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Abstract:

Purpose: Essential fatty acids are critical for brain growth and neurodevelopment in infancy.
Maternal diet and supplement use have a significant impact on the fat composition of human
milk. The objective of this study is to assess supplement utilization patterns and fatty acid and
brain-derived neurotrophic factor (BDNF) concentrations in the breast milk of women following
vegan, vegetarian, and omnivore diet patterns. Methods: This is a cross-sectional, observational
study of 74 lactating women in the United States following a vegan (n = 26), vegetarian (n =22),
or omnivore (n=26) diet pattern. A single breast milk sample was collected from each
participant and assessed for fatty acids and BDNF. Results: Median unsaturated fatty acids in
the breast milk of vegan, vegetarian, and omnivores, as a percentage of total fatty acids, was
66.0, 57.8, and 56.2%, respectively (p <0.001). Total omega-3 percentages were 2.29% for
vegans, 1.55% for vegetarians, and 1.46% for omnivores (p <0.001). Docosahexaenoic acid
percentages were not different by diet pattern, but over 80% of participants had milk
concentrations below 0.30% of total fatty acids. Reports of omega-3 supplements use (10/74)
and weekly seafood consumption (3/74) were limited. BDNF was not detectable in any samples.
Conclusions: Breast milk from vegans had significantly higher unsaturated fat and total omega-3
fats, and lower saturated fats, frans fats, and omega-6 to omega-3 ratios than their vegetarian and
omnivore counterparts. Docosahexaenoic acid concentrations in breast milk were low regardless
of maternal diet pattern, and were reflective of low seafood intake and supplement use.
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ALA: Alpha-linolenic acid

BDNF: Brain derived neurotrophic factor

BSQ: Basic screening questionnaire

DHA: Docosahexaenoic acid

EPA: Eicosapentaenoic acid

LA: Linoleic acid (LA)

LCPUFA: Long chain polyunsaturated fatty acids

Introduction

The lipid fraction of human milk provides a major energy source for the rapidly growing infant
as well as essential omega-3 and omega-6 polyunsaturated fatty acids which may be important
for visual and neural development. On average, over 50% of calories in human milk comes from
fat [1], although significant variation exists among lactating women, with total fat consistently
being the most variable macronutrient [2,3,4,5,6]. Likewise, significant variability in omega-3
and omega-6 fatty acid composition in human milk has been reported [7,8,9].

Alpha-linolenic acid (ALA), an essential omega-3 fatty acid, and linoleic acid (LA), an essential
omega-6 fatty acid, are predominantly found in plant-based foods. The Recommended Dietary
Allowance (RDA) for lactating women in the United States is 1.3 and 13.0 g/day for ALA and
LA, respectively, though actual infant requirements are impacted by a complex set of factors
including the kinetics of maternal dietary transfer into breast milk, maternal and infant stores,
and endogenous synthesis of some nutrients. The long chain polyunsaturated fatty acids
(LCPUFA) docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) can be obtained
primarily through fish-based foods or synthesized from ALA, though conversion rates are low,
while arachidonic acid (AA) can be obtained from animal-based foods or derived from LA [10].

Reviews regarding the long-term effects of breastfeeding suggest a modest benefit to intelligence
[11, 12]. There is considerable interest in the role of DHA as a potential mechanism for
improved neurodevelopment due to evidence of higher DHA in the brain and plasma of breastfed
infants compared to infants fed formula that was void of DHA [13,14,15]. Observational studies
have shown a correlation between breast milk DHA levels and visual and neurodevelopment
outcomes, though other components in human milk may be contributing to these observations
[16]. In animal studies, dietary DHA was positively associated with brain-derived neurotrophic
factor (BDNF), a growth factor that plays an important role in neurodevelopment [17,18,19]. In
human studies, results on the relationship between dietary DHA and serum BDNF are conflicting
[20, 21]. Nassar et al. reported higher levels of serum BDNF in breastfed infants, compared to
formula fed infants, though breast milk was not measured as a potential source of the BDNF
[22]. Limited studies have assessed BDNF in human milk, with a 100-fold difference in
concentrations reported between studies [23,24,25]. No studies have investigated a potential
relationship between BDNF concentrations in human milk and maternal diet.

Maternal diet has a strong influence on the lipid profile of human milk [26,27,28]. Vegetarian
and vegan diets provide differing content of total, saturated, unsaturated, and essential fats

compared to omnivore diet patterns [29, 30], which likely influences breast milk composition.
Conflicting findings regarding the LCPUFA content in human milk of women who followed a



plant-based diet have been reported [31,32,33]. DHA supplements, but not ALA supplements,
have been shown to increase breast milk DHA concentrations [34,35,36,37,38], which may be an
important strategy for lactating women who consume little dietary DHA.

The purpose of this study is to assess DHA supplement utilization patterns, and fatty acid and
BDNF concentrations in the breast milk of healthy, lactating women in the United States who
follow three different diet patterns: vegan, vegetarian, and omnivore. We hypothesize that there
will be significant differences in BDNF and fatty acid profiles between diet groups, and that
DHA supplement use and fish intake will predict breast milk DHA concentrations.

Methods
Subject recruitment

This was a cross-sectional, observational study of lactating women in the United States who
were recruited between November 2016 and April 2017 through online communities focused on
breastfeeding or vegetarianism, and through local religious communities with a vegetarian
population. Inclusion criteria were: maternal age of 18 or older; stage of lactation 2 weeks or
more postpartum; healthy, term birth; willingness to provide one breast milk sample for the study
and complete a short diet survey. Exclusion criteria included any of the following conditions:
pregnant; taking metformin; Crohn’s disease; Celiac disease; MTHFR gene mutation; liver
disease; myeloproliferative disorders; hyperthyroid or hypothyroid. Interested individuals were
asked to complete an online basic screening questionnaire (BSQ) to determine eligibility and
self-identify their diet pattern (vegan, vegetarian, omnivore). The BSQ was completed by 371
individuals, 229 were excluded because they did not qualify or because target sample size had
been reached, 142 were invited to participate, and 74 completed the study. This study was part of
a project to assess vitamin B12 composition in human milk, with sample size calculations, and
B12 results reported elsewhere [39]. Briefly, over 90% of vegans reported using supplements
containing B12 and there was no observed difference in the breast milk B12 concentrations by
maternal diet pattern. Subjects were provided with a digital informed consent and received a $25
gift card for participation. This study was approved by the Institutional Review Boards at East
Carolina University and the University of North Carolina at Greensboro.

Diet survey and sample collection

Participants were asked to complete a digital questionnaire which included demographic, diet,
and supplement information. Consumption of meat (beef, lamb, pork, and poultry), dairy (milk,
cheeses, and yogurts), egg, fish, and omega-3 supplemented margarine were categorized as
follows: Never; Rarely (less than 1 times per month); Sometimes (1-4 times per month), Often
(more than 1 time per week). A diet category was assigned to each participant based on detailed
responses to the diet survey as follows: vegans never consumed meat and never or rarely
consumed other animal products; vegetarians never or rarely consumed meat and sometimes or
often consumed other animal products; omnivores consumed meat sometimes or often. To ensure
a representative milk sample was collected, participants received written collection instructions.
Briefly, samples were collected in the morning during the first or second feeding of the day, and
at least 2 h since the previous feeding, by complete expression of one breast in a dimly lit room,



to help protect light-sensitive nutrients [40]. The entire sample was transferred to a storage
container appropriate for breast milk storage, dated, wrapped in aluminum foil, and placed in the
freezer until the sample was collected by a researcher, or shipped on dry ice to the University of
North Carolina Greensboro laboratory. Upon receipt, samples were thawed, gently mixed by
hand, and aliquoted in a dimly lit lab, and stored at —20 °C until analysis. Total storage time of
samples (at subject’s home and in the lab) averaged 197 days (minimum 93 days; maximum 257
days) prior to completion of fatty acid and BDNF analysis. Average total storage time prior to
creamatocrit analysis was 340 days (minimum 236 days; maximum 400 days).

Milk analysis

Total fat was measured by creamatocrit, using previously described methods for human milk that
were validated against reference methods [41]. Briefly, samples were thawed, vortexed for 10 s,
and drawn into a 75 pL capillary tube which was centrifuged at 11,200 RPM for 12 min on a
Zip-1Q PCV flatbed centrifuge (LW Scientific, Lawrenceville, GA). Capillary tubes were
immediately read on a Creamatocrit Plus (EKF Diagnostics, Boerne, TX) by a trained researcher.
Samples were measured in duplicate and the average coefficient of variation (CV) was 2.3%.

The fatty acids present in the samples were measured as fatty acid methyl esters according to the
method of Bannon et al. [42]. Briefly, 0.2 g of milk was hydrolyzed using 1.0 mL of 0.5 N
methanolic sodium hydroxide (Thermo Fisher Scientific, Fair Lawn, NJ) for 5 min. The resulting
fatty acids were converted to their methyl esters by the addition of 1.0 mL of boron trifluoride
(Sigma Chemical Corp., St. Louis, MO) as a catalyst and refluxing for an additional 10 min. The
methyl esters were extracted into 1.0 mL of hexane. The resulting fatty acid methyl esters were
analyzed using a Perkin Elmer Autosampler XL GC (Perkin Elmer Instruments, Norwalk, CN)
and a BPX-70 column (SGE Analytical Science, Austin, TX) with a flame ionization detector
(FID) and a capillary column containing 70% cyanopropyl polysilphenylene-siloxane as the
stationary phase (30 m length, 0.25 mm i.d., 0.25 mm film thickness). Helium was used as the
carrier gas at 1.85 mL/min. A temperature program was used with an initial temperature of 60 °C
held for 2 min. The temperature was increased to 180 °C at 10°C/min, then to a final temperature
of 235 °C at 4°C/min. The injector was heated to 265 °C and the split flow was 76.9 mL/min.
The detector temperature was 265 °C. Fatty acids were identified by comparison with fatty acid
methyl ester standards purchased from Matreya (Matreya, Inc., Pleasant Gap, PA). The amount
of each fatty acid present was calculated by normalizing the peak area for each fatty acid
identified against the total peak area according to AOCS Method Ce 1b-89 [43]. Fatty acid
composition is reported as g/100 g total fatty acids and is detectable to 0.01 g per 100 g of total
fatty acids. Values that fell below the limit of detection were set to zero. Duplicate readings were
performed on 33 of the samples and the average CV was 7.6%.

Total BDNF was measured in duplicate using a Quantikine Total BDNF ELISA kit (part number
DBNTO00, R&D Systems, Minneapolis, MN) which has a standard curve range of 15.6—

1000 pg/mL. This method was selected because it was used in two of the three published studies
on BDNF in human milk, and was the only published methods available at the time that had been
validated by the manufacturer for use with human milk [23, 25]. Samples were prepared
according to the manufacturer’s instructions to centrifuge for 15 min at 1000 RPM, remove the
aqueous fraction, and repeat two more times. Alternative sample preparation methods were also



used based on those reported by others including centrifuging at increased speeds of 10,000
RPM and acidification to potentially improve BDNF binding capacity [23, 25, 44]. The average
CV for duplicate samples read on a BioTek Synergy Plate Reader (BioTek Instruments,
Winooski, VT) at 450 nm was 1.8% and the average R? value for the standard curves was 0.999.

Statistical analysis

Descriptive statistics were computed for all outcome variables. Distribution of data for normalcy
was evaluated using a Shapiro—Wilk test. Normally distributed outcome variables were evaluated
using a one-way ANOVA. Distributions of non-parametric variables were evaluated using a
Kruskal-Wallis test. Due to the large number of statistical tests performed on numerical outcome
variables, a Bonferroni correction to the p value was computed as 0.05/41 which resulted in a
significance threshold of 0.001. Differences in categorical variables were evaluated using a
Fisher’s exact test with a significance threshold of 0.05. Linear regression was used to identify
other significant predictor variables including maternal age, parity, BMI, and stage of lactation.
Analysis was conducted using SAS Enterprise Software 9.4 (SAS Corporation; Cary, NC).

Results

A total of 74 participants completed this study, with 26 classified as vegan, 22 classified as
vegetarian, and 26 classified as omnivores based on responses to the diet survey. There was no
significant difference in age, parity, ethnicity, or education (p > 0.05), but maternal BMI and
lactation stage differed (p <0.05) by diet type. Ten participants (13.5%) reported using
DHA/EPA supplements, with differences in supplement use by diet pattern approaching
significance (vegan 26.9%; vegetarian 9.1%; omnivore 3.9%; p = 0.052). There was a significant
difference in the frequency of consumption of meat, dairy, eggs, and fish by diet group

(» <0.001). Consumption patterns of omega-3 containing margarines did not differ by group.
Descriptive statistics of study participants and their diet patterns are summarized in Table 1.

Table 1. Summary of study participants and dietary habits
Vegan (n=26) Vegetarian (n =22) Omnivores (n=26) p value

Maternal age (years) 32.7(5.2) 32.2 (4.6) 31.0 (4.7) 0.438
Maternal parity (births) 1.8 (0.8) 1.6 (0.8) 2.3 (1.8) 0.158
Maternal BMI (kg/m?) 22.8*(3.1) 23.9% (3.8) 25.8"(4.5) 0.021
Lactation stage (weeks) 36.6 (27.7) 54.6" (46.0) 27.5°(19.8) 0.017
Diet duration (years) 6.2%(5.5) 7.5%(5.55) 25.8°(11.5) <0.001
Ethnicity: # (%) 0.900

Black 0 (0.0) 0 (0.0) 0 (0.0)

Asian 1(3.9) 0 (0.0) 0 (0.0)

Hispanic 1(3.9) 1 (4.6) 1(3.9)

White 22 (84.6) 20 (90.9) 21 (80.8)

Mixed/other 2(7.7) 1 (4.6) 4(15.4)
Education 0.279

HS/GED/other 1(3.9) 0 (0.0) 1(3.9)

Some college/technical 2(7.7) 3 (13.6) 7 (26.9)

4-year college degree 8 (30.8) 11 (50.0) 9 (34.6)

Graduate degree 15 (57.7) 8(36.4) 9 (34.6)




Vegan (n=26) Vegetarian (n =22) Omnivores (n=26) p value
Food consumption patterns: # (%)

Meat products <0.001
Never 26 (100.0) 18 (81.8) 0(0.0)
Rarely 0 (0.0) 4 (18.2) 0(0.0)
Sometimes 0(0.0) 0 (0.0) 3(11.5)
Often 0 (0.0) 0(0.0) 23 (88.5)

Dairy products <0.001
Never 23 (88.5) 1 (4.6) 0(0.0)
Rarely 3(11.5) 1 (4.6) 1(3.9)
Sometimes 0 (0.0) 522.7) 0(0.0)
Often 0 (0.0) 15 (68.2) 25(95.2)

Eggs <0.001
Never 25(96.2) 4(18.2) 0(0.0)
Rarely 1(3.9) 3 (13.6) 1(3.9)
Sometimes 0(0.0) 6 (27.3) 8 (30.8)
Often 0 (0.0) 9 (40.9) 17 (65.4)

Fish <0.001
Never 26 (100.0) 18 (81.8) 1(3.9)
Rarely 0(0.0) 1 (4.6) 10 (38.5)
Sometimes 0(0.0) 3 (13.6) 12 (46.2)
Often 0(0.0) 0 (0.0) 3(11.5)

Omega-3 margarine 1.00
Never 23 (88.5) 20 (90.9) 22 (84.6)
Rarely 2(7.7) 1 (4.6) 2(7.7)
Sometimes 1(3.9) 1 (4.6) 1(3.9)
Often 0(0.0) 0 (0.0) 1(3.9)

Use DHA/EPA supplement: # (%) 7(26.9) 2(9.1) 1(3.9) 0.052

Numerical data are presented as means (standard deviations) and are evaluated with one-way ANOVA and Tukey
HSD for multiple comparisons. Values in the same row with a common letter in the superscript are not significantly
different. Categorical data are presented as # (%) and are evaluated using Fisher’s exact test. Food frequency
definitions: never; rarely (less than 1 times per month); sometimes (1—4 times per month), often (more than 1 time
per week)

Fat content in human milk by diet pattern

Thirty-one of the 41 outcome variables measured followed a non-parametric distribution;
therefore, median and interquartile descriptive statistics are provided in Table 2 by maternal diet
pattern. There was a significant difference (p <0.001) in the breast milk composition of saturated
fat, unsaturated fat, and trans fats by diet. Long chain fatty acids containing 15 or more carbons
were the predominant fatty acids in all samples (mean = 84.3%; min = 61.3%; max =91.3%), and
no differences in the distribution of total long chain (p = 0.906) or total medium chain (p = 0.897)
fatty acids between diet groups were observed. Nine fatty acids made up 93% or more of the
fatty acids in all milk samples, regardless of maternal diet: C10:0; C12:0; C14:0; C16:0;
C16:1,cis; C18:0; C18:1,cis; C18:2,cis n-6; and C18:3,cis n-3. Of these most abundant fatty
acids, five of them were significantly different by diet group: C16:0; C16:1,cis; C18:0;
C18:1,cis; and C18:3,cis n-3 (»p <0.001). Fatty acids that were present in smaller quantities were
also significantly different by diet group.




Table 2. Fat composition of human milk by maternal diet pattern

Vegan (n=26)  Vegetarian (n=22) Omnivores (n =26) *p value

Total fat (g/dL) 3.0(L.7) 4.0(2.9) 4.02.9) 0.041
% Saturated* 33.1(6.2) 40.0 (8.6) 42.3(8.4) <0.001
C8:0 0.21 (0.13) 0.18 (0.15) 0.17 (0.18) 0.052
C10:0 1.46 (0.71) 1.50 (0.74) 1.65(0.43) 0.332
C12:0 7.12 (3.63) 5.88 (2.01) 6.22 (3.07) 0.186
C14:0 5.55(3.89) 6.81 (3.06) 6.56 (3.36) 0.571
C15:0%* 0.06 (0.08) 0.24 (0.20) 0.26 (0.16) <0.001
C16:0* 13.32 (2.49) 18.57 (5.22) 20.02 (4.43) <0.001
C17:0* 0.12 (0.02) 0.22 (0.11) 0.26 (0.07) <0.001
C18:0* 3.98 (1.27) 5.85(2.52) 6.12 (1.72) <0.001
C20:0 0.16 (0.14) 0.20 (0.16) 0.09 (0.15) 0.002
C22:0 0.06 (0.09) 0.05 (0.08) 0.00 (0.04) 0.015
C24:0 0.00 (0.07) 0.06 (0.08) 0.00 (0.08) 0.765
% Unsaturated* 66.0 (6.5) 57.8 (9.8) 56.2 (8.5) <0.001
Total omega-3* 2.29(0.77) 1.55 (0.56) 1.46 (0.94) <0.001
ALA (C18:3 cis)* 2.09 (0.75) 1.40 (0.70) 1.19 (0.80) <0.001
EPA (C20:5 cis) 0.0 (0.05) 0.0 (0.05) 0.04 (0.18) 0.057
DHA (C22:6 cis) 0.14 (0.09) 0.17 (0.14) 0.18 (0.18) 0.543
Total omega-6 19.65 (2.88) 18.69 (6.76) 17.11 (6.39) 0.492
LA (C18:2cis) 18.86 (2.29) 17.98 (6.91) 16.28 (6.40) 0.366
C18:3 cis, gamma* 0.0 (0.0) 0.0 (0.15) 0.08 (0.19) <0.001
C20:3 cis 0.27 (0.09) 0.34 (0.11) 0.31(0.13) 0.106

AA (C20:4) 0.38 (0.21) 0.38 (0.13) 0.45 (0.16) 0.014
LA : ALA* 9.3 (2.1) 12.2 (4.9) 12.7 (6.2) <0.001
Omega-6: omega-3* 8.8(2.4) 11.4 (3.7) 11.2 (3.8) <0.001
Cl4:1 cis* 0.00 (0.07) 0.20 (0.13) 0.23 (0.15) <0.001
C15:1 cis 0.00 (0.00) 0.00 (0.05) 0.00 (0.04) 0.002
C16:1 cis 9* 1.01 (0.89) 1.44 (0.86) 2.04 (0.63) <0.001
C17:1 cis* 0.03 (0.08) 0.12 (0.09) 0.16 (0.06) <0.001
C18:1cis* 39.86 (7.56) 35.09 (7.96) 33.09 (8.50) <0.001
C20:1 cis 0.38 (0.16) 0.33(0.10) 0.29 (0.12) 0.003
C20:2 cis 0.26 (0.15) 0.26 (0.08) 0.27 (0.11) 0.873
C22:1 cis 0.00 (0.09) 0.05 (0.07) 0.00 (0.05) 0.278
C24:1 cis 0.00 (0.01) 0.00 (0.03) 0.00 (0.0) 0.430
% Total Trans* 0.44 (0.19) 0.66 (0.71) 1.09 (0.55) <0.001
C14:1 trans 0.00 (0.00) 0.00 (0.03) 0.00 (0.00) 0.108
Cl6:1trans 0.36 (0.17) 0.34 (0.10) 0.36 (0.10) 0.863
C18:1 trans* 0.00 (0.07) 0.14 (0.61) 0.62 (0.45) <0.001
C18:2 trans 0.00 (0.07) 0.14 (0.34) 0.15(0.29) 0.021
Medium chain (%) 14.9 (6.3) 14.6 (5.6) 14.9 (6.7) 0.897
Long chain (%) 85.1(6.9) 85.4(5.9) 85.6 (6.7) 0.906

Data represent median (interquartile range, computed as quartile 3 subtract quartile 1). Bold font indicates outcome
variables that followed a normal distribution and mean differences were evaluated using a one-way ANOVA;
regular font indicates outcome variables that followed a non-parametric distribution and distributions were evaluated
using a Kruskal-Wallis test

*The p value for significance was determined using a Bonferroni’s correction of 0.05/41 (» <0.001)

Omega-3, omega-6, and BDNF




The omega-3 fatty acids measured included ALA, EPA, and DHA. DHA was undetectable in
11/74 (14.9%) samples and EPA was undetectable in 39/74 (52.7%) samples, with no observed
difference in prevalence of undetectable samples by diet groups (p > 0.05). A significant
difference in total omega-3 fatty acids was observed by diet group, driven by higher percentages
of ALA (p<0.001), but not EPA (p =0.057) or DHA (p =0.543). Eighty-two percent (61/74) of
study participants had DHA milk concentrations below 0.3%, and there was no difference in the
prevalence of low milk DHA (<0.3%) by diet group (p = 0.555).

The omega-6 fatty acids measured included LA, gamma linolenic acid (C18:3,cis,gamma),
dihomo-gamma linolenic acid (C20:3,cis), and AA. No difference in total omega-6 fatty acids
was observed by diet pattern, but there were significant differences in gamma linolenic acid

(» <0.001). The ratio of LA to ALA (median, IQR) was significantly lower (p <0.001) in the
breast milk of vegans (9.3, 2.1) compared to vegetarians (12.2, 4.9) and omnivores (12.7, 6.2).
When excluding the 10 participants who reported taking DHA/EPA supplements from the
analysis, there were no changes to the significant findings related to omega-3 fatty acids. Use of
a DHA/EPA supplement was a significant positive predictor of milk ALA, DHA, and total
omega-3 composition, and a significant negative predictor of omega-6:omega-3 ratios (Table 3).
There was no measurable BDNF in any samples.

Table 3. Bivariate regression analysis of significant maternal factors predicting human milk fat
composition

p Standard error Standardized § Adjusted R? p value

Use of DHA/EPA supplement

DHA 0.10 0.040 0.277 0.064 0.017

Total omega-3 0.71 0.196 0.392 0.142 <0.001

Omega-6:0mega-3 ratio —2.84 0.986 -0.321 0.091 0.005

C18:3,cis (ALA) 0.62 0.194 0.352 0.112 0.002
Stage of lactation

C14:0 0.03 0.009 0.398 0.147 <0.001

Cl6:1,cis -0.01 0.002 —0.353 0.112 0.002

Medium chain FFA 0.04 0.020 0.228 0.039 0.050

Long chain FFA —0.04 0.020 —0.239 0.044 0.041
Maternal BMI

C16:0 0.31 0.119 0.291 0.072 0.012

Cl6:1,cis 0.05 0.018 0.286 0.069 0.014

Cl18:1,cis -0.37 0.177 —0.241 0.045 0.038
Maternal age

Total fat 0.10 0.047 0.245 0.047 0.036

C8:0 0.01 0.00 0.365 0.121 0.001

C20:5 (EPA) —0.01 0.00 —0.305 0.080 0.008

Other factors predicting human milk fat profiles

Stage of lactation, maternal BMI, and maternal Age were modeled against individual fatty acids,
and fat subcategories (total, saturated, unsaturated, trans, medium chain, long chain, omega-3,
and omega-6) to evaluate other potential relationships in our dataset. A summary



of f coefficients, and R square values are presented in Table 3 for variables with a significant
relationship.

Discussion
Polyunsaturated fatty acids

We observed a significant difference in the saturated, unsaturated, and omega-3 fatty acid
profiles of breast milk from lactating women by maternal diet pattern. This supports our
hypothesis that maternal plant-based diets, which are rich in unsaturated fats, have a significant
impact on breast milk lipid profiles; however, within the family of omega-3 fatty acids we did
not observe a difference in DHA, which was unexpected. There are conflicting findings in the
literature regarding the impact of maternal plant-based diets on DHA composition of breast milk
from women living in the United States. Two small studies reported no difference in breast milk
DHA between vegetarians and omnivores, but both studies were small, and occasional fish
consumption in one vegetarian group may have influenced findings [31, 32]. Sanders et al.
studied the breast milk of 19 vegans, 5 vegetarians, and 21 omnivores and reported DHA
composition of 0.14, 0.30, and 0.37%, respectively, which was significantly different by diet
[33]. While we did not observe differences in DHA by diet type, it is important to note that the
median DHA composition across all diet groups in our study was much lower than those
reported by Sanders et al. and compared to worldwide averages [8, 9, 33]. We observed median
DHA 0f 0.14, 0.17, and 0.18% for vegans, vegetarians, and omnivores, respectively. Two
independent reviews of worldwide DHA breast milk concentrations reported averages of 0.32—
0.37%, with concentrations in US populations often reported at 0.20% or lower, which is similar
to our findings [8, 9]. While use of a DHA supplement is well supported in the literature as a
way to increase breast milk DHA [34,35,36,37,38], less than one-third of vegans in our study
reported using DHA supplements. Similarly, fish consumption was low, with only 3/26 (11.5%)
of omnivores and 0/22 (0.0%) vegetarians reporting more than weekly consumption. This
suggests low adherence to recommendations in the 2015 Dietary Guidelines for Americans
(DGAs) for seafood consumption of eight ounces per week [45]. A recent study on seafood
consumption patterns in the United States reported over 80% of Americans were not meeting
DGA seafood recommendations, which is consistent with our observation of limited seafood
intake, even among omnivores [46].

There is limited research on infant outcomes related to breast milk lipid composition.
Observational studies have shown a relationship between breast milk DHA and infant visual and
neurodevelopment outcomes [14, 16]. A recent review by Innis suggested that infant DHA
biomarkers are likely influenced by many factors including maternal DHA status during
pregnancy, breast milk DHA concentration, and genetic differences in DHA synthesis pathways
[16]. Intervention studies of DHA supplementation among lactating women have reported
inconclusive findings, which may be attributed to a wide range of supplement doses and varying
baseline DHA levels [16, 47, 48]. While there is currently no RDA for DHA, several researchers
have recommended establishing an RDA of 200 mg/day of DHA during pregnancy and lactation
which would yield breast milk DHA of 0.30% [47, 49, 50]. Eighty-two percent of our study
participants had breast milk DHA concentrations below 0.30%, suggesting potential widespread



inadequacy of breast milk DHA levels in lactating women in the United States, independent of
maternal diet pattern.

Trans fats

In 2015, the Food and Drug Administration (FDA) removed the “generally regarded as safe”
designation from frans fats due to growing evidence of health risks [51]. Studies conducted prior
to this ruling suggest that trans fats were present in breast milk, with reported averages of 7%
[52, 53]. Friesen et al. documented a decline in breast milk zrans fats between 2004 (mean 6.2%)
and 2006 (mean 4.6%) in Canadian women after changes in frans fat food labeling requirements
went into effect [54]. In our study, median trans fat breast milk concentrations were below 1.1%,
with vegans having lower levels than vegetarians and omnivores. Our findings of overall low
breast milk frans fat composition is supported by evidence that trans fat intake declined steadily
in the United States between 1999 and 2010 [55].

Brain derived neurotrophic factor

Using an assay validated for human milk, we found that BDNF was not detectable in any of our
samples, which is inconsistent with the findings of others who used the same commercial ELISA
[23, 25]. Li et al. measured BDNF in the breast milk of 42 healthy Chinese women at 3, 10, and
30 days postpartum and reported average BDNF levels of 10—13 pg/mL, which is below the
standard curve range of 15.6-1000 pg/mL [23]. Protein levels of human milk drop significantly
in the first weeks postpartum, which may explain differences in findings, since our study
excluded participants from the early postpartum period. Alternatively, our samples generated low
levels of BDNF similar to Li et al., prior to deducting absorption values of a blank on the 96-well
plate; therefore, calculation methods may also explain differences in reported results. Ismail et al.
studied BDNF in the breast milk of 30 women with epileptic infants and 15 healthy controls and
reported significantly higher breast milk BDNF concentrations (min—max) in the mothers of
epileptic infants (1285-2077 pg/mL) compared to controls (585-995 pg/mL) [25]. While breast
milk DHA was not reported in either of these studies, it is important to note that these studies
were conducted in Egypt and China, where DHA intake may have differed from our study
population. Dangat et al. used a different ELISA kit not specifically identified for use with
human milk and reported breast milk BDNF concentrations in the range of 300 pg/mL, with
significant differences between women with preeclampsia and healthy controls [24, 56]. Breast
milk DHA concentrations were also reported and were significantly higher in women with
preeclampsia, though mean concentrations in both groups were well below the worldwide
average of 0.30% [56]. Both Li and Ismail reported centrifuging samples at speeds higher than
those provided in the manufacturer’s instruction while Dangat did not describe sample
preparation protocols. Our lab tried a variety of published sample preparation techniques
including using increased centrifuge speed and sample acidification and did not find measurable
BDNF in any samples when adjusting for the absorption readings of a blank. The ELISA
manufacturer reported average recovery of 94% in human milk samples spiked with BDNF, and
that BDNF was undetectable in the breast milk of 10 healthy volunteers, which is in alignment
with our findings. The 100-fold difference in breast milk BDNF composition reported in the
literature suggests that more research is needed in understanding the potential presence and role
of BDNF in human milk and its association with maternal DHA intake. Detailed descriptions of



sample preparation protocols are important for comparing results across multiple studies given
the inconsistencies in the literature.

Limitations

Study recruitment was conducted primarily online and represents a convenience sample with
limited ethnic or educational diversity; therefore, study findings may not reflect nutritional status
of other populations consuming low animal-product diets (e.g., food insecure). This was a cross
sectional analysis, with differences in maternal BMI, stage of lactation, and supplement use
between diet groups; however, neither maternal BMI nor stage of lactation were significant
predictors of total unsaturated fat, trans fat, or omega-3 fatty acid composition. Because this was
a cross-sectional study with only one sample collected per subject, we were not able to assess
how fatty acid profiles of human milk change within a subject who follows a defined diet
pattern. The sample size for this study was based on detecting differences in B12 concentration
of human milk and may not have been adequate to detect differences in all fatty acids assessed,
though several significant differences were observed.

Conclusions

In this cross-sectional study of human milk from women following three distinct dietary patterns,
we observed significant differences in breast milk from vegan women compared to vegetarian
and omnivores, including higher unsaturated fat, total omega-3 fats, and ALA, and lower
saturated fats, trans fats, and ALA to LA ratios. There was no difference in milk DHA
composition by diet group, but over 80% of study participants had milk concentrations below the
0.30% target suggested by expert committees. Supplement use was associated with higher breast
milk DHA composition, which may be an important strategy for lactating women who consume
low dietary DHA to ensure an adequate DHA supply for the breastfeeding infant. BDNF was not
detectable in the breast milk of any participants, which conflicts with the findings of others.
More research is needed to understand the relationship between maternal DHA status during
pregnancy, breast milk DHA and BDNF concentrations, and the role of DHA supplementation in
lactating women as it relates to infant outcomes.

Acknowledgements

This research received funding from the Academy of Nutrition and Dietetics, Vegetarian
Nutrition Dietary Practice Group.

References

1. Agriculture Research Service National Nutrient Database (2018) Milk, human, mature,
fluid. https://ndb.nal.usda.gov/ndb/foods/. Accessed 12 Jan 2018

2. Dewey KG, Finley DA, Lonnerdal B (1984) Breast milk volume and composition during late
lactation (7—20 months). J Pediatr Gastroenterol Nutr 3(5):713-720 Article PubMed Google
Scholar



https://ndb.nal.usda.gov/ndb/foods/
https://doi.org/10.1097%2F00005176-198411000-00014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6502372
http://scholar.google.com/scholar_lookup?&title=Breast%20milk%20volume%20and%20composition%20during%20late%20lactation%20%287%E2%80%9320%20months%29&journal=J%20Pediatr%20Gastroenterol%20Nutr&volume=3&issue=5&pages=713-720&publication_year=1984&author=Dewey%2CKG&author=Finley%2CDA&author=L%C3%B6nnerdal%2CB
http://scholar.google.com/scholar_lookup?&title=Breast%20milk%20volume%20and%20composition%20during%20late%20lactation%20%287%E2%80%9320%20months%29&journal=J%20Pediatr%20Gastroenterol%20Nutr&volume=3&issue=5&pages=713-720&publication_year=1984&author=Dewey%2CKG&author=Finley%2CDA&author=L%C3%B6nnerdal%2CB

10.

1.

12.

13.

14.

15.

. Allen JC, Keller RP, Archer P, Neville MC (1991) Studies in human lactation: milk

composition and daily secretion rates of macronutrients in the first year of lactation. Am J
Clin Nutr 54(1):69-80 Article Google Scholar

Shehadeh N, Aslih N, Shihab S, Werman MJ, Sheinman R, Shamir R (2006) Human milk
beyond one year post-partum: lower content of protein, calcium, and saturated very long-
chain fatty acids. J Pediatr 148(1):122—124 Article PubMed Google Scholar

Choi A, Fusch G, Rochow N, Sheikh N, Fusch C (2015) Establishment of micromethods for
macronutrient contents analysis in breast milk. Matern Child Nutr 11(4):761-772
Article PubMed Google Scholar

Perrin MT, Fogleman AD, Newburg DS, Allen JC (2017) A longitudinal study of human
milk composition in the second year postpartum: implications for human milk banking.
Matern Child Nutr. https://doi.org/10.1111/mcn.12239 Article PubMed Google Scholar

Yuhas R, Pramuk K, Lien EL (2006) Human milk fatty acid composition from nine countries
varies most in DHA. Lipids 41(9):851-858 Article PubMed Google Scholar

Brenna JT, Varamini B, Jensen RG, Diersen-Schade DA, Boettcher JA, Arterburn LM
(2007) Docosahexaenoic and arachidonic acid concentrations in human breast milk
worldwide. Am J Clin Nutr 85(6):1457—1464 Article PubMed Google Scholar

FuY, Liu X, Zhou B, Jiang AC, Chai L (2016) An updated review of worldwide levels of
docosahexaenoic and arachidonic acid in human breast milk by region. Public Health Nutr
19(15):2675-2687 Article PubMed Google Scholar

Brenna JT, Salem N, Sinclair AJ, Cunnane SC (2009) a-Linolenic acid supplementation and
conversion to n-3 long-chain polyunsaturated fatty acids in humans. Prostaglandins Leukot
Essent Fat Acids 80(2):85-91 Article Google Scholar

Horta BL, Victora CG (2013) Long-term effects of breastfeeding: a systematic review
[Internet]. The World Health

Organization. http://apps.who.int/iris/bitstream/10665/79198/1/9789241505307_eng.pdf.
Accessed 10 Jan 2018

Smithers LG, Kramer MS, Lynch JW (2015) Effects of breastfeeding on obesity and
intelligence: causal insights from different study designs. JAMA Pediatr 169(8):707-708
Article PubMed Google Scholar

Heird WC, Lapillonne A (2005) The role of essential fatty acids in development. Annu Rev
Nutr 25(1):549-571 Article PubMed Google Scholar

Innis SM (2000) The role of dietary n-6 and n-3 fatty acids in the developing brain. Dev
Neurosci 22(5-6):474-480 Article PubMed Google Scholar

Austad N, Halter R, Hall RT, Blatter M, Bogle ML, Burks W et al (2001) Growth and
development in term infants fed long-chain polyunsaturated fatty acids: a double-masked,
randomized, parallel, prospective, multivariate study. Pediatrics 108(2):372-381

Article Google Scholar



https://doi.org/10.1093%2Fajcn%2F54.1.69
http://scholar.google.com/scholar_lookup?&title=Studies%20in%20human%20lactation%3A%20milk%20composition%20and%20daily%20secretion%20rates%20of%20macronutrients%20in%20the%20first%20year%20of%20lactation&journal=Am%20J%20Clin%20Nutr&volume=54&issue=1&pages=69-80&publication_year=1991&author=Allen%2CJC&author=Keller%2CRP&author=Archer%2CP&author=Neville%2CMC
https://doi.org/10.1016%2Fj.jpeds.2005.08.078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16423611
http://scholar.google.com/scholar_lookup?&title=Human%20milk%20beyond%20one%20year%20post-partum%3A%20lower%20content%20of%20protein%2C%20calcium%2C%20and%20saturated%20very%20long-chain%20fatty%20acids&journal=J%20Pediatr&volume=148&issue=1&pages=122-124&publication_year=2006&author=Shehadeh%2CN&author=Aslih%2CN&author=Shihab%2CS&author=Werman%2CMJ&author=Sheinman%2CR&author=Shamir%2CR
https://doi.org/10.1111%2Fmcn.12053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23782538
http://scholar.google.com/scholar_lookup?&title=Establishment%20of%20micromethods%20for%20macronutrient%20contents%20analysis%20in%20breast%20milk&journal=Matern%20Child%20Nutr&volume=11&issue=4&pages=761-772&publication_year=2015&author=Choi%2CA&author=Fusch%2CG&author=Rochow%2CN&author=Sheikh%2CN&author=Fusch%2CC
https://doi.org/10.1111/mcn.12239
https://doi.org/10.1111%2Fmcn.12239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26776058
http://scholar.google.com/scholar_lookup?&title=A%20longitudinal%20study%20of%20human%20milk%20composition%20in%20the%20second%20year%20postpartum%3A%20implications%20for%20human%20milk%20banking&journal=Matern%20Child%20Nutr&doi=10.1111%2Fmcn.12239&publication_year=2017&author=Perrin%2CMT&author=Fogleman%2CAD&author=Newburg%2CDS&author=Allen%2CJC
https://doi.org/10.1007%2Fs11745-006-5040-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17152922
http://scholar.google.com/scholar_lookup?&title=Human%20milk%20fatty%20acid%20composition%20from%20nine%20countries%20varies%20most%20in%20DHA&journal=Lipids&volume=41&issue=9&pages=851-858&publication_year=2006&author=Yuhas%2CR&author=Pramuk%2CK&author=Lien%2CEL
https://doi.org/10.1093%2Fajcn%2F85.6.1457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17556680
http://scholar.google.com/scholar_lookup?&title=Docosahexaenoic%20and%20arachidonic%20acid%20concentrations%20in%20human%20breast%20milk%20worldwide&journal=Am%20J%20Clin%20Nutr&volume=85&issue=6&pages=1457-1464&publication_year=2007&author=Brenna%2CJT&author=Varamini%2CB&author=Jensen%2CRG&author=Diersen-Schade%2CDA&author=Boettcher%2CJA&author=Arterburn%2CLM
https://doi.org/10.1017%2FS1368980016000707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27056340
http://scholar.google.com/scholar_lookup?&title=An%20updated%20review%20of%20worldwide%20levels%20of%20docosahexaenoic%20and%20arachidonic%20acid%20in%20human%20breast%20milk%20by%20region&journal=Public%20Health%20Nutr&volume=19&issue=15&pages=2675-2687&publication_year=2016&author=Fu%2CY&author=Liu%2CX&author=Zhou%2CB&author=Jiang%2CAC&author=Chai%2CL
https://doi.org/10.1016%2Fj.plefa.2009.01.004
http://scholar.google.com/scholar_lookup?&title=%CE%B1-Linolenic%20acid%20supplementation%20and%20conversion%20to%20n-3%20long-chain%20polyunsaturated%20fatty%20acids%20in%20humans&journal=Prostaglandins%20Leukot%20Essent%20Fat%20Acids&volume=80&issue=2&pages=85-91&publication_year=2009&author=Brenna%2CJT&author=Salem%2CN&author=Sinclair%2CAJ&author=Cunnane%2CSC
http://apps.who.int/iris/bitstream/10665/79198/1/9789241505307_eng.pdf
https://doi.org/10.1001%2Fjamapediatrics.2015.0175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26053565
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20breastfeeding%20on%20obesity%20and%20intelligence%3A%20causal%20insights%20from%20different%20study%20designs&journal=JAMA%20Pediatr&volume=169&issue=8&pages=707-708&publication_year=2015&author=Smithers%2CLG&author=Kramer%2CMS&author=Lynch%2CJW
https://doi.org/10.1146%2Fannurev.nutr.24.012003.132254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16011478
http://scholar.google.com/scholar_lookup?&title=The%20role%20of%20essential%20fatty%20acids%20in%20development&journal=Annu%20Rev%20Nutr&volume=25&issue=1&pages=549-571&publication_year=2005&author=Heird%2CWC&author=Lapillonne%2CA
https://doi.org/10.1159%2F000017478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11111165
http://scholar.google.com/scholar_lookup?&title=The%20role%20of%20dietary%20n-6%20and%20n-3%20fatty%20acids%20in%20the%20developing%20brain&journal=Dev%20Neurosci&volume=22&issue=5%E2%80%936&pages=474-480&publication_year=2000&author=Innis%2CSM
https://doi.org/10.1542%2Fpeds.108.2.372
http://scholar.google.com/scholar_lookup?&title=Growth%20and%20development%20in%20term%20infants%20fed%20long-chain%20polyunsaturated%20fatty%20acids%3A%20a%20double-masked%2C%20randomized%2C%20parallel%2C%20prospective%2C%20multivariate%20study&journal=Pediatrics&volume=108&issue=2&pages=372-381&publication_year=2001&author=Austad%2CN&author=Halter%2CR&author=Hall%2CRT&author=Blatter%2CM&author=Bogle%2CML&author=Burks%2CW

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Innis SM (2014) Impact of maternal diet on human milk composition and neurological
development of infants. Am J Clin Nutr 99(3):734S-741S Article PubMed Google Scholar

Wu A, Ying Z, Gomez-Pinilla F (2004) Dietary omega-3 fatty acids normalize bdnf levels,
reduce oxidative damage, and counteract learning disability after traumatic brain injury in
rats. J Neurotrauma 21(10):1457-1467 Article PubMed Google Scholar

Rathod R, Khaire A, Kemse N, Kale A, Joshi S (2014) Maternal omega-3 fatty acid
supplementation on vitamin B12 rich diet improves brain omega-3 fatty acids, neurotrophins
and cognition in the Wistar rat offspring. Brain Dev 36(10):853—-863 Article PubMed Google
Scholar

Bondar NP, Merkulova TI (2016) Brain-derived neurotrophic factor and early-life stress:
multifaceted interplay. J Biosci Publ Indian Acad Sci 41(4):751-758 Google Scholar

Ferreira CF, Bernardi JR, Bosa VL, Schuch I, Goldani MZ, Kapczinski F et al (2014)
Correlation between n-3 polyunsaturated fatty acids consumption and BDNF peripheral
levels in adolescents. Lipids Health Dis 13:44. https://doi.org/10.1186/1476-511X-13-44
Article PubMed PubMed Central Google Scholar

Matsuoka Y, Nishi D, Tanima Y, Itakura M, Kojima M, Hamazaki K et al (2015) Serum pro-
BDNF/BDNF as a treatment biomarker for response to docosahexaenoic acid in traumatized

people vulnerable to developing psychological distress: a randomized controlled trial. Transl

Psychiatry 5(7):e596 Article PubMed PubMed Central Google Scholar

Nassar MF, Younis NT, El-Arab SE, Fawzi FA (2011) Neuro-developmental outcome and
brain-derived neurotrophic factor level in relation to feeding practice in early infancy. Matern
Child Nutr 7(2):188-197 Article PubMed Google Scholar

Li R, Xia W, Zhang Z, Wu K (2011) S100B protein, brain-derived neurotrophic factor, and
glial cell line-derived neurotrophic factor in human milk. PLoS One 6(6):¢21663
Article PubMed PubMed Central Google Scholar

Dangat K, Kilari A, Mehendale S, Lalwani S, Joshi S (2013) Higher levels of brain derived
neurotrophic factor but similar nerve growth factor in human milk in women with
preeclampsia. Int J Dev Neurosci 31(3):209-213 Article PubMed Google Scholar

Ismail AM, Babers GM, El Rehany MA (2015) Brain-derived neurotrophic factor in sera of
breastfed epileptic infants and in breastmilk of their mothers. Breastfeed Med 10(5):277-282
Article PubMed Google Scholar

Potter JM, Nestel PJ (1976) The effects of dietary fatty acids and cholesterol on the milk
lipids of lactating women and the plasma cholesterol of breast-fed infants. Am J Clin Nutr
29(1):54-60 Article PubMed Google Scholar

Yahvah KM, Brooker SL, Williams JE, Settles M, McGuire MA, McGuire MK (2015)
Elevated dairy fat intake in lactating women alters milk lipid and fatty acids without

detectible changes in expression of genes related to lipid uptake or synthesis. Nutr Res
35(3):221-228 Article PubMed Google Scholar



https://doi.org/10.3945%2Fajcn.113.072595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24500153
http://scholar.google.com/scholar_lookup?&title=Impact%20of%20maternal%20diet%20on%20human%20milk%20composition%20and%20neurological%20development%20of%20infants&journal=Am%20J%20Clin%20Nutr&volume=99&issue=3&pages=734S-741S&publication_year=2014&author=Innis%2CSM
https://doi.org/10.1089%2Fneu.2004.21.1457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15672635
http://scholar.google.com/scholar_lookup?&title=Dietary%20omega-3%20fatty%20acids%20normalize%20bdnf%20levels%2C%20reduce%20oxidative%20damage%2C%20and%20counteract%20learning%20disability%20after%20traumatic%20brain%20injury%20in%20rats&journal=J%20Neurotrauma&volume=21&issue=10&pages=1457-1467&publication_year=2004&author=Wu%2CA&author=Ying%2CZ&author=Gomez-Pinilla%2CF
https://doi.org/10.1016%2Fj.braindev.2013.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24418228
http://scholar.google.com/scholar_lookup?&title=Maternal%20omega-3%20fatty%20acid%20supplementation%20on%20vitamin%20B12%20rich%20diet%20improves%20brain%20omega-3%20fatty%20acids%2C%20neurotrophins%20and%20cognition%20in%20the%20Wistar%20rat%20offspring&journal=Brain%20Dev&volume=36&issue=10&pages=853-863&publication_year=2014&author=Rathod%2CR&author=Khaire%2CA&author=Kemse%2CN&author=Kale%2CA&author=Joshi%2CS
http://scholar.google.com/scholar_lookup?&title=Maternal%20omega-3%20fatty%20acid%20supplementation%20on%20vitamin%20B12%20rich%20diet%20improves%20brain%20omega-3%20fatty%20acids%2C%20neurotrophins%20and%20cognition%20in%20the%20Wistar%20rat%20offspring&journal=Brain%20Dev&volume=36&issue=10&pages=853-863&publication_year=2014&author=Rathod%2CR&author=Khaire%2CA&author=Kemse%2CN&author=Kale%2CA&author=Joshi%2CS
http://scholar.google.com/scholar_lookup?&title=Brain-derived%20neurotrophic%20factor%20and%20early-life%20stress%3A%20multifaceted%20interplay&journal=J%20Biosci%20Publ%20Indian%20Acad%20Sci&volume=41&issue=4&pages=751-758&publication_year=2016&author=Bondar%2CNP&author=Merkulova%2CTI
https://doi.org/10.1186/1476-511X-13-44
https://doi.org/10.1186%2F1476-511X-13-44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24593295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3974009
http://scholar.google.com/scholar_lookup?&title=Correlation%20between%20n-3%20polyunsaturated%20fatty%20acids%20consumption%20and%20BDNF%20peripheral%20levels%20in%20adolescents&journal=Lipids%20Health%20Dis&doi=10.1186%2F1476-511X-13-44&volume=13&publication_year=2014&author=Ferreira%2CCF&author=Bernardi%2CJR&author=Bosa%2CVL&author=Schuch%2CI&author=Goldani%2CMZ&author=Kapczinski%2CF
https://doi.org/10.1038%2Ftp.2015.89
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5068717
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5068717
http://scholar.google.com/scholar_lookup?&title=Serum%20pro-BDNF%2FBDNF%20as%20a%20treatment%20biomarker%20for%20response%20to%20docosahexaenoic%20acid%20in%20traumatized%20people%20vulnerable%20to%20developing%20psychological%20distress%3A%20a%20randomized%20controlled%20trial&journal=Transl%20Psychiatry&volume=5&issue=7&publication_year=2015&author=Matsuoka%2CY&author=Nishi%2CD&author=Tanima%2CY&author=Itakura%2CM&author=Kojima%2CM&author=Hamazaki%2CK
https://doi.org/10.1111%2Fj.1740-8709.2010.00252.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21410884
http://scholar.google.com/scholar_lookup?&title=Neuro-developmental%20outcome%20and%20brain-derived%20neurotrophic%20factor%20level%20in%20relation%20to%20feeding%20practice%20in%20early%20infancy&journal=Matern%20Child%20Nutr&volume=7&issue=2&pages=188-197&publication_year=2011&author=Nassar%2CMF&author=Younis%2CNT&author=El-Arab%2CSE&author=Fawzi%2CFA
https://doi.org/10.1371%2Fjournal.pone.0021663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=21738758
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3124553
http://scholar.google.com/scholar_lookup?&title=S100B%20protein%2C%20brain-derived%20neurotrophic%20factor%2C%20and%20glial%20cell%20line-derived%20neurotrophic%20factor%20in%20human%20milk&journal=PLoS%20One&volume=6&issue=6&publication_year=2011&author=Li%2CR&author=Xia%2CW&author=Zhang%2CZ&author=Wu%2CK
https://doi.org/10.1016%2Fj.ijdevneu.2012.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23337827
http://scholar.google.com/scholar_lookup?&title=Higher%20levels%20of%20brain%20derived%20neurotrophic%20factor%20but%20similar%20nerve%20growth%20factor%20in%20human%20milk%20in%20women%20with%20preeclampsia&journal=Int%20J%20Dev%20Neurosci&volume=31&issue=3&pages=209-213&publication_year=2013&author=Dangat%2CK&author=Kilari%2CA&author=Mehendale%2CS&author=Lalwani%2CS&author=Joshi%2CS
https://doi.org/10.1089%2Fbfm.2015.0008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26057553
http://scholar.google.com/scholar_lookup?&title=Brain-derived%20neurotrophic%20factor%20in%20sera%20of%20breastfed%20epileptic%20infants%20and%20in%20breastmilk%20of%20their%20mothers&journal=Breastfeed%20Med&volume=10&issue=5&pages=277-282&publication_year=2015&author=Ismail%2CAM&author=Babers%2CGM&author=Rehany%2CMA
https://doi.org/10.1093%2Fajcn%2F29.1.54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1246976
http://scholar.google.com/scholar_lookup?&title=The%20effects%20of%20dietary%20fatty%20acids%20and%20cholesterol%20on%20the%20milk%20lipids%20of%20lactating%20women%20and%20the%20plasma%20cholesterol%20of%20breast-fed%20infants&journal=Am%20J%20Clin%20Nutr&volume=29&issue=1&pages=54-60&publication_year=1976&author=Potter%2CJM&author=Nestel%2CPJ
https://doi.org/10.1016%2Fj.nutres.2015.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25661476
http://scholar.google.com/scholar_lookup?&title=Elevated%20dairy%20fat%20intake%20in%20lactating%20women%20alters%20milk%20lipid%20and%20fatty%20acids%20without%20detectible%20changes%20in%20expression%20of%20genes%20related%20to%20lipid%20uptake%20or%20synthesis&journal=Nutr%20Res&volume=35&issue=3&pages=221-228&publication_year=2015&author=Yahvah%2CKM&author=Brooker%2CSL&author=Williams%2CJE&author=Settles%2CM&author=McGuire%2CMA&author=McGuire%2CMK

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bravi F, Wiens F, Decarli A, Pont AD, Agostoni C, Ferraroni M (2016) Impact of maternal
nutrition on breast-milk composition: a systematic review. Am J Clin Nutr 104(3):646
Article PubMed Google Scholar

Haddad EH, Berk LS, Kettering JD, Hubbard RW, Peters WR (1999) Dietary intake and
biochemical, hematologic, and immune status of vegans compared with nonvegetarians. Am
J Clin Nutr 70(3):586s—593s Article PubMed Google Scholar

Davis BC, Kris-Etherton PM (2003) Achieving optimal essential fatty acid status in
vegetarians: current knowledge and practical implications. Am J Clin Nutr 78(3):640S—-646S
Article PubMed Google Scholar

Sanders TA, Ellis FR, Dickerson JW (1978) Studies of vegans: the fatty acid composition of
plasma choline phosphoglycerides, erythrocytes, adipose tissue, and breast milk, and some

indicators of susceptibility to ischemic heart disease in vegans and omnivore controls. Am J
Clin Nutr 31(5):805-813 Article PubMed Google Scholar

Specker BL, Wey HE, Miller D (1987) Differences in fatty acid composition of human milk
in vegetarian and nonvegetarian women: long-term effect of diet. J Pediatr Gastroenterol
Nutr 6(5):764-768 Article PubMed Google Scholar

Sanders TA, Reddy S (1992) The influence of a vegetarian diet on the fatty acid composition
of human milk and the essential fatty acid status of the infant. J Pediatr 120(4):71-77
Article Google Scholar

Makrides M, Neumann MA, Gibson RA (1996) Effect of maternal docosahexaenoic acid
(DHA) supplementation on breast milk composition. Eur J Clin Nutr 50(6):352—
357 PubMed Google Scholar

Fidler N, Sauerwald T, Pohl A, Demmelmair H, Koletzko B (2000) Docosahexaenoic acid
transfer into human milk after dietary supplementation: a randomized clinical trial. J Lipid
Res 41(9):1376—-1383 PubMed Google Scholar

Francois CA, Connor SL, Bolewicz LC, Connor WE (2003) Supplementing lactating women
with flaxseed oil does not increase docosahexaenoic acid in their milk. Am J Clin Nutr
77(1):226-233 Article PubMed Google Scholar

Boris J, Jensen B, Salvig JD, Secher NJ, Olsen SF (2004) A randomized controlled trial of
the effect of fish oil supplementation in late pregnancy and early lactation on the n-3 fatty
acid content in human breast milk. Lipids 39(12):1191-1196 Article PubMed Google
Scholar

Bergmann RL, Haschke-Becher E, Klassen-Wigger P, Bergmann KE, Richter R,
Dudenhausen JW et al (2008) Supplementation with 200 mg/day docosahexaenoic acid from
mid-pregnancy through lactation improves the docosahexaenoic acid status of mothers with a
habitually low fish intake and of their infants. Ann Nutr Metab 52(2):157-166

Article PubMed PubMed Central Google Scholar

Pawlak R, Vos P, Shahab-Ferdows S, Hampel D, Allen LH, Perrin MT (2018) Vitamin B12
content in breast milk of vegan, vegetarian, and non-vegetarian lactating women in the



https://doi.org/10.3945%2Fajcn.115.120881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27534637
http://scholar.google.com/scholar_lookup?&title=Impact%20of%20maternal%20nutrition%20on%20breast-milk%20composition%3A%20a%20systematic%20review&journal=Am%20J%20Clin%20Nutr&volume=104&issue=3&publication_year=2016&author=Bravi%2CF&author=Wiens%2CF&author=Decarli%2CA&author=Pont%2CAD&author=Agostoni%2CC&author=Ferraroni%2CM
https://doi.org/10.1093%2Fajcn%2F70.3.586s
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10479236
http://scholar.google.com/scholar_lookup?&title=Dietary%20intake%20and%20biochemical%2C%20hematologic%2C%20and%20immune%20status%20of%20vegans%20compared%20with%20nonvegetarians&journal=Am%20J%20Clin%20Nutr&volume=70&issue=3&pages=586s-593s&publication_year=1999&author=Haddad%2CEH&author=Berk%2CLS&author=Kettering%2CJD&author=Hubbard%2CRW&author=Peters%2CWR
https://doi.org/10.1093%2Fajcn%2F78.3.640S
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12936959
http://scholar.google.com/scholar_lookup?&title=Achieving%20optimal%20essential%20fatty%20acid%20status%20in%20vegetarians%3A%20current%20knowledge%20and%20practical%20implications&journal=Am%20J%20Clin%20Nutr&volume=78&issue=3&pages=640S-646S&publication_year=2003&author=Davis%2CBC&author=Kris-Etherton%2CPM
https://doi.org/10.1093%2Fajcn%2F31.5.805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=645628
http://scholar.google.com/scholar_lookup?&title=Studies%20of%20vegans%3A%20the%20fatty%20acid%20composition%20of%20plasma%20choline%20phosphoglycerides%2C%20erythrocytes%2C%20adipose%20tissue%2C%20and%20breast%20milk%2C%20and%20some%20indicators%20of%20susceptibility%20to%20ischemic%20heart%20disease%20in%20vegans%20and%20omnivore%20controls&journal=Am%20J%20Clin%20Nutr&volume=31&issue=5&pages=805-813&publication_year=1978&author=Sanders%2CTA&author=Ellis%2CFR&author=Dickerson%2CJW
https://doi.org/10.1097%2F00005176-198709000-00018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2961862
http://scholar.google.com/scholar_lookup?&title=Differences%20in%20fatty%20acid%20composition%20of%20human%20milk%20in%20vegetarian%20and%20nonvegetarian%20women%3A%20long-term%20effect%20of%20diet&journal=J%20Pediatr%20Gastroenterol%20Nutr&volume=6&issue=5&pages=764-768&publication_year=1987&author=Specker%2CBL&author=Wey%2CHE&author=Miller%2CD
https://doi.org/10.1016%2FS0022-3476%2805%2981239-9
http://scholar.google.com/scholar_lookup?&title=The%20influence%20of%20a%20vegetarian%20diet%20on%20the%20fatty%20acid%20composition%20of%20human%20milk%20and%20the%20essential%20fatty%20acid%20status%20of%20the%20infant&journal=J%20Pediatr&volume=120&issue=4&pages=71-77&publication_year=1992&author=Sanders%2CTA&author=Reddy%2CS
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8793415
http://scholar.google.com/scholar_lookup?&title=Effect%20of%20maternal%20docosahexaenoic%20acid%20%28DHA%29%20supplementation%20on%20breast%20milk%20composition&journal=Eur%20J%20Clin%20Nutr&volume=50&issue=6&pages=352-357&publication_year=1996&author=Makrides%2CM&author=Neumann%2CMA&author=Gibson%2CRA
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10974044
http://scholar.google.com/scholar_lookup?&title=Docosahexaenoic%20acid%20transfer%20into%20human%20milk%20after%20dietary%20supplementation%3A%20a%20randomized%20clinical%20trial&journal=J%20Lipid%20Res&volume=41&issue=9&pages=1376-1383&publication_year=2000&author=Fidler%2CN&author=Sauerwald%2CT&author=Pohl%2CA&author=Demmelmair%2CH&author=Koletzko%2CB
https://doi.org/10.1093%2Fajcn%2F77.1.226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12499346
http://scholar.google.com/scholar_lookup?&title=Supplementing%20lactating%20women%20with%20flaxseed%20oil%20does%20not%20increase%20docosahexaenoic%20acid%20in%20their%20milk&journal=Am%20J%20Clin%20Nutr&volume=77&issue=1&pages=226-233&publication_year=2003&author=Francois%2CCA&author=Connor%2CSL&author=Bolewicz%2CLC&author=Connor%2CWE
https://doi.org/10.1007%2Fs11745-004-1347-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15736915
http://scholar.google.com/scholar_lookup?&title=A%20randomized%20controlled%20trial%20of%20the%20effect%20of%20fish%20oil%20supplementation%20in%20late%20pregnancy%20and%20early%20lactation%20on%20the%20n-3%20fatty%20acid%20content%20in%20human%20breast%20milk&journal=Lipids&volume=39&issue=12&pages=1191-1196&publication_year=2004&author=Boris%2CJ&author=Jensen%2CB&author=Salvig%2CJD&author=Secher%2CNJ&author=Olsen%2CSF
http://scholar.google.com/scholar_lookup?&title=A%20randomized%20controlled%20trial%20of%20the%20effect%20of%20fish%20oil%20supplementation%20in%20late%20pregnancy%20and%20early%20lactation%20on%20the%20n-3%20fatty%20acid%20content%20in%20human%20breast%20milk&journal=Lipids&volume=39&issue=12&pages=1191-1196&publication_year=2004&author=Boris%2CJ&author=Jensen%2CB&author=Salvig%2CJD&author=Secher%2CNJ&author=Olsen%2CSF
https://doi.org/10.1159%2F000129651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18446020
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2790529
http://scholar.google.com/scholar_lookup?&title=Supplementation%20with%20200%20mg%2Fday%20docosahexaenoic%20acid%20from%20mid-pregnancy%20through%20lactation%20improves%20the%20docosahexaenoic%20acid%20status%20of%20mothers%20with%20a%20habitually%20low%20fish%20intake%20and%20of%20their%20infants&journal=Ann%20Nutr%20Metab&volume=52&issue=2&pages=157-166&publication_year=2008&author=Bergmann%2CRL&author=Haschke-Becher%2CE&author=Klassen-Wigger%2CP&author=Bergmann%2CKE&author=Richter%2CR&author=Dudenhausen%2CJW

40.

41.

42.

43

44,

45.

46.

47.

48.

49.

50.

51

United States. Am J Clin Nutr https://doi.org/10.1093/ajcn/nqy104 Article PubMed Google
Scholar

Miller EM, Aiello MO, Fuyjita M, Hinde K, Milligan L, Quinn E (2013) Field and laboratory
methods in human milk research. Am J Hum Biol 25(1):1-11 Article PubMed Google
Scholar

Du J, Gay MC, Lai CT, Trengove RD, Hartmann PE, Geddes DT (2017) Comparison of
gravimetric, creamatocrit and esterified fatty acid methods for determination of total fat
content in human milk. Food Chem 217:505-510 Article PubMed Google Scholar

Bannon CD, Craske JD, Felder DL, Garland 1J, Norman LM (1987) Analysis of fatty acid
methyl esters with high accuracy and reliability: VI. Rapid analysis by split injection capillary
gas-liquid chromatography. J Chromatogr 407:231-241 Article PubMed Google Scholar

. American Oil Chemists’ Society and Firestone D (2004) Official methods and recommended

practices of the American Oil Chemists’ Society. AOCS, Champaign Google Scholar

Okragly AJ, Haak-Frendscho M (1997) An acid-treatment method for the enhanced detection
of GDNF in biological samples. Exp Neurol 145(2):592—-596 Article PubMed Google
Scholar

United States, Department of Health and Human Services, United States, Department of
Agriculture, United States, Dietary Guidelines Advisory Committee (2015) Dietary
guidelines for Americans, 2015-2020. https://health.gov/dietaryguidelines/2015/guidelines.
Accessed 18 Jan 2018

Jahns L, Raatz SK, Johnson LK, Kranz S, Silverstein JT, Picklo MJ (2014) Intake of seafood
in the US varies by age, income, and education level but not by race-ethnicity. Nutrients
6(12):6060—6075 Article PubMed PubMed Central Google Scholar

Koletzko B, Boey CCM, Campoy C, Carlson SE, Chang N, Guillermo-tuazon MA et al
(2014) Current information and asian perspectives on long-chain polyunsaturated fatty acids
in pregnancy, lactation, and infancy: systematic review and practice recommendations from
an early nutrition academy workshop. Ann Nutr Metab 65(1):49-80 Article PubMed Google
Scholar

Delgado-Noguera MF, Calvache JA, Bonfill Cosp X, Kotanidou EP, Galli-Tsinopoulou A
(2015) Supplementation with long chain polyunsaturated fatty acids (LCPUFA) to
breastfeeding mothers for improving child growth and development. Cochrane Database Syst
Rev. https://doi.org/10.1002/14651858.CD007901.pub3 Article PubMed Google Scholar

Brenna JT, Lapillonne A (2009) Background paper on fat and fatty acid requirements during
pregnancy and lactation. Ann Nutr Metab 55(1-3):97-122 Article PubMed Google Scholar

Kris-Etherton PM, Grieger JA, Etherton TD (2009) Dietary reference intakes for DHA and
EPA. Prostaglandins Leukot Essent Fatty Acids 81:2-3 Article Google Scholar

. Federal Register (2015) Final determination regarding partially hydrogenated

oils. https://www.federalregister.gov/documents/2015/06/17/2015-14883/final-
determination-regarding-partially-hydrogenated-oils. Accessed 20 Jan 2018



https://doi.org/10.1093/ajcn/nqy104
https://doi.org/10.1093%2Fajcn%2Fnqy104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=29931273
http://scholar.google.com/scholar_lookup?&title=Vitamin%20B12%20content%20in%20breast%20milk%20of%20vegan%2C%20vegetarian%2C%20and%20non-vegetarian%20lactating%20women%20in%20the%20United%20States&journal=Am%20J%20Clin%20Nutr&doi=10.1093%2Fajcn%2Fnqy104&publication_year=2018&author=Pawlak%2CR&author=Vos%2CP&author=Shahab-Ferdows%2CS&author=Hampel%2CD&author=Allen%2CLH&author=Perrin%2CMT
http://scholar.google.com/scholar_lookup?&title=Vitamin%20B12%20content%20in%20breast%20milk%20of%20vegan%2C%20vegetarian%2C%20and%20non-vegetarian%20lactating%20women%20in%20the%20United%20States&journal=Am%20J%20Clin%20Nutr&doi=10.1093%2Fajcn%2Fnqy104&publication_year=2018&author=Pawlak%2CR&author=Vos%2CP&author=Shahab-Ferdows%2CS&author=Hampel%2CD&author=Allen%2CLH&author=Perrin%2CMT
https://doi.org/10.1002%2Fajhb.22334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=23109280
http://scholar.google.com/scholar_lookup?&title=Field%20and%20laboratory%20methods%20in%20human%20milk%20research&journal=Am%20J%20Hum%20Biol&volume=25&issue=1&pages=1-11&publication_year=2013&author=Miller%2CEM&author=Aiello%2CMO&author=Fujita%2CM&author=Hinde%2CK&author=Milligan%2CL&author=Quinn%2CE
http://scholar.google.com/scholar_lookup?&title=Field%20and%20laboratory%20methods%20in%20human%20milk%20research&journal=Am%20J%20Hum%20Biol&volume=25&issue=1&pages=1-11&publication_year=2013&author=Miller%2CEM&author=Aiello%2CMO&author=Fujita%2CM&author=Hinde%2CK&author=Milligan%2CL&author=Quinn%2CE
https://doi.org/10.1016%2Fj.foodchem.2016.08.114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=27664665
http://scholar.google.com/scholar_lookup?&title=Comparison%20of%20gravimetric%2C%20creamatocrit%20and%20esterified%20fatty%20acid%20methods%20for%20determination%20of%20total%20fat%20content%20in%20human%20milk&journal=Food%20Chem&volume=217&pages=505-510&publication_year=2017&author=Du%2CJ&author=Gay%2CMC&author=Lai%2CCT&author=Trengove%2CRD&author=Hartmann%2CPE&author=Geddes%2CDT
https://doi.org/10.1016%2FS0021-9673%2801%2992621-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3429506
http://scholar.google.com/scholar_lookup?&title=Analysis%20of%20fatty%20acid%20methyl%20esters%20with%20high%20accuracy%20and%20reliability%3AVI.%20Rapid%20analysis%20by%20split%20injection%20capillary%20gas-liquid%20chromatography&journal=J%20Chromatogr&volume=407&pages=231-241&publication_year=1987&author=Bannon%2CCD&author=Craske%2CJD&author=Felder%2CDL&author=Garland%2CIJ&author=Norman%2CLM
http://scholar.google.com/scholar_lookup?&title=Official%20methods%20and%20recommended%20practices%20of%20the%20American%20Oil%20Chemists%E2%80%99%20Society&publication_year=2004
https://doi.org/10.1006%2Fexnr.1997.6500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9217096
http://scholar.google.com/scholar_lookup?&title=An%20acid-treatment%20method%20for%20the%20enhanced%20detection%20of%20GDNF%20in%20biological%20samples&journal=Exp%20Neurol&volume=145&issue=2&pages=592-596&publication_year=1997&author=Okragly%2CAJ&author=Haak-Frendscho%2CM
http://scholar.google.com/scholar_lookup?&title=An%20acid-treatment%20method%20for%20the%20enhanced%20detection%20of%20GDNF%20in%20biological%20samples&journal=Exp%20Neurol&volume=145&issue=2&pages=592-596&publication_year=1997&author=Okragly%2CAJ&author=Haak-Frendscho%2CM
https://health.gov/dietaryguidelines/2015/guidelines
https://doi.org/10.3390%2Fnu6126060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25533013
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4277015
http://scholar.google.com/scholar_lookup?&title=Intake%20of%20seafood%20in%20the%20US%20varies%20by%20age%2C%20income%2C%20and%20education%20level%20but%20not%20by%20race-ethnicity&journal=Nutrients&volume=6&issue=12&pages=6060-6075&publication_year=2014&author=Jahns%2CL&author=Raatz%2CSK&author=Johnson%2CLK&author=Kranz%2CS&author=Silverstein%2CJT&author=Picklo%2CMJ
https://doi.org/10.1159%2F000365767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25227906
http://scholar.google.com/scholar_lookup?&title=Current%20information%20and%20asian%20perspectives%20on%20long-chain%20polyunsaturated%20fatty%20acids%20in%20pregnancy%2C%20lactation%2C%20and%20infancy%3A%20systematic%20review%20and%20practice%20recommendations%20from%20an%20early%20nutrition%20academy%20workshop&journal=Ann%20Nutr%20Metab&volume=65&issue=1&pages=49-80&publication_year=2014&author=Koletzko%2CB&author=Boey%2CCCM&author=Campoy%2CC&author=Carlson%2CSE&author=Chang%2CN&author=Guillermo-tuazon%2CMA
http://scholar.google.com/scholar_lookup?&title=Current%20information%20and%20asian%20perspectives%20on%20long-chain%20polyunsaturated%20fatty%20acids%20in%20pregnancy%2C%20lactation%2C%20and%20infancy%3A%20systematic%20review%20and%20practice%20recommendations%20from%20an%20early%20nutrition%20academy%20workshop&journal=Ann%20Nutr%20Metab&volume=65&issue=1&pages=49-80&publication_year=2014&author=Koletzko%2CB&author=Boey%2CCCM&author=Campoy%2CC&author=Carlson%2CSE&author=Chang%2CN&author=Guillermo-tuazon%2CMA
https://doi.org/10.1002/14651858.CD007901.pub3
https://doi.org/10.1002%2F14651858.CD007901.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=26171898
http://scholar.google.com/scholar_lookup?&title=Supplementation%20with%20long%20chain%20polyunsaturated%20fatty%20acids%20%28LCPUFA%29%20to%20breastfeeding%20mothers%20for%20improving%20child%20growth%20and%20development&journal=Cochrane%20Database%20Syst%20Rev&doi=10.1002%2F14651858.CD007901.pub3&publication_year=2015&author=Delgado-Noguera%2CMF&author=Calvache%2CJA&author=Bonfill%20Cosp%2CX&author=Kotanidou%2CEP&author=Galli-Tsinopoulou%2CA
https://doi.org/10.1159%2F000228998
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19752538
http://scholar.google.com/scholar_lookup?&title=Background%20paper%20on%20fat%20and%20fatty%20acid%20requirements%20during%20pregnancy%20and%20lactation&journal=Ann%20Nutr%20Metab&volume=55&issue=1%E2%80%933&pages=97-122&publication_year=2009&author=Brenna%2CJT&author=Lapillonne%2CA
https://doi.org/10.1016%2Fj.plefa.2009.05.011
http://scholar.google.com/scholar_lookup?&title=Dietary%20reference%20intakes%20for%20DHA%20and%20EPA&journal=Prostaglandins%20Leukot%20Essent%20Fatty%20Acids&volume=81&pages=2-3&publication_year=2009&author=Kris-Etherton%2CPM&author=Grieger%2CJA&author=Etherton%2CTD
https://www.federalregister.gov/documents/2015/06/17/2015-14883/final-determination-regarding-partially-hydrogenated-oils
https://www.federalregister.gov/documents/2015/06/17/2015-14883/final-determination-regarding-partially-hydrogenated-oils

52.

53.

54.

55.

56.

Innis SM (1999) Trans fatty acids in human milk are inversely associated with concentrations
of essential all-cis n-6 and n-3 fatty acids and determine trans, but not n-6 and n-3, fatty acids
in plasma lipids of breast-fed infants. Am J Clin Nutr 70(3):383-390 Article PubMed Google
Scholar

Mosley EE, Wright AL, McGuire MK, McGuire MA (2005) Trans fatty acids in milk
produced by women in the United States. Am J Clin Nutr 82(6):1292—-1297
Article PubMed Google Scholar

Friesen R, Innis SM (2006) Trans fatty acids in human milk in Canada declined with the
introduction of trans fat food labeling. J Nutr 136(10):2558-2561 Article PubMed Google
Scholar

Wang DD, Leung CW, LiY, Ding EL, Chiuve SE, Hu FB et al (2014) Trends in dietary
quality among adults in the United States, 1999 through 2010. JAMA Intern Med
174(10):1587 Article PubMed PubMed Central Google Scholar

Dangat K, Kilari A, Joshi S, Mehendale S, Lalwani S (2014) Preeclampsia alters milk
neurotrophins and long chain polyunsaturated fatty acids. Int J Dev Neurosci 33(1):115-121
Article PubMed Google Scholar



https://doi.org/10.1093%2Fajcn%2F70.3.383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10479201
http://scholar.google.com/scholar_lookup?&title=Trans%20fatty%20acids%20in%20human%20milk%20are%20inversely%20associated%20with%20concentrations%20of%20essential%20all-cis%20n-6%20and%20n-3%20fatty%20acids%20and%20determine%20trans%2C%20but%20not%20n-6%20and%20n-3%2C%20fatty%20acids%20in%20plasma%20lipids%20of%20breast-fed%20infants&journal=Am%20J%20Clin%20Nutr&volume=70&issue=3&pages=383-390&publication_year=1999&author=Innis%2CSM
http://scholar.google.com/scholar_lookup?&title=Trans%20fatty%20acids%20in%20human%20milk%20are%20inversely%20associated%20with%20concentrations%20of%20essential%20all-cis%20n-6%20and%20n-3%20fatty%20acids%20and%20determine%20trans%2C%20but%20not%20n-6%20and%20n-3%2C%20fatty%20acids%20in%20plasma%20lipids%20of%20breast-fed%20infants&journal=Am%20J%20Clin%20Nutr&volume=70&issue=3&pages=383-390&publication_year=1999&author=Innis%2CSM
https://doi.org/10.1093%2Fajcn%2F82.6.1292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16332663
http://scholar.google.com/scholar_lookup?&title=Trans%20fatty%20acids%20in%20milk%20produced%20by%20women%20in%20the%20United%20States&journal=Am%20J%20Clin%20Nutr&volume=82&issue=6&pages=1292-1297&publication_year=2005&author=Mosley%2CEE&author=Wright%2CAL&author=McGuire%2CMK&author=McGuire%2CMA
https://doi.org/10.1093%2Fjn%2F136.10.2558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16988126
http://scholar.google.com/scholar_lookup?&title=Trans%20fatty%20acids%20in%20human%20milk%20in%20Canada%20declined%20with%20the%20introduction%20of%20trans%20fat%20food%20labeling&journal=J%20Nutr&volume=136&issue=10&pages=2558-2561&publication_year=2006&author=Friesen%2CR&author=Innis%2CSM
http://scholar.google.com/scholar_lookup?&title=Trans%20fatty%20acids%20in%20human%20milk%20in%20Canada%20declined%20with%20the%20introduction%20of%20trans%20fat%20food%20labeling&journal=J%20Nutr&volume=136&issue=10&pages=2558-2561&publication_year=2006&author=Friesen%2CR&author=Innis%2CSM
https://doi.org/10.1001%2Fjamainternmed.2014.3422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=25179639
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5924699
http://scholar.google.com/scholar_lookup?&title=Trends%20in%20dietary%20quality%20among%20adults%20in%20the%20United%20States%2C%201999%20through%202010&journal=JAMA%20Intern%20Med&volume=174&issue=10&publication_year=2014&author=Wang%2CDD&author=Leung%2CCW&author=Li%2CY&author=Ding%2CEL&author=Chiuve%2CSE&author=Hu%2CFB
https://doi.org/10.1016%2Fj.ijdevneu.2013.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=24374257
http://scholar.google.com/scholar_lookup?&title=Preeclampsia%20alters%20milk%20neurotrophins%20and%20long%20chain%20polyunsaturated%20fatty%20acids&journal=Int%20J%20Dev%20Neurosci&volume=33&issue=1&pages=115-121&publication_year=2014&author=Dangat%2CK&author=Kilari%2CA&author=Joshi%2CS&author=Mehendale%2CS&author=Lalwani%2CS

	A cross-sectional study of fatty acids and brain derived neurotrophic factor (BDNF) in human milk from lactating women following vegan, vegetarian, and omnivore diets
	Abbreviations
	Introduction
	Methods
	Subject recruitment
	Diet survey and sample collection
	Milk analysis
	Statistical analysis

	Results
	Fat content in human milk by diet pattern
	Omega-3, omega-6, and BDNF
	Other factors predicting human milk fat profiles

	Discussion
	Polyunsaturated fatty acids
	Trans fats
	Brain derived neurotrophic factor
	Limitations

	Conclusions
	Acknowledgements
	References

