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Abstract

Background: Polyunsaturated fatty acids (PUFAs) in human milk are essential in im-
mune system maturation and might play a role in the development of allergic con-
ditions, such as atopic dermatitis (AD) in infants. Immune system responses are
modulated by sex, but data on the sex-specific associations with PUFAs are limited.
We therefore explored sex-specific differences in human milk PUFAs and their asso-
ciation with AD up to 2years.

Methods: PUFAs were measured in human milk samples from the Ulm SPATZ Health
Study at 6 weeks (n=512) and 6 months (n=367). Associations with AD up to 2years
were evaluated using crude and multivariable logistic regression. Interactions be-
tween infant sex and PUFAs were explored by including the product term.

Results: No significant associations were observed with 6-week data. At 6 months, the
median relative proportion of docosahexaenoic acid (DHA) was significantly higher in
milk for female than male infants (p=.001). Female infants whose milk was lower in
quintile proportions of alpha-linolenic acid (ALA) at 6 months had lower odds of AD
compared to males [first vs. fifth quintile OR (95% confidence interval): 0.13 (0.02,
0.66), p=.02]. This interaction was not significant when correcting for multiple testing
(o threshold: p=.004). No other statistically significant associations were observed.
Conclusion: Individual quintile PUFA proportions in human milk were not associated
with AD, overall and in a sex-specific manner. More comprehensive and statistically
powered longitudinal studies are needed to determine whether potential sex differ-
ences in human milk, if any, could be of clinical relevance for infants including the

investigation of mediating factors.
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1 | INTRODUCTION

Globally, 15%-20% of children are affected by atopic dermatitis (AD)
and the prevalence thereof varies across countries and age groups.!
In addition, infants with AD usually have an increased risk for de-
veloping other allergic diseases as they grow older.? For allergy pre-
vention, it has been recommended to breastfeed infants exclusively
during the first 4-6 months of life.% In this regard, the health benefits
of breastfeeding in general are well documented.* Yet, the evidence
about the potential protective role of breastfeeding in allergy devel-
opment, particularly in AD, remains inconclusive.’

Human milk comprises several components which are beneficial
for the infant's health.* For instance, fatty acids in human milk are
involved in the maturation of the growing infant's immune system.®
Polyunsaturated fatty acids (PUFASs), in particular, are a branch of
fatty acids which serve as precursors of eicosanoids. These are con-
sidered key elements in inflammatory processes and, as such, have
been linked to atopic conditions.” In light of this, observational stud-
ies showed that elevated concentrations of n-3 PUFAs in human
milk might protect infants from developing AD,®? suggesting anti-
inflammatory properties of these fatty acids.’® N-6 PUFAs, on the
contrary, are suggested to be pro-inflammatory, hence, increase the
risk of AD.1

In addition, females and males are reported to differ in immuno-
logical responses which result in differential susceptibility to inflam-
matory and autoimmune diseases.'? In infants, it has been shown
that both sexes seem to synthesize anti-inflammatory n-3 PUFAs
differently leading to sex differences in circulating PUFAs in blood
plasma.’® In fact, male infants are more likely to develop AD com-
pared with female infants.** Furthermore, recent findings demon-
strate that sex hormones modulate PUFA synthesis.'?

Moreover, accumulating evidence suggests that human milk
composition might differ between both sexes,'® thus raising the
question whether this could impact clinical outcomes differently
between female and male infants. We are only aware of one re-
cent study'’ that explored sex-specific associations of PUFAs and
allergic conditions in 1-year-old infants. Findings from this study
suggest that lower proportions of some n-3 PUFAs (e.g., docosa-
hexaenoic acid, DHA, C22:6n-3) in human milk were associated
with a lower prevalence of food sensitization in female infants.
However, there were no statistically significant sex-specific asso-
ciations with AD.

Itis therefore still unclear whether PUFAs differ in human milk for
male and female infants especially with respect to their associations
with clinical outcomes, such as AD. Furthermore, the composition
of human milk changes across lactation,® but the aforementioned
study?” only investigated samples collected at one time point.

Of note, fatty acids are highly correlated, thus when one fatty
acid increases, another decreases and vice versa. This compositional
aspect of fatty acids is typically neglected during statically analyses
and could be one reason for inconsistent ﬁndings.19

The aim of the current study, therefore, was to investigate
sex-specific associations between PUFAs in human milk samples

Key Message

It still remains unclear whether immunological responses
to polyunsaturated fatty acids (PUFAs) in human milk are
sex-specific. To moderate potential implications in child
health, further research is needed to examine possible re-
lationships to clinical outcomes and their mediators. This,
in turn, could contribute to the development of adaptable
nutritional strategies.

collected at two time points during lactation, that is, 6 weeks and
6months and infant AD up to 2years, using data from a large birth
cohort conducted in South Germany. To further strengthen the
study, a sensitivity analysis using CLR-transformed data to account
for the compositionality of fatty acids was done.

2 | METHODS
2.1 | Study population

The current study used data from the Ulm SPATZ Health Study
(SPATZ), an ongoing birth cohort study that enrolled 970 mothers
and their 1006 newborn infants. They were recruited from the gen-
eral population between April 2012 and May 2013, after delivery
during their hospital stay at the University Medical Center Ulm.?°
All participants gave written informed consent in accordance with
the Declaration of Helsinki. The study protocol was approved by the
Ethics board of the University of Ulm (No. 311/11).

2.2 | Data collection and measurements
2.2.1 | Sample characteristics and atopic dermatitis
(AD)

All socio-demographic, health- and birth-related data were assessed
using self-administered questionnaires in the year prior to, as well as
during pregnancy. AD was assessed yearly and was based on sepa-
rate parent or doctor reports of doctor-diagnosed AD. In the parent
questionnaire, they were asked: “Has a doctor diagnosed your child
with one of the following diseases: neurodermatitis, endogenous
eczema, atopic dermatitis, in the past 12 months?” The caring physi-
cian was asked in a separate self-administered questionnaire: “Has
one of the following diseases: neurodermatitis, endogenous eczema,
atopic dermatitis, been found/diagnosed by a physician until now?”
Although the AD diagnosis was not entirely made by the caring phy-
sician themselves, both reports were based on a previous doctor's
diagnosis.21 The outcome AD at 2years was then based on a positive
report of either parent's or doctor's (i.e., caring physician) question-
naire at 1year or 2years.

85UB01 SUOWIIOD AITeID) 8|l jdde 8y} Aq peusencb 8. 9ol VO ‘88N JO S9N I0j AeIq1T 8UIUQ AB]1M UO (SUONIPUOD-PUR-SLLIBI WD A8 |Im" AReIq 1 jBulU0//:SANY) SUORIPUOD pue Swie | 8y} 88s *[£202/80/80] U0 Akeid1Tauljuo 8|1 ‘SpUelyIN 8UeIyo0D Aq Z66ET 1ed/TTTT OT/I0p/W0D A8 1M Ale.q 1 pul|uoy/:Sdny Woij pepeojumoq */ ‘€202 ‘8E0E66ET



ORDNUNG ET AL.

2.2.2 | Human milk samples
The human milk samples and information about breastfeeding
practices were collected at approximately 6 weeks (Median [min-
max]; (6weeks [4-10]) and 6 months (26 weeks [23-29])) after de-
livery. Using a sterile collection jar, mothers manually expressed
or pumped human milk after breakfast and before lunch, between
9 AM and 12 AM, at least 1 h after the last breastfeed. Mothers were
instructed to store the human milk samples in a refrigerator until
they were collected by the study nurses and delivered to the study
center. At the study center, the samples were stored at -80°C and
then analyzed by high-resolution capillary gas-liquid chromatogra-
phy applying the method of Bligh and Dyer?? and Beermann et al.?®

A total of 45 fatty acids were measured in the lab, but only se-
lected polyunsaturated fatty acids (PUFAs) were used in the current
study in order to replicate the previous report.t’
measured fatty acids in SPATZ can be found elsewhere.?* The PUFAs
used for the current analysis included n-3 PUFAs: alpha-linolenic
acid (ALA, 18:3n-3), eicosatetraenoic acid (ETA, 20:4n-3), eicosapen-
taenoic acid (EPA, 20:5n-3), docosapentaenoic acid (22:5n-3), DHA
as well as n-6 PUFAs: linoleic acid (LA, 18:2n-6), gamma-linolenic
acid (18:3n-6), dihomo-gamma-linolenic acid (DGLA, 20:3n-6), and
arachidonic acid (ARA, 20:4n-6).

Among the 970 mothers in SPATZ, human milk samples were
available from 786 (81%) and 581 (60%) lactating women at 6 weeks

and 6 months, respectively. However, for the current analysis, we

A full report on all

included singleton mother-infant pairs for whom human milk fatty
acid samples at either 6 weeks or 6 months and complete data on
AD up to 2years of age were available. Consequently, the datasets
analyzed in the current study comprised a total of n=512 (53%) and
n=367 (38%) for 6weeks and 6 months, respectively (Figure 1).

2.3 | Statistical analyses

Sex differences of sociodemographic, health- and birth-related

variables as well as relative PUFA proportions were evaluated using

WILEY- 2™

Kruskal-Wallis tests. In case of significant differences, subsequent

25 analyses were performed in order to rule

rank-based regression
out potential confounding with infant age and exclusive breastfeed-
ing at the time of sample collection as well as maternal history of
allergies.

For the main analysis, similar methods from the previous report*’
were used in order to mimic what was presented in the paper. As
such, relative PUFA proportions were first transformed into stan-
dardized z-scores and then into categorical variables with five levels
using quintiles of the respective fatty acid z-score. All PUFAs were
quantified within one metric to increase the comparability between
the investigated PUFAs and to ensure concise interpretation of the
results.}” The associations between each PUFA and AD at 2years
were assessed using crude and multivariable logistic regression
models. For the multivariable models, established risk factors such
as infant sex, age, and exclusive breastfeeding at the time of sample
collection as well as maternal history of allergies (hay fever, AD, and/
or asthma) were entered as covariates. Interactions between sex and
PUFAs were explored by including the product term in the multivari-
able models. Odds ratio (OR) estimates and their 95% confidence
interval (Cl) were calculated using the fifth level of the fatty acid cat-
egorical variable, that is, the one with the highest concentration, as
a reference category. Male infants were used as the reference cate-
gory in the models investigating sex-specific interactions. In order to
correct for multiple comparisons, Bonferroni correction was applied
resulting in an alpha threshold of a=0.004 (0.05/12). Given that
compositional data are subject to the constant-sum constraint,? a
sensitivity analysis was performed using the centered log ratio (CLR)
transformed PUFA values in all aforementioned models. All statis-
tical analyses were done using R (version 3.5.1; R Foundation for
Statistical Computing).

3 | RESULTS

Among the 512 eligible infants with fatty acid data at 6 weeks and
AD data up to 2years, 138 (27%) were diagnosed with AD (Table 1).

970 Mothers
(1006 Infants)

v

n =706

‘ Mothers with FA data at 6 weeks }

Excluded
15 Mothers of twins
(n = 30 infants)
179 Mothers of infants
without data on AD

Excluded
145 Mothers without

FIGURE 1 Flow chart of study
population and final study sample size.
AD, atopic dermatitis; FA, fatty acid.

Complete samples with FA and
data on AD at 1 or 2 years
n=>512

FA data
e ——

Complete samples with FA and
data on AD at 1 or 2 years
n=367
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TABLE 1 Characteristics of mother-infant pairs at 6 weeks and
6 months post-partum.

6weeks' 6 months'
samples samples
(n=512) (n=367)
Maternal characteristics
Age, y, mean (SD) 33.4 (4.4) 33.5(4.2)
Education, n (%)
No degree 25(4.9) 10(2.8)
Secondary school degree 126 (24.9) 78 (21.5)
High school degree 356 (70.2) 274 (75.7)
Parity, n (%) 233 (45.6) 168 (45.8)
BMI
Prepregnancy, mean (SD) 24.3 (4.6) 24 (4.3)
Postpartum, mean (SD) 24.9 (4.3) 24 (4.4)
Smoking
Prepregnancy smoking, n (%) 90 (17.6) 48(13.2)
During pregnancy, n (%) 15 (3.0) 6(1.7)
Alcohol
Prepregnancy consumption, 367 (72.0) 264 (72.3)
n (%)
During pregnancy, n (%) 28 (5.5) 19 (5.2)
Asthma, n (%) 44 (8.6) 31(8.5)
Atopic dermatitis, n (%) 71 (13.9) 54 (14.8)
Hay fever, n (%) 127 (24.9) 98 (26.8)
Breastfeeding
Age at human milk collection, wk, 5.8 (0.6) 25.8(0.8)
mean (SD)
EBF at sample collection, n (%) 395 (77.1) 107 (29.2)
Duration of total breastfeeding, 42.5(21.1) 49.2 (19.1)
wk, mean (SD)
Duration EBF, wk, mean (SD) 16.7 (10.5) 19.1 (9.9)
Feedings per day n, mean (SD) 2(0.2) 1.7 (0.5)
<=5 114 (31.4) 7(0.19)
5 249 (68.6) 357(98.1)
Infant
Sex, girls, n (%) 249 (48.6) 176 (48.0)
Birthweight, g, mean (SD) 3374 (468) 3364 (468)
Gestational age, wk, mean (SD) 39.13(1.5) 39.16 (1.5)
Atopic dermatitis at 2y, n (%) 138 (27.0) 94 (25.6)

Note: Frequencies may not add up to total n due to missing's for

some variables. Data presented as n (%) for categorical and mean and
standard deviation (SD) for continuous variables.

Abbreviations: BMI, Body mass index; EBF, Exclusive breastfeeding; wk,
week; y, years.

More than two-thirds (n=395; 77.1%) of all infants were exclusively
breastfed at the time of sample collection. At 6 months post-partum,
we used data from 376 infants from whom 94 (25.5%) had AD up
to 2years and almost one-third (n=107; 29.2%) were exclusively
breastfed. All of the included infants at both time points were born
after the gestational age of 32 weeks. Apart from infant birth weight,

there were no sex differences in other sociodemographic, health-

and birth-related variables for 6 weeks and 6 months.

3.1 | Sex-specific comparisons of relative PUFA
proportions

There were no statistically significant sex differences in the rela-
tive PUFA proportions in human milk samples collected at 6 weeks
(Table 2). Following Bonferroni correction (« threshold=0.004), only
DHA proportions in 6-month samples were higher in the milk for
female infants than in the milk for male infants (Table 3, Figure 2).
This difference was confirmed by a subsequent rank-based regres-
sion analysis using infant sex to predict relative DHA proportions
and remained statistically significant after controlling for potential
confounders, such as maternal history allergy, infant age, and ex-
clusive breastfeeding at the time of sample collection. Similar dif-
ferences were observed when analyzing the CLR-transformed fatty
acids in a sensitivity analysis (Tables S3 and S4). Note, the quintile
ranges of relative PUFA proportions for both samples are given in
Tables S1 and S2.

3.2 | Associations between quintile PUFA
proportions and AD

Among the 6-week samples, crude and multivariable logistic regres-
sion analysis showed no statistically significant (« threshold=0.004)
associations between fatty acid quintiles and AD up to 2 years of age
(Figures S1 and S2). However, at conventional level of statistical sig-
nificance (p <.05) in the sensitivity analyses using CLR-transformed
fatty acids, there were some associations between PUFAs and AD.
For instance, the multivariable adjusted model showed that infants
whose milk was in the lower quintile of n-3 PUFAs had lower odds of
AD (second vs. fifth quintile: OR (95% Cl) 0.49 (0.24, 0.96), p=.04).
The sensitivity analysis also showed sex differences at conventional
level of statistical significance (p <.05) for DGLA. That is, female in-
fants whose human milk was in the lower quintile had lower odds
of AD (second vs. fifth quintile: 0.26 (0.07, 0.93), p=.04; Figure S4)
compared to their male counterparts.

Likewise, using 6-month samples, no statistically significant («
threshold=0.004) crude or multivariable adjusted associations be-
tween PUFAs and AD up to 2years were found after Bonferroni
correction (Figures S1 and S2). But, at conventional level of signifi-
cance (p <.05), the multivariable adjusted model showed that female
infants whose milk was in the lower quintile of ALA at 6 months had
lower odds of AD compared with males (first vs. fifth quintile: 0.13
(0.02, 0.66), p=.02) (Figure 3; Table S5). The sensitivity analysis
using CLR-transformed fatty acids showed a similar association for
ALA (first vs. fifth quintile: 0.17 (0.03, 0.85), p=.04; Figure S3) and
another sex-specific association for ARA/DHA ratio (second vs. fifth
quintile: 6.62 (1.41, 32.47), p=.02; Figure S5), both statistically sig-
nificant at conventional level of significance (p <.05).
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TABLE 2 Relative proportions (%) of polyunsaturated fatty acids in human milk samples for all children and stratified by infant sex at

6 weeks postpartum.

6 weeks postpartum (median [Q1, Q3]) (N=512)

PUFA All children

n-3 PUFA
Total n-3 PUFA
a-linolenic acid (ALA, 18:3n-3)
Eicosatetraenoic acid (ETA, 20:4n3)
Eicosapentaenoic acid (EPA, 20:5n3)
Docosapentaenoic acid (DPA, 22:5n3)
Docosahexaenoic acid (DHA, 22:6n3)
n-6 PUFA
Total n-6 PUFA
Linoleic acid (LA, 18:2n6)
y-Linolenic acid (GLA, 18:3n6)
Dihomo-y-linolenic acid (DGLA, 20:3n6)
Arachidonic acid (ARA, 20:4n6)

1.48[1.23, 1.74]
0.84[0.67, 1.09]
0.09 [0.07,0.11]
0.06 [0.05, 0.08]
0.14[0.13, 0.17]
0.25[0.19,0.32]

11.03 [9.66, 12.82]
9.70 [8.35, 11.38]
0.12 [0.09, 0.15]
0.35[0.30, 0.41]
0.43[0.37,0.48]

PUFA ratios
n-6/n-3 PUFA 7.37 [6.15, 8.84]
ARA/DHA 1.76 [1.32, 2.26]

Male infants (n=263) Female infants (n =249) p

1.46[1.21,1.72] 1.48[1.24,1.78] .240
0.84[0.67, 1.06] 0.85[0.68, 1.11] 409
0.09 [0.07,0.11] 0.09 [0.07, 0.10] .256
0.06 [0.05,0.08] 0.06 [0.05, 0.09] .365
0.14[0.12,0.17] 0.14 [0.13,0.17] 432
0.24[0.19,0.31] 0.25[0.19,0.33] .236
11.07 [9.70, 12.80] 11.02[9.62, 12.82] .868
9.70[8.36, 11.39] 9.68[8.34,11.22] 915
0.12[0.10, 0.14] 0.12[0.09, 0.15] .336
0.35[0.30, 0.41] 0.35[0.30, 0.41] .818
0.42[0.38,0.48] 0.43[0.37,0.48] .713
7.36[6.19, 9.01] 7.38[6.14, 8.73] .386
1.77 [1.36, 2.30] 1.74 [1.26, 2.23] .288

Note: Displayed are median values and their first (Q1) and third quartile (Q3). The given p-values are based on Kruskal-Wallis tests.

Abbreviation: PUFA, Polyunsaturated fatty acids.

Ofnote,when correcting for multiple testing (a threshold=0.004),
all associations were not statistically significant. Furthermore, the
fifth quintile representing the highest PUFA concentration was used
as the reference category in all analyzed models.

4 | DISCUSSION

The current study investigated sex-specific associations of PUFAs
in human milk samples collected at 6 weeks and 6 months of lacta-
tion with AD in infants up to 2years of age. Although fatty acids
in human milk did not differ at 6 weeks, relative proportions of
DHA measured at 6 months were higher in human milk for female
infants compared with male infants. This sex difference was statis-
tically significant (x threshold=0.004). Although there were some
overall and sex-specific associations between PUFAs and AD up to
2years at conventional level of significance (p<.05), none of them
were statistically significant following Bonferroni correction (a
threshold=0.004).

4.1 | Sexdifferences in relative DHA proportions
at 6 months

Our finding of statistically significant higher DHA in the milk for fe-
male infants compared with that for male infants at 6 months is in

contrast to other studies*®%4%’ that did not show any sex differences.

We are aware of one other study?® in which human milk for male in-
fants contained significantly higher relative proportions of LA than
for female infants, while all other fatty acids did not differ. Of note,
approximately 30% of LA found in human milk is obtained directly
from the diet and the rest is synthesized from maternal endogenous
stores.?” Thus, the authors from the aforementioned study28 attrib-
uted their finding to maternal metabolic regulations specific to LA
rather than being related to dietary habits.

However, elevated levels of the sex hormone testosterone in
mothers carrying a male fetus®’ could influence dietary preferences
prenatally®® which could have subsequent biological consequences
on milk production. On the one hand, given that DHA in human milk
is particularly sensitive to dietary intake, it is plausible that the sex
difference in DHA proportions could have been driven by maternal
diet. Although we did not assess maternal dietary intake, we previ-
ously showed a potentially higher PUFA intake of lactating mothers
in SPATZ over the years.3! Using maternal age and higher education
status as proxies of socioeconomic status, lactating women in SPATZ
presumably had a higher socioeconomic status.>! This combined
with an overall higher PUFA intake over the years could indicate that
they have consumed or taken fish oil/n-3 fatty acid supplements.31

On the other hand, we also cannot rule out that the small sample
size in our study could have led to a potential chance finding. It is
therefore plausible that if the study were larger, this chance effect
would be less likely to occur.

17,32,33

Furthermore, some of these previous studies which

showed no sex-specific differences in PUFAs only included data
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PUFA

n-3 PUFA
Total n-3 PUFA

a-linolenic acid

ORDNUNG ET AL.

6 months postpartum (median [Q1, Q3]) (N=367)

All children

1.43[1.17,1.79]
0.88[0.70, 1.15]

Male infants
(n=191)

1.39[1.17,1.77]
0.87[0.70, 1.15]

Female infants
(n=176)

1.47[1.17,1.85]
0.88[0.70, 1.16]

.309
.852

TABLE 3 Relative proportions (%) of

polyunsaturated fatty acids in human milk

samples for all children and stratified by
infant sex at 6 months postpartum.

(ALA,18:3n-3)

Eicosatetraenoic acid
(ETA, 20:4n3)

Eicosapentaenoic acid 0.06 [0.04, 0.08]
(EPA, 20:5n3)

0.06 [0.05, 0.07] 0.06 [0.05, 0.07]

0.06 [0.04, 0.07]

Docosapentaenoic 0.15[0.12,0.17] 0.14[0.12,0.16]

acid (DPA, 22:5n3)

Docosahexaenoic acid 0.19 [0.16, 0.27]
(DHA, 22:6n3)

n-6 PUFA
Total n-6 PUFA

Linoleic acid (LA,
18:2n6)

y-Linolenic acid (GLA, 0.10 [0.07, 0.12]
18:3n6)

0.18 [0.15, 0.24]

10.56 [9.56,12.42] 7.54[6.42, 9.01]
9.50[8.57,11.25]  9.43[8.51, 11.3¢]

0.10[0.07,0.12]

Dihomo-y-linolenic 0.25[0.22,0.29] 0.25[0.22, 0.29]
acid (DGLA,

20:3n6)

Arachidonic acid 0.38[0.33, 0.44] 0.38[0.33,0.43]

(ARA, 20:4n6)

PUFA ratios
n-6/n-3 PUFA 7.36 [6.31, 9.02] 7.54[6.42,9.01]
ARA/DHA 1.95[1.42,2.42] 2.05[1.57,2.45]

0.06 [0.05,0.07]  .487

0.06 [0.05,0.08] .030

0.15[0.13, 0.17] 127

0.21[0.17,0.30] .001*

7.23[6.04, 9.03] 796
9.67 [8.57,11.13]  .802

0.09 [0.08, 0.12] .515

0.24[0.22,0.29]  .622

0.38[0.32,0.45]  .490

7.23[6.04,9.03] .387
1.79 [1.23, 2.40] .012

Note: Displayed are median values and their first (Q1) and third quartile (Q3). The given p-values

are based on Kruskal-Wallis tests.
Abbreviation: PUFA, Polyunsaturated fatty acids.
*Indicates significant values after Bonferroni correction.

on human milk samples collected up to 4months post-partum.
However, we have previously shown that fatty acid composition
changes during the first 12 months of lactation.?* Likewise, while in
this current study, we did not find sex differences in PUFA concen-
trations at 6 weeks, we show a decrease of DHA at 6 months which
was more pronounced in the milk of male infants. Our results, there-
fore, further confirm that human milk collected on one time point in
lactation may not depict an accurate picture of overall human milk
composition. As such, these potential sex differences might depend
on the time interval for sample collection. Moreover, the afore-
mentioned research'”323% has neglected the compositional aspect
of fatty acids. As a result, there is a limited availability of compo-
sitional analyses in this regard.16 Considering this, we additionally
performed a sensitivity analysis using CLR-transformed fatty acid
data which confirmed the observed sex differences in DHA. Thus,
such an analytical approach could be more appropriate and suitable

for compositional data compared to reporting relative proportions.

4.2 | Associations between PUFAs and AD

There were no statistically significant associations between
human milk PUFAs and AD up to 2years, neither were there
sex-specific associations, following correction for multiple test-
ing. Similarly, a recent study!” showed no statistically significant
associations between PUFA proportions and AD in 1-year-old
infants. However, in comparison to our study, the authors!’ re-
ported lower odds (non-statistically significant tendencies) of AD
for female infants whose human milk contained proportions of n-3
PUFAs in the lowest quintile and proportions of ALA in the third
quintile. Whereas the same proportions of ALA in the third quin-
tile were associated with higher odds for males. The authors also
did not adjust for multiple comparisons and did not report data on
CLR-transformed fatty acid data with respect to AD. As such, the
evidence for sex-specific associations with human milk fatty acids

remains inconclusive.
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DHA (%) at 6 months post-partum
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FIGURE 2 Distribution of the percentage proportions of
docosahexaenoic acid (DHA) in the milk of male and female infants.
The borders of each box display the first (Q1) respectively third
quartile (Q3) with the horizontal line denoting the median.

4.3 | Biological plausibility of sex differences
in PUFAs

In general, sex differences in atopic conditions are widely reported®*
with slightly higher prevalence and earlier onset in male than female
infants.®>3¢ While the evidence for sex-specific fatty acid compo-
sition in human milk in general and their relationship to AD is still
largely elusive, sex dimorphic manifestations have been demon-
strated for other body compartments. For instance, the plasma of
12-month-old female infants is suggested to contain higher concen-
trations of PUFAs, such as DHA compared with males.%” Elevated
levels of n-3 PUFAs, in particular DHA, in plasma or cord blood might
protect from the development of wheezing, asthma, and AD in early
childhood.?8%7 It has also been shown that both sexes differ in their
ability to synthesize n-3 PUFAs potentially leading to differences in
circulating PUFA concentrations.!®

With respect to human milk, other bioactive molecules, such as
adipokines (e.g., leptin, adiponectin), are shown to be sexually di-
morphic.*® For instance, testosterone, which increases during preg-
nancy in women carrying a male fetus,?? inhibits the production
of adiponectin.** Lower levels of adiponectin have been shown to
change fatty acid concentrations in milk and to increase inflamma-
tory cytokines.42

All this taken together, sex hormones could modulate the in-
volvement of PUFAs in immune development leading to sex dif-
ferences in the expression of atopic conditions in early childhood.
However, the extent to which PUFAs provided through human milk
might contribute to this remains unclear since many other factors
besides hormones, such as maternal diet, genetics, and environment,
could modify potential relationships.43 Consequently, the absence of
sex-specific associations of PUFAs with AD in infants up to 2 years in

WILEY-L7°™

the current study could be also due to some of these factors which

were not assessed.

4.4 | Limitations and strengths

A limitation of this study is the lack of dietary information, as this
could have shed more light on the diet-sensitive fatty acids in
human milk. As such, we cannot determine if the sex difference in
DHA concentrations was driven by maternal diet or other factors
that were not measured in this study. Of note, there could also
be other determinants of DHA in human milk not measured in our
study which are unequally distributed between female and male
infants by chance, resulting in the difference we observed. In ad-
dition, the sample size of infants with AD up to 2years might have
been too small with respect to the given research question which,
in combination with how fatty acids were quantified, may have led
to large confidence intervals especially at 6 months post-partum.
And given that AD was assessed retrospectively, we also cannot
rule out recall bias.

The strengths of this study include the sensitivity analysis using
CLR-transformed fatty acid data and consequently correcting for
multiple testing. Not accounting for the compositionality of fatty
acids as in aforementioned studies could result in spurious correla-
tions.?® Especially with regard to infant outcomes such as allergic
conditions, this approach could bear the risk for unconcise clinical in-
ferences.’ Moreover, we have fatty acid data from two time points
of lactation, that is, 6 weeks and 6 months post-partum. With this,
we accounted for temporal changes in fatty acid composition, and
secondly, we attempted to narrow down the timing of exposure with

regard to potential sex-specific associations with AD.

5 | CONCLUSIONS

In conclusion, there were no statistically significant associations be-
tween human milk fatty acids and AD up to 2years. However, we do
report potential sex differences in relative proportions of DHA in
human milk samples collected at 6 months of lactation. Future stud-
ies are needed to determine whether these potential sex differences
in human milk could be of clinical relevance for infants. Potential
sex-specific nutritional and hormonal requirements of the growing
infant, in particular, highlight the need for future multi-modal ob-
servational studies in order to optimize child development. More
precisely, prospective studies should investigate fatty acids and hor-
mones in human milk as well as maternal and infant blood including
hormonal, genetic, and immunology components. As such it might
be possible to disentangle when and how sex-specific modulations
occur, to relate these to clinical infant outcomes and, as a result, to
tailor sex-specific nutritional strategies. Moreover, future studies
need to carefully consider the compositional nature of fatty acids
and use appropriate statistical methods to account for this especially
regarding infant health outcomes.*’
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FIGURE 3 Adjusted odds ratios (95% confidence interval) of atopic dermatitis (AD) predicted by infant sex and n-3 polyunsaturated fatty
acids (PUFAs) in human milk at 6 weeks and 6 months post-partum. The models were adjusted for age and exclusive breastfeeding at time

of sample collection and maternal allergies (hay fever, atopic dermatitis, and/or asthma). ALA, a-linolenic acid; DHA, docosahexaenoic acid;
DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; ETA, eicosatetraenoic acid.

We display extensive information, in particular in the sup-
plementary tables, so that future studies can determine appro-
priate sample sizes for hypothesis testing. Studying these early

differences might pave the way to sex-specific nutritional strategies

which might help to prevent the occurrence of early but also later

allergic conditions.
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