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Context: Only a minority of women with diabetes attend prepregnancy care service and the eco-
nomic effects of providing this service are unclear.

Objective: The objective of the study was to design, put into practice, and evaluate a regional
prepregnancy care program for women with types 1 and 2 diabetes.

Design: This was a prospective cohort and cost-analysis study.

Setting: The study was conducted at antenatal centers along the Irish Atlantic Seaboard.

Participants: Four hundred fourteen women with type 1 or 2 diabetes participated in the study.

Intervention: The intervention for the study was a newly developed prepregnancy care program.

Main Outcome Measures: The program was assessed for its effect on the risk of adverse pregnancy
outcomes. The difference between program delivery cost and the excess cost of treating adverse
outcomes in nonattendees was evaluated.

Results: In total, 149 (36%) attended: this increased from 19% to 50% after increased recruitment
measures in 2010. Attendees were more likely to take preconception folic acid (97.3% vs 57.7%,
P � .001) and less likely to smoke (8.7% vs 16.6%, P � .03) or take potentially teratogenic medi-
cations at conception (0.7 vs 6.0, P � .008). Attendees had lower glycated hemoglobin levels
throughout pregnancy (first trimester glycated hemoglobin 6.8% vs 7.7%, P � .001; third trimester
glycated hemoglobin 6.1% vs 6.5%, P � .001), and their offspring had lower rates of serious adverse
outcomes (2.4% vs 10.5%, P � .007). The adjusted difference in complication costs between those
who received prepregnancy care vs usual antenatal care only is €2578.00. The average cost of
prepregnancy care delivery is €449.00 per pregnancy.

Conclusions: This regional prepregnancy care program is clinically effective. The cost of program
delivery is less than the excess cost of managing adverse pregnancy outcomes. (J Clin Endocrinol
Metab 101: 1807–1815, 2016)

Despite advances in clinical care, women with type 1
and type 2 diabetes continue to have an increased

risk of serious adverse pregnancy outcomes (1–3). The
numbers of affected pregnancies are increasing, primar-
ily due to the global rise in obesity, which frequently
leads to type 2 diabetes (4). Many adverse outcomes are

associated with poor diabetes control in early preg-
nancy, highlighting the importance of pregnancy plan-
ning (4, 5). Prepregnancy care is the targeted support
and additional clinical care offered to women planning
pregnancy (6). The value of a prepregnancy clinic in
reducing adverse outcomes was first demonstrated
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more than 30 years ago, and specialized centers have
since replicated these positive findings (7–9). The effec-
tiveness of a regional approach to prepregnancy care
delivery was described in 2010 (6).

Notwithstanding associated benefits, only a minority
of women attend prepregnancy care. The Confidential En-
quiry for Maternal and Child Health revealed that only
17% of maternity units in the United Kingdom offered
prepregnancy care and just 10% women attended (10).
Although a coordinated, regionalized approach improved
on these findings, despite increased counseling, only 27%
women participated (6). Cited barriers to engaging with
prepregnancy care include negative experiences with
health professionals, lack of information, and work com-
mitments (11, 12). Furthermore, there exists a gap in the
literature relating to the economic benefits of providing
prepregnancy care, and this may act as a barrier to health
care providers who want to establish a service. The au-
thors believe that evidence of a good financial return on
the investment required to deliver prepregnancy care
would have a strong influence on future resource alloca-
tion and lead to improved accessibility.

The aim of this study was to develop, implement, and
evaluatea regionalprepregnancycareprogramforwomen
with type 1 and type 2 diabetes. A cost-analysis study will
assess whether the program delivery is associated with a
reduced cost of treating adverse pregnancy outcomes in
the first year post delivery.

Materials and Methods

The Atlantic-Diabetes in Pregnancy initiative aims to improve
outcomes for women with diabetes in pregnancy. It covers a
regional population of 500 000 mixed urban and rural dwellers
with 11 000 deliveries per year. This prospective cohort study
included 414 women with type 1 and type 2 diabetes attending
antenatal centers along the Irish Atlantic Seaboard between Jan-
uary 2006 and December 2014. The Health Service Executive
Research Ethics Committee provided ethical approval and
women consented in writing to participate.

Prepregnancy care delivery
Referrals to the prepregnancy care program were accepted

from specialist providers, primary care clinicians, and women
who self-referred. The program was delivered using a standard-
ized proforma according to principles laid out in National In-
stitute for Health and Care Excellence guidance (4). It included
patient education, a full medication review, assessment and
treatment of diabetes complications and thyroid status, com-
mencement of folic acid 5 mg/d and a focus on intensive glucose
monitoring with a target glycated hemoglobin (HbA1c) of less
than 6.1% preconception if feasible. A consultant endocrinolo-
gist based at the central hub traveled monthly to each of the other
locations to support the local clinicians. A local endocrinologist,
diabetes nurse specialist, and dietitian assisted with the delivery

of the program locally, and a centrally located coordinator mon-
itored data collection for each site.

In 2006 at the time of program initiation, specialists and
general practitioners in the area were informed in writing and
reminded of the service on a yearly basis. In 2010, in an effort
to improve attendance, an information leaflet was also posted
to all women of child-bearing age with type 1 or 2 diabetes via
a diabetes register. This was written in plain English and em-
phasized the importance of pregnancy planning and atten-
dance at prepregnancy care. Copies of this leaflet were also
distributed to general practitioners and specialists and infor-
mation posters provided for display in outpatient waiting ar-
eas. Information sessions for professionals were convened in
the region and information about the service was disseminated
via newspapers and radio. These activities were repeated on a
yearly basis. Additionally in 2010, after qualitative research,
the service became more personalized by providing flexible
appointments via the central coordinator and ensuring a non-
confrontational clinical environment with a focus on the pos-
itive aspects of pregnancy (11).

Definitions and outcomes
Serious adverse outcomes comprise shoulder dystocia, con-

genital malformation, stillbirth, or neonatal death. Shoulder
dystocia is diagnosed and recorded by the delivering obstetrician
when the fetal shoulders do not deliver after the head has
emerged from the mother’s introitus due to either one or both
shoulders becoming impacted against the bones of the maternal
pelvis. Congenital malformations are defined by the European
Surveillance of Congenital Anomalies criteria (13). Stillbirth is
the delivery of a fetus showing no signs of life at a gestation of 20
weeks or longer. Neonatal death is the death of a live-born infant
within the first 28 days of life. Miscarriage is the spontaneous
loss of a fetus at less than 20 weeks’ gestation. Prematurity is
defined as delivery before 37 weeks’ gestation. Additional neo-
natal outcomes examined included large for gestational age
(�90th centile by gestational age), macrosomia (birth weight
�4.5 kg), and small for gestational age (�10th centile by ges-
tational age) (14). Gestational age was determined at the book-
ing visit using obstetric ultrasound. Measured maternal out-
comes included gestational hypertension (blood pressure of
140/90 mm Hg or greater on at least two occasions more than 6
hours apart in women with normal booking blood pressure),
preeclampsia (hypertension, proteinuria [�300 mg per 24 h]
onset �20 wk), and cesarean delivery. To calculate gestational
weight gain, the difference between the first recorded weight in
the second trimester and the predelivery weight was measured.
This was compared with Institute of Medicine guidelines to as-
sess whether the upper limit of recommended weight gain as per
body mass index (BMI) category was breached according to pre-
viously published methodology (15, 16). Subsequently, women
were categorized into one of two groups according to whether
they demonstrated excessive or nonexcessive gestational weight
gain.

Maternal demographic and anthropometric data along
with information on folic acid use, HbA1c, and hypoglycemia
requiring hospital admission were recorded. Prepregnancy
HbA1c refers to the HbA1c result at initiation of prepreg-
nancy care among attenders and HbA1c 6 months before preg-
nancy in nonattenders.
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Complication costs
All the recorded complications that were deemed to have re-

source use implications in the first year after delivery entered the
study. The cost elements were thus based on the health care use
related to stillbirth, mode of delivery, neonatal intensive care unit
(NICU) admission, maternal hypertensive disorders in preg-
nancy, and surgeries in the first year of life required to treat
congenital malformations. Each element of health care use was
assigned a unit cost based on available estimates in 2014 Irish
prices (Supplemental Table 1). The cost of stillbirth (€1997.89
including bereavement and genetic postmortem examinations)
and hypertensive disorders (€7964.71 including treatment, lon-
ger ante- and postnatal stay) were based on the international
estimates and were inflated to 2014 prices using country-specific
consumer price index (health component if available) and, when
international estimation used, transferred to Ireland using Pur-
chase Power Parity indexes (17–20). The cost of the mode of
delivery, NICU stays, and malformations were based on the clos-
est corresponding Diagnosis-Related Group cost from the Irish
Case-mix database and were inflated to 2014 prices using the
health component of the consumer price index (21, 22).

Cost of delivery of prepregnancy care
Microcosting was completed to define the cost of deliver-

ing prepregnancy care on a regional basis (Supplemental Table
2). The cost of the initial visit was estimated at €108.81 and
included a review by a consultant physician (15 min), dietitian
(20 min), and diabetes nurse specialist (15 min). Overheads
(including administrative support) were also taken into ac-
count (25% of net labor) along with the cost of laboratory
tests. Subsequent visits were costed at €51.76 and included
consultant physician review (10 min), diabetes nurse specialist
review (15 min), overheads (25% of labor), and assessment of
HbA1c. During the study period, 224 women attended
prepregnancy care and 148 became pregnant. The total cost of
delivering the program was €66 454.32, resulting in a cost of
€449.02 per patient who became pregnant (or €269.67 per
attendee) (Table 1).

The expected reduction in cost per pregnancy for those
who attended prepregnancy care was compared with the ex-
pected cost of delivering prepregnancy care to these women.
The latter estimation included the cost of prepregnancy care

provision to women who attended prepregnancy care during
the same time period but did not become pregnant.

Data management and statistical analysis
Collected data were prospectively recorded using an opti-

mized digital database, namely DIAMOND (Hicom). Hy-
pothesis testing was performed on data of equal variance and
normal distribution using an unpaired t test. The Mann-Whit-
ney U test was used as the nonparametric alternative. A �2

analysis was used to compare sample proportions. Logistic
regression was used for multivariate analyses. Data are ex-
pressed as means � SD of the mean, adjusted odds ratios, and
95% confidence intervals (CIs). The difference between the
total cost and the individual components between the groups
were assessed in univariate and multivariate analyses. For
univariate cost analyses, a parametric t test and nonparamet-
ric rank-sum test (for cross-validation) were used. The ad-
justed difference in total cost was assessed in a multivariate
regression model. Generalized linear regressions with log link
function and �-distributed error terms were used for the anal-
ysis of the skewed estimates. The predictions, holding back-
ground characteristics at the average sample level, were used
to assess the adjusted difference.

Statistical significance was accepted when the 95% CI did not
contain one (regression analyses/ratios) or zero (multiple group
comparisons/means). The significance level was accepted when
� � .05 for two-tailed analyses.

Results

Patient characteristics
In total, 414 pregnancies were included and 149 (36%)

attended prepregnancy care. Between 2006 and 2009,
19% (36 of 186) attended prepregnancy care, and after
increased recruitment initiatives from 2010 onward, there
was a significant improvement, with an average atten-
dance of 50% (113 of 228) (P � .001). There was an
attendance of 41% among those with type 1 (111 of 269)
and 26% among those with type 2 diabetes (38 of 146)
(P � .002). The cohort of women who received prepreg-
nancy care differed from those who did not by several
characteristics (Table 2). Those who attended were older
(33.8 vs 31.9 y, P � .001), had a longer duration of dia-
betes (11.7 vs 9.5 y), had a lower HbA1c (7.4% vs 8.1%,
P � .002), and a higher proportion were nulliparous
(45.0% vs 38.9%, P � .001). Women who attended were
more likely to have preconception folic acid (5 mg/d)
(97.3% vs 57.7%, P � .001), reported a nonsmoking sta-
tus at the booking antenatal visit (91.3% vs 83.4%, P �

.03), and were less likely to be receiving a potentially
harmful medication at conception (0.7% vs 6.0%, P �

.008). Attendees had a significantly lower first-trimester
HbA1c (6.8% vs 7.6%, P � .001), and their HbA1c mea-
surements remained significantly lower throughout the
entire pregnancy. A higher proportion of attendees

Table 1. Calculation of the Cost of Prepregnancy Care
per Delivery (January 2006 through December 2014)

All
Attending

Did Not
Become
Pregnant

Became
Pregnant

n 224 76 148
Number of visits

Mean 4.63 5.11 4.39
SE (4.11) (3.58) (4.35)

Cost of initial visit €108.81
Cost of subsequent visit €51.76
Cost of prepregnancy

care
Mean 296.67 321.30 284.02
SE (212.83) (185.10) (225.30)

Total cost of program
Cost*224 €66 454.32

Cost per woman €296.67 €449.02
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achieved the target HbA1c of less than 6.1% in the first
trimester (24.4% vs 13.6%, P � .006). Examining the less
stringent goal of HbA1c less than 7.0% in the first trimes-
ter, 36.2% of attendees vs 23% of nonattendees reached
this target (P � .004). There were no instances of severe
hypoglycemia requiring hospital admission during the
study period.

Maternal and neonatal outcomes
Rates of maternal complications including pregnancy-

induced hypertension and preeclampsia were similar be-
tween both groups (Table 3). Although there was no dif-
ference in overall rates of cesarean delivery between
groups (68.6% vs 62.0%, P � .22), those who attended
prepregnancy care had a higher rate of elective cesarean
delivery (45.2% vs 32.8%, P � .02), with a nonsignificant
reduction in rates of emergency cesarean delivery (23.4%
vs 29.3%, P � .23). The percentage of live births and
miscarriages were similar between both groups (Table 3).

Congenital malformations were lower (0.8% vs 5.2%,
P � .04), and there were fewer serious adverse outcomes
(2.4% vs 10.5%, P � .007) among attendees. Among the
live-born infants (n � 343), there were lower rates of ad-
mission to the NICU among offspring of women who at-
tended prepregnancy care (44.3% vs 62.0%, P � .002).
Table 4 outlines potential independent predictors of seri-
ous adverse outcome in women with type 1 and type 2
diabetes. Attendance at prepregnancy care was associated
with a reduced risk of serious adverse outcome (odds ratio
0.26, 95% CI 0.07–0.77, P � .04). Other potential factors
were not significant.

Type 1 and type 2 diabetes
Women with type 1 and type 2 diabetes were exam-

ined independently to assess for within-group differ-
ences (Supplemental Tables 3 and 4). Women with type
1 diabetes attending the program were better prepared
for pregnancy, but only a minority achieved a first-tri-

Table 2. Characteristics of Women According to Prepregnancy Care Attendance (n � 414)

Prepregnancy Care
(n � 149, 36%)

No Prepregnancy Care
(n � 265, 64%) P Value

Type 1 diabetes 111 (74.5) 158 (59.6)
Type 2 diabetes 38 (25.5) 107 (40.4) .002
Number of visits to prepregnancy care 4.4 (4.4) n/a n/a
Diabetes duration, y 11.7 � 9.7 9.5 � 8.7 .02
Maternal complications

Retinopathy 59 (39.6) 107 (40.4) .87
Nephropathy 15 (10.1) 29 (10.9) .78
Neuropathy 4 (2.6) 7 (2.6) 1.00

Ethnicity
White 143 (96.0) 229 (86.4) .003
Other 6 (4.0) 36 (13.6)

Age, y 33.8 � 4.6 31.9 � 5.7 �.001
Parity 0.72 (0.81) 1.2 (1.3) �.001
Nulliparous 67 (45.0) 103 (38.9) .001
Smoking status at booking

Current smoker 13 (8.7) 44 (16.6) .03
Nonsmoker 136 (91.3) 221 (83.4)

Preconception folic acid 145 (97.3) 153 (57.7) �.001
Teratogenic medications at conception 1 (0.7) 16 (6.0) .008
BMI at booking, kg/m2 28.3 � 5.6 29.4 � 6.9 .09
BMI category

Normal (�24.9 kg/m2) 46 (30.9) 82 (32.0)
Overweight (25–29.9 kg/m2) 52 (34.9) 73 (28.5)
Obese (�30.0 kg/m2) 51 (34.2) 101 (39.5) .37

Booking blood pressure
Systolic 122.9 � 12.5 123.7 � 16.2 .56
Diastolic 74.5 � 8.5 73.0 � 10.0 .11

Glycemic control
Prepregnancy HbA1c, % 7.4 � 1.3 8.1 � 2.5 .002
First-trimester HbA1c �6.5% 54 (36.2) 61 (23.0) .004
First-trimester HbA1c �6.1% 36 (24.2) 36 (13.6) .006
First-trimester HbA1c, % 6.8 � 1.2 7.7 � 1.8 �.001
Second-trimester HbA1c, % 6.2 � 0.7 6.6 � 1.1 �.001
Third-trimester HbA1c, % 6.1 � 0.7 6.5 � 1.0 .001

Insulin therapy during pregnancy 146 (98.0) 243 (91.7) .009

Data are expressed as n (percentage) and mean � SD unless otherwise stated.
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mester HbA1c of less than 6.1% (12.6% of attenders vs
7.6% of nonattenders, P � .007). Offspring had lower
rates of serious adverse outcome (1.8% vs 11.4%, P �
.003). Additionally, a lower rate of neonatal hypogly-
cemia (11.7% vs 23.4%, P � .02) was recorded, and
admission to neonatal intensive care was reduced
(47.7% vs 74.2%, P � .001). There was a higher rate
of excessive maternal gestational weight gain among
those who attended prepregnancy care (37.7% vs
24.7%, P � .03).

The overall number of women with type 2 diabetes
attending prepregnancy care was low (38 of 146,
26.2%), especially among those of nonwhite ethnicity
(6 of 41, 14.6%). Attendees had higher rates of precon-
ception folic acid use (94.7% vs 55.1%, P � .001), and

a greater number achieved the target HbA1c of less than
6.1% (58.0% vs 22.4%, P � .001).

Cost analysis
Table 5 describes the difference in total complication

costs and individual components between those who at-
tended prepregnancy care vs usual antenatal care only.
The average total cost of complications per pregnancy at-
tending prepregnancy care is €3251.10 less than the cost
for those receiving usual care only, and the difference is
significant (t test: P � .001; rank sum: P � .01). The main
major component of the difference is the cost associated
with malformations: €1990.32 per delivery in the usual-
care group compared with no observed cost in the prepreg-
nancy-care group (t test: P � .01; rank sum: P � .02). The

Table 3. Pregnancy Outcomes According to Prepregnancy Care Attendance (n � 414)

Prepregnancy Care
(n � 149)

No Prepregnancy Care
(n � 265) P Value

Pregnancy outcome
Live birth 122 (81.9) 221 (83.4)
Miscarriage 25 (16.8) 36 (13.6)
Stillbirth 2 (1.3) 8 (3.0)
Neonatal death 0 0 .41

Maternal complications
Hypertension 25 (16.8) 54 (20.4) .37
Preeclampsia 13 (8.7) 28 (10.5) .54

Delivery, na 124 229
Age at delivery, wk 38.0 � 2.8 37.9 � 2.8 .68
Prematurity

�37 wk 17 (11.4) 47 (17.7) .09
�34 wk 8 (6.5) 22 (9.6) .31

Normal vaginal deliveryb 28 (22.6) 61 (26.6) .40
Instrumental delivery 11 (8.9) 26 (11.4) .47
Cesarean delivery 85 (68.6) 142 (62.0) .22
Elective cesarean delivery 56 (45.2) 75 (32.8) .02
Emergency cesarean delivery 29 (23.4) 67 (29.3) .23

Neonatal complications
Serious adverse outcome 3 (2.4) 24 (10.5) .007
Shoulder dystocia 0 6 (2.6) .07
Hypoglycemia 15 (12.1) 22 (19.2) .09
Congenital malformation 1 (0.8) 12 (5.2) .04

Cardiac 0 7 (58.3)
Digestive system 0 1 (8.3)
Limb 0 1 (8.3)
Nervous system 0 2 (16.6)
Orofacial clefts 0 1 (8.3)
Other anomalies/syndromes 1 (100) 0

Birthweight, kg 3.6 � 0.9 3.5 � 0.8 .13
Large for gestational age 38 (30.7) 58 (25.9) .34
Small for gestational age 5 (4.0) 20 (8.9) .09
Macrosomia 11 (8.9) 17 (7.7) .70

Excessive gestational weight gain 61 (50) 80 (39.4) .06
Neonatal care, nc 122 221
Neonatal intensive care 54 (44.3) 137 (62.0)

Postnatal ward 68 (55.7) 84 (38.0) .002

Data expressed as n (percentage) and mean � SD unless otherwise stated.
a All pregnancies after 20 weeks’ gestation.
b Excluding instrumental deliveries.
c All live births.
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next major component is NICU admissions, which ac-
count for a significant between-group difference of
€749.83 (t test: P � .04, rank sum: P � .003). The costs
associated with mode of delivery, stillbirths, and hyper-
tensive disorders are lower for those attending prepreg-
nancy care, but the difference is not significant. A multi-
variate regression analysis of total cost is detailed in Table
6. Attendance at prepregnancy care is the only factor sig-
nificantly associated with a cost reduction (coefficient
�0.3, P � .03). Maternal obesity, smoking, nonwhite eth-
nicity, and age have a cost-increasing effect but do not
reach significance (coefficients: 0.29, P � .08; 0.03, P �

.89; 0.17, P � .46; and 0.01, P � .66, respectively). The
adjusted difference in complication costs between those
who received prepregnancy care vs usual care remains
substantial (usual care: €9829.87, prepregnancy care:
€7252.17, difference: € �2577.70). This difference offsets
the per-pregnancy cost of delivering prepregnancy care
(€449.02).

Discussion

This study describes and evaluates a regional prepreg-
nancy care program for women with type 1 and type 2
diabetes. The program was coordinated centrally and de-
livered locally to bring the expertise to the individual,
maximize uptake, and improve pregnancy outcomes. This
novel model of care delivery was revealed to be effective
over 9 years, was available to all women with diabetes in
the region, and will continue as routine care. We demon-
strate a reduced risk of adverse pregnancy events among
attendees and uptake was enhanced from 19% to 50% by
increasing awareness among stakeholders. Our cost anal-
ysis indicates that the average adjusted cost of treating
adverse pregnancy outcomes is €2578.00 less for those
women who attend prepregnancy care. This fully offsets
the average cost of prepregnancy care delivery, which is
estimated at €449.00 per pregnancy, a figure that also
takes into consideration the cost of treating those women
who attend the program but do not become pregnant.

Table 5. The Difference in Cost of Care and Its Components Between Those Who Received Usual Obstetric Care
Versus Those Who Attended Prepregnancy Care

Group Mean

Diff. (€)

P Value

Usual Care (€)
Prepregnancy
Care (€) t Test

Rank
Sum

n 265 149 414
Total cost

Mean 10 055.76 6804.66 �3251.10 .001 .01
(SE) (874.34) (480.67) (1220.96)
Stillbirth

Mean 59.71 26.55 �33.16 .24 .29
(SE) (20.83) (18.71) (31.13)

Mode of delivery
Mean 3802.00 3707.52 �94.47 .66 .65
(SE) (127.61) (172.42) (213.72)

Neonatal intensive care admission
Mean 2374.43 1624.60 �749.83 .04 .003
(SE) (233.61) (268.82) (371.11)

Hypertensive disorders
Mean 1829.31 1445.99 �383.32 .23 .24
(SE) (201.60) (247.09) (326.53)

Malformations
Mean 1990.32 0.00 �1990.32 .01 .02
(SE) (762.83) (0.00) (1017.86)

Table 4. Independent Predictors of Serious Adverse
Pregnancy Outcome

Variable
Odds
Ratio

95%
Confidence
Interval

P
Value

Age, ya 0.95 0.855–0.262 .26
Duration of diabetes, ya 1.04 0.970–1.111 .28
First-trimester HbA1c, %b 0.99 0.735–1.335 .95
Prepregnancy care attendancec 0.26 0.068–0.966 .04
Parityd 1.20 0.810–1.769 .37
BMI at booking, kg/m2 1.02 0.932–1.118 .66
Smoking 1.78 0.546–5.811 .34
Type 1 diabetes 1.86 0.314–11.060 .49
Other ethnicity 1.81 0.159–20.433 .63
a Change in risk per year increase in age/duration of diabetes.
b Increase in risk for each 1% increase in HbA1c.
c Decrease in risk for those who attended prepregnancy care vs those
who did not.
d Increase in risk per unit increase in parity.
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Rates of attendance
The overall uptake of 36% is an improvement on the

only previously published regional program that reported
an attendance rate of 27%, and we believe that regular,
personalized contact with women and local clinicians had
a favorable effect (6). Furthermore, in delivering the pro-
gram, care was taken to address barriers to engagement
identified in prior qualitative studies (11, 12). The ap-
pointment of a central coordinator further bolstered our
attendance rates, an intervention noted to improve service
engagement in our population of women with gestational
diabetes (23). Although our attendance now approxi-
mates the proportion of planned pregnancies in the United
Kingdom (6, 24), there is progress to be made before we
are level with other European countries in which more
than 80% of pregnancies in women with type 1 diabetes
are planned (25). In particular, women with type 2 dia-
betes, ethnic minorities, and those with poor glycemic con-
trol were less likely to attend. There exists a challenge to
design future recruitment strategies to incorporate these
women and provide care to those who need it most.

Preparation and outcomes
Attendees were better prepared for pregnancy, and

their offspring experienced a lower rate of congenital
anomalies and serious adverse outcomes along with re-
duced admissions to the NICU. Indeed, prepregnancy care
attendance was the only significant factor independently
associated with a reduction in a serious adverse pregnancy
outcome. Although the value of prepregnancy care in
women with type 2 diabetes is less well established, our
findings are encouraging, with significantly higher rates of

preconceptual folic acid use and improved glycemic con-
trol during the ensuing pregnancy. Our data reveal we are
not meeting the National Institute for Health and Care
Excellence HbA1c target in many women with diabetes
who are planning pregnancy. This target was recently
raised from 6.1% to 6.5% but remains challenging to
achieve, particularly in the setting of type 1 diabetes, given
the greater risk of hypoglycemia (4). Moving forward,
there is evidence that the application of novel technologies
may improve glycemic control. An international Contin-
uous Glucose Monitoring in Women With Type 1 Diabe-
tes in Pregnancy Trial is currently evaluating the role of
real-time continuous glucose monitoring before and dur-
ing pregnancy, and preliminary studies using closed-loop
insulin delivery also hold promise for women with type 1
diabetes (26, 27).

There were higher rates of excessive gestational weight
gain among women with type 1 diabetes attending the
prepregnancy care program. This is an independent risk
factor for increased offspring birth weight and identifies a
need to give added attention to weight management while
delivering prepregnancy care (15, 28). Although it is not
clear why a greater proportion of attendees gained exces-
sive weight in the subsequent pregnancy, increased weight
gain was noted in previous trials of intensive insulin ther-
apy (29). One possibility is that the strong focus on gly-
cemic control may have led to insulin-induced hypogly-
cemia requiring additional caloric intake.

Cost analysis
The primary cost saving results from a reduction in the

frequency of congenital anomalies requiring early surgical
intervention in the group that attended prepregnancy care.
Although prior work in this field is limited, one study in
the United States estimated a net savings of $1720.00
(€1524.79) per enrollee in prepregnancy care over those
who received prenatal care only (30). However, this study
was published more than 20 years ago and relied on ret-
rospective, secondary data. A recent publication predicted
that universal prepregnancy care would result in a lifetime
societal cost saving of up to $5.5 billion (€4.9 billion), but
again analyses were based on secondary data, some of
which was more than 20 years old (31). The latter issue is
particularly relevant because it is unclear how improved
obstetric care in recent years may attenuate potential sav-
ings. Furthermore, previous authors did not consider the
cost of delivering prepregnancy care, and although uni-
versal prepregnancy care is ideal, approximately 50% of
pregnancies are unplanned, making attendance at
prepregnancy care unlikely for this group (24, 32). This
current study addresses these limitations because our cost
results are based on prospectively collected data over a

Table 6. Multivariate Regression Analysis of the Total
Cost: Generalized Linear Modeling With Log Link and
�-Distributed Error Term

Coefficient P Value

Prepregnancy care �0.30 .03
Age 0.01 .66
Type 2 diabetes �0.25 .11
White ethnicity �0.17 .46
Smoker 0.03 .89
BMI (overweight) 0.08 .61
BMI (obese) 0.29 .08
Parity (1) �0.21 .13
Parity (�1) �0.17 .32
AIC 20.17
BIC �2159.75
Log likelihood �4070.47
Predicted cost

Usual care €9829.87
Prepregnancy care €7252.17
Difference €�2577.70

Abbreviations: AIC, Akaike’s Information Criterion; BIC, Baysian
Information Criterion.
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contemporary, 9-year period and more accurately reflect
the real-life economic implications of providing prepreg-
nancy care across a region. This information is particu-
larly useful to health care providers aiming to assess the
costs prior to establishing a prepregnancy care program
and may encourage third-party payers to realize cost sav-
ings by reimbursing preconception care.

Strengths and limitations
Because there are baseline differences between women

who did and did not attend the program, characteristics of
nonattenders may limit generalizability of clinical benefits
to this group. However, because a randomized trial in this
area would not be considered ethical (6), we completed a
prospective observational cohort study and used robust
statistical methods to evaluate differences in characteris-
tics and pregnancy outcomes between groups. Our study
contains detailed patient-level data, with the exception of
socioeconomic status because measurement is difficult in
the context of the mixed urban-rural characteristics of the
population.

Limitations of the cost-savings analysis include gener-
alizability to alternative health care delivery systems and
patient populations. The increased marginal cost of re-
cruiting nonattendees and designing a program that over-
comes the barriers within this group cannot be estimated.
Whereas there are differences between women with type 1
and type 2 diabetes, these women were managed in the
same prepregnancy care program, so the cost analysis en-
compassed both groups. Finally, this study focused pri-
marily on direct medical costs; however, the true benefits
of prepregnancy care extend beyond this estimation and
include effects on quality of life and productivity. As a
result of not including indirect costs, we have likely un-
derestimated the overall impact of prepregnancy care.

In summary, a regional prepregnancy care program is
feasible, acceptable, and is associated with improved preg-
nancy preparation and a significant reduction in adverse
pregnancy outcomes for women with diabetes. The cost of
running the program is less than the immediate excess cost
of complication management for those who do not attend
prepregnancy care. These data support a global move to-
ward provision of prepregnancy care for all women with
diabetes of child-bearing age, and we provide an adaptable
template for delivery of this care.
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