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Abstract 

 

The prevalence of asthma, atopic eczema and IgE-mediated allergies has significantly increased in 

recent years, along with a general decrease of fish consumption. Findings from previous studies 

point to a connection between lower levels of dietary intake of n-3 long-chain polyunsaturated fatty 

acids (LCPUFA) and allergy development.  

 

This study analyzed 694 samples of erythrocyte fractions from mothers and children in the 

Nutritional Impact on Immunological maturation in Childhood in relation to the Environment (NICE) 

cohort, with the aim to investigate the relationship between fatty acid proportions in mothers and 

children, diet, and allergy development.  

 

Children diagnosed with allergy (n=27) primarily had lower proportions of α-linolenic acid (ALA) 

compared to non-allergic children (n=120) at 4 months after birth, while mothers to children 

diagnosed with allergy had a lower total n-3 LCPUFA proportion and lower proportion of 

docosahexaenoic acid (DHA). Blood proportions of dairy biomarkers C15:0 and C17:0 were found to 

be lower for allergic children than non-allergic at 4 months post-partum, and C17:0 lower for allergic 

children (n=39) also at 12 months post-partum when compared to non-allergic children (n=203) at 

12 months post-partum.  

 

This study also found several connections between the mothers’ diet, red blood cell fatty acid levels 

among both mothers and their children, and the prevalence of hypersensitivity conditions among 

the children. Higher maternal intake of fish and seafood as well as n-3 LCPUFAs was positively 

correlated to higher n-3 proportions in red blood cells primarily among the mothers at 4 months, but 

seemed to also positively influence n-3 to n-6 ratio among the children at 4 months.  

 

When comparing the diets of mothers to 4-month-old children without allergies (n=241) to those 

with children with diagnosed allergies (n=60) the total daily intake of saturated fatty acids, 

monounsaturated fatty acids and polyunsaturated fatty acids as well as daily intakes of individual 

fatty acids C4:0-C10:0, C12:0, C14:0, C16:0, C18:0, C20:0, C16:1, C18:1, C18:2 (LA) and C18:3 (ALA) 

were significantly higher among mothers to non-allergic children. 

 



 

For 4-month-old children with asthma (n=5) and without asthma (n=123), the diet of mothers with 

asthmatic children was found to include significantly lower (p<0.05) amounts of C16:0, AA, EPA, DPA 

and DHA. 

 

The results from this thesis generally agree with current research, indicating a negative correlation 

of fish consumption and subsequent increased n-3 LCPUFA proportions and development of allergy 

and asthma. Intake of fish and n-3 LCPUFAs was shown to correlate with erythrocyte proportions 

both for mothers and their children, and erythrocyte fatty acid proportions generally reflected 

dietary intake of the corresponding fatty acids. A general conclusion of this thesis is that maternal 

fish consumption during pregnancy and breast-feeding may prevent or reduce the prevalence of 

allergy and other hypersensitivity conditions in infants through increased n-3 fatty acid levels in 

mothers and children, although the underlying mechanisms and/or the genetic interplay are not fully 

understood. Proposed areas of future research would include the correlation between altered fatty 

acid metabolism and allergy development, and further investigation of other factors affecting allergy 

development. 
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1. Introduction 

During the past decades, food allergy and other IgE-mediated allergies have increased in Sweden 

and other Western societies. The consumption of fish in these societies has meanwhile decreased, 

while red meat consumption is higher than it has ever been (1).  

 

It has been hypothesized that the dietary intake of long chain polyunsaturated fatty acids (LCPUFAs) 

such as omega-3 (n-3) fatty acids found primarily in fish and seafood, and omega-6 (n-6) fatty acids 

found in for example red meat can affect the development of allergy. So far, however, the evidence 

is rather inconclusive, and results from different studies on the matter are somewhat contradictory 

(2).  

 

2. Background 

2.1. Fatty acid metabolism 

Polyunsaturated fatty acids, particularly long chain varieties of at least 20 carbon atoms are 

important for a multitude of functions in humans, and especially developing fetuses and infants. The 

two most impactful classes of PUFAs are the omega 3- and omega 6 fatty acids; also referred to as n-

3- and n-6 PUFAs. The position of a carbon atom in a fatty acid can be indicated from either the 

carboxy end, or from the methyl end, with the last position counting from the carboxy end is 

indicated as omega as shown in figure 1 below. An omega-3 fatty acid is named after the position of 

the first occurring double bond in the carbon chain counting from the omega, namely from the third 

carbon (3). 

 

 
Figure 1: Numbering of carbons in fatty acids; figure showing C18:4n3 Stearidonic acid with 18 carbon atoms, 4 
double bonds – the first on the omega-3-position. Image created for the public domain by Wikipedia user 

Edgar181 and retrieved from Wikipedia.com. 

 

Unlike humans and animals, plants are equipped with the enzymes necessary for synthesis of the 

omega-3 fatty acid alpha-linolenic acid (ALA), and the omega-6 fatty acid linoleic acid (LA), used as 

precursors for longer chain fatty acids important in human physiology. Therefore, ALA and LA are 

said to be essential and must be supplied through dietary intake (4). 

 

Humans do however have enzymes for conversion of LA and ALA into different LCPUFAs. Three 

different fatty acid desaturases (Δ-3-, Δ-6- and Δ-9-desaturase) and elongases act competitively on n-

3 and n-6 fatty acids producing longer fatty acids of the same class, leading to that the ratio of n-3 

and n-6 LCPUFAs is affected by the ratio of LA to ALA in the diet (4). 

 

The pathways for conversion of LA and ALA into longer fatty acids are shown in figure 2 below, used 

with permission from Malin Barman, Chalmers University of Technology. 

 



 

 

Figure 2: Enzymatic pathways for elongation of LA and ALA. 

 

Fatty acids from the diet of pregnant women have been shown to be incorporated into erythrocyte 

membranes in their babies, reflecting the mothers’ long-term fatty acid intake (5). 

 

A balanced intake of various fatty acids is required for maintaining good health, as fatty acids have a 

variety of functions in the body, for example as an energy source, building blocks and precursors for 

lipid membranes and other cell constituents, and intracellular signalling (4)(6). 

 

LCPUFAs have found to be important for normal fetal development, and some LCPUFAs including 

DHA and AA have been hypothesized to be transported actively and selectively from the mother to 

the fetus, across the placenta (7). 

 

The relation between dietary intake, blood proportions of both n-3 and n-6 and prevalence of 

different allergies and inflammatory conditions have been reviewed in several studies, with 

somewhat inconclusive or contradictory results; a brief summary of a selection of such studies is 

found in section 2.3. 



 

2.2. Allergy 

An antigen, (antibody generator) is a substance foreign to the body that causes antibody production 

by the immune system. Antigens can be different kinds of molecules, for example chemical 

compounds, proteins, peptides and polysaccharides among others.  Different antigens may also have 

widely divergent origin, such as bacteria, pollen, viruses or synthetic materials (8). 

 

When antigens, or a larger entity containing an antibody generating peptide sequence enter the 

body, they are captured through phagocytosis and processed by some sort of antigen presenting cell 

(APC), for example a macrophage or a dendritic cell. These APCs contain a type of protein complex 

called major histocompatibility complex class II (MHC II), that bind peptide sequences of the foreign 

entity and migrates to present them on the surface of the APC. APCs interact with T cells that upon 

exposure to the peptide bound to the major histocompatibility complex II differentiate into type 1 T 

helper cells (Th1). The Th1 cells in turn interact with B cells through surface protein expression and 

cytokine signalling, promoting B cell proliferation and immunoglobulin class switching to produce 

protective IgG antibodies, which upon later introduction of the specific allergen will find and destroy 

or immobilize said allergen without causing an allergic reaction. Th1 differentiation is primarily 

promoted by the cytokine interferon gamma (IFN-γ) and inhibited by interleukins IL-4 and IL-10 

(9)(10).  

 

A different cytokine environment surrounding the T cell that is being presented the antigen can 

however lead to differentiation into a Th2 cell, and the antibodies formed will be of the IgE type. IgE 

antibodies bind to mast cells containing inflammatory substances such as histamine and heparin. 

This process is called sensitization, and when an allergen that has caused this is re-introduced to the 

body, the response will be an allergic reaction or anaphylaxis. The most important cytokine driving 

Th2 production is IL-4, while IFN-γ inhibits it (9)(5). 

 

Allergy is believed to at least partly be a consequence of insufficient or incorrect immune regulation 

during infancy, and perhaps also during the fetal development (4)(11).  

 

Many mediators and signalling molecules that regulate immune response and inflammation are 

derived from LCPUFAs. Eicosanoids are a large family of 20-carbon signalling molecules derived from 

AA (20:4), DGLA (20:3) and EPA (20:5). AA and DGLA are omega-6 fatty acids metabolized from the 

essential fatty acid LA, and EPA is an omega-3 fatty acid metabolized from the other essential fatty 

acid ALA. 

 

The eicosanoids include several classes of signalling molecules, some of the most important being 

leukotrienes, prostaglandins, thromboxanes, lipoxins, resolvins and eoxins. Each of these classes 

consist of different subclasses, and have different roles in the immune system and inflammatory 

process, both pro-inflammatory and anti-inflammatory. Generally, eicosaonoid metabolites derived 

from the omega-6 precursors display more pro-inflammatory effects, and omega-3 derived ones 

anti-inflammatory or inflammatory-resolving effects, but their interaction is complex and not fully-

understood; balanced levels are desirable for proper function.   

 



 

2.3 Immune system regulation 

It is believed that proper regulation and modulation of the immune system prevents the formation 

of IgE antibodies and subsequent allergy, but which environmental factors affect these processes 

negatively, or positively, is still unclear (11). However, several factors have in multiple previous 

studies been linked to reduced sensitization and allergy development: mainly early exposure to 

different microbes and other allergens (7). 

 

Several recent studies have investigated the link between allergy development and dietary intake of 

LCPUFAs, both by infants, children and expectant mothers.  

 

The collective research on LCPUFA levels and allergy suggests that LCPUFAs plays a part in immune 

system maturation and may help avoid development of allergy, but the results are far from 

conclusive, and in many studies a general trend or tendency can be determined. However, 

statistically significant result from randomized well-controlled studies are scarce. A selection of 

studies on the subjects of LCPUFAs and infant allergy development is found below. Notably, many of 

the referenced studies are focusing on different sample types, e.g. phospholipids in serum or breast 

milk, and not membrane-bound fatty acids in erythrocytes. The assumption is however made that 

the proportions of relevant fatty acids and the implications for allergy development somewhat 

correlates between different sample types. 

 

In a systematic review and meta-analysis study from 2009 by Anandan et. al.(2) the conclusion was 

made that “supplementation with omega 3 and/or 6 oils is unlikely to be associated with a marked 

reduction in risk of developing sensitization or indeed allergic disease”. 

 

However, maternal consumption fish oil during pregnancy, and subsequent increased levels of n-3 

LCPUFAs in the erythrocyte membranes in cord blood at birth was correlated to a decrease of the 

prevalence of allergy, and a delayed onset compared to control groups in a study by Dunstan et. 

al.(11) from 2003.  

 

In a study by Kull et. al. (12), the fish consumption of infants during their first year of life was 

studied, and fish consumption was found to reduce the risk of allergic disease and sensitization at 

four years of age. 

 

A position paper by the European Academy of Allergy and Clinical Immunology (EAACI) conveyed 

that higher maternal ALA proportions, along with total n-3 and C16:0 proportions were linked to 

decreased risk to develop asthma (13), and higher maternal AA proportions were linked to higher 

risk.  

 

Low n-3 LCPUFA levels in breastmilk has been reported in multiple studies to be positively correlated 

with higher risk of development of atopic eczema in children, (14)(15)(16) while high levels were also 

positively correlated to atopic eczema in another study by Thijs et. al.(17). 

 

A study from 2013 by Barman et. al.(7) showed that increased levels of either n-3 or n-6 LCPUFAs in 

cord serum phospholipids were found to be positively associated with allergy development. One of 

the proposed explanations for this is that the immunosuppressive effects of n-6 and n-3 derived 

metabolites impedes maturation of the immune system and tolerization to non-harmful antigens. 



 

The positive correlation between both n-3 and n-6 PUFAs and allergy development was also shown 

in a study from 2017 by Mikkelsen et. al. (18). 

 

Several mechanisms whereby PUFAs affect immune functions are presented and referenced in a 

doctoral thesis by Malin Barman (4); PUFA constitution in cellular membranes affect membrane 

fluidity and receptor signalling, act as ligands for certain receptors as well as bind to other receptors, 

and are also precursors of different mediators affecting immune response and inflammation. 

 

A hypothesis is also that metabolism of LCPUFAs differ between individuals who develop allergy and 

those who do not, and that this may to unknown extent be affected by LCPUFA levels in blood, or 

vice versa (7). 

 

In summary, the details regarding the links between dietary intake of LCPUFAs and allergy 

development are all in all not entirely known, and results from different studies in the area are in 

many cases inconclusive or contradictory. This study, and other studies performed on the NICE-birth 

cohort (19) is hoped to further investigate the connections between dietary LCPUFA intake and 

allergy, and corroborate previous conclusions from other studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

3. Method and materials 

3.1. Sample and data collection, handling and analysis 

 

All analyzed samples were from the NICE (Nutritional Impact on Immunological maturation in 

Childhood in relation to the Environment) cohort, a prospective birth cohort study aiming to 

evaluate the impact of diet and other environmental factors on children’s immune system 

maturation, allergy development and neurological development. 

 

Recruitment of study participants and sample collection, and also further information on the study is 

found in (19). Briefly, study participants were recruited among all families planned to give birth at 

Sunderby hospital in Norrbotten, Sweden, from February 2015 to March 2018. 655 families agreed 

to participate, and were asked to fill out questionnaires about diet, living environment, history of 

allergies and other information. Samples consisting of blood, urine, saliva, breast milk and placenta 

were taken from the mothers at different time points from gestational week 28 up to 12 months 

after birth. The same samples, and also feces, meconium and hair were taken from the children from 

birth and up to 48 months after birth. From the blood samples, the red blood cell fraction was 

collected separately, and this type of blood sample taken from mothers and children at 4 months 

post-partum, and only from children at 12 months post-partum were used in the present study. 

Blood samples were stored 15-30 min in room temperature after sampling, at 4° C until aliquoting, 

at -20° C for a maximum of 12 weeks, and at -80° C for long-term storage.  

 

Sample preparation procedure was based on an article from 2005 by Masood et. al.(20) and includes 

transesterification with methanol to produce volatile fatty acid methyl esters (FAME), which are 

extracted by n-hexane. Samples were subsequently analyzed by gas chromatography-flame 

ionization detector (GC-FID) utilizing fast GC principle with hydrogen as carrier gas and narrow bore 

capillary GC column.  

 

The sample preparation procedure is described briefly below: 

Samples were thawed and vortexed before 50µl of RBC was pipetted into a glass tube, and 100µl 

internal standard solution (100µg/ml) was added along with 1.8 ml acetyl chloride-MeOH solution 

(10 % v/v) fortified with BHT. Samples were incubated in water bath at 70 °C for 60 min, and 

vortexed every 30 min. To the tubes 1.5 ml n-hexane was added before the tubes were vortexed and 

centrifuged (3000 rpm, 3 min). Approximately 1 ml of the upper organic phase was extracted with a 

glass Pasteur pipette and added to GC vials before the solvent was subsequently evaporated using a 

vacuum evaporator at 30° C for about 30 min. 200µl of n-hexane was added to the vials, which were 

vortexed and analyzed with GC-FID. 

 

All sample batches were run along with an internal standard (Methyl tricosanoate - C23:0 methyl 

ester as internal standard, Nu-Chek Prep. MN, USA), an external standard dilution series (GLC-462 

mixed FAME external standards (Nu-Chek Prep. MN, USA) containing 28 fatty acids from C10:0 – 

C24:1), two water blanks, one n-hexane blank and in-house pooled RWBC samples as quality control 

(QC) making up ~10 % of the total sample size. Samples from the same family were run in sequence, 

but the order of families and single samples was randomized. 



 

 

3.2. Dietary intake assessment  

Dietary intake information used for data analysis was obtained from web-based food-frequency 

questionnaires (Meal-Q) answered by the mothers at 4 months. Further information about dietary 

intake for mothers, fathers and infants were available, but were not used in this study. 

 

3.3. Allergy diagnosis  

The diagnosis of allergic diseases was done by a pediatrician specialized in allergy at 12 months after 

birth. Sensitization of common allergens (egg, milk, birch, timothy, cat, dog) was assessed by 

performing a standard skin prick test. 

 

Atopic eczema was diagnosed in accordance by criteria proposed by Williams et. al.(21)(22)(23). 

 

Food allergy diagnosis was based on medical history of allergic reaction to the specified allergen on 

at least two consecutive occasions, and an elimination-provocation procedure carried out in the 

home or at the hospital if required. Pet and pollen allergy diagnoses were based on medical history 

of allergic reactions upon exposure to the allergen, and subsequent disappearance of symptoms 

upon removal of the allergen. 

 

The prevalence of asthma was established if there was documented wheeze between infections, 

there was a persistent wheeze for at least 4 weeks, there was a period of wheeze during an 

infectious disease with concomitant allergic disease or three episodes of wheeze during infectious 

disease, with no concomitant allergic disease. 

 

3.4. Data processing and analysis 

GC-data was processed using Xcalibur™ software from Thermo Fisher Scientific, where 

chromatograms were manually inspected and curated, and subsequently fatty acid concentration in 

samples were computed and exported. 

 

3.5 Data analysis 

Several statistical tests were used to examine different aspects of blood and dietary data. 

 

To investigate the correlation between the blood fatty acid proportions of a mother and her 

own child at 4 months post-partum, Spearman’s rank correlation test was performed. This 

test was also used to test the correlation of blood fatty acid proportions between a child at 4 

months post-partum and 12 months post-partum, as well as the correlation between dietary 

intake and blood fatty acid proportions. 

 

Spearman’s rank correlation test is a non-parametric test which requires two paired groups 

of data, such as mothers and their children. The groups are sorted individually, and each 



 

observation is given a rank corresponding to its value, from lowest to highest. The 

Spearman’s rank correlation coefficient (Spearman’s rho, rs) describing the monotonic 

relationship between the groups is then calculated from:  

𝑟𝑠 = 1 −
6∑𝑑𝑖

2

𝑛(𝑛2 − 1)
 

where 𝑑𝑖
2 is the squared difference of the ranks and 𝑛 is the number of observations(24).  

 

To investigate the differences in distribution between the mothers and children in regards to 

blood fatty acid proportions, a Wilcoxon signed rank test was used. The Wilcoxon signed 

rank test is a non-parametric hypothesis test, analogue to the paired Student’s t-test, and 

does not require normally distributed populations. The null hypothesis is generally 

formulated such as the difference between the pairs follow a symmetric distribution around 

zero. The absolute value of the difference between paired observations from the two 

populations are calculated, and given a rank from lowest to highest. Pairs where the 

difference is equal to zero are excluded, and the reduced sample size is denoted as Nr. The 

test statistic 𝑊 = ∑ [𝑠𝑔𝑛(𝑥2,𝑖 − 𝑥1,𝑖) ∙ 𝑅𝑖
𝑁𝑟
𝑖=1 , where 𝑅𝑖 is the rank of the ith pair, is then 

compared to a reference critical value to see whether to reject the null hypothesis or not(24).    

 

The Mann-Whitney U test is similar to the Wilcoxon signed rank test, but can be used to 

assess independent samples at small sample sizes. Once again, observed numerical values 

in both groups are ranked from lowest to highest, the test statistics 𝑈1 = 𝑅1 −
𝑛1(𝑛1+1)

2
 and 

 𝑈2 = 𝑅2 −
𝑛2(𝑛2+1)

2
 are calculated, and the smaller value of 𝑈1 and 𝑈2 is compared to a 

reference table to decide whether or not to reject the null hypothesis that the distributions of 

both tested populations are equal(24). 

 

  



 

4. Results 

4.1. Overview 

Children were examined at 12 months after birth and diagnosed with different types of allergy as 

described in (19). Statistical analyses were performed using IBM SPSS Statistics version 19 on 301 

samples taken from mothers at 4 months after birth, 150 children at 4 months after birth, and 242 

children at 12 months after birth.  

For practical reasons, blood samples from children were not available for all families for all time-

points. 

 

Table 1 shows the number of samples for each group that correlated with a child diagnosed at 12 

months as non-allergic or with different allergies. Individuals categorized as having any allergy have 

been diagnosed either with eczema, food allergy, asthma, various other allergies including pollen 

and pets, or a combination of these. Since allergic diagnoses can overlap (e.g. one individual can be 

diagnosed with both asthma and food allergy) the number of individuals with any allergy is not equal 

to the sum of all the other allergy groups. 

 
Table 1: Number of samples from mothers and children from the NICE-study for which statistical data is included 

in this report, with children diagnosed at 12 months after birth as non-allergic, or with different types of allergy. 

 Mothers, 4 months Children, 4 months 
Children, 12 

months 

Non-allergic 241 123 204 

Eczema 20 13 10 

Food allergy 30 16 25 

Asthma 22 5 8 

Any allergy 60 27 39 

Total 301 150 243 
Data are presented as number of individuals diagnosed as free from allergies or diagnosed with eczema, food allergy, asthma 

or any combination of allergic conditions.  

 

4.2. Assessment of variation in and between batches 

 

To examine the variation within and between batches run in the GC-FID, one QC-sample for 

every ten study samples was included in an analysis run.  

 

To examine intra-batch variation, the coefficient of variation (CV) was calculated for each 

fatty acid of interest for all the QC-samples in a batch, and a total mean CV for a batch was 

obtained by taking the average of these CVs. Generally, the variation within a batch was 

around 10 % or lower, but for some batches considerably higher. For all these batches 

except two however, the mean CV was found to be below 10 % if one QC-sample deemed 

as an outlier (for example because the total fatty acid concentration was found to differ 



 

significantly from other QC-samples in the same batch) was excluded from the calculations. 

For one batch, the CV was above 20 %, even after redoing the sample preparation and GC-

analysis and was therefore not included in any statistical analysis. The mean CV for all other 

batches together, with no outliers removed was 13.05 %. 

 

In table 2 below, CV-values from four arbitrarily selected batches are shown for two fatty 

acids with relatively large chromatogram peaks (C16:0 & C18:2-n6), two fatty acids with 

relatively small peaks (C16:1 & C18:3n-3), as well as the mean CV for the whole batch. 

 
Table 2: Coefficient of variation (CV) for four selected fatty acids and mean CV in four of the analyzed batches. 

CV (%) C16:0 C16:1 C18:2n-6 C18:3n-3 Batch 
mean 

Batch 2 2.69 8.30 2.69 29.75 7.83 
Batch 5 2.55 13.63 2.60 25.67 6.35 
Batch 10 2.13 28.57 2.60 16.73 6.65 
Batch 15 8.0 4.61 9.25 20.64 10.33 

Data is given in %. 

CV-values presented for two fatty acids with relatively large chromatogram peaks (C16:0 & C18:2-n6), two fatty acids with 

relatively small peaks (C16:1 & C18:3n-3), as well as the mean CV for the whole batch. The batches are arbitrarily picked to 

represent different time points in the analytical process. 

 

The mean CV for the main fatty acids of interest across all 17 batches used for statistical 

data processing are listed in table 3 below. 

 
Table 3: CV in % for the main fatty acids of interest across all batches. 

Fatty acid CV (%) 
C16:0 7.90 
C16:1n7 19.07 
C18:0 7.60 
C18:1n9 7.30 
C18:1n7 9.07 
C18:2n6 LA 7.43 
C18:3n3 ALA 32.35 
C20:0 19.32 
C20:1n9 14.36 
C20:2n6 21.70 
C20:3n6 9.74 
C20:4n6 8.93 
C22:0 11.96 
C20:5n3 12.73 
C22:4n6 10.78 
C24:0 11.36 
C24:1n9 9.84 
C22:5n3 13.07 
C22:6n3 14.31 

Mean CV-values given for the 19 most central fatty acids in all QC-samples in the 17 batches that are the basis for statistical 

data analysis. 

 



 

4.3. Relation between FA proportions in mothers and children 

The relation of fatty acid proportions between mothers and children at the two different time-points 

was examined to establish a background for further investigation. Generally, the proportions of 

different fatty acids was relatively strongly correlated between both mothers and children at 4 

months, as well as between children at 4 months and children at 12 months. 

Table 4 and table 5 show the median for the relative proportion of each individual fatty acid, and 

medians of total n-3 PUFA and LCPUFA proportions, total-n6 PUFA and LCPUFA proportions, as well 

as the n-3 to n-6 fatty acid ratio. Data is given as percentage of total fatty acid concentration. P1 

indicates the p-values for a Wilcoxon signed rank test assessing the statistical significance of the 

difference in population distributions between mothers and children. The null hypothesis was that 

the difference between pairs follows a symmetric distribution around zero. Significant p-values are 

indicated by an asterisk. 

A Spearman’s rank correlation was performed assessing the rank correlation for fatty acid 

proportions between mothers and children; rs is the Spearman’s rank correlation coefficient 

(Spearman’s rho), and p2 is the corresponding p-value. For p2, significant values are indicated by an 

asterisk. 

 
Table 4: Median proportions of each individual fatty acid and some groupings of n-3 and n-6 fatty acids found in 
red blood cells for children at 4 months, and mothers at 4 months, as well as the range of the 25th percentile to 
the 75th percentile.  

Fatty acid 
Child, 4 months, 
(%) (n=193)  

Mother, 4 months, 
(%) (n=388) p1 rs p2 

C14:0 0.76 (0.45-1.02) 0.32 (0.26-0.40) 
3.81E-

26* 0.074 0.317 

C15:0 0.14 (0.09-0.18) 0.16 (0.13-0.19) 
1.09E-

03* 0.166 0.023* 

C16:0 
22.60 (20.22-
25.83) 

20.26 (19.53-
20.89) 

1.77E-
24* 0.267 <0.001* 

C16.1n7 0.41 (0.24-0.66) 0.44 (0.30-0.60) 0.199  0.249 0.001* 

C17:0 0.29 (0.22-0.35) 0.27 (0.24-0.32) 
2.93E-

02* 0.324 <0.001* 

C18:0 
18.37 (16.68-
20.71) 

16.37 (15.51-
17.09) 

2.24E-
15* 0.211 0.004* 

C18:1n9 
19.26 (16.41-
21.56) 

15.51 (14.66-
16.47) 

2.56E-
27* 0.173 0.018* 

C18:1n7 1.36 (1.18-1.54) 1.11 (1.01-1.20) 
3.74E-

22* 0.213 0.004* 

C18:2n6 (LA) 
10.64 (9.04-
12.20) 

12.94 (11.67-
14.09) 

9.93E-
14* -0.062 0.402 

C18:3n3 (ALA) 0.16 (0.09-0.28) 0.16 (0.12-0.23) 
4.89E-

02* 0.109 0.14 

C20:0 0.35 (0.29-0.42) 0.19 (0.13-0.23) 
3.77E-

29* 0.175 0.017* 

C20:1n9 0.34 (0.29-0.39) 0.24 (0.19-0.28) 
1.79E-

23* 0.258 <0.001* 



 

C20:2n6 0.19 (0.11-0.24) 0.15 (0.11-0.18) 
2.34E-

10* 0.372 <0.001* 

C20:3n6 (DGLA) 1.04 (0.76-1.37) 1.47 (1.29-1.68) 
2.25E-

19* 0.128 0.082 

C20:4n6 (AA) 9.35 (5.82-12.85) 
13.08 (12.28-
14.00) 

3.70E-
22* 0.09 0.222 

C22:0 0.95 (0.80-1.12) 0.99 (0.89-1.13) 0.947 0.239 0.001* 

C20:5n3 (EPA) 0.30 (0.17-0.49) 0.97 (0.78-1.18) 
4.06E-

30* 0.414 <0.001* 

C22:4n6  1.36 (0.55-2.07) 2.07 (1.77-2.39) 
3.13E-

18* 0.163 0.027* 

C24:0 2.13 (1.93-2.53) 2.38 (2.16-2.65) 
2.56E-

03* 0.244 0.001* 

C24:1n9 3.04 (2.64-3.39) 3.17 (2.85-3.50) 0.130 0.304 <0.001* 

C22:5n3 0.95 (0.51-1.68) 2.48 (2.22-2.83) 
9.73E-

31* 0.264 <0.001* 

C22:6n3 (DHA) 3.26 (1.46-5.00) 4.14 (3.45-4.80) 
3.47E-

10* 0.18 0.014* 

Total n-3 PUFA 4.94 (2.44-7.35) 7.77 (6.93-8.76) 
1.97E-

25* 0.212 0.004* 

Total n-6 PUFA 
23.8 (17.69-
27.51) 

29.86 (28.84-
30.95) 

2.05E-
27* -0.095 0.196 

n-6/n-3 ratio 4.52 (3.44-6.93) 3.49 (3.13-4.05) 
3.24E-

18* 0.23 0.002* 

Total n-3 LCPUFA 4.57 (2.25-7.1) 7.61 (6.71-8.59) 
1.55E-

25* 0.202 0.006* 

Total n-6 LCPUFA 12.07 (7.2-16.57) 
16.66 (15.69-
17.87) 

4.11E-
22* 0.122 0.098 

Data are presented as median value (% of total fatty acid concentration), and range: (25th- and 75th percentiles, % of total fatty acid 

concentration). Wilcoxon’s signed rank test was used to test the population distribution differences between mothers and children, and 

the corresponding p-values are shown as p1, with non-significant values indicated by †. A Spearman’s rank correlation test was performed 

assessing the rank correlation for fatty acid proportions between mothers and children; rs is the Spearman’s rank correlation coefficient 

(Spearman’s rho), and p2 is the corresponding p-value. For p2, significant values are indicated by an asterisk. 

 

 

 

  



 

Table 5: Median proportions of each individual fatty acid and some groupings of n-3 and n-6 fatty acids found in 
red blood cells for children at 4 months, and children at 12 months, as well as the range of the 25th percentile to 
the 75th percentile. 

 

Fatty acid Child, 4 months, 
(%) (n=193)  

Child, 12 months, 
(%) (n=257) 

p1 r p2 

C14:0 0.76 (0.45-1.02) 0.36 (0.25-0.51) 6.42E-09 0.065 0.531 

C15:0 0.14 (0.09-0.18) 0.13 (0.10-0.16) 0.664† 0.347 0.001* 

C16:0 22.60 (20.22-25.83) 19.28 (18.54-20.31) 1.52E-13 0.2 0.053 

C16.1n7 0.41 (0.24-0.66) 0.28 (0.20-0.46) 9.75E-04 0.326 0.001* 

C17:0 0.29 (0.22-0.35) 0.27 (0.23-0.32) 0.837† 0.156 0.134 

C18:0 18.37 (16.68-20.71) 15.95 (14.88-16.82) 4.54E-13 0.186 0.073 

C18:1n9 19.26 (16.41-21.56) 16.98 (15.57-18.36) 6.78E-05 0.216 0.037* 

C18:1n7 1.36 (1.18-1.54) 1.20 (1.08-1.32) 2.08E-06 0.396 <0.001 

C18:2n6 (LA) 10.64 (9.04-12.20) 13.91 (12.69-15.48) 1.07E-15 0.093 0.375 

C18:3n3 (ALA) 0.16 (0.09-0.28) 0.25 (0.16-0.41) 1.21E-05 0.161 0.122 

C20:0 0.35 (0.29-0.42) 0.22 (0.18-0.27) 4.22E-16 0.411 <0.001* 

C20:1n9 0.34 (0.29-0.39) 0.38 (0.31-0.43) 1.90E-04 0.195 0.06 

C20:2n6 0.19 (0.11-0.24) 0.23 (0.18-0.28) 1.52E-04 0.344 0.001* 

C20:3n6 (DGLA) 1.04 (0.76-1.37) 1.29 (1.13-1.50) 2.31E-05 0.159 0.125 

C20:4n6 (AA) 9.35 (5.82-12.85) 12.92 (11.87-13.83) 2.23E-07 0.095 0.36 

C22:0 0.95 (0.80-1.12) 0.84 (0.74-0.94) 2.14E-07 0.354 <0.001* 

C20:5n3 (EPA) 0.30 (0.17-0.49) 0.46 (0.35-0.59) 6.37E-07 0.287 0.005* 

C22:4n6  1.36 (0.55-2.07) 2.17 (1.86-2.50) 6.62E-10 0.121 0.245 

C24:0 2.13 (1.93-2.53) 2.03 (1.75-2.29) 3.67E-05 0.376 <0.001* 

C24:1n9 3.04 (2.64-3.39) 3.01 (2.66-3.42) 0.353† 0.238 0.021* 

C22:5n3 0.95 (0.51-1.68) 1.90 (1.65-2.18) 4.85E-10 0.149 0.151 

C22:6n3 (DHA) 3.26 (1.46-5.00) 4.06 (3.42-4.75) 1.92E-03 0.23 0.026* 

Total n-3 PUFA 4.94 (2.44-7.35) 6.78 (5.99-7.71) 3.36E-06 0.232 0.024* 

Total n-6 PUFA 23.8 (17.69-27.51) 30.66 (29.55-31.73) 8.09E-16 -0.006 0.958 

n-6/n-3 ratio 4.52 (3.44-6.93) 4.14 (3.61-4.76) 2.74E-03 0.378 <0.001* 

Total n-3 LCPUFA 4.57 (2.25-7.1) 6.44 (5.64-7.43) 1.92E-05 0.225 0.029* 

Total n-6 LCPUFA 12.07 (7.2-16.57) 16.4 (15.16-17.75) 9.03E-08 0.048 0.643 
Data are presented as median value (% of total fatty acid concentration), and range: (25th- and 75th percentiles, % of total fatty acid 

concentration). Wilcoxon’s signed rank test was used to test the population distribution differences between mothers and children, and 

the corresponding p-values are shown as p1, with non-significant values indicated by †. A Spearman’s rank correlation test was performed 

assessing the rank correlation for fatty acid proportions between mothers and children; rs is the Spearman’s rank correlation coefficient 

(Spearman’s rho), and p2 is the corresponding p-value. For p2, significant values are indicated by an asterisk. 

 

  



 

4.4. Relation between FA proportions and allergy 

Differences in fatty acid proportions were compared for non-allergic and allergic children and their 

mothers using a non-parametric analogue to the Student’s t-test called the Mann-Whitney U-test, 

not dependent on normally distributed data.   

 

Table 6 shows the relative proportions of individual fatty acids found in red blood cells of children at 

4 months of age without and with any allergy diagnosis established 12 months after birth. Notably, 

alpha-linolenic acid (18:3n3) was found to make up a statistically significantly smaller proportion of 

the total fatty acid concentration in children with any type of allergy diagnosis.  

 
Table 6: Relative proportions of fatty acids in red blood cells in non-allergic and allergic children at 4 months. 

Any allergy    
Child, 4 months    
Fatty acid Non-allergic, (n=120) Allergic (n=27) p 

C14:0 0.78 (0.5-1.12) 0.51 (0.4-0.9) 0.061 

C15:0 0.15 (0.1-0.19) 0.1 (0.05-0.16) 0.009* 

C16:0 22.99 (20.31-25.96) 23.64 (19.8-25.46) 0.928 

C16.1n7 0.42 (0.29-0.64) 0.29 (0.13-0.74) 0.116 

C17:0 0.31 (0.23-0.36) 0.23 (0.14-0.35) 0.033* 

C18:0 18.43 (16.73-20.64) 19.36 (17.59-21.66) 0.271 

C18:1n9 19.69 (17.19-22.01) 18.48 (16.26-21.69) 0.387 

C18:1n7 1.38 (1.19-1.56) 1.31 (1.09-1.54) 0.496 

C18:2n6 (LA) 10.72 (8.89-12.26) 10.15 (9.49-11.5) 0.656 

C18:3n3 (ALA) 0.17 (0.1-0.29) 0.13 (0-0.19) 0.044* 

C20:0 0.36 (0.29-0.43) 0.33 (0.29-0.39) 0.371 

C20:1n9 0.34 (0.29-0.39) 0.37 (0.29-0.42) 0.163 

C20:2n6 0.18 (0.12-0.22) 0.21 (0-0.28) 0.233 

C20:3n6 (DGLA) 1 (0.68-1.32) 1.03 (0.78-1.43) 0.401 

C20:4n6 (AA) 8.65 (5.03-12.93) 8.95 (6.12-12.51) 0.722 

C22:0 0.96 (0.81-1.12) 0.97 (0.79-1.19) 0.81 

C20:5n3 (EPA) 0.3 (0.15-0.51) 0.25 (0.14-0.4) 0.471 

C22:4n6  1.12 (0.49-2.08) 1.16 (0.63-1.98) 0.484 

C24:0 2.13 (1.93-2.46) 2.52 (1.86-2.69) 0.153 

C24:1n9 3.01 (2.68-3.31) 3.17 (2.7-3.71) 0.192 

C22:5n3 0.93 (0.5-1.73) 0.91 (0.45-1.53) 0.495 

C22:6n3 (DHA) 2.96 (1.34-4.98) 2.3 (1.55-4.82) 0.9 

Total n-3 PUFA 4.66 (2.34-7.48) 3.8 (2.35-6.47) 0.592 

Total n-6 PUFA 23.65 (17.05-27.43) 20.67 (18.4-27.24) 0.924 

n-6/n-3 ratio 4.74 (3.47-7.08) 4.98 (3.56-8.1) 0.467 

Total n-3 LCPUFA 4.39 (2.08-7.23) 3.6 (2.07-6.4) 0.700 

Total n-6 LCPUFA 11.08 (6.19-16.59) 10.99 (7.58-15.72) 0.592 
Data are presented as median value (% of total fatty acid concentration), and range: (25th- and 75th percentiles, % of total fatty acid 

concentration). Mann-Whitney U-test was used to compare each individual fatty acid between the two groups. Significant p-values 

(p<0.05) are highlighted with an asterisk. 

 

Table 7 shows the relative proportions of individual fatty acids found in red blood cells at 4 months 

after birth of mothers to children without and with any allergy diagnosis, established at 12 months 

after birth. Two monounsaturated 18-carbon fatty acids, 18:1n9 oleic acid and 18:1n7 vaccenic acid, 



 

were found to be present at higher proportions in mothers to children diagnosed with any allergy 

than mothers to non-allergic children. The omega-3 fatty acid 22:6n3 DHA was found to be present 

at lower proportions in mothers to children diagnosed with allergy than mothers to healthy children. 

The three remaining omega-3 fatty acids ALA, EPA and DPA were found in lower proportions in 

mothers to allergic children, although not statistically significant. However, the total proportions of 

n-3 PUFA and n-3 LCPUFA were found to be statistically significantly lower in mothers to children 

with allergy than for mothers to non-allergic children. 

 

 
Table 7: Relative proportions of fatty acids in red blood cells at 4 months in mothers to non-allergic and allergic 
children. 

Any allergy    
Mother, 4 months (%)    
Fatty acid Non-allergic (n=241) Allergic (n=60) p 

C14:0 0.32 (0.25-0.4) 0.31 (0.26-0.4) 0.934 

C15:0 0.16 (0.13-0.19) 0.15 (0.12-0.18) 0.131 

C16:0 20.27 (19.5-20.83) 20.41 (19.71-21.23) 0.179 

C16.1n7 0.43 (0.3-0.57) 0.44 (0.31-0.74) 0.257 

C17:0 0.27 (0.25-0.32) 0.27 (0.23-0.31) 0.394 

C18:0 16.36 (15.52-17.12) 16.41 (15.23-17.06) 0.679 

C18:1n9 15.41 (14.56-16.26) 15.81 (15.06-16.65) 0.025* 

C18:1n7 1.09 (1-1.18) 1.15 (1.01-1.25) 0.05* 

C18:2n6 (LA) 12.95 (11.88-14.07) 12.6 (11.26-14.3) 0.412 

C18:3n3 (ALA) 0.16 (0.12-0.22) 0.16 (0.11-0.22) 0.959 

C20:0 0.19 (0.13-0.24) 0.19 (0.1-0.25) 0.922 

C20:1n9 0.24 (0.19-0.28) 0.23 (0.18-0.28) 0.718 

C20:2n6 0.14 (0.11-0.18) 0.15 (0.11-0.19) 0.456 

C20:3n6 (DGLA) 1.46 (1.29-1.68) 1.51 (1.3-1.67) 0.855 

C20:4n6 (AA) 13.13 (12.38-13.9) 12.92 (12.01-13.91) 0.426 

C22:0 1 (0.9-1.15) 0.97 (0.87-1.15) 0.524 

C20:5n3 (EPA) 0.99 (0.82-1.21) 0.91 (0.73-1.13) 0.092 

C22:4n6  2.03 (1.77-2.38) 2.06 (1.69-2.37) 0.976 

C24:0 2.43 (2.22-2.69) 2.33 (2.09-2.73) 0.118 

C24:1n9 3.18 (2.85-3.51) 3.17 (2.92-3.61) 0.77 

C22:5n3 2.48 (2.21-2.85) 2.41 (2.19-2.72) 0.122 

C22:6n3 (DHA) 4.21 (3.5-4.87) 3.88 (3.33-4.68) 0.09* 

Total n-3 PUFA 7.87 (6.94-8.94) 7.4 (6.88-8.09) 0.035* 

Total n-6 PUFA 29.89 (28.86-30.96) 29.53 (28.36-30.84) 0.286 

n-6/n-3 ratio 3.44 (3.09-4.02) 3.62 (3.22-4.16) 0.089 

Total n-3 LCPUFA 7.69 (6.72-8.8) 7.2 (6.7-7.98) 0.035* 

Total n-6 LCPUFA 16.66 (15.76-17.76) 16.75 (15.46-17.68) 0.659 
Data are presented as median value (% of total fatty acid concentration), and range: (25th- and 75th percentiles, % of total fatty acid 

concentration). Mann-Whitney U-test was used to compare each individual fatty acid between the two groups. Significant p-values 

(p≤0.05) are highlighted with an asterisk. 

 

Table 8 shows the relative proportions of individual fatty acids found in red blood cells of children at 

12 months after birth, with and without established allergy diagnoses. Only one fatty acid, C17:0 

margaric acid was found to be statistically significantly lower proportionally in allergic children than 

in non-allergic children. 



 

 
Table 8: Relative proportions of fatty acids in red blood cells in non-allergic and allergic children at 12 months. 

Any allergy    
Child, 12 months (%)    
Fatty acid Non-allergic (n=203) Allergic (n=39) p 

C14:0 0.37 (0.25-0.52) 0.31 (0.24-0.49) 0.355 

C15:0 0.13 (0.1-0.16) 0.11 (0.07-0.16) 0.064 

C16:0 19.29 (18.56-20.31) 19.22 (18.45-20.23) 0.884 

C16.1n7 0.29 (0.2-0.47) 0.26 (0.21-0.37) 0.596 

C17:0 0.28 (0.24-0.32) 0.25 (0.22-0.3) 0.033* 

C18:0 15.83 (14.78-16.79) 16.21 (15.13-16.92) 0.322 

C18:1n9 16.78 (15.44-18.35) 17.12 (15.83-18.7) 0.421 

C18:1n7 1.2 (1.07-1.31) 1.21 (1.09-1.38) 0.165 

C18:2n6 (LA) 14 (12.83-15.59) 13.56 (11.98-14.95) 0.171 

C18:3n3 (ALA) 0.25 (0.16-0.41) 0.26 (0.17-0.39) 0.898 

C20:0 0.22 (0.18-0.27) 0.21 (0.16-0.25) 0.171 

C20:1n9 0.37 (0.31-0.43) 0.38 (0.33-0.45) 0.476 

C20:2n6 0.23 (0.17-0.27) 0.25 (0.21-0.3) 0.067 

C20:3n6 (DGLA) 1.3 (1.14-1.53) 1.22 (1.04-1.49) 0.216 

C20:4n6 (AA) 12.91 (11.88-13.89) 12.86 (11.78-13.53) 0.504 

C22:0 0.85 (0.74-0.95) 0.8 (0.7-0.91) 0.124 

C20:5n3 (EPA) 0.47 (0.36-0.62) 0.42 (0.34-0.59) 0.217 

C22:4n6  2.17 (1.87-2.48) 2.29 (1.94-2.64) 0.451 

C24:0 2.06 (1.75-2.29) 1.99 (1.74-2.29) 0.643 

C24:1n9 3 (2.64-3.41) 3.15 (2.84-3.56) 0.095 

C22:5n3 1.89 (1.65-2.16) 1.91 (1.61-2.18) 0.765 

C22:6n3 (DHA) 4.06 (3.44-4.78) 4.07 (3.22-5.04) 0.641 

Total n-3 PUFA 6.78 (5.98-7.71) 6.64 (5.76-7.9) 0.551 

Total n-6 PUFA 30.83 (29.62-31.88) 30.43 (29.03-31.38) 0.134 

n-6/n-3 ratio 4.16 (3.66-4.79) 4.08 (3.42-4.76) 0.743 

Total n-3 LCPUFA 6.44 (5.65-7.42) 6.39 (5.38-7.46) 0.629 

Total n-6 LCPUFA 16.44 (15.15-17.79) 16.25 (15.26-17.46) 0.585 
Data are presented as median value (% of total fatty acid concentration), and range: (25th- and 75th percentiles, % of total fatty acid 

concentration). Mann-Whitney U-test was used to compare each individual fatty acid between the two groups. Significant p-values 

(p≤0.05) are highlighted with an asterisk. 

 

Differences in fatty acid proportions were examined for all groups using Mann-Whitney U-test, 

sorting on individual diagnoses eczema, asthma and food allergy. Significant differences were fewer 

than for comparisons between non-allergic and children with any allergy, and significant differences 

are shown below. 

Figures 3-8 show the relative proportions of fatty acids exhibiting statistically significant difference 

between children with any type of food allergy and non-allergic children (and mothers to allergic and 

non-allergic children), within the age-groups (mothers, children - 4 months and children - 12 

months). 

 



 

 
Figure 3: Relative proportions of fatty acids 14:0 (Myristic acid) in mothers at 4 months, children at 4 months, and 
children at 12 months, with and without diagnosed food allergy, respectively. Statistically significant differences 
are indicated with an asterisk. 

 

 

 
Figure 4: Relative proportions of fatty acid C15:0 (Pentadecylic acid) in mothers at 4 months, children at 4 
months, and children at 12 months, with and without diagnosed food allergy, respectively. Statistically significant 
differences are indicated with an asterisk. 

 

 

 
Figure 5: Relative proportions of fatty acid C17:0 (Margaric acid) in mothers at 4 months, children at 4 months, 
and children at 12 months, with and without diagnosed food allergy, respectively. Statistically significant 

differences are indicated with an asterisk. 
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Figure 6: Relative proportions of fatty acid C22:0 (Behenic acid) in mothers at 4 months, children at 4 months, 
and children at 12 months, with and without diagnosed food allergy, respectively. Statistically significant 

differences are indicated with an asterisk. 

 

 

 

Figure 7: Relative proportions of fatty acid C24:0 (Lignoceric acid) in mothers at 4 months, children at 4 months, 
and children at 12 months, with and without diagnosed food allergy, respectively. Statistically significant 

differences are indicated with an asterisk. 

 

 
Figure 8: Relative proportions of fatty acid 20:1 (Gondoic acid) in mothers at 4 months, children at 4 months, and 
children at 12 months, with and without diagnosed eczema, respectively. Statistically significant differences are 
indicated with an asterisk. 
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4.5. Relation between diet and allergy 

Maternal dietary intake was assessed using food-frequency-questionnaires (FFQs), answered 4 

months after birth. Based on stated food consumption, daily intake of different fatty acids was 

calculated, and correlated to red blood cell fatty acid proportions for both mother and child. Weekly 

fish intake was reported in discrete intervals (e.g. 0-50 g/week) and not continuous values (e.g. 38 

g/week). This led to that most median intake values of different kinds of fish were identical between 

allergy and non-allergy groups, even when the difference in intake between groups was found to be 

statistically significant, and so a graphical representation of intake values for fish and seafood is not 

included below. 

 

Table 9 shows Spearman’s rank correlation coefficient (Spearman’s rho) for maternal dietary intake 

of fatty acids, and the proportion found in blood of the mothers, and corresponding p-values. 

The correlation between the mothers’ intake and blood proportions for children at 4 months was 

also assessed, and showed significant correlation only for C18:2n6 (r=-0.206, p=0.006), and C20:5n3 

(r=0.183, p=0.014). The maternal dietary intake of individual fatty acids did not seem to be 

correlated with the proportions of those FAs found in the children’s blood at 4 months, although a 

division of exclusively breast-fed infants and non-exclusively breast-fed infants was not done. 

 
Table 9: Correlation between the mothers’ dietary intake and relative proportions in red blood cells for mothers, at 
4 months after child birth. 

Spearman correlation between intake (g/week) & proportion in 
blood (%) rs p 

C14:0 0.227 <0.001* 

C16:0 0.008 0.872 

C16:1n7 0.015 0.782 

C18:0 0.113 0.030* 

C18:2n6 LA 0.178 <0.001* 

C18:3n3 ALA 0.077 0.139 

C20:0 -0.05 0.344 

C20:4n6 AA 0.058 0.264 

20:5n3 EPA 0.238 <0.001* 

22:5n3 DPA 0.064 0.222 

22:6n3 DHA 0.326 <0.001* 
rs is the Spearman rank correlation coefficient. Significant p-values are indicated with an asterisk. 

 

Table 10 shows the correlation between the dietary intake of fish and seafood and blood fatty acid 

proportions for the mothers at 4 months. The only significant correlation between maternal fish and 

seafood intake at 4 months and blood fatty acid proportions in the children at 4 months was for fatty 

fish and C20:5n3 (r=0.166, p=0.027). 

 
 

 

 

 



 

 

Table 10: Intake of fish for the mothers at 4 months after child birth, and the Spearman correlation coefficients 
and p-values for proportions of collections and individual n-3 and n-6 fatty acids. 

Mothers, 

4 

months

Total n-3 

PUFA

Total n-6 

PUFA

n-6/n-3 

ratio

Total n-3 

LCPUFA

Total n-6 

LCPUFA

C18:3n-3 

ALA

C20:4n-6 

AA

C20:5n-3 

EPA

C22:4n-6 

AdA

C226n-3 

DHA

Corr. 

coeff.

- - - - - - - - - -

p-value - - - - - - - - - -

Corr. 

coeff.

0.266 -0.146 -0.256 0.268 -0.122 - - 0.207 -0.179 0.303

p-value <0.001* 0.005* <0.001* <0.001* 0.002* - - <0.001* <0.001* <0.001*

Corr. 

coeff.

- -0.125 - - - - - - -0.123 0.117

p-value - 0.017* - - - - - - 0.019* 0.025*

Corr. 

coeff.

0.155 -0.115 -0.162 0.152 - - - - - 0.168

p-value 0.003* 0.028* 0.002* 0.003* - - - - - 0.001*

Intake of 

lean fish 

(g/week)

Intake of 

fatty fish 

(g/week)

Intake of 

tuna(g/w

eek)

Intake of 

seafood 

(g/week)  
 

The diets of mothers of non-allergic children and mothers of children with any allergy diagnose was 

found to differ in several respects; overall the intake of SFAs, PUFAs and LCPUFAs in grams per day 

was higher for mothers to non-allergic children than for mothers to allergic children.  This group of 

mothers also had a higher intake of lean fish in grams per week compared to the mothers with 

allergic children.  

Mothers to non-allergic children notably had significantly higher intake of both essential fatty acids 

LA and ALA, precursors to the n-3 and n-6 LCPUFAs associated with lower prevalence of allergy. 

No significant differences between aforementioned groups were found however for dietary intake of 

the LCPUFAs AA, EPA, DPA or DHA. 

The pattern mentioned above held true also when comparing mothers to children with food allergy, 

and mothers to non-allergic children, with the exception that there was no significant difference in 

the weekly intake of lean fish. Median intakes, 25th and 75th percentile values and p-values 

correlating to a Mann-Whitney U-test assessing the differences in dietary intakes between groups 

are shown in table 11. 

 
Table 11: Daily intake of FAs at 4 months for mothers of children with any type of allergy, food allergy, and their 
non-allergic counterparts. 

 Any allergy Food allergy 

  
Non-allergic 
(n=241) 

Allergic 
(n=60) p 

Non-allergic 
(n=271) Allergic (n=30) p 

ΣSFA 
(g/day) 

28.25 (21.68-
38.95) 

22.96 (16.65-
31.71) <0.001* 

28.11 (21.58-
38.07) 

19.93 (15.64-
31.07) <0.001* 

SCFA 
(C4:0-
10:0) 

(g/day) 
2.32 (1.57-
3.2) 

1.68 (1.17-
2.73) <0.001* 2.27 (1.54-3.19) 1.63 (1.03-2.11) <0.001* 

C12:0 
(g/day) 

1.04 (0.74-
1.38) 

0.79 (0.61-
1.17) <0.001* 1.03 (0.72-1.36) 0.75 (0.49-0.99) <0.001* 

C14:0 
(g/day) 

3.08 (2.24-
4.12) 

2.3 (1.72-
3.32) <0.001* 3.06 (2.16-4.11) 2.15 (1.53-2.97) <0.001* 

C16:0 
(g/day) 

14.45 (11.28-
19.17) 

11.39 (8.76-
16.14) <0.001* 

14.21 (11.14-
18.9) 

10.73 (8.67-
15.55) <0.001* 



 

C18:0 
(g/day) 

6.44 (4.77-
8.78) 

5.04 (3.61-
8.08) <0.001* 6.3 (4.73-8.59) 4.11 (3.46-7.76) 0.001* 

C20:0 
(g/day) 

0.21 (0.16-
0.29) 

0.16 (0.12-
0.25) 0.0001* 0.21 (0.15-0.29) 0.14 (0.11-0.24) 0.001* 

ΣMUFA 
(g/day) 

24.58 (18.98-
29.81) 

19.25 (15.86-
27.02) <0.001* 

24.17 (18.79-
29.69) 

18.54 (15.88-
25.08) 0.002* 

C16:1 
(g/day) 

1.19 (0.97-
1.47) 

1.06 (0.82-
1.33) 0.023* 1.18 (0.95-1.47) 1.05 (0.83-1.31) 0.079* 

C18:1 
(g/day) 

22.48 (17.24-
27.63) 

17.72 (14.33-
24.86) <0.001* 

22.01 (17.03-
27.33) 

17.1 (14.29-
22.78) 0.002* 

ΣPUFA 
(g/day) 

8.43 (6.37-
11.04) 

7.24 (5.36-
9.77) 0.011* 

8.42 (6.29-
10.97) 6.52 (5.29-9.63) 0.013* 

LA 
(C18:2) 
(g/day) 

6.49 (4.72-
8.58) 

5.57 (4.01-
7.66) 0.014* 6.48 (4.67-8.5) 4.74 (3.92-7.53) 0.012* 

AA 
(C20:4) 
(g/day) 

0.09 (0.07-
0.12) 

0.09 (0.06-
0.12) 0.677 0.09 (0.07-0.12) 0.09 (0.07-0.13) 0.871 

ALA 
(C18:3) 
(g/day) 

1.21 (0.87-
1.67) 

1.04 (0.77-
1.43) 0.008* 1.2 (0.87-1.65) 0.94 (0.74-1.38) 0.005* 

EPA(C 
20:5) 

(g/day) 
0.08 (0.05-
0.15) 

0.07 (0.05-
0.15) 0.354 0.08 (0.05-0.15) 0.07 (0.04-0.16) 0.725 

DPA 
(C22:5) 
(g/day) 

0.05 (0.03-
0.08) 

0.04 (0.03-
0.08) 0.632 0.05 (0.03-0.08) 0.04 (0.03-0.08) 0.882 

DHA 
(C22:6) 
(g/day) 

0.18 (0.12-
0.3) 

0.16 (0.1-
0.31) 0.542 0.18 (0.12-0.3) 0.16 (0.1-0.33) 0.968 

 

Conversely, weekly intake of lean fish was the only statistically significant dietary difference between 

mothers to children with eczema and mothers to children with no eczema diagnosed at 12 months, 

with the intake being higher for mothers to children without eczema. 

Regarding the dietary differences of mothers to children with or without asthma, yet another 

pattern in dietary differences were found to be statistically significant; weekly intake of fatty fish, 

daily intake of palmitic acid (16:0), AA, EPA, DPA and DHA were all higher among mothers to children 

without asthma.  

 

Median intakes, 25th and 75th percentile values and p-values corresponding to mothers to children 

with and without asthma are presented in table 12. 

 

 

 

 

 

 

 



 

Table 12: Daily intake of selected FAs at 4 months for mothers of children with asthma, and children without 
asthma. 

  No asthma (n=123) Asthma (n=5) p 

C16:0 
(g/day) 14.11 (10.94-18.9) 11.73 (8.43-16.14) 0.045* 

AA (C20:4) 
(g/day) 0.09 (0.07-0.12) 0.08 (0.05-0.09) 0.014* 

EPA(C 20:5) 
(g/day) 0.08 (0.05-0.15) 0.06 (0.03-0.08) 0.018* 

DPA (C22:5) 
(g/day) 0.05 (0.03-0.08) 0.04 (0.03-0.05) 0.027* 

DHA (C22:6) 
(g/day) 0.18 (0.11-0.3) 0.13 (0.09-0.19) 0.021* 

 

  



 

5. Discussion 

 

Although the mechanisms behind allergy development, and the relation between fatty acid 
proportions in red blood cells are not fully understood, the general results from the present study do 
not contradict commonly occurring observations or hypotheses.  
 
As seen in section 4.2, proportions of a majority of the studied LCPUFAs were strongly correlated 
between mothers and their children, as well as between the children at 4 months and at 12 months 
after birth. Proportional differences between the groups are most likely explained by natural 
fluctuations due to growth and development. 
 
Previous studies and review articles have described proportions of n-3 PUFA/LCPUFAs to correlate 
negatively with general allergy development, although the cause-and-effect-relationship has not 
been established (11)(12)(13).  
 
ALA proportions were significantly lower at 4 months for children who were diagnosed with any 
allergy than for non-allergic children, possibly indicating higher demand for ALA-derived n-3 LCPUFAs 
and metabolites of these LCPUFAs, causing ALA levels to decrease. 

 
The proportions of DHA were found to be significantly lower at 4 months for mothers of children 
diagnosed with any allergy than for mothers to non-allergic children, as well as proportions of n-3 
PUFA. This corroborates findings from previous studies (6)(25)(26)(5) , while the question of 
causality still remains unanswered; is allergy the cause of an altered n-3 fatty acid metabolic state, or 
is development of allergy causing an altered metabolism?  

 
Regarding only food allergies, all significant findings in this study pointed towards proportions of 
saturated fatty acids being negatively correlated with allergy. The roles of saturated fatty acids and 
MUFA in allergy development have not been as extensively studied as the LCPUFA, but reviewed 
studies have shown both equivalent proportions of saturated fatty acids between allergic and non-
allergic individuals (18) as well as higher among the allergic group (27). 
 
The mothers’ diets at 4 months seems to influence their own blood fatty acid proportions in more or 
less the expected manner; intake of fish and seafood, and n-3 LCPUFAs in the diet was correlated 
with higher n-3 proportions in the blood, and higher n-3 to n-6 ratio. The correlations between the 
mothers dietary fatty acid intake and their breast-fed 4-month infants were less pronounced, but 
seemed to influence the ratio of n-3 to n-6 FAs in the babies’ erythrocytes. However, the fatty acid 
proportions found in blood might not only be affected by dietary intake and allergic disease. 
Environmental factors might lead to higher or lower levels, as well as the metabolic state of the 
individual; it is for example hypothesized that women in fertile age and especially while pregnant 
may be able to upregulate conversion of DHA (28)(29). Some studies have also proposed that the 
placental transport of fatty acids to the fetus can be both selective and regulated (30)(31) and that 
infants and maybe also fetuses themselves convert LA and ALA to LCPUFAs (32), therefore blood 
proportions in infants may not reflect maternal dietary intake. 

 
The dietary differences at 4 months between mothers to allergic and non-allergic children were 
quite significant regarding intake of both saturated and unsaturated fatty acids up to 18 carbons, 
while the difference for intake of AA, EPA, DPA and DHA was not found to be significant between the 
allergy and non-allergy group. Importantly, the intake of LA and ALA, precursors for the LCPUFAs 
were significantly higher for mothers of children without allergy, possibly indicating that the 



 

conversion of these shorter-chain FAs to the longer varieties is indeed lower in individuals who 
develop allergy.  

 
Conversely, the intake of AA, EPA, DPA and DHA (along with C16:0), but not the shorter FAs was 
found to be significantly different between mothers of children who developed asthma at 12 
months, and children who did not. This is in line with findings from previous studies (33)(34), but the 
mechanisms are still not unveiled. 

 
This study found that proportions of C15:0 and C17:0 were significantly lower for allergic children at 
4 months, and C17:0 lower for allergic children at 12 months. C15:0 and C17:0 have been described 
as biomarkers for dairy consumption (35). Whether particular saturated fatty acids might be 
protective against allergy development, or early introduction of common allergens such as milk may 
prevent allergy is however unclear.  

 
Worth to note when examining the part that diet plays in the development of allergy, is that dietary 
data is often, as in this case, self-reported frequencies, and may not accurately or precisely reflect 
actual intake. Also, in this study the 4-month-old children were assumed to have breast-milk from 
their mothers as a primary diet. Their fatty acid proportions might certainly be affected by any food 
items or supplementary milk formulas etc., but corrections and exclusions based on dietary data for 
the 4-month-olds were not feasible for the time-frame of this study.   

 
As pointed out in many other studies, diet may often be connected with other factors that can 
influence the matter of examination; for example, higher fish intake is often viewed as a proxy for a 
healthier lifestyle, which may in turn impact the development of allergy etc.    
 
Other components that have been suggested to affect allergy development is the maternal and 
paternal heredity, which was not accounted for in this study, mainly due to time constraints, and the 
same is true for several other factors such as the occurrence of older siblings or pets.  

 
Ongoing and future studies on the NICE cohort will hopefully help to validate results of this study, 
and make it possible to draw conclusion regarding the relationship between fatty acid proportions in 
different sample types of the same individuals. Since the NICE study is prospective, it is possible to 
investigate the fatty acid proportions in individuals before the outbreak of allergic symptoms, and 
hopefully along with genotype studies shed light on the relation and causality of allergy and fatty 
acid metabolism. 
 

  



 

6. Conclusions 

Intake of fish was shown to be significantly correlated to increased levels of n-3 in erythrocytes, and 

the proportions of fatty acids was shown to generally reflect the dietary intake. Proportions of many 

fatty acids in erythrocytes were also shown to be related between mothers and their children 4 

months, and also between the children at 4 and 12 months.  

 

Although not conclusive, this study has generally found significant negative correlations between 

higher erythrocyte proportions of n-3 LCPUFA proportions and development of allergy and asthma. 

Based on these results and previous findings, intake of fish seems to be protective against 

development of allergy and hypersensitivity conditions, and eating fish could be recommended for 

the population in general, and especially pregnant and breast-feeding women.  

 

Mothers of children diagnosed with asthma were also found to have significantly lower dietary 

intake of fatty fish, palmitic acid (C16:0), AA, EPA, DPA and DHA, while the erythrocyte fatty acid 

proportions did not show the same strong correlation specifically for asthma. As stated earlier, fish, 

and especially fattier fish seems to be protective against both allergy and asthma development, and 

increased consumption ought to be encouraged. It is unclear if the n-3 LCPUFAs are the only 

components in fish that helps prevent allergy development and asthma, but the fact that lower 

dietary intake of LCPUFAs AA, EPA, DPA and DHA was connected to higher prevalence of asthma 

indicates that LCPUFAs are indeed the primary protective factors of fish consumption. 

 

Children diagnosed with any allergy were found to have lower proportions of ALA than non-allergic 

children at 4 months, while mothers of allergic children had lower proportions of the ALA-derived 

LCPUFA DHA, and lower total n-3 LCPUFA proportions than mothers of non-allergic children. The 

dietary intake of ALA was however also lower for mothers with allergic children, so whether lower 

ALA levels depend on altered fatty acid metabolism as a result of allergy development as proposed 

by some, or solely on the dietary intake cannot be distinguished.  

 

In a similar manner, the higher proportions of dairy biomarkers C15:0 and C17:0 in non-allergic 

children could indicate that they act as a protection against allergy. However, it could also simply 

indicate a higher dairy consumption and allergen exposure, which in turn could reduce the 

development of allergy.  

 

Generally, higher fish consumption seems to prevent development of allergy and hypersensitivity 

conditions, but the mechanisms are not fully understood. Future research may shed light on the 

relationship between erythrocyte fatty acid proportions and allergy development, as well as 

establish if altered fatty acid metabolism causes allergy, or vice versa. 
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