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Polyunsaturated fatty acids (PUFAs) are critical for brain development and have been linked with neurodevelop-
mental outcomes. We conducted a population-based case-control study in California to examine the association
between PUFAs measured in midpregnancy serum samples and autism spectrum disorder (ASD) in offspring.
ASD cases (n = 499) were identified through the California Department of Developmental Services and matched
to live-birth population controls (n = 502) on birth month, year (2010 or 2011), and sex. Logistic regression models
were used to examine crude and adjusted associations. In secondary analyses, we examined ASD with and
without co-occurring intellectual disability (ID; n = 67 and n = 432, respectively) and effect modification by sex
and ethnicity. No clear patterns emerged, though there was a modest inverse association with the top quartile of
linoleic acid level (highest quartile vs. lowest: adjusted odds ratio = 0.74, 95% confidence interval: 0.49, 1.11; P
for trend = 0.10). Lower levels of total and ω-3 PUFAs were associated with ASD with ID (lowest decile of total
PUFAs vs. deciles 4–7: adjusted odds ratio = 2.78, 95% confidence interval: 1.13, 6.82) but not ASD without ID.
We did not observe evidence of effect modification by the factors examined. These findings do not suggest a
strong association between midpregnancy PUFA levels and ASD. In further work, researchers should consider
associations with ASD with ID and in other time windows.

autism; autism spectrum disorder; intellectual disability; maternal diet; polyunsaturated fatty acids

Abbreviations: AOR, adjusted odds ratio; ASD, autism spectrum disorder; CI, confidence interval; DDS, Department of
Developmental Services; DHA, docosahexaenoic acid; ID, intellectual disability; LA, linoleic acid; PUFA, polyunsaturated fatty
acid.

Autism spectrum disorder (ASD) is a complex neurode-
velopmental condition defined by deficits in social commu-
nication and the presence of restricted, repetitive behaviors
(1). Evidence supports the hypothesis of prenatal origins for
ASD (2) and the possibility that both environmental and
genetic factors play a role in its etiology (3, 4). Emerg-
ing research suggests that certain maternal dietary factors
may be inversely associated with ASD. Most of this work
has focused on the role of prenatal vitamin supplements,
folic acid, and vitamin D. Yet, polyunsaturated fatty acids
(PUFAs) also play a critical role in fetal brain develop-
ment (5). PUFAs are required for neurodevelopmental pro-
cesses beginning early in gestation, including neurogenesis,

differentiation, connectivity, and synaptogenesis (6). There
is evidence of disruption of these processes in ASD (7–9).
PUFAs also play roles in signal transduction, gene expres-
sion and methylation, and placental function and as com-
ponents of cell membranes (10–13), and they have effects
on inflammatory markers and immune responses (14, 15),
suggesting a number of potential pathways relevant to ASD
(16–21).

PUFAs are fatty acids with multiple double bonds in the
hydrocarbon chain; depending on the positioning of the
double bond from the methyl end of the molecule, they
are classified as either ω-3 or ω-6 fatty acids. Key dietary
sources of PUFAs are fish (for ω-3 PUFAs) and nuts, seeds,
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and oils (particularly for ω-6 PUFAs). Both linoleic acid
(LA; an ω-6 PUFA) and α-linolenic acid (an ω-3 PUFA)
are known as essential fatty acids because they cannot be
synthesized in the body and must be obtained from the diet.
These fatty acids are metabolized into long-chain PUFAs,
which can then be further metabolized to both pro- and
antiinflammatory molecules or incorporated into membrane
lipids (22). Docosahexaenoic acid (DHA) is an ω-3 PUFA of
particular interest given its high content in the human brain
and evidence for its role in neuronal growth and differentia-
tion processes (6). Given the rapid growth of the brain during
gestation, the prenatal period represents a key window for
a potential impact of PUFAs on child health outcomes.
Furthermore, because the supply of PUFAs to the developing
fetus is dependent on maternal diet (23–25), there is the
potential for modification if associations are observed.

Although there have been studies reporting differences in
circulating PUFA levels in children already diagnosed with
ASD (26–29), as well as suggested improvements in certain
symptoms in children with ASD following ω-3 PUFA sup-
plementation, these findings do not necessarily address the
role of PUFAs in ASD etiology. Existing research consider-
ing PUFA levels, or intake, during critical prenatal windows
of neurodevelopment in association with ASD has yielded
conflicting findings. In the first published study, Lyall et
al. (30) found a general pattern of decreased risk of ASD
among children of mothers with higher total PUFA and
total ω-6 PUFA levels according to reported diet during or
surrounding pregnancy, and an increased risk of ASD among
those with the very lowest total ω-3 PUFA levels. Two stud-
ies suggested protective associations between maternal fish
intake and autism or autism symptom scores (31, 32), though
in another, Suren et al. (33) reported no association with fish
oil supplementation. In one of the only studies with PUFA
levels measured during gestation, Steenweg-de Graaff et al.
(34) reported an association between higher prenatal plasma
ω-6 PUFA levels and more autism-related traits in the child.
In the other study, which included only 57 cases from a
cohort with high familial risk of ASD, Cohen et al. (35)
did not report an association with third-trimester levels and
ASD diagnosis, but they did find an inverse association with
ω-3 PUFAs according to reported diet. These limited and
conflicting findings stand in contrast to a wider body of liter-
ature supporting a positive association between PUFAs and
broader neurodevelopmental outcomes (36, 37), suggesting
the need to clarify associations with ASD specifically.

Our goal in this study was to determine the relationship
between levels of PUFAs, measured in prospectively col-
lected midpregnancy samples, and offspring ASD in a large
case-control study with participants drawn from the general
population. We also sought to further prior work by exami-
ning whether results differed by ASD with and without comor-
bid intellectual disability (ID), by child sex, and by ethnicity.

METHODS

Study population

Study subjects were drawn from women who delivered a
live infant in the state of California in 2010 or 2011, partic-

ipated in routine prenatal screening, and had banked serum
samples available and whose infants were not known to
have died in the first year of life. Approximately 70% of
women in California participate in prenatal screening, with
samples from various diverse counties throughout the state
being stored as part of the California Biobank Program. (For
this study, mothers were residents of Fresno, Madero, Kings,
Tulare, Kern, Orange, and San Diego counties at the time
of their children’s births.) Birth years included here were
chosen to allow sufficient time for identification of an ASD
diagnosis while optimizing measurement of PUFAs in stored
biospecimens. Information on covariates was obtained from
California vital statistics data. All study procedures were
approved by the institutional review board of Drexel Univer-
sity (Philadelphia, Pennsylvania), as well as the Committee
for the Protection of Human Subjects of California.

Determination of case/control status

Information from the California Department of Develop-
mental Services (DDS), which provides services to individ-
uals with autism, ID, and other developmental disabilities,
was used to identify children with ASD and potential gen-
eral population controls. Cases were defined according to
the presence of ASD in DDS records at the time of data
linkage (mean child age at linkage = 5.24 years; range,
4.1–6.2 years). Following exclusion of DDS clients for any
diagnosis, controls were randomly sampled from prenatal
screening-program-linked birth and infant death certificates
and frequency-matched to ASD cases on sex, birth month,
and birth year to create eligible pools to select for biospec-
imen retrieval. We aimed to include 500 cases and 500
controls; however, because of issues regarding biospecimen
retrievability, 499 cases and 502 controls were included in
the final analyses (with 1 control not being matched on
sex). DDS case status has been utilized in multiple other
epidemiologic investigations of ASD (38–41), with previous
work supporting a high validity of ASD diagnosis in DDS
data. DDS records have also been shown to capture the
majority of cases who remain in the state (an estimated
84%, with milder cases being more likely to be missed (38,
41)). In addition to ASD diagnoses, we obtained information
on co-occurring ID, defined according to composite scores
less than 70 on standardized cognitive and functional tests in
DDS records.

Specimens and laboratory analysis of PUFAs

Maternal second-trimester serum specimens were re-
trieved from the California Department of Public Health’s
California Biobank Program. The archive includes maternal
serum collected for routine prenatal screening at 15–19
weeks’ gestation. Maternal specimens were collected in se-
rum separator tubes by obstetrical care service providers; left-
over specimens following screening were stored at −20◦C.
Consent forms for the screening program were distributed
at the time of the blood collection, which stipulated that
specimens and results from prenatal testing could be used for
legitimate research purposes given appropriate institutional
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Table 1. Levels and Detection Rates of Polyunsaturated Fatty Acids Measured in Maternal Midpregnancy Serum Samples in a Population-
Based Case-Control Study, by Case/Control Status, California, 2010–2011

Class and PUFA % Below LOQa
Cases (n = 499) Controls (n = 502)

Geometric Mean (SD) IQR Geometric Mean (SD) IQR

ω-3 PUFAs

α-Linolenic acid 12 0.99 (1.30) 0.59–1.97 0.95 (1.29) 0.53–1.94

Stearidonic acid 0 0.16 (0.06) 0.13–0.20 0.16 (0.06) 0.13–0.19

Eicosapentaenoic acidb 0 0.30 (0.52) 0.18–0.49 0.27 (0.36) 0.16–0.45

Docosapentaenoic acid 0 15.60 (7.34) 11.70–20.30 15.50 (7.97) 11.20–20.20

Docosahexaenoic acid 0 1.49 (0.56) 1.20–1.79 1.48 (0.61) 1.20–1.76

Total ω-3 PUFAsc 19.10 (8.59) 14.57–24.84 18.80 (9.00) 14.60–24.00

ω-6 PUFAs

Linoleic acid 0 35.90 (18.50) 26.80–48.10 36.90 (20.70) 27.00–49.40

γ-Linolenic acid 0 2.24 (1.66) 1.50–3.56 2.15 (1.77) 1.50–3.33

Eicosadienoic acidd 79

Dihomo-γ-linolenic acid 0 1.63 (0.88) 1.20–2.24 1.63 (0.94) 1.19–2.31

Arachidonic acid 0 6.50 (1.61) 2.26–5.00 6.43 (1.57) 2.15–4.74

Total ω-6 PUFAs 47.10 (21.00) 36.76–60.80 48.00 (23.30) 36.20–62.40

Total PUFAsc,e 66.7 (27.80) 52.0–84.30 67.40 (30.70) 51.80–85.30

Abbreviations: IQR, interquartile range; LOQ, limit of quantification; PUFA, polyunsaturated fatty acid; SD, standard deviation.
a The LOQ is not applicable for totals; numbers shown are the percentage of the study population below the LOQ for that fatty acid.
b P < 0.05 for comparison between case and control levels, according to Student’s t test.
c Eicosapentaenoic acid was not included because of the low detection rate.
d Not included in further analyses because of the low detection rate.
e Sum of all individual PUFAs shown.

review board approval unless participants formally opted
out.

Nonesterified PUFAs in maternal serum were measured
by analysts who were blinded to sample identity using iso-
tope dilution liquid chromatography–high-resolution mass
spectrometry following protein precipitation in a random-
ized order (extraction, analysis, and quality control data are
provided in the Web Appendix and Web Table 1, avail-
able at https://academic.oup.com/aje). For values below the
lower limit of quantification, that value was reported if
possible, to provide a value based on a detected peak (42).
Where no laboratory-derived value could be provided, val-
ues were imputed using multiple-imputation models includ-
ing all available covariates, assuming sufficient detection of
the PUFA in the study population (>60%, so as to not base
analyses on primarily imputed levels). Persons with samples
that failed quality control for a given PUFA were excluded
from analyses. Information on the PUFAs measured here and
their detection rates is shown in Table 1.

Statistical methods

PUFA levels and covariates were examined in univariate
analyses. Total PUFA levels were calculated by summing
levels across all individual measured PUFAs (Table 1);
likewise, totals for ω-3 and ω-6 PUFAs were created by
summing levels of individual PUFAs measured within these

classes. We compared basic demographic and covariate
information by case/control status and according to quartiles
of total PUFA levels (highest and lowest) in bivariate
analyses.

Conditional logistic regression models were used to ex-
amine crude and adjusted associations between prenatal
PUFA levels and ASD. Unconditional logistic regression,
adjusting for matching factors, was used in analyses of effect
modifiers (described below) in order to maintain sample
size. Covariates examined in adjusted models were selected
on the basis of a priori knowledge of associations with
maternal diet and ASD status. These included: maternal age
(years; continuous), maternal race/ethnicity and educational
level (both in categories, as shown in Table 2), an indicator
for short interpregnancy interval (defined as having a birth
within 2 years prior to the current child under study, relative
to all others), and prepregnancy body mass index (calcu-
lated as weight (kg)/height (m)2; continuous). Additional
variables examined but not retained in the final models be-
cause they did not substantially (e.g., <10%) change the
estimates included maternal smoking during pregnancy
(yes/no), metabolic conditions (gestational diabetes, hyper-
tension, or preeclampsia), parity, maternal birthplace outside
the United States, and paternal age.

In order to allow for comparison with our earlier work
based on dietary intake (30), our primary analysis examined
PUFAs in quartiles, using the lowest quartile (quartile 1) as
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Table 2. Selected Characteristics of Participants in a Study of Midpregnancy Serum Polyunsaturated Fatty Acid Levels and Offspring Autism
Spectrum Disorder, by Case/Control Status, California, 2010–2011a

Characteristic
ASD Cases (n = 499) Controls (n = 502)

Mean (SD) No. % Mean (SD) No. %

Maternal age, yearsb 29.4 (5.8) 28.3 (5.8)

Paternal age, yearsb 32.6 (6.9) 31.1 (6.7)

Gestational age, days 274.5 (13.0) 273.8 (13.0)

Birth weight, g 3,382.1 (496.0) 3,381.8 (538.0)

Prepregnancy body mass indexb,c 27.2 (6.9) 25.8 (5.9)

Parity 1.9 (1.2) 2.0 (1.1)

Child’s sex

Male 412 83 416 83

Female 87 17 86 17

Maternal education

Less than high school (no diploma)b 86 17 115 23

High school diploma 112 22 109 22

Some college or 2-year degree 161 32 115 23

College degree 79 16 93 19

Graduate degree 44 9 46 9

Missing data 17 3 24 5

Maternal race/ethnicity

Non-Hispanic White 126 25 128 26

Asian 88 18 67 13

Black 17 3 20 4

Hispanic 251 50 265 53

Other or missing datad 17 3 22 4

Maternal birthplace outside United States 228 46 223 44

Heath insurance status at delivery

Private 216 43 221 44

Government program 274 55 270 54

Other 9 2 11 2

Smoking during pregnancye 12 2 10 2

Short interpregnancy interval (<2 years) 103 21 86 17

Any pregnancy complication 117 23 103 21

Metabolic pregnancy complicationb,f 48 10 30 6

Preterm birthg 33 7 45 9

Low birth weighth 21 4 26 5

Abbreviations: ASD, autism spectrum disorder; SD, standard deviation.
a Mean values and SDs are shown for continuous variables, numbers and percentages for categorical variables.
b Statistically significant P value (P < 0.05) from Student’s t test (continuous variables) or a χ2 test (categorical variables). For parental age

and body mass index, P = 0.001; for maternal education, P = 0.01; for pregnancy complications, P = 0.03.
c Weight (kg)/height (m)2.
d Fewer than 2% of participants were missing information on race/ethnicity.
e Defined as any smoking from 3 months prior to conception through pregnancy.
f Defined as gestational diabetes, hypertension, or preeclampsia.
g Defined as birth at less than 37 weeks’ gestation according to California vital statistics data.
h Defined as birth weight less than 2,500 g according to California vital statistics data.
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the referent. We also examined distributional extremes of
levels according to deciles (relative to middle deciles 4–7)
and the highest and lowest fifth percentiles of the distribu-
tion (relative to the interquartile range). The distribution of
values in controls was used to determine category cutpoints.
We also considered potential nonlinear associations with
continuous PUFA levels, using cubic spline analyses (43, 44)
adjusting for covariates.

In order to explore whether PUFAs may be related to
phenotypic subgroups within ASD, we conducted secondary
analyses of the associations between PUFAs and ASD with
and without comorbid ID as recorded in DDS records (n = 67
with ID and n = 432 without ID). We also examined potential
modification by offspring sex, given the skewed sex ratio in
ASD and reports of sex-specific findings for certain ASD
risk factors (45–47), and by maternal ethnicity (Hispanic
vs. non-Hispanic), given potential differences in dietary
patterns. Interaction terms (with continuous total PUFAs as
well as ω-3 and ω-6 PUFA levels) and stratified models were
used to assess differences according to these factors.

RESULTS

With the exception of eicosadienoic acid, all PUFAs were
sufficiently detected in the maternal serum samples (Table 1).
When PUFA levels were compared by case status, geometric
mean levels for all PUFAs, except eicosapentaenoic acid, did
not differ. Basic characteristics of the study population are
shown in Table 2. Case mothers (and fathers) were slightly
older than control mothers and had a higher prepregnancy
body mass index. Our study population had a high propor-
tion (∼50%) of Hispanic participants, which did not vary
by case status. As would be expected given the sex ratio in
ASD and our study’s matching, approximately 80% of the
children were male. Associations between PUFA levels and
demographic covariates differed for total PUFAs and total
ω-3 PUFAs; higher levelsofω-3 PUFAs, but not total PUFAs,
were more common among women with higher education,
while women in the highest quartile of total PUFAs, but not
total ω-3 PUFAs, were more likely to be Hispanic (Web
Table 2).

In multivariate-adjusted models, overall, we did not
find evidence for associations between PUFA levels in
quartiles and ASD (Table 3). However, the adjusted odds
ratio estimate for the top quartile of LA was below the null
value (adjusted odds ratio (AOR) = 0.74, 95% confidence
interval (CI): 0.49, 1.11), and a nonsignificant trend (P for
trend = 0.10) of decreasing odds of ASD was observed
across quartiles. Total PUFA, total ω-6, DHA, and dihomo-
γ-linolenic acid levels also demonstrated similar point
estimates for quartile 3 or 4 (with confidence intervals over-
lapping the null) but showed no evidence of a monotonic
trend. Evidence of stronger associations for these or other
fatty acids was generally not found when examining further
extremes of the distribution. While persons with linoleic acid
levels in the eighth decile had reduced odds of ASD relative
to those with levels in the middle of the distribution (deciles
4–7) (AOR = 0.44, 95% CI: 0.26, 0.75), corresponding
decreases were not seen for the highest 2 deciles (Web Table
3). Similar results were observed for total PUFAs in decile

8 (AOR = 0.60, 95% CI: 0.37, 0.98), though the adjusted
odds ratio for decile 9 was also below the null. In addition,
there was no evidence of potentially stronger associations
for persons with the very highest and lowest levels (fifth
percentiles) relative to the interquartile range (Web Table
4). When examining associations using cubic splines, we
did not find evidence for nonlinearity; the general pattern
observed for total PUFA levels was a nonsignificant linear
decrease in odds of ASD with increasing total PUFA level
(Web Figure 1), with similar findings for LA and total ω-3
PUFAs, and flatter curves with wide confidence intervals for
most others.

Examining associations between maternal PUFA levels
and ASD with and without comorbid ID, we observed
mostly null associations with quartiles of PUFA levels
(Table 4). There was some suggestion of differences in
ω-3 and ω-6 PUFA associations between these groups,
with the highest quartiles of the ω-3 PUFAs DHA and
eicosapentaenoic acid being below the null for ASD with ID
(but not ASD without ID) and the highest quartiles of total
PUFAs and total ω-6 PUFAs being below the null for ASD
without ID (but not ASD with ID). However, confidence
intervals were wide. When examining deciles, the lowest
deciles of docosapentaenoic acid, arachidonic acid, total
PUFAs, and total ω-3 PUFAs were all associated with
increased odds of ASD with ID (for the lowest decile of total
PUFAs vs. deciles 4–7, AOR = 2.78 (95% CI: 1.13, 6.82);
similar associations were observed for the other PUFAs),
though reductions in odds were generally not observed
with higher deciles (Web Table 3). In contrast, a higher
decile (decile 8) of total PUFAs and total ω-6 PUFAs was
associated with reduced odds of ASD without ID (total
PUFAs: AOR = 0.55 (95% CI: 0.33, 0.93); total ω-6 PUFAs:
AOR = 0.48 (95% CI: 0.28, 0.83)), though deciles 9 and 10
for these groups were closer to the null (Web Table 3, Web
Figure 2). Small numbers in individual categories for the
ASD-with-ID group precluded us from examining further
distributional extremes.

We did not find evidence for statistically significant inter-
actions of total PUFAs with sex and ethnicity (P = 0.98 and
P = 0.78, respectively; similar results were seen for inter-
actions with ω-3 or ω-6 PUFAs). While a few statistically
significant estimates were observed in analyses of PUFA
quartiles stratified by these factors, including reduced odds
of ASD in Hispanics with higher total ω-6 PUFA levels
(quartile 3 vs. quartile 1: AOR = 0.54, 95% CI: 0.30, 0.98)
(Web Tables 5 and 6), no clear trends across PUFAs or
patterns of association with ethnicity or sex emerged.

DISCUSSION

In this population-based case-control study drawn from
pregnant women in California, overall, we did not find
strong evidence for an association between PUFA levels
measured in midpregnancy and offspring ASD. We exam-
ined PUFAs according to several parameterizations and also
explored potential effect modification by sex and ethnicity.
Secondary analyses did suggest potentially stronger associ-
ations between LA and ASD without ID, as well as between
some ω-3 PUFAs and ASD with ID, but these findings were
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Table 3. Associations Between Maternal Midpregnancy Serum Polyunsaturated Fatty Acid Levels and Offspring Autism Spectrum Disorder
in a Population-Based Case-Control Study, California, 2010–2011

PUFA
Median Value,

ng/mL
No. of Cases

(n = 499)
No. of Controls

(n = 502)
ORa 95% CI AORb 95% CI P for Trendc

ALA (18:3)d 0.74

Q1 (lowest) 0.30 109 128 1.00 Referent 1.00 Referent

Q2 0.79 132 119 1.29 0.91, 1.84 1.26 0.87, 1.82

Q3 1.48 125 125 1.18 0.82, 1.69 1.10 0.76, 1.60

Q4 (highest) 2.73 124 122 1.21 0.83, 1.75 1.15 0.78, 1.70

SA (18:4) 0.96

Q1 0.11 90 101 1.00 Referent 1.00 Referent

Q2 0.14 138 135 1.16 0.79, 1.69 1.08 0.73, 1.60

Q3 0.17 122 115 1.21 0.81, 1.83 1.13 0.74, 1.73

Q4 0.22 149 151 1.13 0.76, 1.69 1.03 0.70, 1.56

EPA (20:5) 0.86

Q1 0.12 107 133 1.00 Referent 1.00 Referent

Q2 0.22 136 117 1.45 1.02, 2.08 1.28 0.88, 1.87

Q3 0.34 116 130 1.12 0.78, 1.60 0.88 0.58, 1.31

Q4 0.71 140 122 1.45 1.00, 2.09 1.16 0.76, 1.77

DPA (22:5) 0.73

Q1 9.64 125 125 1.00 Referent 1.00 Referent

Q2 13.50 120 131 0.91 0.64, 1.30 0.81 0.56, 1.17

Q3 17.70 127 123 1.03 0.72, 1.48 0.88 0.60, 1.28

Q4 24.50 127 123 1.04 0.72, 1.50 0.88 0.60, 1.30

DHA (22:6)

Q1 1.05 118 120 1.00 Referent 1.00 Referent 0.76

Q2 1.31 132 126 1.06 0.75, 1.51 0.96 0.67, 1.38

Q3 1.58 118 136 0.88 0.61, 1.26 0.79 0.54, 1.15

Q4 2.11 131 120 1.10 0.77, 1.59 0.95 0.63, 1.43

LA (18:2) 0.10

Q1 21.90 125 124 1.00 Referent 1.00 Referent

Q2 31.70 132 120 1.08 0.76, 1.55 0.95 0.65, 1.38

Q3 42.00 123 126 0.96 0.67, 1.38 0.83 0.56, 1.22

Q4 58.20 119 132 0.89 0.61, 1.28 0.74 0.49, 1.11

GLA (18:3)d 0.75

Q1 1.10 121 122 1.00 Referent 1.00 Referent

Q2 1.91 118 137 0.87 0.61, 1.24 0.82 0.57, 1.19

Q3 2.80 126 123 1.02 0.71, 1.46 0.98 0.67, 1.43

Q4 4.45 134 117 1.14 0.80, 1.64 0.98 0.67, 1.44

DGLA (20:3) 0.16

Q1 0.93 121 125 1.00 Referent 1.00 Referent

Q2 1.42 131 123 1.09 0.77, 1.55 1.01 0.70, 1.45

Q3 1.92 126 123 1.05 0.73, 1.51 0.88 0.60, 1.29

Q4 2.76 121 131 0.94 0.65, 1.36 0.77 0.52, 1.16

Table continues
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Table 3. Continued

PUFA
Median Value,

ng/mL
No. of Cases

(n = 499)
No. of Controls

(n = 502)
ORa 95% CI AORb 95% CI P for Trendc

AA (20:4) 0.90

Q1 4.94 118 131 1.00 Referent 1.00 Referent

Q2 5.92 123 127 1.09 0.76, 1.56 0.96 0.66, 1.40

Q3 6.94 127 123 1.17 0.81, 1.71 0.97 0.65, 1.44

Q4 8.44 131 121 1.24 0.85, 1.80 1.02 0.68, 1.51

Total PUFAse 0.16

Q1 44.10 123 125 1.00 Referent 1.00 Referent

Q2 60.00 140 126 1.12 0.79, 1.60 1.07 0.74, 1.55

Q3 75.40 116 125 0.94 0.65, 1.36 0.77 0.52, 1.15

Q4 101.00 120 126 0.96 0.66, 1.40 0.81 0.54, 1.21

Total ω-3 PUFAsf 0.87

Q1 12.30 124 135 1.00 Referent 1.00 Referent

Q2 16.70 131 124 0.85 0.59, 1.23 0.76 0.52, 1.11

Q3 21.20 119 122 0.98 0.68, 1.41 0.83 0.57, 1.21

Q4 29.00 125 121 1.06 0.73, 1.53 0.90 0.61, 1.33

Total ω-6 PUFAsg 0.18

Q1 30.30 124 127 1.00 Referent 1.00 Referent

Q2 42.20 142 125 1.25 0.88, 1.79 1.11 0.77, 1.62

Q3 55.00 118 125 0.91 0.63, 1.32 0.78 0.52, 1.17

Q4 73.50 115 125 0.97 0.67, 1.40 0.80 0.53, 1.20

Abbreviations: AA, arachidonic acid; ALA, α-linolenic acid; AOR, adjusted odds ratio; CI, confidence interval; DGLA, dihomo-γ-linolenic acid;
DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; GLA, γ-linolenic acid; LA, linoleic acid; OR, odds ratio;
PUFA, polyunsaturated fatty acid; Q, quartile; SA, stearidonic acid.

a Crude OR from a conditional logistic regression model accounting for study matching factors only (sex, birth month, and year of birth).
b Adjusted OR from a conditional logistic regression model including maternal education, maternal race/ethnicity, prepregnancy body mass

index, maternal age, health insurance status at delivery, and an indicator for short interpregnancy interval.
c P value from a Wald test for trend across the ordinal score variable for the PUFA, defined using the median value within each quartile.
d Numbers in ALA and GLA quartiles do not sum to the total sample sizes because of the exclusion of 17 samples that failed quality control

for ALA and 3 that failed for GLA.
e Sum of all individual PUFAs shown.
f Sum of ALA, SA, EPA, DPA, and DHA.
g Sum of LA, GLA, DGLA, and AA.

based on very small numbers in the ASD-with-ID group.
Taken together, and considering multiple comparisons, the
results of this study do not offer much evidence implicating
these PUFAs in ASD etiology, though directions for future
research are noted below.

A primary goal of this work was to determine whether
associations we previously observed (30) on the basis of
reported maternal diet in Nurses’ Health Study II could be
replicated when using measured PUFA levels from mid-
pregnancy. Despite a larger number of cases in our present
analysis, we did not replicate the previous statistically signif-
icant findings (30) suggesting inverse associations between
the highest quartiles of total PUFA level and LA and ASD
overall. Potential reasons for differences could be measure-
ment error in estimated PUFA levels according to reported
diet or differences in the time periods covered (with the
earlier work spanning a broader period overlapping with

pregnancy and analyses here timed more specifically to the
second trimester). However, it is of some note that the point
estimates for the top quartile of LA were quite similar to
those of the previous work based on reported diet (30). Taken
together, these studies might suggest a potential benefit of
higher levels of prenatal LA in child ASD risk. A poten-
tial beneficial role of LA in reducing risk of ASD is bio-
logically plausible, perhaps through an immune-mediated
pathway; studies in humans have consistently demonstrated
reductions in cholesterol levels and in the risk of cardio-
vascular disease with higher levels of LA and total ω-6
PUFAs (48). However, these findings conflict with those
from a Dutch study that found increases in ASD-related
traits in association with higher midpregnancy plasma total
ω-6 PUFA and LA levels (34) and with those from a high-
familial-risk cohort, the Markers of Autism Risk in Babies
(MARBLES) cohort (35). In the latter study, Cohen et al.
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Table 4. Associations Between Maternal Midpregnancy Serum Polyunsaturated Fatty Acid Levels (Quartiles) and Offspring Autism Spectrum
Disorder With and Without Co-Occurring Intellectual Disability in a Population-Based Case-Control Study, California, 2010–2011a

PUFA
ASD With ID (n = 67) ASD Without ID (n = 432)

No. of Cases AORb 95% CI P for Trend No. of Cases AORb 95% CI P for Trend

ALA (18:3)c 0.76 0.71

Q1 (lowest) 13 1.00 Referent 96 1.00 Referent

Q2 20 1.43 0.65, 3.16 112 1.21 0.83, 1.77

Q3 18 1.33 0.68, 3.01 107 1.06 0.72, 1.56

Q4 (highest) 14 1.02 0.42, 2.48 110 1.15 0.77, 1.71

SA (18:4) 0.56 0.93

Q1 16 1.00 Referent 74 1.00 Referent

Q2 13 0.64 0.28, 1.49 125 1.20 0.80, 1.80

Q3 22 1.04 0.46, 2.40 100 1.14 0.73, 1.78

Q4 16 0.69 0.29, 1.66 133 1.10 0.71, 1.70

EPA (20:5) 0.52 0.39

Q1 17 1.00 Referent 90 1.00

Q2 17 1.04 0.57, 2.26 119 1.34 0.91, 1.99

Q3 18 0.85 0.36, 1.70 98 0.92 0.60, 1.40

Q4 15 0.78 0.32, 1.91 125 1.30 0.83, 2.03

DPA (22:5) 0.24 0.56

Q1 18 1.00 Referent 107 1.00 Referent

Q2 15 0.83 0.37, 1.88 105 0.80 0.54, 1.17

Q3 12 0.67 0.28, 1.62 115 0.92 0.62, 1.36

Q4 22 1.48 0.67, 3.24 105 0.83 0.56, 1.25

DHA (22:6) 0.54 0.96

Q1 16 1.00 Referent 102 1.00 Referent

Q2 21 1.18 0.54, 2.57 111 0.93 0.63, 1.37

Q3 14 0.62 0.26, 1.45 104 0.82 0.55, 1.22

Q4 16 0.88 0.37, 2.10 115 1.00 0.65, 1.54

LA (18:2) 0.94 0.08

Q1 17 1.00 Referent 108 1.00 Referent

Q2 12 0.67 0.28, 1.62 120 1.00 0.68, 1.48

Q3 22 1.04 0.47, 2.30 101 0.78 0.52, 1.17

Q4 16 0.83 0.34, 2.02 103 0.74 0.48, 1.12

GLA (18:3) 0.76 0.79

Q1 19 1.00 Referent 102 1.00 Referent

Q2 12 0.55 0.24, 1.27 106 0.90 0.61, 1.32

Q3 19 1.13 0.52, 2.45 107 0.98 0.77, 1.46

Q4 17 0.95 0.43, 2.08 117 1.01 0.68, 1.50

DGLA (20:3) 0.82 0.13

Q1 15 1.00 Referent 106 1.00 Referent

Q2 19 1.34 0.62, 2.90 112 0.97 0.66, 1.42

Q3 17 1.01 0.44, 2.34 109 0.86 0.58, 1.29

Q4 16 1.01 0.42, 2.40 105 0.74 0.49, 1.13

Table continues
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Table 4. Continued

PUFA
ASD With ID (n = 67) ASD Without ID (n = 432)

No. of Cases AORb 95% CI P for Trend No. of Cases AORb 95% CI P for Trend

AA (20:4) 0.79 0.89

Q1 18 1.00 Referent 100 1.00 Referent

Q2 18 0.91 0.42, 1.97 105 0.94 0.63, 1.38

Q3 13 0.74 0.31, 1.77 114 1.01 0.67, 1.52

Q4 18 1.12 0.48, 2.64 113 1.00 0.66, 1.52

Total PUFAsd 0.92 0.12

Q1 17 1.00 Referent 106 1.00 Referent

Q2 15 0.87 0.38, 2.01 125 1.12 0.76, 1.65

Q3 17 0.85 0.37, 1.96 99 0.76 0.50, 1.16

Q4 18 1.01 0.43, 2.38 102 0.79 0.52, 1.21

Total ω-3 PUFAse 0.35 0.74

Q1 21 1.00 Referent 103 1.00 Referent

Q2 18 0.75 0.32, 1.76 113 0.76 0.51, 1.13

Q3 11 0.71 0.30, 1.71 108 0.85 0.57, 1.26

Q4 17 1.28 0.58, 2.80 108 0.87 0.58, 1.30

Total ω-6 PUFAsf 0.90 0.07

Q1 17 1.00 Referent 107 1.00 Referent

Q2 15 1.05 0.45, 2.41 127 1.14 0.77, 1.67

Q3 17 0.89 0.38, 2.07 101 0.76 0.50, 1.16

Q4 18 1.10 0.45, 2.69 97 0.77 0.51, 1.18

Abbreviations: AA, arachidonic acid; ALA, α-linolenic acid; AOR, adjusted odds ratio; ASD, autism spectrum disorder; CI, confidence interval;
DGLA, dihomo-γ-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; GLA, γ-linolenic acid; ID, intellectual disability; LA,
linoleic acid; PUFA, polyunsaturated fatty acid; Q, quartile; SA, stearidonic acid.

a Cases were identified in California Department of Developmental Services records.
b AOR from a conditional logistic regression model (as in Table 3) accounting for study matching factors (sex, birth month, and year of birth),

maternal education, maternal race/ethnicity, prepregnancy body mass index, maternal age, health insurance status at delivery, and an indicator
for short interpregnancy interval.

c Numbers for ALA do not sum to the total sample sizes because some samples failed quality control.
d Sum of all individual PUFAs shown.
e Sum of ALA, SA, EPA, DPA, and DHA.
f Sum of LA, GLA, DGLA, and AA.

found no association with ω-6 PUFA and LA levels but
suggestive findings for ω-3 PUFAs according to measured
levels of eicosapentaenoic acid and total ω-3 PUFAs based
on reported diet (35). However, the study’s small sample size
limited statistical power, and it is not known whether or how
associations may differ in a high-familial-risk setting. The
Dutch investigation (34) considered only a subset of items
from a common ASD trait parent-report measure, the Social
Responsiveness Scale, and it may be that associations differ
by phenotypic aspects of ASD (as potentially suggested by
our results for ASD with and without ID). Differences in
fish intake, overall diet, and levels of other environmental
exposures potentially interacting with PUFAs across the
different study populations may also account for discrepant
findings.

A wealth of literature suggests neurocognitive benefits of
ω-3 PUFAs; contrary to our hypotheses, our findings were

generally not supportive of strong associations with DHA or
other ω-3 PUFAs. We did observe somewhat stronger find-
ings for an association with the lowest deciles of total PUFAs
and ω-3 PUFAs in association with ASD with ID; how-
ever, we did not observe corresponding associations with
DHA specifically, nor were patterns clear across all deciles
or PUFAs. In contrast, there were several ω-6 PUFAs for
which reductions in odds of ASD were suggested with high-
er (but not the highest) deciles. These results should be inter-
preted with caution given the small number of persons with
ASD with ID in our study population and the potential
underrepresentation in the DDS records of ID in the presence
of ASD. These findings should be examined in other, larger
study populations with more complete information on ID
status. Because of the roles of ω-3 PUFAs in neurodevel-
opmental processes like synaptogenesis, neurogenesis, and
differentiation, future mechanistic work might also consider
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whether ω-3 mechanisms act more directly on fetal brain
development and whether ω-6 mechanisms might be medi-
ated through immune system pathways.

Lack of strong associations with maternal levels here does
not preclude a potential role of PUFAs in ASD etiology.
Abnormalities in placental structure and function (for which
there is some emerging evidence in ASD (49, 50)) may
impact placental fatty acid transfer to the developing fetus
(51), and we were not able to measure fetal levels. In ad-
dition, PUFAs may serve as modifiers of other ASD risk
factors; for example, recent work suggested that PUFAs
may mitigate the adverse associations of the pesticide
dichlorodiphenyltrichloroethane (DDT) with child neurode-
velopment as measured by the Bayley Scales (52). It may
also be that other time windows of rapid brain growth and
PUFA uptake (including the late third trimester or infancy)
represent critical windows for a relationship between PUFAs
and ASD. If diet changed over the course of this time, such
relationships might be missed. Future work with repeated
measures should consider the role of PUFAs in these
additional time periods, as neither diet nor development
is static. Finally, it is possible that PUFAs relate to specific
phenotypic aspects of ASD, given associations with other
developmental outcomes (8, 22, 53) (and suggestive findings
for differences by co-occurring ID here). Each of these areas
represents potential directions for future research.

This study had a number of strengths representing ad-
vances over prior work, most notably the use of measured
PUFA levels in samples collected during a time frame
suspected to be biologically relevant. Additional strengths
include examination of associations in approximately 1,000
mother-child pairs drawn from the general population with
representation of ethnic diversity, use of a reliable source
to obtain child diagnostic information, and examination of
not just classes of PUFAs or total PUFAs but also individual
fatty acids. However, a number of limitations should be
noted. As stated, our ASD-with-ID case group was smaller
than would be expected given comorbidity estimates (54);
milder ID in particular is often not recognized until offspring
reach an age older than that of the children included here
(55) and therefore may not have been accounted for in
DDS records at the time of data linkage. We did not have
information on levels of mercury, which co-occurs with
PUFAs in some fish and may have opposing effects on
neurodevelopment (56). In future work, researchers should
consider combined impacts of nutrient and environmental
toxicant levels on ASD outcomes. We also did not have
the ability to examine dietary sources of PUFAs or adjust
for other dietary factors. However, adjustment for short
interpregnancy interval (which has been associated with
ASD in prior work (57–61)) may serve as a proxy for nutrient
depletion. Although prior work supports the stability of
PUFAs stored under our conditions (62, 63), we cannot rule
out potential degradation of PUFAs, though this would not
have been differential by case status because of the matching
on time of birth. Low fish intake in the United States may
have affected our ability to examine potential benefits with
high levels of ω-3 PUFAs like DHA. Finally, we cannot
rule out potential chance findings observed in secondary
analyses.

Given the known importance of PUFAs in neurodevelop-
ment and their involvement in multiple pathways relevant
to ASD (6, 13, 64), this class of nutrients should be further
considered for associations with ASD-related outcomes and
phenotypes. Even in the face of no or limited direct asso-
ciations with ASD, future work should also consider the
potential modifying effects these fatty acids may exert on
the impact of other ASD risk factors that may act through
the same pathways. Because ASD is currently estimated to
occur in 1 out of every 58 children, identifying modifiable
factors that have the potential to ameliorate risks and asso-
ciated disabilities is critical.
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