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Abstract

Objectives: Polyunsaturated fatty acids (PUFAs) are involved both in immune system regulation and inflammation. The aim of this prospective study
was to evaluate the association between maternal dietary intake of PUFAs during pregnancy and atopic dermatitis (AD) and food allergy (FA) in their
children up to 7-9 years of age. Material and Methods: The study population consists of 557 mother—child pairs from the Polish Mother and Child
Cohort (REPRO_PL). Based on the Food Frequency Questionnaire completed between the 20-24th weeks of pregnancy, n-3 and n-6 PUFAs as well as
n-6:n-3 fatty acid ratio were estimated using food composition tables. Childrens health examinations at the age of 1, 2, and 7-9 years were performed
by an allergist. Generalized estimating equations were performed in order to assess the prevalence of AD and FA at 3 time points. Independent
variables in the equation were n-3, n-6 PUFAs and n-6:n-3 PUFAs ratio. In addition multivariate models were performed to assess the association of
PUFAs with AD and FA. Results: The prevalence of AD was 37%, 26% and 21% and FA 26%, 22% and 22% at age of 1, 2 and 7-9 years, respectively.
Higher n-6:n-3 fatty acid ratio correlated with higher prevalence of AD at age of 7-9 years (p < 0.07). In multivariate model n-6 PUFAs were signifi-
cantly associated with increased risk of persistent FA (OR = 1.5, 95% CI: 1.1-2.1). Conclusions: These results may contribute to the existing knowl-
edge on the impact of maternal diet during pregnancy on children’s optimal health, however further studies are needed before drawing conclusions
and creating clinical practice guidelines. Int ] Occup Med Environ Health. 2023;36(3):428-36
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INTRODUCTION

The increase in the prevalence of allergic diseases, such as
atopic dermatitis (AD) and food allergy (FA) in children
and adults, observed in recent decades represents a public
health and clinical challenge [1]. The AD is a chronic,
recurrent inflammatory skin disease that manifests
itself with intense itching and eczematous lesions [2]. Its
underlying mechanisms include a complex interaction
between a dysfunctional skin barrier, dysregulation of
the immune system, skin microbiome dysbiosis, genetic
predispositions and environmental factors [1]. The AD
might progress to FA and respiratory allergy. More-
over, food allergens are indicated as one of the triggers
of AD exacerbations.

Environmental factors, microbiome and epigenetic
mechanisms acting during immune programming may
play an important role in the development of allergic dis-
eases in childhood or later in life [2-4]. Recently it has
been suggested that polyunsaturated fatty acids (PUFAs),
may determine the development of AD and FA [4-8].
The PUFAs are fatty acids with a structure characterized
by >1 double bond, where n-3 PUFAs share a terminal
carbon-carbon double bond at the omega 3 position,
while n-6 PUFAs have it at the omega 6 position [8].
Among n-3 PUFAs, the main sources of a-linolenic acid
(ALA) (C18:3n-3) are linseeds, chia seeds, vegetable oils
(i.e. soybean, linseed, wheat germ or rapeseed oils) and
nuts. Eicosapentaenoic acid (EPA) (C20:5n-3) and doco-
sahexaenoic acid (DHA) (C22:6n-3) are present in oily
fish and fish oil. The PUFA n-6, such as linoleic acid (LA)
(C18:2n-6) can be found in vegetable oils (i.e., sunflower,
soybean, corn, wheat germ and sesame) whereas arachi-
donic acid (AA) (C20:4n-6) mainly in meat and meat
products or egg yolks.

Given that n-6 PUFAs are linked to a pro-inflammatory
response and n-3 PUFAs (mostly EPA and DHA) promote
an anti-inflammatory response, observed dietary chang-

es such as an increase of plant-based n-6 PUFAs intake

and a decrease in n-3 PUFAs intake (mainly oily fish) may
contribute to the increased incidence of allergic diseases
in childhood [9-14].

The review papers that focus on the studies evaluating
the association of maternal fish or supplements intake,
dietary PUFAs intake (based on questionnaires data)
during pregnancy, prenatal or cord blood PUFAs con-
centrations with offspring AD or FA do not give clear
results [2,4,7,8,15]. Findings include negative associations
between n-3 PUFAs or fish consumption and positive ones
of n-6 PUFAs or n-6:n-3 PUFAs ratio and childhood aller-
gy yet some are inconclusive or suggest no relationship.
The aim of this prospective cohort was to evaluate the
association between dietary intake of PUFAs in pregnancy

and AD and FA in their offspring up to early school age.

MATERIAL AND METHODS

Study design and population

The data used in the current analysis came from a prospec-

tive Polish Mother and Child Cohort study (REPRO_PL) —

with the following inclusion criteria: no in vitro fertiliza-

tion, no maternal chronic diseases and pregnancy compli-

cations, single pregnancy and recruitment up to the 12th

week of pregnancy [16-18]. The analysis covered mother-

child pairs with exposure data available from prenatal

period (phase I, N = 557) and outcome data available from

at least 1 time point after birth:

- early childhood period (phase II - assessments at 1 and
2 years of age, N = 340 and N = 216, respectively),

- early school age period (phase III - assessments at
7-9 years of age, N = 336).

The number of children assessed at each visit does not add

up to the total number of mother—child pairs (N = 557),

which is due to the fact that children could have been

assessed at all 3 time points and also at 2 time points or at

only 1 time point.

Ethical Committee of the Nofer Institute of Occupational

Medicine, L.6d7, Poland granted the approval for each phase
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of the study (phase I - decision No. 7/2007, phase II - deci-
sion No. 3/2008, and phase III - decision No. 22/2014).

Maternal diet in pregnancy

Maternal dietary assessment was based on modified
version of Food Frequency Questionnaire (FFQ) filled in
the second trimester of pregnancy [19-21]. For each of
the food items indicated in FFQ, women reported the fre-
quency of average consumption (never, less than once
amonth, 1-3 times a month, 1-3 times a week, 4-6 times
a week, daily). The size of an average portion was con-
sidered. Nutrient intake of ALA, stearidonic acid (SDA)
(C18:4n-3), EPA, omega-3 docosapentaenoic acid (DPA)
(C22:5n-3), DHA, n-3 (as the sum of the listed PUFAs),
LA, dihomo-gamma-linolenic acid (DGLA) (20:3n-6),
AA and n-6 (as the sum of the listed PUFAs) was estimat-
ed in g/day using the Polish food composition tables [22].
In addition, the ratio of n6:n3 fatty acids was calculat-
ed to assess the balance of n-6 and n-3 PUFA intake in
the mother’s diet.

Atopic dermatitis and food allergy

The assessment of children’s health was done for each
time point of the study (at 1, 2 and 7-9 year of age)
using the several procedures: questionnaires filled in by
the mothers (based on the International Study of Asthma
and Allergies in Childhood [ISAAC] recommendations),
information from medical chart and examination per-
formed by an allergist. Details ware published previous-
ly [17,18,23].

Covariates

The authors have considered the following covariate variables
(based on analyses from this and other cohorts): mother’s
age and education level, family economic situation, previous
pregnancies, pre-pregnancy body mass index (BMI), mater-
nal saliva cotinine level, child’s sex, child’s urine cotinine

level, child’s breastfeeding and diet, pets at home, dampness/

[JOMEH 2023;36(3)

mold at home, and parental atopy or asthma. Details have

been published previously [17-19,24].

Statistical analyses

Maternal/parental or home characteristics are presented
as percentages or means (M) and standard deviations
(SD). Generalized estimating equations were performed
in order to assess the prevalence of AD and FA at 3 time
points. Independent variables in the equation were n-3,
n-6 PUFAs and n-6:n-3 PUFAs ratio. In addition, mul-
tivariate models were run to assess the association of
PUFAs with AD and FA. The results were presented as
odds ratios (OR), 95% confidence intervals (CI) and

p-value.

RESULTS

The parental, home and child characteristics are shown
in Table 1. On average, women were 29 years old at deliv-
ery. The majority of women had higher education level
attainment and were of high socio-economic status (SES).
About 10% of the women smoked in pregnancy whereas
50% of the toddlers and 30% of early school age chil-
dren were exposed to passive smoking. More than 50%
of the population owned pets. Dampness at home was
declared by 10% of the mothers.

Summary of the PUFAs intake are presented in Table 2.
In the entire population the n-3 PUFAs was M+SD
1.2+0.4 g/day, n-6 PUFAs was 7.7+2.2 g/day and n-6:n-3
fatty acid ratio was 6.8+1.1. The prevalence of AD was
37%, 26% and 21% and FA 26%, 22% and 22% at age of
1, 2 and 7-9 years, respectively (Table 1). In multivari-
ate model n-6 PUFAs were significantly associated with
increased risk of persistent FA (OR = 1.5,95% CI: 1.1-2.1)
(Table 3). No other statistically significant associations for
multivariate models were observed. Based on generalized
estimating equations higher n-6:n-3 fatty acid ratio cor-
related, of borderline significance, with higher prevalence
of AD at age of 7-9 years (p < 0.07).
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Table 1. Characteristics of the study population in the prospective study on the association between maternal dietary intake of PUFAs during pregnancy
and atopic dermatitis (AD) and food allergy (FA) in children up to 7-9 years of age, Poland, 20072019

Participants

(N=557)
Variable’ examined at age examined at age examined at age
of 1year of 2 years of 7-9 years
(N =340) (N=216) (N=336)
Maternal/parental or home characteristics

maternal age [years] (M£SD) 29.5+4.3 29.7+43 29.5+3.8
maternal education [%]

<12 years 34.4 319 295

>12 years 65.6 68.1 70.5
socio-economic status [%]

low/medium 228 244 272

high 77.2 75.6 72.8

missing data® 0.9 14 15
parity [%]

0 4.7 421 43.2

>1 583 57.9 56.8

missing data® 0.6 0.9 0.0
maternal pre-pregnancy BMI [kg/m?] (M£5D) 22.543.6 22.743.9 224438

missing data® [%] 1.2 1.9 0.6
cotinine level in maternal saliva during pregnancy (GM+5D) [ng/m|] 1.3+4.6 1.3+4.2 1.2+3.7

missing data® [%] 9.1 6.9 5.1
parental atopy or asthma [%]

yes 213 19.2 18.8

no 78.7 80.8 81.2

missing data® 0.6 0.9 0.0
dampness at home [%]

yes 13.2 8.8 11.2

no 86.8 91.2 88.8

missing data® 1.8 0.5 4.5
pets at home [%)]

yes 522 60.5 60.7

no 47.8 39.5 393

missing data® 6.5 12.0 3.0

Child characteristics

sex [%]

female 515 50.0 50.0

male 48.5 50.0 50.0
cotinine level in urine (GM+SD) [ng/ml] 2.0+3.5 2.0+3.9 1.1£3.5

missing data® [%] 0.6 14 48
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Table 1. Characteristics of the study population in the prospective study on the association between maternal dietary intake of PUFAs during pregnancy
and atopic dermatitis (AD) and food allergy (FA) in children up to 7-9 years of age, Poland, 2007-2019 — cont.

Participants

(N=557)
Variable’ examined at age examined at age examined at age
of 1year of 2 years of 7-9 years
(N=340) (N=216) (N=336)
Child characteristics— cont.
breastfeeding [%]
yes 91.8 93.1 n.a.
no 8.2 6.9 n.a.
atopic dermatitis [%]
yes 372 256 209
no 62.8 744 79.1
missing data® 03 0.5 9.2
food allergy [%]
yes 255 223 223
no 74.5 77.7 77.7
missing data® 1.2 14 6.5

@ Characteristics (percentages or means) calculated for observed values.
® Percentages of total number of subjects.
n.a. —not applicable.

DISCUSSION

The existing studies indicate that prenatal PUFAs, through
inflammation, can impact development of the immune
system of the fetus, which may increase the risk of devel-
opment of allergic diseases later in life. The long-term
consequences of maternal diet during pregnancy, spe-
cifically n-6 PUFAs and n-6:n-3 fatty acids ratio, on FA
and AD were observed in our prospective REPRO_PL
cohort.

The studies in this field focused on the assessment of
maternal PUFAs intake, fish consumption, PUFAs sup-
plementation as well as the assessment of prenatal or
cord blood fatty acids and offspring FA and AD, however
the results are not consistent [4,7,8,15]. For instance, stud-
ies conducted in Singapore or Germany found no associa-

tion between prenatal intake of PUFAs and development

[JOMEH 2023;36(3)

of childhood AD [14,25]. In the Dutch cohort negative
association was observed between plasma n-6:n-3 PUFAs
in the last trimester of pregnancy and AD at age of
6-7 years, in a Spanish study higher plasma PUFAs con-
centrations during pregnancy and higher PUFA n-3 con-
centrations in cord blood protected against AD in early
childhood [26,27]. In Dutch and U.S. cohorts n-6 PUFAs
were associated with increased risk of AD [28,29]. First,
it needs to be underlined that PUFAs can cross placenta.
Moreover, the inconsistency in existing studies may be
due to several aspects, including the accuracy of PUFAs
intake or content assessment, the age of the child, and
tools/methods used to assess their health and control for
confounding factors.

In the sample, the average dietary n-6:n-3 fatty acid
ratio during pregnancy was M=SD 6.8+1.1. Accord-



PRENATAL PUFAs AND OFFSPRING ALLERGY ORIGINAL PAPER

Table 2. Polyunsaturated fatty acids (PUFAs) from maternal diet during pregnancy in the prospective study on the association
between maternal dietary intake of PUFAs during pregnancy and atopic dermatitis (AD) and food allergy (FA) in children up to 7-9 years of age
based on data from Polish Mother and Child Cohort (REPRO_PL) (557 mother—child pairs)

Age at examination

PUFAs
1year 2 years 7-9 years

Total [g/day]

M=SD 8.83+2.33 8.73+2.27 8.91+2.64

min.—max 2.37-20.04 2.37-19.25 1.52-20.04
n-3 [g/day]

M=SD 1.17+0.34 1.16+0.32 1.16+0.38

min.—max 0.32-2.78 0.32-2.51 0.21-3.22
n-6 [g/day]

M=+SD 7.67+2.06 7.58+2.00 7.74+2.33

min.—max 2.06-17.28 2.06-17.74 1.31-17.28
n-6:n-3 fatty acid ratio

M=SD 6.72+1.08 6.65+1.00 6.77+1.08

min.—max 2.30-9.36 3.54-9.36 2.92-9.01

AA — arachidonic acid (C20:4n-6); ALA — alpha-linolenic acid (C18:3n-3); DGLA — dihomo-gamma-linolenic acid (20:3n-6); DHA — docosahexaenoic acid (C22:6n-3);
DPA — docosapentaenoic acid ((22:5n-3); EPA — eicosapentaenoic acid (C20:5n-3); LA — linoleic acid (C18:2n-6); SDA — stearidonic acid (C18:4n-3).

PUFAs — sum of n-3 and n-6.
n-3 =ALA + SDA + EPA -+ DPA+ DHA; n-6 = LA + DGLA + AA.

ing to the current recommendations n-6:n-3 fatty acid
ratio should be <5. In the sample only 6.5% of the moth-
ers followed that recommendation and almost half had
the ratio >7. In the EDEN cohort (established in France
at a similar period as REPRO_PL) average mater-
nal dietary n-6:n-3 fatty acid ratio was even higher
(M+SD 8.5+2.4) [30]. A high amount of n-6 PUFAs may
reduce n-3 PUFAs since the metabolic pathways of both
PUFAs compete for the same enzymes (d-5 and d-6 desat-
urases — encoded by fatty acid desaturase 1 (FADS1) and
FADS2) [31]. As mentioned previously n-3 PUFAs have
anti-inflammatory properties, reduce circulating inflam-
matory markers and oxidative stress, whereas n-6 PUFAs
generally have a pro-inflammatory effect. It is suggested
that n-3 PUFAs (EPA and DHA) by inhibiting IkB phos-
phorylation inhibit nuclearfactor-kappa B (NF-«B) signal-
ing pathway, thereby reducing the expression of inflam-

mation-related genes.

The prospective nature of this study is undoubtedly its
strength. The assessment of maternal PUFAs intake
(based on FFQ) allowed the authors to consider such
nutrients from variety of sources. Moreover, child allergy
was assessed based on ISAAC recommendations as well
as allergist examination. Finally, in the analyses a wide
spectrum of covariates has been taken into account.

The limitation of this study is the accuracy of the evaluation
of PUFAs intake during pregnancy. The authors used FFQ
for dietary assessment. Thus, the under or over reporting of
nutrients intake could have occurred. Considering its practi-
cality FFQ seems to be the tool of choice in population stud-
ies. The estimates based on FFQ are less accurate compared
to 24-h recalls, however PUFAs intake assessed from FFQ
correlates well with biological markers [32]. In addition, in
the REPRO_PL study, dietary data were not collected at sev-
eral time points, making it impossible to determine changes
in dietary patterns occurring through pregnancy. It should
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Table 3. Polyunsaturated fatty acids (PUFAs) from maternal diet during pregnancy and offspring atopic dermatitis and food allergy —
multivariable models — the prospective study on the association between maternal dietary intake of PUFAs during pregnancy and atopic dermatitis (AD)
and food allergy (FA) in children up to 7-9 years of age based on data from Polish Mother and Child Cohort (REPRO_PL) (557 mother—child pairs)

At age of 1 year At age of 2 years At age of 7-9 year Persistent
PUrhs AOR 95% (I p AOR 95% (I p  AOR 95% (I p  AOR 95% (I p

Atopic dermatitis

n-3 091 043-194 085 114 063-2.07 065 114 063-2.07 0.65 050 0.10-2.53  0.40

n-6 098 087-1.12 085 100 0.93-1.08 096 100 0.93-1.08 096 081 0.62-1.07 0.14

n-6:n-3 fatty acid ratio 105 083-132 071 085 0.64-1.12 024 085 0.64-1.12 024 065 034-124 0.19
Food allergy

n-3 121 051-286 066 0.8 0.29-259 079 166 051-541 040 499 0.73-3421 0.10

n-6 105 091-1.20 053 1.00 084-1.19 097 110 091-132 032 149 1.06-2.10 0.02

n-6:n-3 fatty acid ratio 1.08 0.83-1.40 058 1.1

0.78-1.59 056  1.03

0.71-150 086 1.20 0.71-2.04  0.50

a0R — adjusted odds ratio: adjusted for covariates listed in methods section.

Bolded are p-values <0.05.

be noted, that the existing analyses do not report significant
changes in eating patterns during pregnancy. The estimates of
nutrients were based on the food composition tables, which
do not consider all their variations depending on food origin,
its quality as well as cooking processes. The effect of children’s
diet (partially considered in this study) on AD or FA cannot be
ruled out. It is of note that the observed associations can also
be due to other nutrients associated with PUFAs consump-
tion. Finally, although a wide range of potential covariates
have been evaluated, some could have been missed. Taking
this into account confounding due to unmeasured factors (i.e.,

socio-demographic or lifestyle-related) may have occurred.

CONCLUSIONS

The authors’ results may contribute to the existing knowl-
edge on the impact of maternal diet during pregnancy
on children’s optimal health. More precisely, the authors
noted that n-6 PUFAs and the ratio between maternal
dietary n-6 and n-3 PUFAs are associated with a higher
risk of persistent FA and AD respectively. However, given
the lack of consistent associations in the studies to date,
further research is needed before developing public health

recommendations and guidelines for clinical practice.

[JOMEH 2023;36(3)

Author contributions

Research concept: Alexandra Jerzynska, Elzbieta Trafalska,
Agnieszka Jankowska

Research methodology: Alexandra Jerzynska,

Alicja Polanska, Elzbieta Trafalska, Daniela Podlecka,
Agnieszka Brzozowska

Collecting material: Alicja Polaniska, Agnieszka Jankowska
Statistical analysis: Alexandra Jerzynska,

Agnieszka Jankowska, Daniela Podlecka

Interpretation of results: Alexandra Jerzynska,

Alicja Polanska, Elzbieta Trafalska, Daniela Podlecka,
Agnieszka Brzozowska

References: Alicja Polanska

REFERENCES

1. Thomsen SE Epidemiology and natural history of atopic dis-
eases. Eur Clin Respir J. 2015;2, https://doi.org/10.3402/ecrj.
v2.24642.

2. Papapostolou N, Xepapadaki P, Gregoriou S, Makris M.
Atopic Dermatitis and Food Allergy: A Complex Inter-
play What We Know and What We Would Like to Learn.
J Clin Med. 2022;11(14):4232. https://doi.org/10.3390/jcm
11144232.


https://doi.org/10.3402/ecrj.v2.24642
https://doi.org/10.3402/ecrj.v2.24642
https://doi.org/10.3390/jcm11144232
https://doi.org/10.3390/jcm11144232

PRENATAL PUFAs AND OFFSPRING ALLERGY ORIGINAL PAPER

3.Drucker AM, Wang AR, Li WQ, Sevetson E, Block JK,
Qureshi AA. The Burden of Atopic Dermatitis: Summary
of a Report for the National Eczema Association. ] Invest
Dermatol. 2017;137(1):26-30. https://doi.org/10.1016/j.jid.
2016.07.012.

4. Sartorio MUA, Pendezza E, Coppola S, Paparo L, DAuria E,
Zuccotti GV, Berni Canani R. Potential Role of Omega-3 Poly-
unsaturated Fatty Acids in Pediatric Food Allergy. Nutrients.
2021;14(1):152. https://doi.org/10.3390/nu14010152.

5. Kremmyda LS, Vlachava M, Noakes PS, Diaper ND, Miles EA,
Calder PC. Atopy risk in infants and children in relation to
early exposure to fish, oily fish, or long-chain omega-3 fatty
acids: a systematic review. Clin Rev Allergy Immunol 2011;
41(1):36-66, https://doi.org/10.1007/s12016-009-8186-2.

6. Prescott SL, Dunstan JA. Prenatal fatty acid status and immune
development: the pathways and the evidence. Lipids 2007;
42(9):801-10. https://doi.org/10.1007/s11745-007-3030-z.

7.Jia Y, Huang Y, Wang H, Jiang H. Effect of Prenatal Omega-3
Polyunsaturated Fatty Acid Supplementation on Child-
hood Eczema: A Systematic Review and Meta-Analysis.
Int Arch Allergy Immunol. 2023;184(1):21-32. https://doi.
org/10.1159/000526366.

8. Bali¢ A, Vlasi¢ D, Zuzul K, Marinovi¢ B, Bukvi¢ Mokos Z.
Omega-3 Versus Omega-6 Polyunsaturated Fatty Acids in
the Prevention and Treatment of Inflammatory Skin Dis-
eases. Int ] Mol Sci. 2020;21(3):741. https://doi.org/10.3390/
ijms21030741.

9. Devereux G. The increase in the prevalence of asthma and al-
lergy: food for thought. Nat Rev Immunol. 2006;6(11):869-
74. https://doi.org/10.1038/nri1958.

10. Shahidi F, Ambigaipalan P. Omega-3 Polyunsaturated
Fatty Acids and Their Health Benefits. Annu Rev Food Sci
Technol. 2018;9:345-381. https://doi.org/10.1146/annurev-
food-111317-095850.

11. Gunaratne AW, Makrides M, Collins CT. Maternal prena-
tal and/or postnatal n-3 long chain polyunsaturated fatty
acids (LCPUFA) supplementation for preventing allergies
in early childhood. Cochrane Database Syst Rev. 2015;

2015(7):CD010085. https://doi.org/10.1002/14651858.CDO
10085.pub2.

12. Miles EA, Calder PC. Maternal diet and its influence on
the development of allergic disease. Clin Exp Allergy.
2015;45(1):63-74. https://doi.org/10.1111/cea.12453.

13. Rosenlund H, Fagerstedt S, Alm J, Mie A. Breastmilk fatty
acids in relation to sensitization - the ALADDIN birth co-
hort. Allergy. 2016;71(10):1444-52. https://doi.org/10.1111/
all.12896.

14.Yu YM, Chan YH, Calder PC, Hardjojo A, Soh SE, et al.
Maternal PUFA status and offspring allergic diseases up to
the age of 18 months. Br ] Nutr. 2015;113(6):975-83. https://
doi.org/10.1017/S000711451500001X.

15. Hoppenbrouwers T, Cveji¢ Hogervorst JH, Garssen J, Wich-
ers HJ, Willemsen LEM. Long Chain Polyunsaturated
Fatty Acids (LCPUFAs) in the Prevention of Food Allergy.
Front Immunol. 2019;10:1118. https://doi.org/10.3389/
fimmu.2019.01118.

16. Polanska K, Hanke W, Gromadzinska J, Ligocka D, Gulczyn-
ska E, et al. Polish mother and child cohort study - defin-
ing the problem, the aim of the study and methodological
assumption. Int ] Occup Med Environ Health. 2009;22(4):
383-91. https://doi.org/10.2478/v10001-009-0037-0.

17. Polaniska K, Hanke W, Jurewicz J, Sobala W, Madsen C,
et al. Polish mother and child cohort study (REPRO_PL) -
methodology of follow-up of the children. Int ] Occup Med
Environ Health. 2011;24(4):391-8. https://doi.org/10.2478/
$13382-011-0026-y.

18. Polaniska K, Hanke W, Krol A, Potocka A, Waszkowska M,
et al. Polish Mother and Child Cohort Study (REPRO_PL) -
methodology of the follow-up of the children at the age
of 7. Int ] Occup Med Environ Health. 2016;29(6):883-93.
https://doi.org/10.13075/ijomeh.1896.00811.

19. Brzozowska A, Podlecka D, Jankowska A, Krdl A, Kaleta D,
et al. Maternal diet during pregnancy and risk of allergic
diseases in children up to 7-9 years old from Polish Mother
and Child Cohort study. Environ Res. 2022;208:112682.
https://doi.org/10.1016/j.envres.2022.112682.

1JOMEH 2023;36(3)

435


https://doi.org/10.1002/14651858.CD010085.pub2
https://doi.org/10.1002/14651858.CD010085.pub2
https://doi.org/10.1111/cea.12453
https://doi.org/10.1111/all.12896
https://doi.org/10.1111/all.12896
https://doi.org/10.1017/S000711451500001X
https://doi.org/10.1017/S000711451500001X
https://doi.org/10.3389/fimmu.2019.01118
https://doi.org/10.3389/fimmu.2019.01118
https://doi.org/10.2478/v10001-009-0037-0
https://doi.org/10.2478/s13382-011-0026-y
https://doi.org/10.2478/s13382-011-0026-y
https://doi.org/10.13075/ijomeh.1896.00811
https://doi.org/10.1016/j.envres.2022.112682
https://doi.org/10.1016/j.jid.2016.07.012
https://doi.org/10.1016/j.jid.2016.07.012
https://doi.org/10.3390/nu14010152
https://doi.org/10.1007/s12016-009-8186-2
https://doi.org/10.1007/s11745-007-3030-z
https://doi.org/10.1159/000526366
https://doi.org/10.1159/000526366
https://doi.org/10.3390/ijms21030741
https://doi.org/10.3390/ijms21030741
https://doi.org/10.1038/nri1958
https://doi.org/10.1146/annurev-food-111317-095850
https://doi.org/10.1146/annurev-food-111317-095850

436

ORIGINAL PAPER A. JERZYNSKA ET AL.

20. Aubert AM, Forhan A, de Lauzon-Guillain B, Chen LW,
Polanska K, et al. Deriving the Dietary Approaches to Stop
Hypertension (DASH) Score in Women from Seven Preg-
nancy Cohorts from the European ALPHABET Consor-
tium. Nutrients. 2019;11(11):2706. https://doi.org/10.3390/
null112706.

21. Aubert AM, Chen LW, Shivappa N, Cooper C, Crozier SR,
et al. Predictors of maternal dietary quality and dietary in-
flammation during pregnancy: An individual participant
data meta-analysis of seven European cohorts from the AL-
PHABET consortium. Clin Nutr. 2022;41(9):1991-2002.
https://doi.org/10.1016/j.clnu.2022.06.042.

22. Kunachowicz, H.; Przygoda, B.; Nadolna, L; Iwanow, K.,
2017. Tabele Sktadu i Wartosci Odzywczej Zywnosci; Pub-
lisher PZWL:Warsaw, Poland.

23. Mallol ], Crane ], von Mutius E, Odhiambo J, Keil U, Stewart
A; ISAAC Phase Three Study Group. The International Study
of Asthma and Allergies in Childhood (ISAAC) Phase Three:
a global synthesis. Allergol Immunopathol (Madr). 2013;
41(2):73-85. https://doi.org/10.1016/j.aller.2012.03.001.

24. Polanska K, Krol A, Kaluzny P, Ligocka D, Mikolajewska K,
et al. Estimation of Saliva Cotinine Cut-Off Points for Active
and Passive Smoking during Pregnancy-Polish Mother and
Child Cohort (REPRO_PL). Int ] Environ Res Public Health.
2016;13(12):1216. https://doi.org/10.3390/ijerph13121216.

25. Standl M, Demmelmair H, Koletzko B, Heinrich J. Cord blood
LC-PUFA composition and allergic diseases during the first
10 yr. Results from the LISAplus study. Pediatr Allergy Immu-
nol. 2014;25(4):344-50. https://doi.org/10.1111/pai.12212.

26. Notenboom ML, Mommers M, Jansen EH, Penders ], Thi-
js C. Maternal fatty acid status in pregnancy and childhood
atopic manifestations: KOALA Birth Cohort Study. Clin Exp
Allergy. 2011;41(3):407-16. https://doi.org/10.1111/j.1365-
2222.2010.03672.x.

27. Montes R, Chisaguano AM, Castellote Al, Morales E, Suny-
er J, Lopez-Sabater MC. Fatty-acid composition of maternal
and umbilical cord plasma and early childhood atopic ecze-
ma in a Spanish cohort. Eur J Clin Nutr. 2013;67(6):658-63.
https://doi.org/10.1038/ejcn.2013.68.

28.Rucci E, den Dekker HT, de Jongste JC, Steenweg-de-
Graaff ], Gaillard R, Pasmans SG, Hofman A, Tiemeier H,
Jaddoe VW, Duijts L. Maternal fatty acid levels during
pregnancy, childhood lung function and atopic diseases.
The Generation R Study. Clin Exp Allergy. 2016;46(3):
461-71. https://doi.org/10.1111/cea.12613.

29. Gardner KG, Gebretsadik T, Hartman TJ, Rosa MJ, Ty-
lavsky FA, Adgent MA, Moore PE, Kocak M, Bush NR, Da-
vis RL, Lewinn KZ, Wright R], Carroll KN. Prenatal Omega-3
and Omega-6 Polyunsaturated Fatty Acids and Childhood
Atopic Dermatitis. ] Allergy Clin Immunol Pract. 2020;
8(3):937-944. https://doi.org/10.1016/j.jaip.2019.09.031.

30. Bernard JY, De Agostini M, Forhan A Maternal fatty acid
status in pregnancy and childhood atopic manifesta-
tions: KOALA, de Lauzon-Guillain B, Charles MA, Heude
B; EDEN Mother-Child Cohort Study Group. The dietary
n6:n3 fatty acid ratio during pregnancy is inversely asso-
ciated with child neurodevelopment in the EDEN moth-
er-child cohort. J Nutr. 2013;143(9):1481-8. https://doi.
org/10.3945/jn.113.178640.

31. Lattka E, Illig T, Koletzko B, Heinrich J. Genetic variants
of the FADS1 FADS2 gene cluster as related to essential
fatty acid metabolism. Curr Opin Lipidol. 2010;21(1):64-9.
https://doi.org/10.1097/MOL.0b013e3283327ca8.

32. McNaughton SA, Hughes MC, Marks GC. Validation of a FFQ
to estimate the intake of PUFA using plasma phospholipid
fatty acids and weighed foods records. Br J Nutr. 2007;97(3):
561-8. https://doi.org/10.1017/S0007114507381385.

This work is available in Open Access model and licensed under a Creative Commons Attribution-NonCommercial 3.0 Poland License - http://creativecommons.org/

licenses/by-nc/3.0/pl/deed.en.

[JOMEH 2023;36(3)


https://doi.org/10.1038/ejcn.2013.68
https://doi.org/10.1111/cea.12613
https://doi.org/10.1016/j.jaip.2019.09.031
https://doi.org/10.3945/jn.113.178640
https://doi.org/10.3945/jn.113.178640
https://doi.org/10.1097/MOL.0b013e3283327ca8
https://doi.org/10.1017/S0007114507381385
https://doi.org/10.3390/nu11112706
https://doi.org/10.3390/nu11112706
https://doi.org/10.1016/j.clnu.2022.06.042
https://doi.org/10.1016/j.aller.2012.03.001
https://doi.org/10.3390/ijerph13121216
https://doi.org/10.1111/pai.12212
https://doi.org/10.1111/j.1365-2222.2010.03672.x
https://doi.org/10.1111/j.1365-2222.2010.03672.x
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

