident when looking at the
type of specialty (eg, medical vs surgical vs other)
infants accessed for outpatient appointments. Looking
specifically at the health services accessed in the first
week of life, higher costs in the obese group were attrib-
uted to longer inpatient stays (mean duration of healthy
weight group, 2.76 (SD 4.2), obese group RR1.74 (95%
CI 1.41 to 2.14)).

Examining GP visits, infants born to obese mothers
had a significantly lower cost in the postpartum phase
(mean cost of healthy weight group, 41.5 (SD 42.2),
obese group RR 0.96 (95% CI 0.93 to 0.99)) when com-
pared with the healthy weight group. Significantly

higher costings were observed during the periods 1 week
to 6 months (healthy weight group, 487.4 (SD 247.6),
obese group RR 1.11 (95% CI 1.10 to 1.12)) and
6-12 months (healthy weight group, 216.5 (SD 205.1),
obese group RR 1.09 (95% CI 1.08 to 1.11)). In com-
parison to the healthy weight group, higher costings
were also apparent for infants born to overweight
mothers in the l-week to 6-month period (RR 1.02
(95% CI 1.01 to 1.03)) but lower within the 6~12-month
period (RR 0.93 (95% CI 0.92 to 0.94)). Over the 1-year
period, the mean total cost difference was estimated at
£65.13 for infants born to overweight mothers and
£1138.11 for infants born to obese mothers when com-
pared with infants of healthy weight mothers.

DISCUSSION

In an earlier study, we reported increased health service
use among mothers with early-pregnancy BMI values at
or above 30 kg/mQ, with economic analyses revealing
that obese women utilise additional NHS resources,
amounting to on average £1172 more per pregnancy
than healthy weight women.'” These findings high-
lighted additional expenditure which might be better
spent on interventions which enable women to enter
pregnancy with a healthy BMI. The present study sought
to estimate whether additional costs are also accrued as
a result of health services accessed by infants born to
obese women.

4
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Table 1 Characteristics of the total study population of mother—child pairs (N=609)

BMI (kg/m?)
Characteristics (n) 18.5-24.9 25-29.9 >30 p Value
Number of participants 342 157 110
Maternal n (%) n (%) n (%)
Age at delivery (years) (n=602) (range 17-44)
<20 14 (4.1) 6 (3.9) 5 (4.7) NS
20-30 154 (45.4) 76 (48.7) 52 (48.6)
3040 159 (46.9) 70 (44.9) 45 (42.1)
>40 12 (3.5) 4 (2.6) 5 (4.7)
Ethnic group (n=329)
White/European 191 (91.4) 69 (87.3) 39 (95.1) NS
Other 18 (8.6) 10 (12.7) 2 (14.3)
Working status (n=301)
Employed 92 (82.1) 56 (69.2) 74 (43.5) e
Unemployed 9 (8) 12 (14.8) 11 (10.2)
Homemaker 4 (3.6) 7 (8.6) 19 (17.6)
Other 7 (6.3) 6 (7.4) 4 (3.7)
Deprivation score (588)
1(most deprived) 82 (24.8) 27 (17.7) 11 (10.6) o
2 69 (20.9) 31 (20.2) 14 (13.5)
3 49 (14.8) 20 (13.1) 16 (15.4)
4 57 (17.2) 38 (24.8) 22 (21.2)
5 (least deprived) 74 (22.3) 37 (24.2) 41 (39.4)
Parity (n=353) (range 0-4)
0 108 (49.1) 33 (37.9) 15 (32.6) **
1+ 112 (50.9) 54 (62.1) 31 (67.4)
Co morbidity within 3 years priort (n=609) 19 (5.5) 15 (9.4) 10 (9.3) *
Smoker (n=554) 82 (26.7) 36 (24.7) 33 (32.7) NS
Missing data 35 (10.2) 11 (7.0) 9 (8.2)
Alcohol consumption (n=333) 131 (39.4) 39 (37.4) 39 (48.2) NS
Missing data 131 (38.3) 76 (48.4) 69 (62.7)
Distress scoret >12 (n=329) 5 (4.6) 4 (5.1) 5 (4.7) *
Missing data 134 (39.2) 77 (49.0) 69 (62.7)
Infant
Male (609) 190 (55.6) 71 (45.2) 56 (59.1) *
Gestational age (597) (range 30-43), weeks
<37 10 (2.9) 10 (6.5) 2(1.9) e
3741 312 (92.9) 133 (86.4) 99 (92.5)
>42 14 (4.2) 11 (7.1) 6 (5.6)
Birth weight (602) (range 2.2-5.1), kg
<2.5 10 (2.9) 4 (2.6) 4 (3.7) **
254 288 (85.0) 139 (89.1) 85 (79.4)
>4 41 (12.1) 13 (8.3) 18 (16.8)

***p<0.001, **p<0.05, *p<0.1.

tBased on score of total Kessler 6 test.
}Based on the Charlson index.

BMI, body mass index; NS, not significant.

Our findings demonstrate that infants exposed to an
obesogenic environment during uteri use on average an
extra £1138 in NHS resources throughout the first year
of life in comparison to infants born to mothers with a
healthy BMI. Looking specifically at the type of health
service accessed, all services, with the exception of out-
patient appointments, were higher for infants of obese
mothers. Breaking costs down into time periods, the
greatest difference in infant costs occurred within the
postpartum phase. One possible explanation for these
findings is that infants born to obese mothers have

longer inpatient stays during the postpartum phase as a
result of delivery complications and increasing birth
weights.25 As with all observational studies, however, it is
impossible to rule out the potential for unmeasured
confounding. The availability of clinically recorded BMI
values is one of the evident strength of the present
study. Using a cohort of mother—child pairs who had
participated in data collection throughout pregnancy
enabled clinically recorded BMI values to be extracted
from antenatal records, reducing problems associated
with misclassification from recall bias.”® The availability
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Table 2 Infant health service use in relation to maternal early-pregnancy BMI (kg/m?) by type of service

BMI 18.5-24.9 BMI 25-29.9 BMI>30
Health service Mean (SD) Mean (SD) Rate ratio* (95% CI) Mean (SD) Rate ratio* (95% CI)
Inpatient 1.7 (2.1) 21 (1.7) 1.23 (0.94 to 1.61) 2.4 (1.9) 1.39 (1.04 to 1.84)
Inpatient duration 1.1 (2.2) 1.0 (1.7) 1.11 (0.89 to 1.38) 1.7 (3.9) 1.55 (1.37 to 1.74)
Outpatient 1.6 (3.7) 1.5 (2.9) 0.93 (0.79 to 1.08) 1.5 (3.3) 0.96 (0.81 to 1.14)
GP 14.1 (7.8) 14.0 (6.3) 0.99 (0.95 to 1.04) 15.5 (9.7) 1.10 (1.03 to 1.16)
Medication 6.5 (9.2) 5.9 (8.7) 0.99 (0.95 to 1.05) 7.2 (8.6) 1.10 (1.04 to 1.16)

*Rate ratios based on mean utilisation of health services over 12 months relative to participants with a maternal pre-pregnancy BMI of 18.5—

24.9 kg/m?.
BMI, body mass index; GP, general practice.

of linked health data made it possible to document
infant’s health service use and include a comprehensive
account of sociodemographics and clinical data, for
example, smoking status during pregnancy, deprivation
scores and comorbidity data. Within our analyses, we did
not adjust for social deprivation as our earlier analyses
showed no significant associations.'? There are, however,
other limitations which must also be acknowledged.
First, we lack full ethnicity data due to incomplete or
missing participant questionnaires. As ethnicity is often
not captured with anonymised linked health data or
coded with a default value, we were unable to gather
these data retrospectively. Second, as highlighted in our
earlier study,lQ we are unable to account for costs asso-
ciated with community services such as health visitor
contacts. It is likely that our cost estimates are conserva-
tive if the same pattern was replicated in community ser-
vices. Using anonymised health data also limits our
certainty surrounding the type of contact infants had
with a service, for example, appointment with a general
practitioner versus a general nurse. This limitation has
been discussed in greater detail previously.]2 A further
consideration when interpreting the study findings is
that maternal BMI was assessed at the time of booking
for antenatal care. Our findings therefore do not reflect
gestational weight gain or loss and the possibilities for
women to alter BMI categories during pregnancy. Lastly,
our findings are restricted to a small sample of women
residing within an area of South Wales who opted to
take part within our study. The generalisability of our
findings to wider populations is therefore uncertain,

especially due to the predominantly white population,
and a large proportion of affluent women residing
within the obese group. Such factors could influence
mother’s help-seeking behaviours for infants.?’

The findings from this study are coherent with and
expand on previous work that reports increasing health
service use and costs among offspring exposed to
adverse environments in uteri. Multiple studies have
reported increasing health service use and associated
costs among infants exposed to cigarette smoke in
uteri.’® # One study estimated that infants born to
mothers who smoked 20 or more cigarettes per day, cost
£462 extra through increased inpatient appointments
when compared with infants not exposed to smoke
during pregnancy.'” Previous studies examining peri-
natal outcomes in pregnancies complicated by obesity
have reported approximately 3.5 times higher neonatal
admissions in comparison to women of healthy
weights.*> ' Observing  significant findings among
infants born to massively obese mothers (>300 pounds),
Perlow et aP’ noted that once women with diabetes
and/or hypertension were excluded from analyses, no
differences remained in the number of neonatal admis-
sions. Limited studies, however, have published estimates
on the magnitude of costs associated with increased
child health service use according to maternal BMI.
A recent Australian-based study'® analysed birth and
neonatal intensive care admissions over a 90-day period
following birth and reported infant costs according to
maternal early-pregnancy BMI groupings. On the con-
trary to our findings, the authors observed a significantly

Table 3 Cost of infant health service use in relation to maternal early-pregnancy BMI by type of service (£/12 months)

BMI 18.5-24.9 BMI 25-29.9

BMI>30

Health service = Mean (SD) Mean (SD)

Rate ratio* (95% CI)

Mean (SD) Rate ratio* (95% CI)

Inpatient 641.3 (2525.6)  739.5(1815.9)  1.15 (1.15 to 1.16) 17115 (6423.1)  2.67 (2.65 to 2.69)
Outpatient 177.08 (517.7) 145.0 (337.6)  0.85 (0.83 to 0.86) 1735 (427.4)  0.98 (0.96 o 1.0)

GP 799.2 (372.5) 788.1 (312.71  0.97 (0.97 to 0.98) 902.3 (48.4) 1.13 (1.12 to 1.14)
Medication 17.9 (18.0) 15.0 (13.6) 0.88 (0.82 to 0.94) 19.0 (17.6) 1.01 (0.93 to 1.09)
Total costs 1572.71 (3147.0)  1639.0 (2118.4)  1.04 (1.03 to 1.05) 2712.2 (6547.0  1.72 (1.71 to 1.73)

*Rate ratios based on mean health service costs over 12 months relative to participants with a maternal early-pregnancy BMI of

18.5-24.9 kg/m?.
BMI, body mass index; GP, general practice.
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Table 4 Cost of infant health service in relation to maternal early-pregnancy BMI by time period (£/12 months)*

BMI 18.5-24.9 BMI 25-29.9 BMI>30
Time frame Mean (SD) Mean (SD) Rate ratio* (95% CI) Mean (SD) Rate ratio* (95% CI)
0-7 days 242.84 (1236.7) 147.7 (594.9) 0.61 (0.60 to 0.62) 664.1 (2958.9) 2.74 (2.7 to 2.76)
1 week to 6 months 927.0 (1609.8) 1159.1 (1737.4) 1.25 (1.24 to 1.26) 1492.6 (3040.5) 1.61 (1.60 to 1.62)
6-12 months 405.66 (809.2) 333.2 (389.9) 0.82 (0.81 to 0.83) 555.3 (1378.2) 1.37 (1.36 to 1.38)

*Based on inpatient, outpatient and general practice costs (including prescriptions).

BMI, body mass index.

shorter length of hospital stay among infants born to
overweight and obese women and did not find any
excessive offspring costs. In addition to differing popula-
tion characteristics and economic approaches, the dis-
parity in findings could be a result of the different time
periods observed, for example, the present study exam-
ined costs over a 1year period, whereas Watson et al'®
examined a 90-day period. Furthermore, the authors
highlight that their findings are reliant on self-reported
maternal BMI values; therefore, they cannot be certain
that BMI values have not been underestimated or
overestimated.

Integrating our earlier findings'®> with the present
results, we estimate that obesity during pregnancy costs
on average £2310 extra from the time of conception to
the infants first birthday. With 1 in 5 women attending
prenatal care being classed as obese in UK™ and
778 805 births in the UK during 2013, ** this equates
to an additional resource use of £359 807 910 on health-
care services. Future work needs to examine the casual
pathways to explain why we are observing increased
usage and costs.

This is one of, if not the first, UK-based study to assess
infant health service use and associated costs according
to maternal early-pregnancy BMI. Our findings showed
a significant increase in health service use and asso-
ciated costs for infants born to obese mothers. In con-
junction with our previous study,'® the present study
adds an economic dimension to the importance of pro-
moting healthy weights among women of reproductive
ages. The findings from this study should help inform
policy makers and stimulate the design of cost-effective
interventions to prevent maternal obesity.

Acknowledgements The authors would like to thank the families for taking
part in the ‘Growing Up in Wales’ birth cohort study and to Public Health
Wales NHS Trust and Swansea University in helping to fund its development.
They acknowledge the support from The Farr Institute. The Farr Institute is
supported by a 10-funder consortium: Arthritis Research UK, the British Heart
Foundation, Cancer Research UK, the Economic and Social Research Council,
the Engineering and Physical Sciences Research Council, the Medical
Research Council, the National Institute of Health Research, the National
Institute for Social Care and Health Research (Welsh Assembly Government),
the Chief Scientist Office (Scottish Government Health Directorates), the
Wellcome Trust (MRC Grant No: MR/K006525/1). The work was undertaken
with the support of The Centre for the Development and Evaluation of
Complex Interventions for Public Health Improvement (DECIPHer), a UKCRC
Public Health Research Centre of Excellence. Joint funding (MR/K0232331/1)
from the British Heart Foundation, Cancer Research UK, Economic and Social

Research Council, Medical Research Council, the Welsh Government and the
Wellcome Trust, under the auspices of the UK Clinical Research Collaboration,
is gratefully acknowledged.

Contributors KLM conceived and designed the study. KLM was the guarantor
of this article and responsible for the statistical analysis and writing process
under the guidance of STB. MAR was responsible for all data extraction from
the Secure Anonymised Information database. RAL and STB designed the
Growing Up in Wales birth cohort. KLM, RAH and AK were responsible for
data collection methods. All authors reviewed the final manuscript.

Funding Swansea University and Public Health Wales
Competing interests None declared.

Ethics approval South East Wales Research Ethics Committee for Wales (09/
WSE02/37).

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Data are stored within the Secure Anonymised
Information Linkage (SAIL) databank at the Health Information Research Unit
(HIRU) at Swansea University. All proposals to use SAIL data sets must
comply with HIRU’s information governance policy. For more information on
available data sets please contact the principal investigator of the study STB at
S.Brophy@swansea.ac.uk.

Open Access This is an Open Access article distributed in accordance with
the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://
creativecommons.org/licenses/by/4.0/

REFERENCES

1. Reynolds RM, Allan KM, Raja EA, et al. Maternal obesity during
pregnancy and premature mortality from cardiovascular event in
adult offspring: follow-up of 1 323 275 person years. BMJ 2013;347:
f4539.

2. Sermer M, Naylor CD, Gare DJ, et al. Impact of increasing
carbohydrate intolerance on maternal-fetal outcomes in 3637 women
without gestational diabetes. The Toronto Tri-Hospital Gestational
Diabetes Project. Am J Obstet Gynecol 1995;173:146-56.

3. Jovanovic-Peterson L, Peterson CM, Reed GF, et al. Maternal
postprandial glucose levels and infant birth weight: the Diabetes in
Early Pregnancy Study. The National Institute of Child Health and
Human Development—Diabetes in Early Pregnancy Study. Am J
Obstet Gynecol 1991;164(1 Pt 1):103-11.

4. Pomeroy J, Renstrdm F, Gradmark AM. Maternal physical activity
and insulin action in pregnancy and their relationships with infant
body composition. Diabetes Care 2013;36:267-9.

5. Barker DJ. The fetal and infant origins of adult disease. BMJ
1990;301:1111.

6. Morgan K, Rahman M, Atkinson M, et al. Association of diabetes in
pregnancy with child weight at birth, age 12 months and 5 years—a
population-based electronic cohort study. PLoS ONE
2013;8:0079803.

7. Green C, Auguste P, Lloyd J, et al. Modelling of future outcomes to
estimate the cost effectiveness of interventions related to child and
adolescent overweight and obesity. Lancet 2012;380:S43.

8. Raebel MA, Malone DC, Conner DA, et al. Health services use and
health care costs of obese and nonobese individuals. Arch Intern
Med 2004;164:2135-40.

Morgan KL, et al. BMJ Open 2015;5:6008357. doi:10.1136/bmjopen-2015-008357


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1136/bmj.f4539
http://dx.doi.org/10.1016/0002-9378(91)90637-7
http://dx.doi.org/10.1016/0002-9378(91)90637-7
http://dx.doi.org/10.2337/dc12-0885
http://dx.doi.org/10.1136/bmj.301.6761.1111
http://dx.doi.org/10.1371/journal.pone.0079803
http://dx.doi.org/10.1016/S0140-6736(13)60399-2
http://dx.doi.org/10.1001/archinte.164.19.2135
http://dx.doi.org/10.1001/archinte.164.19.2135
http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on December 7, 2015 - Published by group.bmj.com

Open Access 8

9. Quesenberry CP, Caan B, Jacobson A. Obesity, health services 22. Ford D, Jones K, Verplancke JP, et al. The SAIL Databank: building
use, and health care costs among members of a health a national architecture for e-health research and evaluation. BMC
maintenance organization. Arch Intern Med 1998;158:466—72. Health Serv Res 2009;9:157.

10. Stringer M, Ratcliffe SJ, Evans EC, et al. The cost of prenatal care 23. Curtis L. Unit costs of health and social care 2012. Kent: University
attendance and pregnancy outcomes in low-income working women. of Kent, 2012.
J Obstet Gynecol Neonatal Nurs 2005;34:551-60. 24. British Medical Association and the Royal Pharmaceutical Society of
11. Elixhauser A, Wier L. Statistical Brief 113. Complicating conditions of Great Britain, ed. British National Formulary. London: BMJ Group
pregnancy and childbirth, 2008. Healthcare cost and utilization and Pharmaceutical Press, 2013.
project. 2011. 25. Mandal D, Manda S, Rakshi A, et al. Maternal obesity and
12.  Morgan K, Rahman MA, Macey S, et al. Obesity in pregnancy: pregnancy outcome: a prospective analysis. J Assoc Physicians
a retrospective prevalence-based study on health service utilisation India 2011;59:486-9.
and costs on the NHS. BMJ Open 2014;4:003983. 26. Shub A, Huning EY, Campbell K, et al. Pregnant women’s knowledge
13. Petrou S, Hockley C, Mehta Z, et al. The association between of weight, weight gain, complications of obesity and weight
smoking during pregnancy and hospital inpatient costs in childhood. management strategies in pregnancy. BMC Res Notes 2013;6:278.
Soc Sci Med 2005;60:1071-85. 27. Edwards A, Pill R. Patterns of help-seeking behaviour for toddlers
14. Adams EK, Miller VP, Ernst C, et al. Neonatal health care costs from two contrasting socio-economic groups: new evidence on a
related to smoking during pregnancy. Health Econ 2002;11: neglected topic. Fam Pract 1996;13:377-81.
193-206. 28. Adams EK, Melvin CL, Raskind-Hood C, et al. Infant delivery costs
15.  Schmitt SK, Sneed L, Phibbs CS. Costs of newborn care in related to maternal smoking: an update. Nicotine Tob Res
California: a population-based study. Pediatrics 2006;117:154—60. 2011;13:627-37.
16. Rogowski J. Measuring the cost of neonatal and perinatal care. 29. Galtier-Dereure F, Montpeyroux F, Boulot P, et al. Weight excess
Pediatrics 1999;103(1 Suppl E):329-35. before pregnancy: complications and cost. Int J Obes Relat Metab
17. Korvenranta E, Lehtonen L, Rautava L, et al. Impact of very preterm Disord 1995;19:443-8.
birth on health care costs at five years of age. Pediatrics 2010;125: 30. Perlow JH, Morgan MA, Montgomery D, et al. Perinatal outcome in
e1109-14. pregnancy complicated by massive obesity. Am J Obstet Gynecol
18. Watson M, Howell S, Johnston T, et al. Pre-pregnancy BMI: costs 1992;167(4 Pt 1):958-62.
associated with maternal underweight and obesity in Queensland. 31. Bianco AT, Smilen SW, Davis Y, et al. Pregnancy outcome and
Aust N Z J Obstet Gynaecol 2013;53:243-9. weight gain recommendations for the morbidly obese woman. Obstet
19. Hill R, Brophy S, Brunt H, et al. Protocol of the baseline assessment Gynecol 1998;91:97-102.
for the Environments for Healthy Living (EHL) Wales cohort study. 32. Guelinckx I, Devlieger R, Beckers K, et al. Maternal obesity:
BMC Public Health 2010;10:150. pregnancy complications, gestational weight gain and nutrition. Obes
20. Office for National Statistics. Census: Second release phase. City Rev 2008;9:140-50.
and County of Swansea. Crown Copyright, 2011. 33. National Statistics. Statistical bulletin: births in Northern Ireland
21. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying 2013. Northern Ireland, 2014.
prognostic comorbidity in longitudinal studies: development and 34. Office for National Statistics. Statistical Bulletin. Births in England and
validation. J Chronic Dis 1987;40:373-83. Wales by characteristics of Mother 1, 2013. Crown Copyright, 2014.
8 Morgan KL, et al. BMJ Open 2015;5:6008357. doi:10.1136/bmjopen-2015-008357


http://dx.doi.org/10.1001/archinte.158.5.466
http://dx.doi.org/10.1177/0884217505280276
http://dx.doi.org/10.1136/bmjopen-2013-003983
http://dx.doi.org/10.1016/j.socscimed.2004.06.035
http://dx.doi.org/10.1002/hec.660
http://dx.doi.org/10.1542/peds.2005-0484
http://dx.doi.org/10.1542/peds.2009-2882
http://dx.doi.org/10.1111/ajo.12031
http://dx.doi.org/10.1186/1471-2458-10-150
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.1186/1472-6963-9-157
http://dx.doi.org/10.1186/1472-6963-9-157
http://dx.doi.org/10.1186/1756-0500-6-278
http://dx.doi.org/10.1093/fampra/13.4.377
http://dx.doi.org/10.1093/ntr/ntr042
http://dx.doi.org/10.1016/S0002-9378(12)80019-6
http://dx.doi.org/10.1016/S0029-7844(97)00578-4
http://dx.doi.org/10.1016/S0029-7844(97)00578-4
http://dx.doi.org/10.1111/j.1467-789X.2007.00464.x
http://dx.doi.org/10.1111/j.1467-789X.2007.00464.x
http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on December 7, 2015 - Published by group.bmj.com

Obesity in pregnancy: infant health service

Sl  ytilisation and costs on the NHS

Kelly L Morgan, Muhammad A Rahman, Rebecca A Hill, Ashrafunnesa
Khanom, Ronan A Lyons and Sinead T Brophy

BMJ Open 2015 5:
doi: 10.1136/bmjopen-2015-008357

Updated information and services can be found at:
http://bmjopen.bmj.com/content/5/11/e008357

These include:

References This article cites 28 articles, 9 of which you can access for free at:
http://bomjopen.bmj.com/content/5/11/e008357#BIBL

Open Access This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits
others to distribute, remix, adapt and build upon this work, for commercial
use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/4.0/

Email alerting Receive free emalil alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic Articles on similar topics can be found in the following collections
Collections Health economics (189)
Obgyn (198)

Public health (1263)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://bmjopen.bmj.com/content/5/11/e008357
http://bmjopen.bmj.com/content/5/11/e008357#BIBL
http://creativecommons.org/licenses/by/4.0/
http://bmjopen.bmj.com//cgi/collection/bmj_open_health_economics
http://bmjopen.bmj.com//cgi/collection/bmj_open_obgyn
http://bmjopen.bmj.com//cgi/collection/bmj_open_public_health
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopen.bmj.com/
http://group.bmj.com

	Obesity in pregnancy: infant health service utilisation and costs on the NHS
	Abstract
	Introduction
	Methods
	Study sample
	Demographic data
	BMI categories
	Health services use data
	Economic analysis
	Statistical analyses

	Results
	Demographics
	Health service utilisation
	Cost evaluation

	Discussion
	References


