
Prostaglandins, Leukotrienes and Essential Fatty Acids 102-103 (2015) 5–11
Contents lists available at ScienceDirect
Prostaglandins, Leukotrienes and Essential
Fatty Acids
http://d
0952-32

n Corr
Global F
teney St

E-m
journal homepage: www.elsevier.com/locate/plefa
Analysis of hospital cost outcome of DHA-rich fish-oil supplementation
in pregnancy: Evidence from a randomized controlled trial

Sharmina Ahmed a,h,n, Maria Makrides a,b,c, Nicholas Sim d, Andy McPhee b,e,
Julie Quinlivan f, Robert Gibson a,g, Wendy Umberger h

a Women’s and Children’s Health Research Institute, North Adelaide, Australia
b Healthy Mothers, Babies and Children, South Australian Health and Medical Research Institute, Adelaide, Australia
c School of Paediatrics and Reproductive Health, University of Adelaide, Adelaide, Australia
d School of Economics, University of Adelaide, Adelaide, Australia
e Neonatal Services, Women's and Children's Health Network, Australia
f Department of Obstetrics and Gynaecology, Joondalup Health Campus, Perth, Australia
g School of Agriculture, Food and Wine, University of Adelaide, Adelaide, Australia
h Global Food Studies, Faculty of the Professions, University of Adelaide, Australia
a r t i c l e i n f o

Article history:
Received 20 April 2015
Received in revised form
13 August 2015
Accepted 22 August 2015

Keywords:
Pregnancy and birth outcomes
Health economics evaluation
Hospital cost analysis
Randomized trial
Australia
DHA-rich fish oil supplementation.
x.doi.org/10.1016/j.plefa.2015.08.002
78/& 2015 Elsevier Ltd. All rights reserved.

espondence to: Women's and Children's He
ood Studies, University of Adelaide, Room 5.2
reet, SA 5005, Australia. Tel.: þ61 8 8313 221
ail address: sharmina.ahmed@adelaide.edu.au
a b s t r a c t

Objective: Recent research emphasized the nutritional benefits of omega-3 long chain polyunsaturated fatty
acids (LCPUFAs) during pregnancy. Based on a double-blind randomised controlled trial named “DHA to
Optimize Mother and Infant Outcome” (DOMInO), we examined how omega 3 DHA supplementation during
pregnancy may affect pregnancy related in-patient hospital costs.
Method: We conducted an econometric analysis based on ordinary least square and quantile regressions with
bootstrapped standard errors. Using these approaches, we also examinedwhether smoking, drinking, maternal
age and BMI could influence the effect of DHA supplementation during pregnancy on hospital costs.
Results: Our regressions showed that in-patient hospital costs could decrease by AUD92 (Po0.05) on average
per singleton pregnancy when DHA supplements were consumed during pregnancy. Our regression results
also showed that the cost savings to the Australian public hospital system could be between AUD15 – AUD51
million / year.
Conclusion: Given that a simple intervention like DHA-rich fish-oil supplementation could generate savings to
the public, it may be worthwhile from a policy perspective to encourage DHA supplementation among
pregnant women.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Long chain polyunsaturated fatty acids (LCPUFA), including
docosahexaenoic acid (DHA), are known to be essential for infant
development and supporting the health of mothers during preg-
nancy. A number of epidemiological comparisons have previously
shown that high intakes of fish products rich in DHA are associated
with longer gestations and higher birth weights [1,5]. Additionally,
results from two recent randomised controlled trials (RCTs) [3,4]
showed that maternal dietary supplementation of DHA during
pregnancy could significantly reduce the incidence of very preterm
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birth (o34 weeks) and result in shorter hospital stays for infants
born preterm to mothers who take DHA- rich supplements.

From a policy perspective, the extent to which DHA intake can
reduce pregnancy-related costs, such as the cost of antenatal
hospital care, delivery, and neonatal hospital care is interesting.
While this question is relevant to policy makers, the link between
DHA intake and the cost of pregnancy is yet to be examined. If
DHA intake can lead to significant reductions in pregnancy related
costs, not only would a program of DHA supplementation benefit
the health of infants and mothers, it could be feasible for policy
makers to support this program over the long-run as well.

1.1. The current study

This paper presents an econometric analysis of the effect that
DHA intake during pregnancy may have on total in-hospital costs
of care during pregnancy, including the cost of antenatal hospital
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care, delivery, and neonatal hospital care. We focused on in-hos-
pital cost for two reasons. First, it is more feasible to observe in-
hospital than out-of-hospital cost (e.g. personal sick leave or other
non-monetary costs) [6]. Second, the in-hospital cost of pregnancy
is largely borne by taxpayers. Hence, there could be policy impli-
cations if such costs are affected by DHA intake.

Methodologically, the causal effect of DHA intake is difficult to
establish because decisions to consume DHA supplementation are
usually self-selected. Moreover, the underlying behavioral character-
istics that influence DHA intake may also affect pregnancy risks, and
ultimately, in-hospital cost related to pregnancy [7]. To address this
challenge, we employed data from an RCT named DHA to Optimize
Mother and Infant Outcome (DOMInO) (Trial Registration: anzctr.org.au
Identifier: ACTRN12605000569606). The DOMInO trial involved 2399
pregnant women, recruited from 2005 to 2008, at o20 weeks
gestation with singleton pregnancies. Women were recruited accord-
ing to a protocol approved by Human Research Ethics Committees at
five Australian perinatal centers: two in South Australia and one each
in New South Wales, Victoria and Queensland.

To estimate the effect that DHA intake may have on pregnancy
related in-patient hospital care cost (referred to as “cost” herein-
after), we employed both ordinary least squares (OLS) and quantile
regressions. Whereas OLS regression estimates how DHA intake
may affect the average cost, quantile regression allows us to
examine the effect of DHA intake on specific types of cost that are
represented by the various cost quantiles. In all regressions, we
controlled for socio-economic factors that could confound the
causal effects of DHA intake. Hospital fixed effects were also
included to eliminate unobserved hospital heterogeneity, as hos-
pitals may differ in the quality of care they provide and internal
costing methods

Despite having data from an RCT, we might still have the issue
that some trial participants were not fully compliant with the trial
protocol. In principle, such non-compliance could cause the average
treatment effect of DHA intake, if it exists, to be downward biased.
For example, the treatment group could contain individuals who do
not adhere to the trial, either by not consuming the prescribed DHA
supplementation at all, or by consuming less than they were asked
to. This could lead to a smaller contrast in the average cost out-
comes between the treatment and the control group.

To partially address the non-compliance issue, we used infor-
mation about the quantity of supplements each participant had
consumed during the trial. We conducted our regression analysis
using subsamples that consist of fairly compliant participants
(mothers who consumed 70% or 85% of their supplements) or fully
compliant participants (mothers who consumed 100% of the
supplements) [8].

In sum, our OLS regressions showed that the effect of DHA
intake on the average in-hospital cost of pregnancy care is tenuous
at best. In connection with this observation, our quantile regres-
sions found that only the left tail of the cost distribution, the 10th
cost percentile, was affected (i.e. reduced) by DHA intake. Therefore,
our results suggested that individuals with relatively low hospital
cost pregnancies, i.e. those who have low (left-tail) hospitalization
costs, would mainly benefit from DHA supplementation.
2. Methods

2.1. Study sample

This study utilized data from the large-scale RCT of DHA sup-
plementation-DOMInO [3]. The DOMInO trial was designed pri-
marily to evaluate the effect of DHA-rich supplementation during
the last half of pregnancy on the number of womenwith high levels
of depressive symptoms and perinatal complications, and to assess
whether DHA enhanced the neurodevelopmental outcome of their
children. One finding from the DOMInO trial relevant to this ana-
lysis was that DHA supplementation lengthened the gestational
duration [3,9] and reduced the incidence of extremely preterm birth
(o34 weeks). However, at the same time, the number of overdue
pregnancies requiring post-term interventions such as birth
inductions or lower cesarean sections also increased. Therefore,
given that the expected decrease in preterm births due to DHA
supplementation is countered by an expected increase in the need
to induce delivery at term or beyond, these outcomes (among other
factors) suggest that the link between DHA supplementation during
pregnancy and hospital costs may be ambiguous.

2.2. Measures

2.2.1. Calculation of in-patient hospital cost
Direct information on in-hospital costs was not available for

individuals in the DOMInO trial. Therefore, we made use of the
exit costings based on actual funding model in Australia, and
applied these to the DOMInO data. Within this funding system,
patients’ episode of care are classified into relatively homogeneous
groups (Australian Refined Diagnostic Related Groups (AR-DRGs))
with each of these groups being classified a reimbursement rate
based on length of stay and case complexity. Resource use costings
were calculated based on average national tariffs associated with
each AR-DRGs. These hospital costs were identified using obstetric
and neonatal AR-DRGs for 2006-07 (version 5.1) [10]. A summary
of the DRG costing strata were included in a supplementary table.
Costs unrelated to the pregnancy in question were not included in
the model.

2.2.2. Calculation of maternity cost
Maternity costs included in this analysis were costs of hospital

services for all antenatal admissions and delivery service. Hospital
costs for antenatal admissions, labor and delivery services were
calculated on the basis of the average per diem medical reimbur-
sement for all inpatient claims with diagnostic codes related to
labour and delivery services in Australia multiplied by the length
of stay for each individual.

2.2.3. Neonatal cost calculation
The cost of neonatal care was calculated on the basis of birth

weight, complications and comorbidities and average per diem
medical reimbursement for accommodation in the neonatal
intensive care unit or nursery. Newborn care episodes include
‘qualified days’ equivalent to acute care days. The cost per survivor
was calculated by adding the total costs of care for all babies in a
birth-weight strata divided by the number of survivors (following
the methodology of Tudehope et al. [11]). Neonatal care for well
infants was not reimbursed separately from maternity care. Based
on the DRGs, the cost of care for any transfer of infants less than
five days is calculated under separate DRGs and cost of care for any
transfer of infants more than five days is calculated according to
infant birth weight and complications and comorbidities.

2.3. The model

The economic evaluation focused on the in-patient hospital-
care system for mothers and neonates from randomization at the
start of the trial until the final discharge of the mother or the baby,
whichever occurred last. The study used standard cost-analysis
modeling approaches to compare the costs and outcomes of DHA
rich fish oil supplementation versus no supplementation for
pregnant mothers who were less than 21 weeks of gestation. This
is based on the model
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where costi, the dependent variable, is the total in-patient hospital
cost observed for each participant (not including the cost of DHA
supplementation), DHAi is a dummy variable which is 1 for DHA
participants in the RCT treatment group and 0 for participants in
the placebo group; xi is a vector of control variables, representing
socio-demographic information such as maternal age, body mass
index (BMI), race, education, occupation, smoking and drinking
behavior; μh is the unobserved location (hospital) fixed effect; and

iε is the error term.
Eq. (1) was estimated using both OLS and quantile regressions.

For quantile regressions, we focused on the 10th, 50th and 90th
conditional percentiles as they represent individuals with low,
median and high in-patient hospital costs [12]. We also imple-
mented regressions on subsamples of partially or fully compliant
individuals in the trial based on information from the trial case
report forms (CRFs), which showed the number of unconsumed
capsules that were returned by the participants. We assumed that
all unreturned capsules were consumed. Individuals in the 70% (or
85%) compliant subsample were those who consumed at least 70%
(or 85%) of their prescribed DHA dose. The mothers who reported
that they never missed any designated capsules from commence-
ment up to birth of the infant are our “fully” or 100% compliant
group. As a caveat, such information is self-reported. Therefore, a
participant could over-report her consumption of the DHA capsules
as the unreturned capsules could be unconsumed. Hence, there is
no guarantee that individuals even in the “100% compliant group”
were fully compliant, and consequently, the estimated effect of DHA
could still be understated.

2.4. Preliminary check

Propensity score matching (PSM) was run to check for the
presence of imbalances in baseline covariate distributions
between DOMInO trial data treatment groups. PSM methods have
been frequently used in the analysis of observational and registry
data. By using PSM we estimated the degree of overlap or the
average probability for all individuals participating in the treat-
ment, as well as to check the success of matching for the exo-
genous variables. The propensity score of DOMInO data using the
kernel-based method was 0.499. This implies that the average
probability to participate in the treatment for all individuals is
approximately 50%. We also checked the success of the matching
for the exogenous pre-treatment variables in two groups. We
found that two groups in DOMInO RCT were not significantly
different from each other in terms of their pre-treatment char-
acteristics, implying that the two groups in the DOMInO trial were
balanced enough in their observed pre-treatment.
3. Results

3.1. Descriptive studies and mean cost differences

Table 1 shows descriptive statistics and mean cost differences
between the DHA group and the control group without adjusting
Table 1
Unadjusted mean cost difference between intervention and placebo groups.

Cost component Sample mean (SD) N¼ 2367 Intervention group (SD) N¼ 11

(1) Antenatal cost $900.864 ($4172.27) $841.45 ($3966.02)
(2) Delivery cost $4944.812 ($2950.11) $4974.43 ($3041.01)
(3) Neonatal cost $3756.929 ($ 15,863.07) $3718.01 ($ 17,728.27)
Total cost (1)þ(2)þ(3) $8340.42 ($ 17,654.70) $8021.88 ($ 19,482.75)
for potential confounders of the main components of cost vari-
ables. No statistically significant differences between the two
groups were found for any of the cost components.

3.2. Sample analysis without subgrouping

Table 2 shows the regression results based on the use of (1) the
entire sample (Panel A), (2) a subsample consisting of the 70%
compliant group (Panel B), (3) a subsample of the 85% compliant
group (Panel C), and 4) a subsample of the fully (100%) compliant
group (Panel D). From the regressions, we found that the effect of
DHA supplementation on cost was weakest in the regression that
uses the entire sample (Panel A), and strongest in the regression
that uses the fully compliant subsample (Panel D). This is con-
sistent with our argument that non-compliance will weaken the
estimated effect of the intervention.

The regression results suggested that the average cost savings
from treatment ranges from AUD93 to AUD211 per singleton
pregnancy for the intervention group compared with the placebo
group. Much of these savings were due to cost reductions in the
lower tail. For example, we found that for the women in 10th
percentile cost? group, the cost savings generated by the inter-
vention were between AUD107 and AUD242, where these effects
were statistically significant. ‘The women in the 10th percentile
group were the women who used least hospital resources com-
pared with women in 50th and 90th percentile. In this trial almost
69% of the women were embraced in the 10th percentile cost
grouping. Therefore, these findings suggest that DHA supple-
mentation might only lead to cost reductions for low cost users of
public health resources during pregnancy (individuals who are in
the lower tailed cost percentiles). Individuals who were pre-dis-
posed to using more intensive and costly medical care did not
appear to benefit from any reduction in pregnancy related hospital
care costs following the intervention.

3.3. Sub group analysis: drinking and smoking

We also examined the effect of DHA on pregnancy-related
hospital care costs for those individuals who smoke or consume
alcohol and those who do not. Smoking and alcohol consumption
are known to have negative effects on pregnancy and birth out-
comes such as low birth weight and premature birth, as well as
higher rates of illnesses (colds, bronchitis, ear infections, etc.),
breathing problems, and sudden infant death syndrome (SIDS) in
babies [13,14]. Thus, these activities may mitigate the benefits that
DHA supplementation could have in reducing pregnancy-related
hospital care costs.

Table 3 shows findings based on the sample of women within
the 70%, 85% or 100% compliant subsamples. The OLS regression
results (Table 3) showed that DHA supplementation could lead to a
significant reduction in hospital care costs for mothers who were
non-smokers and/or non-drinkers. In particular, the largest
reduction in hospital care costs associated with DHA supple-
mentation appears to be for non-smokers and non-drinkers, with
cost reductions per singleton pregnancy from AUD191 to AUD315
for non-smokers and from AUD187 to AUD226 for non-drinkers.
97 Placebo group (SD) N¼ 1202 Mean cost difference (95% CI) P-value

$960.02 ($4368.86) �$118.57 (�$215.54 to $452.69) 0.486
$4915.16 (2857.21) $59.27 ($297.12 to $178.58) 0.225
$3872.64 ($ 13,393.9) -$154.64 (�$1103.04 to $1412.32) 0.195
$8268.81 ($ 15,652.13) �$246.93 (�$1177.67 to $1671.54) 0.126



Table 2
Bootstrapped adjusted marginal treatment effect between intervention- and placebo groups.

Dependent variable: Total hospital cost¼antenatal admission costþdelivery costþneonatal admission cost
Independent variable of interest: DHA dummy (1 for intervention group, 0 for placebo group)

Population N Models

OLS 10th percentile 50th percentile 90th percentile

Full sample analysis (Panel A) 2342 �92.67**(�2.07) �107.36**(�2.12) �209.56 (�1.17) �279.65 (�0.49)
70% compliant group (Panel B) 1612 �113.45*(�1.94) �152.54**(�3.23) �267.19 (�0.75) �538.10 (�0.83)
85% compliant group (Panel C) 1402 �120.30*(�1.90) �162.31**(�2.57) �283.19 (�1.39) �621.54 (�1.11)
100% compliant group (Panel D) 610 �211.34*(�1.82) �241.63*(�1.78) �285.49 (�0.64) �887.80 (�1.60)
Hospital fixed effect Yes Yes Yes Yes
Controlsa Yes Yes Yes Yes

*Po0.01; **Po0.05; ***Po0.01.
a Regression controlled for mothers' age, race, and trial entry BMI, occupations and education level.
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However, no gains from DHA supplementation were found for the
sample of mothers who smoked or consumed alcohol, which
suggests that smoking and alcohol consumption may negate the
benefits of DHA.

Our baseline results showed that the average cost reduction of
DHA supplementation was generated mainly by the reduction in
cost associated with the lower cost quantiles (i.e. the low cost users
of public health resources). This remains to be true, as the DHA
treatment effect was not statistically significant for the 50th and
90th conditional cost percentiles, even for participants who repor-
ted that they did not smoke or consume alcohol during pregnancy.

3.4. Sub group analysis: age and BMI

For our partially or fully complaint groups, we checked if the
effect of DHA supplementation could be dependent on mothers’
age at entry into the trial and BMI. Women over the age of 35 are
considered to be of “advanced maternal age” and pregnancies in
these women are considered to be high-risk [15,16]. Therefore, we
consider two age-groupings based on whether participants were
below the age of 35 or aged 35 and older. Within each age group,
we also ran separate regressions for mothers with a BMI of less
than 25 and those with a BMI of 25 or greater (Table 3). Women
with BMIs of 25 or over are considered by the World Health
Organization to be overweight and women with BMIs over 29 are
considered to be obese [17]. We found that DHA supplementation
had no statistically significant effect on hospital costs for mothers
grouped according to age and BMI, although the signs of the
coefficients in the OLS regressions are generally in the correct
direction. These results weakly suggest when other confounding
factors are controlled for, mother’s age and BMI may be unim-
portant for how DHA intake and costs are linked.
4. Discussion

This study provides estimates of the effect of DHA-rich sup-
plementation during pregnancy on net in-patient hospital costs
using data from a double-blind randomised clinical trial, DOMInO.
We found that DHA-rich supplementation during pregnancy has a
mild effect of reducing in-patient pregnancy-related hospital care
costs. This was after the analyses were adjusted for socio-eco-
nomic variables and non-compliance issues by comparing results
from several competing econometric models.
In this study the total cost of each participant in the DOMInO
trial was estimated as the daily national cost of hospital care,
multiplied by the number days' mothers and infants were treated
in hospital by using information from the Australian Refined DRG
2007-08. To analyze the effect of DHA supplementation during
pregnancy on hospital cost data the study used OLS and quantile
regression models with bootstrapped standard errors for the
whole sample and for three sub-groups with varying levels of
compliance. We also investigated if smoking, alcohol consumption,
maternal age at trial entry (Z35 years) and maternal weight at
trial entry (BMIZ25) could affect the relationship between DHA
intake and pregnancy-related hospital care costs.

The OLS analysis of the overall sample found that costs
decreased for women with DHA supplementation by only around
AUD92 on average per singleton pregnancy Assuming that house-
holds bear the total cost of supplementation, our projected cost
savings for the Australian public hospital system that result from
DHA supplementation is approximately AUD15 million/year (based
on AUD92�163,519 singleton pregnancies in Australian public
hospitals in 2011) [18]. If we use the “upper bound” cost reduction
estimate of AUD315 obtained from our quantile regression esti-
mates, the cost savings could be up to AUD51 million/year.

In our analysis we also found that the number of early pre-term
birth cases was 15% lower for the DHA group compared to the control
group (Table 4). We projected this finding using a cost-effectiveness
acceptability curve, which graphically represents the likelihood that
DHA supplementation during pregnancy will lead to avoidance of
preterm births. As can be seen in Fig. 1, if decision makers are pre-
pared to invest a ceiling ratio of AUD5000 for DHA supplementation
during pregnancy then there is a 50% chance of avoiding an additional
case of pre-term birth. However, even if decision makers are willing to
pay a ceiling ratio greater than AUD5000, the probability that the
intervention is preferred or deemed cost effective does not change
substantially. Further, no matter how much decision makers are
willing to pay, the effectiveness will never reach 100%.

There is now an ongoing debate on whether the consumption
of adequate amounts of omega-3 fatty acids, especially DHA,
during pregnancy and breastfeeding, is associated with improve-
ments in maternal and infant health. Given that the cost of the fish
oil supplement is small, if relatively simple interventions like
DHA-rich fish-oil supplementation during pregnancy can generate
cost savings from a public policy perspective, it may be worth-
while considering implementing programs that encourage DHA
supplementation among pregnant women. The importance of
such programs relate to the fact that we cannot accurately predict



Table 3
Sub-group estimation of groups: OLS and quantile regressions with bootstrap S.E.

Population Dependent variable: Total hospital cost¼antenatal admission costþdelivery costþneonatal admission cost
Independent variable of interest: DHA dummy (1 for intervention group, 0 for placebo group)

Mothers’smoking behaviour during pregnancya

Smoker Non-smoker

N OLS 10th percentile 50th percentile 90th percentile N OLS 10th percentile 50th percentile 90th percentile

70% compliance group 225 161.23nn(2.18) 24.69 (0.06) 715.14 (0.90) 3579.23n (1.77) 1387 �191.18n(�1.78) �265.66nn(�2.23)
61.13 (0.27) �720.25

(�1.02)
85% compliance group 183 151.67 (1.39) 361.02 (0.62) 478.63 (0.58) 4288.90 (1.50) 1219 �213.10n(�1.78) �310.84nn(�2.17) 56.42 (0.24) �799.76 (�1.24)
100% compliance group 99 �108.11 (�0.10) 214.97 (0.32) �267.03 (�0.15) 1690.90 (0.48) 511 �315.56n(�1.70) �439.90nn(�2.25)
�233.38 (�0.31) �444.19

(�0.39)

Mothers’drinking behaviour during pregnancyb

Continue alcohol consumption No alcohol consumption
70% compliance group 156 240.353 (0.17) 217.86 (0.46) �867.71 (�0.87) �2219.06 (�1.17) 1256 �119.14 (�1.26) �187.11nn(�2.01) �151.90 (0.69) �48.34 (�0.32)
85% compliance group 120 349.07 (0.49) 557.13 (1.01) 11.04 (0.02) �435.12 (�0.22) 1169 �156.84 (�1.36) �195.99nn(�1.98)
�102.17 (�0.49) �27.11

(�0.37)
100% compliance group 69 199.99 (0.10) 33.03 (0.02) 677.71 (0.77) �201.89 (�1.19) 541 �231.79 (�1.62) �226.96n(�1.78) �78.29 (�0.26) �103.9 (�1.36)
Mothers’ age at trial entryc

Age equal or above 35 Age below 35
70% compliance group 319 �114.57 (�0.11) 155.67 (0.38) �62.36 (�0.11) �34.85 (�0.02) 1293 �349.54 (�0.62) 279.07 (1.10) 327.57 (1.22) �243.07 (�0.33)
85% compliance group 290 �301.20 (�0.83) 240.93 (0.61) 76.64 (0.13) 382.37 (0.33) 1112 52.86 (0.15) 310.97 (1.25) 162.35 (0.60) 68.57 (0.11)
100% compliance group 161 �444.13 (�0.59) �165.90 (�0.01) �187.90 (�0.20) 430.30 (0.48) 449 �431.35 (�1.12) 489.90 (1.30) 222.89 (0.73) �1009.89 (�1.28)

Mothers’ BMI at trial entryd

Overweight/obese Normal weight
70% compliance group 972 �145.33 (0.23) 214.72 (1.41) �210.75 (�0.70) �1470.94 (�1.44) 598 �728.13 (�1.57) �461.65 (�1.55) �264.86 (�0.72) �829.11 (�0.85)
85% compliance group 839 �99.89 (�0.27) 296.01 (1.52) 24.51 (0.90) �1349.01 (�1.63) 502 �210.56 (�0.48) �249.63 (�0.86) �96.59 (�0.23) 37.34 (0.62)
100% compliance group 399 �61.43 (�0.45) 333.90 (1.15) �69.12 (�0.15) �190.89 (�1.57) 203 �210.56 (�0.48) �249.63 (�0.86) �96.59 (�0.23) 37.34 (0.62)
Hospital fixed effect Yes Yes Yes Yes Yes Yes Yes Yes
Controls Yes Yes Yes Yes Yes Yes Yes Yes

*Po0.01; **Po0.05; ***Po0.01.
a Adjusted for hospital treatment effect, age, mothers’ race, education, occupation, BMI, and drinking behaviour.
b Adjusted for hospital treatment effect, age, mothers’ race, education, occupation, BMI, and smoking behaviour.
c Adjusted for hospital treatment effect, mothers’ race, education, occupation, BMI, smoking and drinking behaviour.
d Adjusted for hospital treatment effect, age, mothers’ race, education, occupation, smoking and drinking behaviour.
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Table 4
Adjusteda probability difference of the main clinical outcomes of DOMInO between intervention and placebo groups.

Variable n Treatment
effect

Probability test (Z-
value)

P-value

Birtho34 weeks (early
preterm)

2372 �0.015** �2.05 0.041

Birth440 weeks (post
term)

2372 0.020 1.32 0.186

Gestational diabetes 2342 0.004 0.35 0.726
Preeclampsia 2342 0.002 0.25 0.801

*Po0.01; **Po0.05; **Po0.01.
a Regression adjusted for location, mothers' age, race, trial entry BMI and education level dummies.

Fig. 1. Cost-effectiveness acceptability curves. *Please note on Y-axis actual values correspond to probability that DHA supplementation during pregnancy is cost effective for
reducing of pre-term birth; X-axis represents ceiling value of willingness to pay.
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in early pregnancy who will suffer from preterm birth or other
complications. That being said, one must remember that the
robust estimation approach to cost analysis for health care is not
focused on providing an etiologic understanding of the phenom-
enon under study. Rather, its aim is to provide the “best” possible
estimate for the centre of the cost distribution.

There are some limitations to this study. First, two important
issues that have not been considered in this analysis are incre-
mental costs and costs related to quality of life. In other words, this
study does not consider the longer term benefits for healthcare or
social costs that may be produced by DHA-rich fish oil supple-
mentation during pregnancy These aspects of cost are certainly
important to take into account when providing policy recom-
mendations. As mentioned above, the study found that there was a
15% reduction in early pre-term birth (Table 4) through DHA
supplementation during pregnancy. Given that pre-term births
could have long term complications, this study may understate the
actual cost effectiveness of DHA supplementation. Additionally,
the DOMInO trial sample only included patients that attended
public hospitals and therefore, as a robustness check, it would be
useful to expand this study to private hospital patients as well.
Lastly, although there is a general consensus that DHA contributes
to improved pregnancy and birth outcomes, there is a lack of
agreement on the optimal dose of DHA supplementation. The
benefits observed here relate to dose used in the DOMInO trial and
further studies will need to determine if similar cost savings can
be achieved with other doses. Policy makers will ultimately need
to quantify the cost of providing or subsidizing DHA supplements
for women separately or together with other supplements, such as
folic acid, relative to the savings and improved pregnancy and
birth outcomes that potentially result from such supplementation.
Appendix A. Supplementary material

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.plefa.2015.08.002.
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