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ABSTRACT

Background The preponderance of evidence

now indicates that elevated long-chain omega-3
polyunsaturated fatty acid (LC omega-3 PUFA) intake is
often associated with reduced risk of preterm birth (PTB).
This conclusion is based on recent meta-analyses that
include several studies that reported null findings. We
probed the reasons for this heterogeneity across studies
and its implications for PTB prevention using country-level
data.

Methods We analysed the relationship between national
PTB rates (<37 weeks of gestation) and omega-3

PUFA intake norms from 184 countries for the year

2010. To estimate the total LC omega-3 PUFA levels
(eicosapentaenoic acid [EPA]/docosahexaenoic acid
[DHA]) that these norms produce we utilised a metric that
accounts for (1) seafood-based omega-3 intake (EPA/DHA)
and (2) plant-based omega-3 intake (alpha-linolenic acid
[ALA]), ~20% of which is converted to EPA/DHA in vivo. We
then assessed the shape of the omega-3—-PTB relationship
with a penalised spline and conducted linear regression
analyses within the linear sections of the relationship.
Results Penalised spline analyses indicated that PTB
rates decrease linearly with increasing omega-3 levels

up to ~600 mg/day. Income-adjusted linear regression
analysis among the countries in this exposure range
indicated that the number of PTBs per 100 live births
decreases by 1.5 (95% Cl 2.8 to 0.3) for each 1 SD
increase in omega-3 intake norms (383 mg/day).
Conclusions Taken with prior evidence for a causal
association on the individual level, our findings indicate
that omega-3 PUFA deficiency may be a widespread
contributing factor in PTB risk. Consideration of baseline
omega-3 PUFA levels is critical in the design of future
interventions.

INTRODUCTION

Preterm birth (PTB), or pregnancy lasting
<37 weeks, is a common obstetrical problem
associated with a number of immediate and
lifelong health problems, including neonatal
death, acute and chronic lung disease, brain
injuries and neurodevelopmental prob-
lems.! * These outcomes have enormous
economic and public health impacts,'™
providing strong motivation to understand
modifiable processes that mediate risk. Here,
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Strengths and limitations of this study

» This study helps to explain why it took over 33
years to confirm that elevated long-chain omega-3
polyunsaturated fatty acid (LC omega-3 PUFA) in-
takes are associated with reduced risk of preterm
birth (PTB).

» Our analysis of country-level omega-3 intake norms
and PTB rates illuminates three critical factors that
were only sporadically addressed in the prior stud-
ies: (1) baseline intake rates, (2) alternative dietary
sources of LC omega-3 PUFA and (3) the possibility
of a threshold for sufficient intake.

» The cross-sectional ecological design of this study
means that it cannot provide strong evidence for a
causal association on the level of the individual, but
this evidence already exists, and our study provides
essential contextual information.

» Increasing LC omega-3 PUFA intake norms may
lower PTB rates in 157 of the 184 countries studied.

we aim to better illuminate an emerging nutri-
tional factor, long-chain omega-3 polyunsatu-
rated fatty acid (LC omega-3 PUFA), the role
of which has been obscured by the hetero-
geneity of unmeasured baseline intakes. To
achieve this aim, we use country-level PTB
rates and dietary fat intake estimates to (1)
characterise the potential worldwide impact
of this dietary factor and (2) reassess conclu-
sions drawn from the prior literature.

Thirty years ago, landmark epidemiological
observations from the Faroe Islands indicated
that high dietary intake of fish oils (oils that
are rich in LC omega-3 PUFAs) associated with
longer gestation and improved fetal growth.’ !
Since then, follow-up studies including epide-
miological investigations, laboratory exper-
iments and randomised controlled trials
attempted to test these associations.*™
Initially, this work failed to definitively vali-
date the fish oil hypothesis. In retrospect,
this uncertainty should not be surprising
given the complexity of the pathophysiology
and the prior analytic issues that are only
evident in hindsight (online supplementary
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table S1 and S2). However, three decades later consensus
is finally developing, sufficient omega 3 PUFA intake
increases gestational length, prevents PTB and increases
birth weight (perhaps by extending gestation).**™® Even
more importantly, having adequate maternal LC omega-3
PUFA stores appears to result in healthier offspring (eg,
improved neurocognitive development, decreased likeli-
hood of atopy/allergy,”*® and perhaps, decreased risk of
stillbirth, infant death and Neonatal Intensive Care Unit
admission®).

Here, we present an ecological analysis of PTB rates
and country-level omega-3 PUFA intakes in 184 countries
to characterise their relationship globally. Our analyses
corroborate an emerging consensus in the individual
level studies, and can inform the design of future inter-
ventions, including nutritional recommendations, fortifi-
cation strategies, food system changes and primary care
practices. The results also indicate that omega-3 intake
prior to intervention can affect trial success, and because
consumption varies across countries, prevention strate-
gies may need to be context dependent.

METHODS

We obtained, from published data, country-level estimates
of PTB rates' and fatty acid intakes® ** in 184 countries for
the year 2010, with methods as described elsewhere.' ¥’
These 184 countries were selected because they had data
on both exposure (omega-3 intakes) and outcome (PTB
rates). Briefly, the PTB rate data were estimated from
four primary sources: (1) reproductive health surveys,
(2) national statistical offices and registries, (3) published
papers identified in a systematic literature review and (4)
unpublished data from the Child Health Epidemiology
Reference Group.' PTB was defined as delivery prior to
37 weeks of gestation, and the data exclusion criteria and
handling protocols are outlined in Blencowe et al.' The
authors put extensive effort into vetting, integrating and
standardising the heterogeneous source data,' and here
we summarise the key points as we understand them.

All primary data sources had a minimum of 50 births,
and datasets were excluded if the possibility of bias from
seasonal PTB rate changes could not be assessed (Blen-
cowe et al, p2164)." The authors utilised a twofold quality
screen to exclude primary data sources that demonstrated
evidence of ‘poor case ascertainment’; data sources were
excluded if: (1) fewer than 2% of the reported PTBs
occurred before 28 weeks of gestation or (2) the PTB rate
was reported to be <3 in 100 live births. This yielded 738
data sources, 74% of which were from developed, Latin
American or Caribbean countries (note: these designa-
tions are Millennium Development Goal regions). The
data from these largely developed regions were gener-
ally more dense and of higher quality than that of other
regions of the world. The authors then incorporated
covariate data and made two types of regression-based
prediction models to estimate PTB rates for each country.
Model 1 was used for the data dense countries and model

2 was used for the others. The authors used forward step-
wise selection procedure to identity variables with predic-
tive value to maintain in the models and though the two
models were roughly similar, the differences between the
PTB rate prediction models were not surprising (eg, mean
adult female BMI was included in model 1, while malaria
endemicity and female literacy rate were included in model
2). The final PTB rate was estimated in one of three ways
depending on the limitations of the source data: (1) for
the 13 countries with good vital registration data that
used the standard definition of PTB, Loess regression was
performed on that data, (2) for the 65 countries in the
developed/data-dense regions that fell short of this ideal,
prediction model 1 was used to estimate the PTB rate and
(8) for the 106 countries outside of the developed/data-
dense regions prediction model 2 was used to estimate
the PTB rate.

The fatty acid intake data were generated for the 2010
Global Burden of Diseases, Injuries, and Risk Factors (GBD)
Study by the Nutrition and Chronic Diseases Expert Group
(NutriCoDE ).37 3940 A with the PTB rate data, the dietary
information sources were diverse and extensive efforts
were made to aggregate and harmonise the data for cross-
country comparisons. Micha et af” provides an overview
flowchart of the survey identification process, and Micha
et al'” has a 2000 word summary of the protocols. In short,
national survey data were identified via Medline searches
(outlined in the supplement™), but because some coun-
tries lacked official surveys, additional information was
obtained from large epidemiological study cohorts, the
WHO Stepwise Approach To Surveillance database, the
WHO Global Infobase and other household surveys.*”
The identified survey data were presented in many
distinct metrics, and the original authors recalculated
their estimates in uniform dietary units to facilitate cross-
country comparisons when needed.” *°

A total of 266 surveys were identified and included:
27% single response dietary recall data, 14% multiple-re-
sponse dietary recall data, 31% Food Frequency Ques-
tionnaire Data and 29% household availability/budget
data.”” To account for the uncertainties associated with
heterogeneous information sources and missing data, the
authors used a Bayesian hierarchical imputation model to
yield the mean consumption estimates.”’

Seafood-based omega-3 intake was assessed as total
dietary eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA) intake in mg/day (excluding supple-
ments).*” Plant-based omega-3 intake was assessed as
total dietary alpha-linolenic acid (ALA) intake in mg/day
(excluding supplements).*” Country-level omega-3 intake
norms were available for males and females of at least 20
years of age, and because our outcome was PTB rate, we
utilised only values from females =220 years of age.

To create a composite exposure metric that reflects
both dietary sources of omega-3, we used available in vivo
conversion estimates’' ** to combine seafood-based LC
omega-3 PUFA intake and plant-based omega-3 PUFA.
Because adult females convert ~20% of their ALA intake
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Table 1 Descriptive statistics for all countries and the subsets on either side of the 600 mg/day threshold
Median Mean IQR SD Range
All countries (n=184)
PTB rate* (# PTBs per 100 live births) 10.2 10.2 7.7-12.4 3.0 4.1-18.1
Estimated total LC omega-3 PUFAT (mg/day) 310 386 182-453 383 45-3895
Gross National Incomet 2.0 1.6 1.0-2.5 11 0.0-3.0
Countries <600 mg/day estimated total LC omega-3 PUFA (n=157)
PTB rate* (# PTBs per 100 live births) 10.4 10.4 7.8-12.6 3.0 4.1-18.1
Estimated total LC omega-3 PUFAT (mg/day) 267 277 164-369 134 45-579
Gross National Incomet 1.0 1.5 1.0-2.0 1.1 0.0-3.0

Countries above 600 mg/day estimated total LC omega-3 PUFA (n=26, Maldives excluded as an omega-3 intake outlier)

PTB rate* (# PTBs per 100 live births)

Estimated total LC omega-3 PUFAT (mg/day)
Gross National Incomet

9.3 9.4 7.1-12.0 2.9 5.5-15.5
804 907 677-959 331 618-2012
2.0 21 1.0-3.0 1.0 0.0-3.0

*PTB rates from Blencowe et al."

TLC omega-3 PUFA levels based on information from Micha et al’” ®8 and the calculations described in the Methods section.
tGross National Income coded as a variable with four levels using the World Bank Atlas Method (O=lowincome, 3=highincome).’
LC omega-3 PUFA, long- chain omega-3 polyunsaturated fatty acid; PTB, preterm birth.

into EPA,41 2 we created the total LC omega-3 PUFA
metric as follows:

Total LC omega3 PUFA = (plant based x 0.2) + seafood based

This approach to exposure assessment allowed for the
integration of these two distinct sources into one biologi-
cally interpretable metric that reflects the net availability
of LC omega-3 PUFA.

We hypothesise that if maternal LC omega-3 PUFA
body stores/blood levels are important for increasing
birth weight and extending gestation, then countries
where women have low omega-3 PUFA intake should
have higher PTB rates. We also expect countries with high
omega-3 PUFA intakes to have lower PTB rates.

Because an intake threshold may exist above which PTB
rate is no longer affected,’ *** we assessed the linearity of
the omega-3-PTB relationship with a penalised spline. In
short, we created a model with PTB rate as the outcome
and total omega-3 PUFA intake as a smoothed exposure
variable (a penalised spline). The spline was selected
using a generalised cross-validation (GCV) procedure
from GAM in the mgcv package in R V.3.5.0. GCV is a
standardised iterative process that selects a smooth
non-linear function when there is sufficient evidence of
non-linearity.*” ** If there is insufficient evidence of a devi-
ation from linearity then GCV selects a linear model. This
process identified a non-linear smooth function for the
omega-3—PTB relationship, indicating the existence of an
exposure threshold. Because the relationship appeared
linear below and above this threshold, we constructed
linear regression models to (1) characterise these two
linear regions of the relationship and (2) identify the
putative threshold.

We did not attempt to identify an omega-3 PUFA intake
level that would be sufficient for a given individual, nor

did we attempt to estimate individual risk of PTB associ-
ated with low omega-3 intake. These analyses simply eval-
uate if reductions in country-level omega-3 PUFA intake
are associated with elevated PTB rates. As with many
country-level analyses, we had limited covariate informa-
tion, and this constrained our ability to assess for poten-
tial confounding. However, one key variable was available:
country income level. Blencowe et al listed the WHO
country-level income categories based on per capita
Gross National Income (GNI—World Bank Atlas Meth-
od—a variable with four levels; higher rank corresponds
to higher income)." All 184 countries had available GNI
data. This allowed us to build regression models that
yielded crude and income-adjusted associations between
omega-3 PUFA intake and PTB rate. Regression analyses
and splines were conducted with R V.3.5.0 (http://www.
r-project.org), and other analyses were performed with
SAS V.9.4.

Because the ALA to EPA/DHA conversion rate
(20%*" **) has not been extensively characterised, and
there is reason to believe that both genetic*’ ** and nutri-
tional factors,49 50 could modify this rate, we also evaluated
seafood-based and plant-based omega-3 as two separate
independent variables. Our main analysis assumed that
the conversion rate is known and constant across coun-
tries. However, the alternative approach, treating the
two types of consumption as independent, adds a new
assumption that we also find problematic: the biological
meaning of plant omega-3 intake is not altered by seafood
omega-3 intake (and vice versa). Because we know that
both intakes contribute to the unmeasured exposure
of interest (total LC omega-3 levels), they are difficult
to interpret in isolation. Another imperfect, but useful
way, to handle the uncertainty of the conversion rate is
to evaluate a range of rates in a sensitivity analysis. This

Ciesielski TH, et al. BMJ Open 2019;9:027249. doi:10.1136/bmjopen-2018-027249

3

"1yBuAdoo Aq paroalold 1senb Ag 6T0Z IUdy /Z Uo /wod fwg uadolwgy/:dny woi) papeojumod ‘6T0Z |UdY 0Z U0 6%2/20-8T0Z-uadolwa/9eTT 0T Se paysiignd 1say :uado rIANg


http://www.r-project.org
http://www.r-project.org
http://bmjopen.bmj.com/

A

12

10

Country-Level Preterm Birth Rate
(preterm births per 100 live births)

o | S | | L
0

1000 2000 3000 4000

Total LC Omega-3 PUFA (mg/day)

12

10

Country-Level Preterm Birth Rate
(preterm births per 100 live births)
8

O 111 111 T RO B A |

0 500 1000 1500 2000

Total LC Omega-3 PUFA (mg/day)

Figure 1 Penalised spline modelling the omega-3-PTB relationship. (A) Country-level omega-3 intake norms among females
are on the x-axis and country-level preterm birth rates are on the y-axis. Each vertical dash below the spline on the x-axis
represents a single country, allowing the figure to convey data density throughout the exposure distribution. The shape of the
spline is most certain in the areas of greatest data density. (B) Same as panel A except the Maldives were excluded, and the
threshold is unchanged. LC omega-3 PUFA, long-chain omega-3 polyunsaturated fatty acid; PTB, preterm birth.
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Table 2 Results from regression models within the two
linear sections of the omega-3-PTB relationship

Change in the # of
preterm births
(per 100 live births) 95% CI

<600mg/day LC omega-3 PUFA (n=157)

Unadjusted model
LC omega-3 PUFA* -29 -4.2 to-1.6
Adjusted model
LC omega-3 PUFA* -1.5 -2.81t0-0.3
Country income 1 -1.1 -1.6to -0.7
>600mg/day LC omega-3 PUFA (n=26)%
Unadjusted model
LC omega-3 PUFA* -0.4 -1.810 0.9
Adjusted model
LC omega-3 PUFA* 0.5 -0.61t0 1.6
Country incomet -2.2 -3.1to-1.2

*Change in the number of preterm births per 100 live births
associated with a 1 SD increase in LC omega-3 PUFA (383 mg/
day).

TChange in the number of preterm births per 100 live births
associated with a one unit increase in GNI (a variable with four
levels; higher rank corresponds to higher income).

FMaldives excluded as an omega-3 intake outlier.

GNI, Gross National Income; LC omega-3 PUFA, long-chain
omega-3 polyunsaturated fatty acid; PTB, preterm birth.

approach still assumes a constant conversion rate across
countries, but it considers a variety of potential mean
rates. Both of these alternative analyses are presented in
the supplement.

Finally, there was an a priori reason to look for an
interaction between omega-6 and omega-3 PUFA
intake. Unfortunately, the available omega-6 intake data
were calculated as a ‘percent of total energy intake’,
which makes it incompatible with the omega-3 data (mg/
day) and biologically uninterpretable in this interaction
context.

Patient and public involvement
This is a cross-sectional study of published country-level
data. There was no involvement of patients or the public.

RESULTS
For the 184 countries with intake and PTB data for 2010,
the mean PTB rate was 10.2 per 100 live births (SD:
3.0), and the mean LC omega-3 PUFA level was 310mg/
day (SD: 383mg/day) (table 1 and online supplemen-
tary table S3). LC omega-3 PUFA intake was positively
correlated with the country income variable (Spearman
rank correlation=0.44, and this correlation was unchanged
when an omega-3 outlier, the Maldives, was removed;
online supplementary figure S1).

In the full dataset (n=184), the GCV process detected
evidence of non-linearity in the omega-3—PTB relation-
ship, and selected a spline rather than a linear term to

model the relationship (figure 1A). After the omega-3
intake outlier (The Maldives) was excluded, a very
similar spline was obtained (figure 1B). In both panels,
a threshold between 500 and 700 mg/day of LC omega-3
PUFA was detected.

The relationship appears linear below 600mg/day,
with PTB rates decreasing as LC omega-3 PUFA intake
increases. Above 600 mg/day, there is no significant rela-
tionship between PTB rates and omega-3 PUFA intake.
The results from unadjusted and income-adjusted linear
regression models above and below this threshold are
presented in table 2. The Maldives were excluded as
an outlier in the data above the threshold (n=26), but
the results were similar when this outlier was included
(online supplementary table S4).

The unadjusted model for countries below 600 mg/day
intake (n=157) indicates that the number of preterm births
per 100 live births decreases by 2.9 (95% CI 4.2 to 1.6) for
each 1 SD increase in omega-3 intake norms (383 mg/
day). After adjustment for country income, the model
indicates that the number of preterm births per 100 live
births decreases by 1.5 (95% CI 2.8 to 0.3) for each 1 SD
increase in daily omega-3 intake. Note that the splines
presented in figure 1 do not specify an exact threshold
value. Six hundred milligrams per day is a visual estimate
butwe also examined alternative thresholds to understand
the effect of changing this value (online supplementary
table S5). Increasing the threshold value above 600 mg/
day increases power, as it increases the number of coun-
tries analysed, but it may violate assumption of linearity.
The omega-3-PTB relationship below the threshold is
significant in the unadjusted linear model regardless of
the specified cut-off (400, 500, 600, 700, 800 or 900 mg/
day). In the adjusted model, the relationship is significant
only with thresholds of 600, 700 and 800 mg/day.

In the supplementary analysis which assessed
seafood-based and plant-based omega-3 PUFA as sepa-
rate independent variables, the penalised splines
(online supplementary figure S2) again identified
putative thresholds (600mg/day in the seafood-based
omega-3 analysis and 3000mg/day in the plant-based
omega-3 analysis). Additionally, the shape of the spline for
the joint exposure metric was not altered by varying the
ALA to EPA conversion rate assumption (online supple-
mentary table S3), and the association with PTB rate
(online supplementary table S6) was more significant
when using the empirically determined conversion rate
estimate (20%).* *?

DISCUSSION

We detected a threshold in the relationship between
omega-3 PUFA intakes and country-level PTB rates;
country-level PTB rates decreased with increasing LC
omega-3 PUFA levels up to ~600 mg/day. Above 600 mg/
day, omega-3 intake norms were not associated with
country-level PTB rates. These conclusions remain after
adjustment for country income. Because multiple causal
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Figure 2 Countries with high and low dietary intake norms for omega-3 PUFAs among females. Countries with >600 mg/day
LC omega-3 PUFA intake are in green, the threshold from the spline. Countries with <217 mg/day LC omega-3 PUFA are in gold;
these countries are at least 1 SD (383 mg/day) below the 600 mg/day threshold. Countries with intermediate intake levels (217-
600mg/day) are in white. Country names and intake levels are listed in online supplementary table S3. LC omega-3 PUFA, long-

chain omega-3 polyunsaturated fatty acid.

structures’’ can be drawn to represent the variables in
this analysis (Figure S4), it is not clear if adjustment for
county income reduces bias in this context, but the asso-
ciation is significant in both models, and confounding
from country income cannot fully explain our findings.
Furthermore, it is possible that elevated country income
is a proxy for omega-3 supplement use, which is not
included in our estimated consumption data. If this is the
case, then adjusting for country income may underesti-
mate the omega-3—PTB association, and our income-ad-
justed associations would be conservative.

We acknowledge that it is difficult to assess and account
for potential confounding in an ecological study. Typi-
cally, very few relevant covariates will be available in a
useful form, and our study was no exception. Variables
that we might want to assess would be those which (1) asso-
ciate with exposure (omega-3 intake), (2) independently
associate with outcome (PTB rate) and (3) are not conse-
quences of exposure (or mediating the effect of exposure
on outcome).”" ** Any variables that we might suspect
based on subject matter knowledge, and the rough criteria
above, would need to be examined with directed acyclic
graphs to determine if adjustment was likely to remove
bias.’! %2 Thus, nutrients and toxicants that are found in
the same foods as omega-3 fatty acids could be of interest
as potential confounders, if they are suspected to alter
PTB risk. We would have assessed measures including, but
not limited to, mean national: intakes of folic acid, iron
and licorice,” as well as circulating vitamin D levels,” and

chemical contaminants,55 but this information was not
available.

Our results corroborate the emerging consensus of
studies on the individual level: robust LC omega-3 PUFA
intake is needed to maintain gestation, promote fetal
growth and produce healthy offspring.***' **% % Further-
more, our approach addresses a key weakness in the litera-
ture by accounting for intake of plant-based precursors in
the estimation of LC omega-3 PUFA levels. Adult females
convert ~20% of ingested plant-based omega-3 into LC
omega-3 PUFA,41 *2 but earlier studies in this area did not
account for plant-based omega-3 intake. This underap-
preciated physiology may explain some of the heteroge-
neity in the literature. Additionally, our observation of an
intake threshold on the country level is consistent with
prior reports of an intake threshold on the individual
level.” ¥ * LC omega-3 PUFA levels in prenatal maternal
plasma are inversely related to the odds of early PTB
(delivery at <34 weeks of gestation), but this relationship
is only present when LC omega-3 PUFAs make up <2% of
the total fatty acids in maternal plasma. These results in
conjunction with ours provide convergent evidence for
the existence of a biological threshold with important
health implications.

Although country-level analyses have limitations with
regard to causal inference on the level of the individual
(ie, the ecological fallacy” *®), they can serve important
public health functions” and have a specific advantage
in nutritional epidemiology.” In particular, ecological
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studies are very useful when individual-level exposures,
such as dietary factors, are hard to measure accurately
due to extensive within-person variability.” Overall, our
country-level findings support the individual-level studies,
laboratory experiments and randomised controlled trials
in a distinct fashion, and this convergence allows for
stronger conclusions.”’ When considered along with the
prior evidence,” **! our results have implications for
country-level prevention; omega-3 intake interventions
cannot be well assessed in the absence of information on
baseline dietary norms (see figure 2). Omega-3 interven-
tions, on any level, may only be effective in the context of
omega-3 insufficiency, and some of the heterogeneity in
the prior literature may be due to unmeasured baseline
intake.

Two meta-analyses have recently been published on
the use of omega-3 supplementation for the prevention
of PTB® and recurrent PTB.” Both reported trends
indicating that omega-3 supplementation during preg-
nancy can prevent PTB, but the associations were not
significant, and this was interpreted as a demonstration
of inefficacy. However, when the characteristics of the
nine papers included in these meta-analyses (seven for
PTB’ *% and two for recurrent PTB'2?!) are considered
individually in the context of our current knowledge, we
find that six studies are not amenable to clear interpreta-
tion, and three studies are supportive (see online supple-
mentary table SI and S2). Therefore, the inclusion of
these six studies may have obscured a true association that
our results support. Given the complexities of omega-3
biochemistry, perinatal physiology and the heterogeneity
of baseline intakes, it is not surprising that limitations
of these early trials have emerged as our knowledge has
advanced. However, study designs are steadily improving,
and more recent meta-analyses found significant effects
of omega-3 in the prevention of PTB (<37 weeks) and
early PTB (<34 weeks) 32069

We still have some important things to learn before we
can intervene effectively. For example, EPA and DHA are
typically measured together in one category, as was the
case in our study, and this has generally precluded the
assessment of potentially distinct associations between
these subcategories of LC omega-3 PUFA. In fact, the
most recent Cochrane review mentions this as a future
research need.” Additionally, excess LC omega-3 PUFA
supplementation in pregnancy may carry its own risks (eg,
possible increases in postterm deliveries, artificial induc-
tions or caesarean sections’), and these potential risks
would need to be characterised before initiating any wide-
spread interventions. Would changes in dietary norms
share the same theoretical risks as high-dose prenatal
supplementation? This approach would be in line with
recent calls to recognise the importance of preconcep-
tion health in determining pregnancy outcomes.””™" A
comparable situation may be the example of folic acid
fortification to reduce the incidence of neural tube
defects.” Intake recommendations were relatively ineffec-
tive, but fortification strategies yielded positive effects.”

Finally, we note that we have assessed one part of a
complex adaptive system.”® Even as the role of omega-3
intake in PTB prevention is solidified, the development
of interventions will require transdisciplinary evaluation”’
and iterative trials to identify strategies that minimise
unintended consequences. For example, how can we
obtain these fatty acids in a sustainable fashion without
increasing exposure to the toxicants or teratogens that
may be found in fish?** ™ Narrow interventions may fail
where holistic approaches are needed. Thus, important
hurdles remain, but this line of inquiry presents a valu-
able opportunity to design effective nutritional interven-
tions for preventing PTB.

CONCLUSIONS

Our results provide a distinct line of evidence supporting
the conclusion that sufficient omega-3 intake can reduce
the risk of PTB. Furthermore, these findings provide a
rough estimate of the impact of low omega-3 PUFA intake
on PTB rates worldwide. These findings, in isolation, do
not provide compelling evidence for a causal associa-
tion between omega-3 intake and PTB. However, these
results taken with previous findings from a variety of
approaches indicate this association not only exists but is
causal.* #7! Therefore, we hypothesise that increasing
omega-3 PUFA intake could decrease PTB rates in the
157 countries with estimated LC omega-3 PUFA levels
less than 600 mg/day. Although more work remains to be
done in identifying safe sustainable strategies for deliv-
ering omega-3 fatty acids, this evidence provides justifi-
cation for exploring appropriate nutritional strategies to
reduce PTB.
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