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Abstract
The aim of the present study was to examine the association between depressive symptoms in
pregnancy and the concentration of long-chain polyunsaturated fatty acids (LCPUFAs) in breast
milk. Women (n =287) enrolled in the Pregnancy, Infection, and Nutrition Study completed the
Center for Epidemiologic Studies Depression Scale in pregnancy (<20 and 24–29 weeks) and had
LCPUFAs measured in breast milk (4 months postpartum). Multiple linear regression was used to
examine associations between depressive symptoms and breast milk LCPUFAs. Increasing
depressive symptoms at <20 weeks were associated with lower docosahexaenoic acid
concentrations (adjusted β=−1.15, 95% confidence interval =−2.12, −0.19). No similar
associations were observed with other fatty acids nor between symptoms at 24–29 weeks and
LCPUFAs. Depressive symptoms, even in the subclinical range, early in pregnancy are inversely
associated with breast milk docosahexaenoic acid. This may have implications for the timing of
screening and interventions for perinatal depression and the nutritional value of breast milk.
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Pregnancy and the postpartum period can be stressful for women; depression affects an
estimated 8% to 11% of women at some point during pregnancy.1 Long-chain
polyunsaturated fatty acids (LCPUFAs), particularly docosahexaenoic acid (DHA), appear
to play a role in maintaining positive mental health, although the biological mechanism
remains unclear.2 Low levels of DHA have been noted in the red blood cell and plasma cell
membranes and brain orbitofrontal cortex tissue of clinically depressed adults.3–5

Additionally, DHA is important for optimal brain development early in life.6 Pregnancy and
lactation may exacerbate low DHA status because maternal DHA stores are mobilized to
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support the rapid development of the fetal and infant brain.7 Some clinical trials have
evaluated whether ω-3 fatty acid supplements prevent perinatal or postpartum depression or
reduce symptoms, with mostly negative findings.8–12 A handful of observational studies
have examined plasma DHA levels among women with perinatal or postpartum depression,
but the results have been inconsistent, perhaps due to limited sample sizes.13–16 Most of
these studies dichotomized scores on depressive symptoms assessments or selected women
who met a clinical definition for depression, so they were unable to examine associations at
subclinical levels. In addition, previous studies have focused on only the third trimester or
postpartum period, despite indications that many women with postpartum depression
experience symptoms early in pregnancy.17

No previous studies have examined the relationship between depressive symptoms during
pregnancy and breast milk fatty acid concentrations, regardless of how common elevated
depressive symptoms are during pregnancy. Even though breast milk and plasma fatty acid
concentrations are generally positively correlated, examination of breast milk DHA levels is
important because breast milk is more reflective of fatty acid stores laid down over a
lifetime and of lifetime diet than short-term influences (one study estimated 29% of breast
milk fatty acids derive from current diet and 59% derive from adipose tissue) and because of
breast milk’s role as a LCPUFA source for breastfed infants.18–22 Most previous
observational studies measured LCPUFAs in plasma samples collected at the same time as
screening or diagnosis of depression. The inability to establish the temporality of the
association makes it unclear whether lower DHA is a cause, a noncausal correlate, or a result
of depression. That is, low DHA levels, either because of low dietary intake or abnormal
metabolism of precursor fatty acids, could affect cell membrane phospholipid composition
and function in the brain and cause depression. Conversely, depression could cause reduced
dietary intake of healthy ω-3-rich foods or affect fatty acid metabolism to drive DHA levels
lower. Previous cross-sectional designs could not explore these issues. Additionally, low
DHA status and depression could be related through one or more confounding factors, such
as socioeconomic status or genetic factors, that would explain an observed association.
Because depression is often a chronic condition and fatty acid status is at least partly
reflective of lifetime diet, even longitudinal studies are challenged to sort out the temporality
of these phenomena, but they can verify the presence of one factor (eg, depressive
symptoms) at a point in time at least as early as a second factor (eg, fatty acid levels). We
addressed this objective by analyzing data from the longitudinal Pregnancy, Infection, and
Nutrition (PIN) study to examine the relationship between depressive symptoms at 2 times
during pregnancy, as measured with the Center for Epidemiologic Studies Depression Scale
(CES-D) and the LCPUFA content of breast milk collected at 4 months postpartum.

Methods
Study Population

Data were from the PIN study and its postnatal follow-up component, PIN Postpartum. The
design and goals of these studies have been described.23,24 All protocols were approved by
the University of North Carolina at Chapel Hill Biomedical Institutional Review Board; all
participants provided written informed consent.

Women (n =1169) were eligible for PIN Postpartum if they completed the PIN study (phase
3), agreed to be contacted after delivery, and lived in the area. Exclusions for medical
constraints (n =24), inability to recontact (n =207) or schedule (n =62), and refusal (n = 187)
resulted in 689 women who completed a visit in the fourth postpartum month. Women were
eligible to provide a breast milk sample if they gave birth January 2004 to December 2006
(n =519) and were breastfeeding and living in the area (165 women never initiated or had
discontinued breastfeeding before the visit). Some women were unable to provide a sample
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(n =26) or declined (n =23). Of the 305 who provided a sample, 8 did not participate in
either depressive symptoms assessment, 9 had 1 to 2 fatty acid values that could not be
calculated, and 1 had an unanalyzable sample, leaving 287 women for inclusion in this
analysis.

Data Collection
During pregnancy, information about depressive symptoms was collected via self-
administered questionnaires (CES-D scale) before 20 weeks and at 24–29 weeks of
pregnancy.25 Women were asked to use a breast pump around 10 AM on the day of the
postpartum visit, empty both breasts, mix the milk, and aliquot into 3 1.5-mL tubes of milk
for storage at –80°C, 1 of which was sampled for this study. Samples collected before April
1, 2005, were analyzed by the Collaborative Studies Clinical Laboratory at the University of
Minnesota Medical Center, Fairview (Minneapolis, Minnesota). Those collected after April
1, 2005, were analyzed by the Clinical Nutrition Research Center, University of North
Carolina (Chapel Hill, North Carolina). Fatty acid extraction was performed on 0.5-mL
samples of milk mixed with 0.5 mL of 0.9% saline using the method of Bligh and Dyer.26

Individual fatty acids were identified by comparison with authentic standards (Nu Chek
Prep, Elysian, Minnesota). Data were analyzed with chromatography software (TotalChrom
6.2, PerkinElmer, Somerset, New Jersey).

Age, education, smoking, household income, and other demographic and lifestyle covariates
were obtained by telephone at 17 to 30 weeks of pregnancy. At 24 to 29 weeks of
pregnancy, women completed a modified Block Food Frequency Questionnaire, from which
estimated daily dietary intake of ω-3 and ω-6 fatty acids was calculated for the 3 previous
months.27

Statistical Analysis
We examined bivariate associations between continuous depressive symptoms scores
measured at each time point and covariates and breast milk fatty acid concentrations (DHA,
eicosapentaenoic acid [EPA], total ω-3, total ω-6, ω-6:ω-3 ratio) with Pearson correlation
coefficient and t tests. CES-D scores in continuous form were used to examine associations
across the range of symptoms. Fatty acid variables (except ω-6:ω3) were approximately log-
normally distributed, so they were log-transformed for use in multiple linear regression
models. We included a quadratic term for CES-D score in the models to examine whether it
would improve model fit. To evaluate potential bias, we used t tests to examine the
difference among the CES-D scores for women who quit or never initiated breastfeeding or
did not provide a breast milk sample.

A variable indicating which laboratory analyzed the sample was included in all regression
models to adjust for inter-laboratory variability. Potential covariates were identified a priori
on the basis of previous studies. Multiple partial F tests assessed the presence of effect
modification. Confounders in adjusted models included education, smoking during
pregnancy, maternal age, parity, income as a percentage of the federal poverty level, and
estimated daily dietary intake of ω-3 or ω-6 fatty acids (depending on the model). Results of
regression models were backtransformed for interpretation (ie, percentage change in
geometric mean fatty acid concentration).

Results
Participant characteristics are displayed in Table 1. Nearly 12% of women scored 16+ on the
CES-D (a traditional cut point for high depressive symptoms) at less than 20 weeks of
pregnancy; 16% scored 16+ at 24 to 29 weeks of pregnancy. Of those who completed both
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assessments, 7% scored 16+ both times. More depressive symptoms (results shown for
symptoms at <20 weeks of pregnancy) were associated with fewer years of education (r =
−0.25, P <.01), smoking (t =−6.5, P <.01), lower income (r =−0.12, P =.04), and younger
maternal age (r =−0.20, P < .01). None of the covariates was a notable effect modifier. The
food frequency questionnaire we used limited our ability to estimate daily dietary intake of
individual ω-3 fatty acids. However, compared to the only existing Institute of Medicine
recommendation for ω-3 fatty acids—which is for α-linolenic acid alone (adequate intake =
1.4 g/day for pregnant women)— the median intake of total ω-3 fatty acids in this cohort
was low (median = 0.42 g/day) (Table 2).28 Finally, ω-3 fatty acid intake was not associated
with depressive symptoms.

All breast milk samples had fatty acid values above the limit of detection. Women with
more education had higher breast milk DHA and EPA concentrations than women with less
education: median DHA for women with 0 to 12 years = 0.14% (IQR = 0.09), > 16 years =
0.25% (IQR = 0.25), P < .01; median EPA for 0 to 12 years = 0.05% (IQR = 0.02), > 16
years = 0.09% (IQR = 0.09), P < .01. Median DHA and EPA concentrations also differed by
laboratory (0.20% vs 0.39% DHA, P < .01), although the distributions overlapped and the
Spearman rank correlation coefficient based on 5 samples analyzed by both laboratories was
0.7 for DHA. Fatty acid concentrations in milk did not vary by estimated prenatal ω-3 and
ω-6 intake from the food frequency questionnaire, age, income, or smoking (all P > .10).
Women who quit or never initiated breastfeeding or did not provide a breast milk sample
scored slightly higher on the CES-D at both time points (mean CES-D score at < 20 weeks
of pregnancy for those without a sample = 12.7 ± 10.0; with a sample = 9.2 ± 7.1, t = −4.9, P
< .01.

Depressive symptoms at < 20 weeks of pregnancy, but not at 24 to 29 weeks, were inversely
associated with DHA and total ω-3 (Figure 1, Table 3). The association between depressive
symptoms at 20 weeks and DHA remained after controlling for age, education, income,
smoking, parity, ω-3 intake, and laboratory: a 5-point increase in CES-D score corresponded
to a 5.8% decrease in DHA. The association between depressive symptoms and total ω-3
was attenuated upon adjustment. The quadratic term for CES-D was not significant in any
model. Depressive symptoms were unassociated with EPA, total ω-6, and ω-6:ω-3.

Discussion
The goal of this study was to examine whether depressive symptoms during pregnancy are
inversely associated with breast milk LCPUFA concentrations. We found this to be true for
DHA when depressive symptoms were measured at < 20 weeks of pregnancy but not for
symptoms measured at 24 to 29 weeks. The association with symptoms at < 20 weeks
applied across the range of CES-D scores; it appeared to be linear—that is, not confined to
women scoring 16+. We observed no associations between depressive symptoms at either
time point and concentrations of other fatty acids in adjusted models.

Some proportion of women who experience elevated depressive symptoms late in pregnancy
are women who have been chronically depressed and whose symptoms may be rooted in
factors unrelated to and preceding the pregnancy, while other women have no history of
depression but start to experience symptoms as hormonal triggers or psychosocial influences
(eg, absence of a partner, financial worries) build as delivery nears.29 Our null results for
symptoms measured around the beginning of the third trimester might be explained by the
fact that women with elevated depressive symptoms detected early in pregnancy may be
more reflective of the chronically depressed group, while the women with elevated
symptoms later in pregnancy come from both these groups. Because breast milk DHA levels
largely reflect fatty acid stores laid down over many years, low breast milk DHA may reflect
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chronic depression more closely than transient depressive symptoms during pregnancy.
Again, it could be that (1) chronically low dietary intake or abnormal fatty acid metabolism
could affect cell membrane phospholipid composition and function in the brain and cause
depression or (2) chronic depression reinforces a diet low in ω-3 fatty acids or adversely
affects fatty acid metabolism as reflected in low ω-3 levels. Alternatively, our positive result
for depressive symptoms early in pregnancy could be spurious.

We evaluated the possibility that women who never initiated breastfeeding, who quit before
4 months, or who declined or were unable to provide a breast milk sample might have been
more likely to have elevated depressive symptoms during pregnancy. These women scored
slightly higher on the CES-D at both pregnancy time points. Because these women were not
part of the analytic sample, our results may be biased toward the null and underestimate the
true association.

No previous studies have examined depressive symptoms during pregnancy and breast milk
fatty acid concentrations. One previous cross-sectional study of clinically depressed women
found an inverse association between plasma DHA, total ω-3, or ω-6:ω-3 and depressive
symptoms in the third trimester, but it did not examine symptoms earlier in pregnancy, nor
did it examine breast milk concentrations.16 Of several previous observational postpartum
studies, 1 observed no association between postpartum depression and concurrent DHA
status, while 2 observed that decreasing plasma DHA levels were accompanied by
increasing depressive symptoms.13–15 Another study found an association on an ecologic
level between national postpartum depression point prevalence estimates and breast milk
composition reported by one or more studies aggregated in each of 16 countries.30 Our study
is unique in that it examined the association between depressive symptoms and milk
concentrations at the individual level.

By using a screening instrument to identify depressive symptoms, we included women with
a range of depressive symptoms, rather than only women who met a clinical definition for
major depression. Observing the association between DHA and depressive symptoms at
subclinical levels suggests that a larger proportion of individuals might be affected, not only
those who are clinically depressed. However, the use of this screener may underestimate the
association among the most severely depressed women and is a limitation of our study. The
proportion of women who experienced significant depressive symptoms in this study is
similar to population-based studies of pregnancy,31,32 and the DHA concentration in the
breast milk samples in this study was in the range of other US studies.33

Other limitations include the lack of information about depressive symptoms before
pregnancy began. This information would have allowed us to examine depressive symptoms
of a more chronic nature compared to newly emerging symptoms during pregnancy. Also,
our limited sample size and relatively small number of women who experienced elevated
symptoms at both pregnancy time points prevented in-depth analysis of the more severe
symptoms levels.

While there is growing interest in the relation between depression and DHA, research has
not revealed the temporal direction of the association. Most previous studies that examined
the association between perinatal depressive symptoms and DHA status measured DHA at
the same time or long before symptoms were measured. We examined the association
longitudinally by assessing depressive symptoms during pregnancy and measuring fatty acid
status postpartum. In this way, depressive symptoms present months before the
measurement of DHA status may be meaningful, even if symptoms measured closer in time
are not associated with DHA status. Because depressive symptoms often reflect a chronic
condition and fatty acid levels are, at least in part, a product of lifetime diet, it is difficult for
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even a lengthy longitudinal study to resolve the temporal sequence of these factors.
However, this study found that depressive symptoms were present at a time point at least as
early as the fatty acid profile (lower DHA). Additional research into the biological
mechanisms underlying this association, as well as long prospective studies, will help clarify
these uncertainties over temporality and causality.

Conclusion
The results of this study indicate that depressive symptoms early in pregnancy are associated
with postpartum breast milk concentrations (symptoms may precede lower DHA status by
months) and that even subclinical depressive symptoms may be associated with reduced
concentrations of DHA in breast milk. However, additional large longitudinal studies are
needed to trace the course of depressive symptoms and fatty acid status over longer periods.
Perinatal depression is one of the most common mental health conditions during pregnancy
and lactation, and it is a concern for clinicians and families because of its toll on the health
of many women and its influence on pregnancy outcomes and child development. If
perinatal depression early in pregnancy is associated with lower amounts of DHA in breast
milk, early screening for major depression and the study of ways to improve the DHA status
of women might be important steps to reduce the burden of perinatal depression.
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Figure 1.
Breast milk concentration of docosahexaenoic acid (DHA; percentage of total fatty acids,
log-transformed) by depressive symptoms score (Center for Epidemiologic Studies
Depression Scale [CES-D]), adjusted for age, education, income, smoking, parity, and
laboratory: A, < 20 weeks of pregnancy (n = 287); B, 24–29 weeks of pregnancy (n = 287).
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Table 1

Characteristics of Eligible Women in the Pregnancy, Infection, and Nutrition (PIN) and PIN Postpartum
Studies who Provided Breast Milk Samples, 2002–2006

No. (%)

Overall 287 (100)

Maternal education

   0–12 years 16 (5.6)

   13–16 135 (47.0)

   >16 136 (47.4)

Smoking

   Yes 9 (3.2)

   No 269 (96.8)

Maternal age, y

   17–20 6 (2.1)

   21–30 132 (46.0)

   31–47 149 (51.9)

Parity

   0 150 (52.3)

   1 96 (33.5)

   2+ 41 (14.3)

Income (percentage of federal level)

   <185% 19 (6.7)

   185%–350% 47 (16.7)

   > 350% 216 (76.6)

Laboratory

   Minnesota 171 (59.6)

   North Carolina 116 (40.4)

Median (Interquartile Range)

Breast milk fatty acid concentration, %

   Total ω-3 1.71 (0.78)

   Total ω-6 17.27 (5.13)

   ω-6:ω-3 10.25 (3.70)

   Eicosapentaenoic acid 0.08 (0.06)

   Docosahexaenoic acid 0.20 (0.22)
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Table 3

Percentage Change in Geometric Mean Breast Milk Fatty Acid Concentration for a 1-Point Increase in Center
for Epidemiologic Studies Depression Scale Score

Fatty Acida Unadjusted Model (95% Confidence Interval)b Adjusted Model (95% Confidence Interval)c

< 20 wk, pregnancy

   Total ω-3 −0.67 (−1.27, −0.07) −0.55 (−1.21, 0.13)

   Total ω-6 −0.21 (−0.57, 0.16) −0.30 (−0.69 1.01)

   ω-6:ω-3 0.04 (−0.03, 0.10) 0.01 (−0.06. 0.9)

   Eicosapentaenoic acid −0.86 (−1.73, 0.04) −0.31 (−1.28, 0.67)

   Docosahexaenoic acid −1.32 (−2.19, −0.46) −1.15 (−2.12, −0.19)

24–29 wk, pregnancy

   Total ω-3 −0.32 (−0.90, 0.27) −0.14 (−0.76, 0.48)

   Total ω-6 −0.07 (−0.41, 0.26) −0.19 (−0.55, 0.16)

   ω-6:ω-3d 0.2 (−0.04, 0.08) −0.01 (−0.08, 0.05)

   Eicosapentaenoic acid −0.73 (−1.57, 0.12) −0.18 (−1.05, 0.70)

   Docosahexaenoic acid −0.69 (−1.54, 0.16) −0.27 (−1.16, 0.61)

a
Regression models included log-transformed fatty acid variables. The results presented were backtransformed.

b
Unadjusted models included a variable for the laboratory analyzed the sample.

c
Adjusted models included education, smoking, maternal age, parity, income, estimated daily dietary intake of ω-3 or ω-6 fatty acids (depending

on the model), and laboratory.

d
The ω-6:ω-3 ratio was not log-transformed when included in regression models. Results can be interpreted as a 1-point increase in Center for

Epidemiologic Studies Depression Scale score corresponding to a 1-unit increase in ω-6:ω-3.
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