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j Abstract Background The risk
for type 1 diabetes (T1DM) in
children of mothers with T1DM is
different to that in children of
fathers with T1DM. Fatty acid
(FA) intake, in particular EPA and
DHA, has been associated with
T1DM risk and has been suggested
to be inadequate in infants of
diabetic mothers. We asked,
therefore, whether EPA and DHA
FA nutritional status in offspring
of mothers with T1DM could
contribute to their reduced T1DM
risk Methods BABYDIET follows
children with increased genetic
and familial risk for T1DM from
birth to age 3 years. FA nutritional
state was assessed by determining
the erythrocyte membrane phos-
phatidylethanolamine (PE) and
phosphatidylcholine (PC) compo-
sition in children of T1DM moth-
ers and children of T1DM fathers
or with T1DM siblings participat-
ing in the BABYDIET study. Sam-
ples for determination of
erythrocyte membrane FA com-
position were collected at ages 3
and 12 months in 48 and 49
infants, respectively. FA measure-
ments were adjusted for breast-
feeding duration, FA
supplementation, and gluten
exposure. Results 3-months-old
children of T1DM mothers and
T1DM fathers/sibs had similar

levels of PC DHA and EPA (DHA
1.53 ± 0.23 vs. 1.65 ± 0.11 wt.%;
EPA 0.15 ± 0.02 vs. 0.21 ± 0.03
wt.%) and PE DHA and EPA
(DHA 7.54 ± 0.37 vs.
7.92 ± 0.38 wt.%; EPA 0.53 ± 0.06
vs. 0.61 ± 0.04 wt.%). No differ-
ences were also observed after
stratification for breastfeeding. At
age 12 months, a minor reduction
of PE DHA was observed in chil-
dren of T1DM mothers. Expected
higher levels for DHA and EPA in
fully breastfed children and in
children of mothers taking fish oil
supplementation were observed at
3 months in all children. Other
differences included increased
levels of the major saturated FA
16:0 in 3-months-old infants from
T1DM mothers (PC 35.45 ± 0.35
vs. 33.89 ± 0.26 wt.%, mean ±
SEM, Pcorr = 0.005; PE

16.13 ± 0.39 vs. 14.93 ± 0.24 wt.%,
Pcorr = 0.05). Conclusion
Although FA status was not iden-
tical in children from T1DM
mothers and from T1DM fathers,
maternal T1DM was not associ-
ated with changes in offspring’s
EPA and DHA incorporation into
erythrocyte membrane.

j Key words type 1 diabetes –
erythrocyte membrane –
DHA and EPA – breastfeeding –
fish oil supplementation
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Introduction

The quality of dietary lipid composition during early
life has a major impact on body composition, tissue
differentiation and organ function. The availability of
longchain polyunsaturated fatty acids (LC-PUFA)
appears to affect the quality of growth and the
development of visual and cognitive function [1, 4, 8,
18]. Furthermore, the intake of fatty acids (FAs), in
particular eicosapentaenoic acid (EPA = LC-PUFA =
20:5 n-3) and docosahexaenoic acid (DHA = LC-

PUFA = 22:6 n = 3), during pregnancy and infancy,
has been inversely associated with islet autoimmunity
and T1DM risk [20, 23, 24]. The risk for T1DM is also
affected by maternal T1DM status; risk in children
born to mothers with T1DM is around half that of
children born to fathers with T1DM. The reason for
this difference is still unexplained [6, 26].

The nutritional status of children born to mothers
with T1DM has been suggested to differ to that of
other children in several aspects, including FA. In
particular, there are several reports of differences in
breast milk composition between mothers with and
without T1DM [5, 16, 25] suggesting an inadequate
supply of FAs such as EPA and DHA to infants of
diabetic mothers. We therefore sought to determine
whether a difference in EPA and DHA uptake in
children of mothers with T1DM could explain their
reduced T1DM risk. Since the FA composition of
erythrocyte cell membranes is an established marker
of FA nutrition status [15, 19, 21], we performed a
pilot study in which the FA content of erythrocyte cell
membranes from children born to mothers with
T1DM were analysed comparatively to those of chil-
dren without a T1DM mother. Samples were collected
at age 3 months in order to examine uptake pre-
dominantly from breast milk, and at age 12 months to
determine whether any observed differences at
3 months persisted after introduction of milk sup-
plements and solid foods to the diet.

Methods

j Subjects

BABYDIET is an ongoing dietary intervention study
in newborn children with increased genetic and

familial risk for T1DM. The study aims to determine
whether delayed introduction of dietary gluten can
reduce the incidence of islet autoimmunity in high-
risk first degree relatives of patients with T1DM and
prospectively follows children from birth to the age of
3 years [22]. Since 2001, 149 newborn were recruited
into the study and randomized to exposure to dietary
gluten at either 6 (early exposure) or 12 (late expo-
sure) months of age. Children born between 2001 and
2006 in Germany were eligible for this study. Children
were monitored intensively with collection of venous
blood, urine and stool, and 3-day dietary records of
weighed food intake at 3-month intervals for 3 years.
Infections, medication and the introduction of new
food groups were recorded daily. Written informed
consent was obtained from the parents. The study was
approved by the ethics committee of the Ludwig-
Maximilian-University, Munich, Germany (Ethi-
kkommission der Medizinischen Fakultät der Ludwig-
Maximilians Universität No. 329/00).

Samples for determination of erythrocyte mem-
brane phosphatidylethanolamine (PE) and phospha-
tidylcholine (PC) composition were serially collected
since 2003 at the age of 3 months (56 infants),
12 months (66 infants) and 24 months (47 infants);
data at 3 and 12 months are discussed here. Food
records indicated that gluten was introduced at a
median of 6.9 months in the group randomized to
early gluten exposure and at 11.7 months in the group
randomized to late gluten exposure.

j Breastfeeding and fatty acid supplementation

Data on breastfeeding (yes, no) and the duration of
full breastfeeding (weeks) and any breastfeeding were
obtained through daily food records and by 3-monthly
questionnaires (obtained between 3 and 24 months of
age). Breastfeeding was defined according to WHO
criteria [27] as ‘‘full breastfeeding’’ if the infant
received breast milk with or without supplementation
with water or water-based drinks, vitamins and medi-
cines, but without formula, or other milk or solids, or
as ‘‘any breastfeeding’’ if the infant received breast
milk irrespective of any other types of food including
full breastfeeding. Maternal FA supplementation
during breastfeeding was reported by the mother in
a questionnaire administered when their child was
3-months-old.

j Abbreviation DHA:
Docosahexaenoic acid, 22:6
n-3, EPA: Eicosapentaenoic acid,
20:5 n-3, FA: Fatty acid, LC-PUFA:
Long chain polyunsaturated fatty

acids, MUFA: Monounsaturated
fatty acids, PC: Phosphatidylcholine,
PE: Phosphatidylethanolamine,
PUFA: Polyunsaturated fatty acids,
SEM: Standard error of the mean,

SFA: Saturated fatty acids, T1DM:
Type 1 diabetes mellitus, TLC: Thin
layer chromatography
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j Fatty acid analysis

The FA composition of the erythrocyte membrane
phospholipids was determined as previously de-
scribed [11]. In brief, erythrocytes and plasma were
separated from EDTA-containing blood samples and
the erythrocytes were hemolyzed. After lysis, isopro-
panol (Merck, Darmstadt, Germany) and BHT
(50 mg/l) (Fluka, Neu-Ulm, Germany) were added to
prevent oxidation and tubes were stored at )80�C
until analysis. After defrosting, FAs were extracted
twice; first by 10 ml isopropanol/chloroform (3:2 vol/
vol), then by 4 ml chloroform. The extracts were then
dried under reduced pressure. Thin layer chroma-
tography (TLC) with chloroform, methanol, 25%
ammonia solution and distilled water (73:27:2.2:2.8,
by vol) as the mobile phase was used to separating red
blood cell PE and PC. The remaining lipids were
dissolved in 400 ll of chloroform/methanol (1:1 v/v)
and deposited on a TLC plate (90 ll). After visual-
isation of the components with 2¢,7¢-dichlorofluores-
cein, bands containing lipid fractions were scraped
from the TLC plate and transferred to 4 ml glass tubes
equipped with teflon-lined screw caps. Methylesters of
FAs from the fractions were obtained by reaction with
1 ml 3 M methanolic hydrochloric acid at 85�C for
45 min in closed glass tubes. After neutralisation with
sodium carbonate/sodium hydrogen carbonate/so-
dium sulfate buffer, 1 ml hexane was added. After
centrifugation at 400·g for 3 min, the hexane layer
was transferred to another vial and the extraction was
repeated. The combined extracts were then dried
under a stream of nitrogen. Derivatives were stored at
)20�C until GLC analysis.

The FA methyl esters (FAME) were analyzed by
capillary GLC (Hewlett-Packard 5890 Series II gas
chromatograph, equipped with a 60 m · 0.32 mm
BPX-70 column from SGE, Weiterstadt, Germany).
FID signals were evaluated with EZ-Chrom Elite ver-
sion 2.61 software (Scientific Software, Pleasanton,
CA, USA). FAME peaks were identified by compari-
son with commercial standards (Nu-Chek-Prep, Ely-
sian, MN, USA). Values were calculated as weight
percentages (wt.%) of all FAs determined (14)24 C
atoms).

Coefficients of variation (intraassay) were below
10% for all presented FA.

j Statistical analysis

Results are expressed as means ± SEM. After check-
ing for the normal distribution of the data, statistical
analysis for comparisons between groups was per-
formed by using the two-tailed Student’s t test for
normally distributed variables and the Mann–Whit-

ney U test for not normally distributed variables.
Adjustment for potential confounder variables was
done using General Linear Model multivariate analy-
ses, with FAs as the dependent variable, maternal fish
oil supplementation during pregnancy and/or lacta-
tion (yes/no) and gluten exposure (6/12 months) as
categorical variables, and breast feeding as covariates.
For all analyses, P values were corrected for the
number of comparisons and a two tailed Pcorr value of
0.05 was considered significant. All statistical analyses
were performed using the Statistical Package for
Social Science (SPSS 14.0; SPSS, Chicago, IL, USA).

Results

j Characteristics of the infants studied

At age 3 months, blood samples of 48 infants were
collected for the determination of erythrocyte mem-
brane fatty acid composition (Table 1). Of these, 23
infants had a mother with T1DM and 25 infants had a
non-diabetic mother. Median HbA1c of mothers with
T1DM during the last trimester of pregnancy was
5.7% (range 5.1–6.2%). Breastfeeding characteristics
and fish oil supplementation of the mother during
pregnancy and/or lactation is provided in Table 1. At
age 12 months, blood samples of 49 infants were
collected, including 32 infants who had a previous
sample taken at 3 months. Of those, 27 were exposed
to gluten at 6 months and 22 at 12 months. The
median duration of total breastfeeding was 18.5 weeks
in infants of mothers with T1DM compared with
41.3 weeks in infants of non-diabetic mothers.

None of non-fully breastfed infants received LC-
PUFA supplemented formulas.

j Comparison of the erythrocyte membrane FA
composition in 3 months-old infants from mothers
with or without T1DM

At age 3 months, no difference between infants of
T1DM mothers and infants of non-diabetic mothers

Table 1 Patient characteristics

Mothers
with T1DM

Mothers
without T1DM

Total

Age of 3 months 23 25 48
Full breastfeeding (N) 10 17 27
Fish oil supplementation (N) 7 6 13

Age of 12 months 25 24 49
Gluten exposure at 6/12 months (N) 15/10 12/12 27/22
Median duration of total
breastfeeding (weeks)

18.5 41.2 30.2
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was found in the levels of erythrocyte EPA (PE
0.53 ± 0.06 vs. 0.61 ± 0.04 wt.%; PC 0.15 ± 0.02 vs.
0.21 ± 0.03 wt.%) and DHA (PE 7.54 ± 0.37 vs.
7.92 ± 0.38 wt.%; PC 1.53 ± 0.13 vs. 1.65 ± 0.11 wt.%;
Table 2). Infants from mothers with T1DM had
significantly higher levels of the SFA 16:0 compared
with infants of non-diabetic mothers (PC fraction of
erythrocyte membranes: 16:0: 35.45 ± 0.35 vs.
33.89 ± 0.26 wt.%; Pcorr = 0.005; PE fraction:16:0:
16.13 ± 0.39 vs. 14.93 ± 0.24 wt.%; Pcorr = 0.05;
Table 2). Levels of n-3 PUFA 22:5 in the PC fraction
were lower in infants from diabetic mothers compared
with infants from non-diabetic mothers (0.36 ± 0.03
vs. 0.46 ± 0.02 wt.%; Pcorr = 0.025; Table 2).

Previous studies have shown that breastfeeding
and maternal fish oil supplementation may influence the

FA composition of erythrocyte membranes in infants [9,
13, 21]. Therefore, these factors were used as covariates
in a multivariate analysis. In this multivariate analysis,
full breastfeeding and fish oil supplementation during
pregnancy and/or lactation significantly affected the FA
composition: levels of EPA (20:5 n-3) and DHA (22:6
n-3) were higher in fully breastfed infants compared
with non fully breastfed infants (PE: EPA: 0.71 ± 0.05 vs.
0.53 ± 0.06 wt.%, P = 0.04; DHA 8.84 ± 0.32 vs.
7.34 ± 0.43 wt.%, P = 0.008) and higher in infants from
mothers who took fish oil supplements compared with
infants from mothers who did not (PE EPA: 0.72 ± 0.07
vs. 0.52 ± 0.04, P = 0.02 wt.%; DHA 8.93 ± 0.46 vs.
7.24 ± 0.29 wt.%; P = 0.008). Similar to the univariate
analysis, in the multivariate analysis, maternal T1DM
was associated with higher SFA levels (PC 14:0:

Table 2 Fatty acid composition (wt.%) of erythrocyte membrane PC and PE in 3-months-old infants from mothers with or without T1DM

PC PE

Mothers with T1DM
n = 23

Mothers without T1DM
n = 25

Mothers with T1DM
n = 23

Mothers without T1DM
n = 25

SFA
C14:0 0.54 ± 0.05 0.40 ± 0.03 0.19 ± 0.02 0.16 ± 0.02
C16:0 35.45 ± 0.35* 33.89 ± 0.26* 16.13 ± 0.39* 14.93 ± 0.24*
C18:0 11.92 ± 0.24 12.60 ± 0.28 8.85 ± 0.23 8.95 ± 0.17
C20:0 0.19 ± 0.01 0.19 ± 0.01 0.12 ± 0.01 0.11 ± 0.01
C22:0 0.10 ± 0.02 0.12 ± 0.02 0.02 ± 0.01 0.02 ± 0.00
C24:0 0.29 ± 0.09 0.36 ± 0.09 0.02 ± 0.01 0.02 ± 0.00
Total SFA 48.58 ± 0.37 47.56 ± 0.24 25.32 ± 0.51 24.19 ± 0.31

MUFA
C16:1 n-7 0.33 ± 0.02 0.31 ± 0.02 0.13 ± 0.01 0.13 ± 0.01
C18:1 n-9 18.65 ± 0.44 17.72 ± 0.29 17.10 ± 0.44 15.79 ± 0.34
C18:1 n-7 2.20 ± 0.06 2.09 ± 0.06 1.27 ± 0.04 1.16 ± 0.03
C20:1 n-9 0.46 ± 0.03 0.41 ± 0.02 0.59 ± 0.03 0.51 ± 0.03
C22:1 n-9 0.07 ± 0.01 0.07 ± 0.01 0.09 ± 0.01 0.07 ± 0.01
C24:1 n-9 0.40 ± 0.07 0.36 ± 0.05 0.11 ± 0.02 0.07 ± 0.02
Total MUFA 22.11 ± 0.49 20.95 ± 0.31 19.28 ± 0.48 17.73 ± 0.38

n-9 PUFA
C20:3 n-9 0.06 ± 0.00 0.08 ± 0.01 0.20 ± 0.02 0.19 ± 0.01

n-6 PUFA
C18:2 n-6 17.19 ± 0.52 17.28 ± 0.38 4.94 ± 0.22 4.74 ± 0.17
C18:3 n-6 0.05 ± 0.00 0.05 ± 0.00 0.07 ± 0.01 0.07 ± 0.01
C20:2 n-6 0.40 ± 0.01 0.41 ± 0.01 0.36 ± 0.02 0.32 ± 0.02
C20:3 n-6 1.84 ± 0.10 2.03 ± 0.08 1.75 ± 0.12 1.66 ± 0.06
C20:4 n-6 6.23 ± 0.46 7.23 ± 0.25 26.95 ± 0.76 28.43 ± 0.29
C22:2 n-6 0.07 ± 0.01 0.05 ± 0.01 0.13 ± 0.05 0.12 ± 0.04
C22:4 n-6 0.44 ± 0.02 0.49 ± 0.03 7.97 ± 0.18 7.81 ± 0.17
C22:5 n-6 0.18 ± 0.01 0.19 ± 0.02 1.30 ± 0.06 1.29 ± 0.05
Total n-6 PUFA 26.39 ± 0.69 27.73 ± 0.34 43.48 ± 0.75 44.44 ± 0.39

n-3 PUFA
C18:3 n-3 0.10 ± 0.01 0.09 ± 0.01 0.08 ± 0.01 0.07 ± 0.01
C20:3 n-3 0.06 ± 0.01 0.06 ± 0.01 0.11 ± 0.03 0.16 ± 0.02
C20:5 n-3 (EPA) 0.15 ± 0.02 0.21 ± 0.03 0.53 ± 0.06 0.61 ± 0.04
C22:5 n-3 0.36 ± 0.03** 0.46 ± 0.02** 3.30 ± 0.19 3.56 ± 0.10
C22:6 n-3 (DHA) 1.53 ± 0.13 1.65 ± 0.11 7.54 ± 0.37 7.92 ± 0.38
Total n-3 PUFA 2.21 ± 0.17 2.47 ± 0.14 11.57 ± 0.55 12.31 ± 0.47

Values are presented as mean ± SEM
DHA docosahexaenoic acid, EPA eicosapentaenoic acid, SFA saturated fatty acids, MUFA monounsaturated fatty acids, PC phosphatidylcholine, PE phosphatidyl-
ethanolamine, PUFA polyunsaturated fatty acids
Pcorr £ 0.05, **Pcorr £ 0.01
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0.56 ± 0.05 vs. 0.36 ± 0.05 wt.%; P = 0.007), but did
not affect EPA or DHA levels.

j Comparison of the erythrocyte membrane FA
composition in 3-months-old fully breastfed infants
from mothers with or without T1DM

At age 3 months, infants who were still fully breastfed
and had a mother with T1DM showed significantly
higher levels of 14:0 in the PC fraction (14:0:
0.63 ± 0.06 vs. 0.42 ± 0.02 wt.%; Pcorr = 0.01) com-
pared with fully breastfed infants of non-diabetic
mothers (Table 3). The content of other single FAs
was comparable in children of diabetic and non-dia-
betic mothers. When the FA groups SFA, MUFA, total
PUFA and total n-3 and n-6 PUFA were compared,

there were no differences between fully breastfed in-
fants from mothers with versus mothers without
T1DM (Table 3).

j Comparison of the erythrocyte membrane FA
composition in 12 months-old infants from moth-
ers with or without T1DM

At 12 months, a minor reduction in PE DHA levels
was observed in children of T1DM mothers
(4.60 ± 0.24 vs. 5.92 ± 0.36 wt.% Pcorr = 0.015); no
other differences in erythrocyte EPA and DHA levels
were observed (Table 4). Infants from mothers with
T1DM had lower levels of SFA 18:0 (Pcorr = 0.025) in
the PE fraction and 22:0 (Pcorr = 0.05) in the PC
fraction, as well as lower levels of MUFA 24:1 n-9

Table 3 Fatty acid compositions (wt.%) of erythrocyte membrane PC and PE in fully breastfed, 3-months-old infants from mothers with or without T1DM

PC PE

Mothers with T1DM
n = 10

Mothers without T1DM
n = 17

Mothers with T1DM
n = 10

Mothers without T1DM
n = 17

SFA
C14:0 0.63 ± 0.06* 0.42 ± 0.02* 0.17 ± 0.02 0.17 ± 0.03
C16:0 34.43 ± 0.40 33.36 ± 0.28 15.40 ± 0.38 15.12 ± 0.25
C18:0 12.82 ± 0.25 13.24 ± 0.16 9.05 ± 0.26 9.14 ± 0.20
C20:0 0.19 ± 0.01 0.17 ± 0.01 0.12 ± 0.02 0.10 ± 0.01
C22:0 0.08 ± 0.02 0.14 ± 0.03 0.02 ± 0.00 0.02 ± 0.01
C24:0 0.25 ± 0.09 0.46 ± 0.12 0.02 ± 0.01 0.02 ± 0.01
Total SFA 48.76 ± 0.41 47.79 ± 0.22 24.76 ± 0.43 24.56 ± 0.31

MUFA
C16:1 n-7 0.40 ± 0.01 0.35 ± 0.02 0.15 ± 0.03 0.15 ± 0.04
C18:1 n-9 17.54 ± 0.25 17.35 ± 0.30 15.84 ± 0.36 15.05 ± 0.19
C18:1 n-7 2.23 ± 0.06 2.18 ± 0.04 1.23 ± 0.03 1.18 ± 0.03
C20:1 n-9 0.35 ± 0.02 0.34 ± 0.02 0.47 ± 0.02 0.44 ± 0.02
C22:1 n-9 0.07 ± 0.01 0.06 ± 0.00 0.07 ± 0.01 0.07 ± 0.01
C24:1 n-9 0.32 ± 0.07 0.39 ± 0.07 0.12 ± 0.04 0.08 ± 0.03
Total MUFA 20.91 ± 0.26 20.67 ± 0.33 17.88 ± 0.35 16.97 ± 0.22

n-9 PUFA
C20:3 n-9 0.07 ± 0.01 0.07 ± 0.01 0.20 ± 0.03 0.19 ± 0.02

n-6 PUFA
C18:2 n-6 16.26 ± 0.45 16.87 ± 0.37 4.38 ± 0.17 4.43 ± 0.12
C18:3 n-6 0.05 ± 0.00 0.04 ± 0.00 0.06 ± 0.01 0.06 ± 0.01
C20:2 n-6 0.40 ± 0.02 0.42 ± 0.02 0.28 ± 0.01 0.29 ± 0.01
C20:3 n-6 2.12 ± 0.12 2.18 ± 0.08 1.63 ± 0.08 1.64 ± 0.08
C20:4 n-6 7.34 ± 0.46 7.67 ± 0.21 28.52 ± 0.81 28.56 ± 0.27
C22:2 n-6 0.05 ± 0.01 0.05 ± 0.01 0.06 ± 0.01 0.12 ± 0.07
C22:4 n-6 0.46 ± 0.03 0.52 ± 0.04 7.81 ± 0.25 7.71 ± 0.19
C22:5 n-6 0.17 ± 0.02 0.17 ± 0.01 1.29 ± 0.08 1.31 ± 0.07

Total n-6 PUFA 26.87 ± 0.60 27.94 ± 0.44 44.03 ± 0.89 44.12 ± 0.44
n-3 PUFA
C18:3 n-3 0.08 ± 0.01 0.07 ± 0.01 0.06 ± 0.00 0.06 ± 0.01
C20:3 n-3 0.08 ± 0.01 0.06 ± 0.01 0.15 ± 0.04 0.13 ± 0.03
C20:5 n-3 (EPA) 0.20 ± 0.02 0.19 ± 0.02 0.74 ± 0.10 0.63 ± 0.05
C22:5 n-3 0.45 ± 0.02 0.45 ± 0.02 3.95 ± 0.27 3.61 ± 0.12
C22:6 n-3 (DHA) 1.77 ± 0.11 1.83 ± 0.12 8.05 ± 0.34 8.53 ± 0.12
Total n-3 PUFA 2.59 ± 0.13 2.60 ± 0.16 13.37 ± 0.60 12.95 ± 0.50

Values are presented as mean ± SEM
DHA docosahexaenoic acid, EPA eicosapentaenoic acid, SFA saturated fatty acids, MUFA monounsaturated fatty acids, PC phosphatidylcholine, PE phosphatidyl-
ethanolamine, PUFA polyunsaturated fatty acids; *Pcorr £ 0.05; **Pcorr £ 0.01
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(Pcorr = 0.05) in the PC fraction. Furthermore, in-
fants from mothers with T1DM had higher levels of
PUFA 18:2 n-6 (Pcorr = 0.05) and 18:3 n-3
(Pcorr <0.001) in the PE fraction compared with in-
fants from non-diabetic mothers (Table 4). After
adjusting for breastfeeding duration and dietary
intervention (i.e. gluten exposure at 6 or 12 months
of age) in the multivariate analysis, infants from
mothers with T1DM showed a higher MUFA 24:1 n-9
content in the PC fraction (0.31 ± 0.03 vs.
0.17 ± 0.03 wt.%; Pcorr = 0.025) compared with in-
fants from non-diabetic mothers. Breastfeeding
duration influenced levels of MUFA 20:1 n-9
(Pcorr = 0.005), DHA (Pcorr < 0.001) and total n-3
PUFA (Pcorr = 0.005) in the PE fraction of erythro-
cyte membranes.

Discussion

This is to our knowledge the first report of erythro-
cyte membrane fatty acid composition in young in-
fants with an increased genetic and familial risk for
T1DM. Potentially relevant to T1DM risk, no differ-
ences were found in the levels of PUFAs, including
EPA and DHA, in these children. Differences were
observed in other erythrocyte membranse FA. In
particular, 3-months-old infants of T1DM mothers
had higher values of the major SFA 16:0 as compared
to children of non-diabetic mothers. These differences
were also evident when analysing only the fully
breastfed infants.

In contrast to the finding reported by Ghebreme-
skel et al. [12] that healthy neonates born to mothers

Table 4 Fatty acid compositions (wt.%) of erythrocyte membrane PC and PE in 12-months-old infants from mothers with or without T1DM

PC PE

Mothers with T1DM
n = 25

Mothers without T1DM
n = 24

Mothers with T1DM
n = 25

Mothers without T1DM
n = 24

SFA
C14:0 0.43 ± 0.02 0.41 ± 0.03 0.13 ± 0.01 0.19 ± 0.02
C16:0 35.98 ± 0.57 34.08 ± 1.04 15.04 ± 0.37 14.85 ± 0.46
C18:0 11.03 ± 0.25 11.45 ± 0.25 7.93 ± 0.36* 9.16 ± 0.21*
C20:0 0.15 ± 0.01 0.16 ± 0.01 0.12 ± 0.01 0.13 ± 0.01
C22:0 0.04 ± 0.01* 0.09 ± 0.02* 0.04 ± 0.01 0.08 ± 0.04
C24:0 0.10 ± 0.02 0.26 ± 0.06 0.03 ± 0.01 0.06 ± 0.04
Total SFA 47.74 ± 0.74 46.45 ± 1.24 23.28 ± 0.59 24.47 ± 0.48

MUFA
C16:1 n-7 0.40 ± 0.03 0.36 ± 0.02 0.13 ± 0.01 0.12 ± 0.01
C18:1 n-9 18.31 ± 0.29 18.34 ± 0.27 17.16 ± 0.36 16.77 ± 0.36
C18:1 n-7 1.99 ± 0.04 1.85 ± 0.05 1.18 ± 0.03 1.11 ± 0.03
C20:1 n-9 0.37 ± 0.02 0.36 ± 0.01 0.63 ± 0.02 0.56 ± 0.02
C22:1 n-9 0.06 ± 0.01 0.07 ± 0.01 0.07 ± 0.01 0.07 ± 0.01
C24:1 n-9 0.19 ± 0.02* 0.30 ± 0.04* 0.08 ± 0.01 0.06 ± 0.01
Total MUFA 21.33 ± 0.33 21.28 ± 0.31 19.25 ± 0.40 18.69 ± 0.38

n-9 PUFA
C20:3 n-9 0.11 ± 0.02 0.07 ± 0.01 0.13 ± 0.01 0.13 ± 0.02

n-6 PUFA
C18:2 n-6 20.60 ± 0.44 20.12 ± 0.42 6.68 ± 0.17* 6.00 ± 0.20*
C18:3 n-6 0.06 ± 0.01 0.05 ± 0.00 0.07 ± 0.01 0.07 ± 0.01
C20:2 n-6 0.39 ± 0.02 0.38 ± 0.01 0.43 ± 0.02 0.38 ± 0.02
C20:3 n-6 1.90 ± 0.07 1.65 ± 0.07 1.84 ± 0.12 1.55 ± 0.06
C20:4 n-6 5.30 ± 0.28 5.29 ± 0.34 26.75 ± 0.57 26.91 ± 0.57
C22:2 n-6 0.07 ± 0.01 0.12 ± 0.03 0.13 ± 0.01 0.11 ± 0.01
C22:4 n-6 0.43 ± 0.02 0.68 ± 0.29 9.42 ± 0.24 8.57 ± 0.33
C22:5 n-6 0.21 ± 0.02 0.21 ± 0.03 1.55 ± 0.11 1.23 ± 0.06
Total n-6 PUFA 28.95 ± 0.56 28.49 ± 0.60 46.87 ± 0.70 44.81 ± 0.78

n-3 PUFA
C18:3 n-3 0.15 ± 0.01 0.14 ± 0.01 0.14 ± 0.01*** 0.11 ± 0.01***
C20:3 n-3 0.06 ± 0.01 0.07 ± 0.01 0.21 ± 0.02 0.22 ± 0.02
C20:5 n-3 (EPA) 0.15 ± 0.02 0.21 ± 0.06 0.51 ± 0.04 0.56 ± 0.04
C22:5 n-3 0.42 ± 0.03 0.61 ± 0.22 4.02 ± 0.12 4.01 ± 0.14
C22:6 n-3 (DHA) 0.92 ± 0.07 1.45 ± 0.39 4.60 ± 0.24* 5.92 ± 0.36*
Total n-3 PUFA 1.71 ± 0.10 2.48 ± 0.69 9.48 ± 0.33 10.83 ± 0.40

Values are means ± SEM
DHA docosahexaenoic acid, EPA eicosapentaenoic acid, SFA saturated fatty acids, MUFA monounsaturated fatty acids, PC phosphatidylcholine, PE phosphatidyl-
ethanolamine, PUFA polyunsaturated fatty acids
*Pcorr £ 0.05; **Pcorr £ 0.01; ***Pcorr £ 0.001
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with T1DM have highly compromised levels of ara-
chidonic acid (AA) and DHA in plasma lipids of cord
blood, our study did not show any differences with
respect to the content of EPA, DHA, total n-3 PUFA
and total n-6 PUFA in the erythrocyte membrane at 3
and 12 months of age. Apart from the nutritional
benefits associated with these FA [1, 4, 8, 18 ], the
findings are also relevant to the T1DM risk in the
children since a high EPA and DHA intake has been
shown to be associated with decreased risk of islet
autoimmunity and T1DM [20, 23, 24]. Our findings
suggest that infants of T1DM mothers have no dis-
advantage with respect to EPA and DHA intake. At
the same time, it is unlikely that FA contribute to the
T1DM protection seen in children of T1DM mothers
as compared to children of T1DM fathers.

In our study, the minor differences of erythrocyte
membrane FA composition in infants of mothers with
T1DM may be due to differences in the breast milk of
mothers with T1DM caused by altered FA metabolism
in these women. Previous reports would support this
notion. Bitmann et al. [5] examined the milk com-
position of one diabetic mother at 3–7 days post-
partum and observed a lower concentration of
medium chain FAs (C10–C14) compared with 13 non-
diabetic women, suggesting impaired FA synthesis in
the mammary gland. The authors also observed an
increased amount of oleic acid (18:1 n-9) and a higher
concentration of PUFA in the milk of diabetic
mothers, suggesting increased chain elongation
compared with the reference women. In contrast,
Jackson et al. [16] reported lower levels of PUFA in
breast-milk of women with T1DM from 14–84 day
postpartum. In another study, no differences could be
observed in the milk composition at 3–35 days post-
partum of six mothers with tightly controlled T1DM
compared with five non-diabetic women [25].

The contrasting results in other studies may be a
result of the small sample sizes in the previous studies
and heterogeneity between feeding habits of mothers
in the various studies. In our present study, we had
access to 129 samples taken from children aged 3 and
12 months, and had records of breastfeeding status,
fish oil supplementation and gluten exposure. Indeed,
for children aged 3 months, full breastfeeding and fish
oil supplementation during pregnancy and/or lacta-
tion were associated with higher concentrations of
EPA and DHA and total n-3 PUFA in the PE fraction.
These findings confirm previous reports that fishoil

supplementation during pregnancy and/or lactation
and breastfeeding has a significant impact on the FA
supply of the infants. Fish oil supplementation during
pregnancy has been shown to increase the n-3 fatty
acid content of breast milk [7, 10, 14] and is associ-
ated with increased DHA and EPA content of mater-
nal and infant erythrocyte membranes [9, 14]. A
higher percentage of n-3 FAs, in particular DHA, in
erythrocyte membrane lipids has previously been re-
ported in breastfed infants compared to formula-fed
infants [13, 19, 21]. It has also been shown that infants
who receive fish oil supplemented formula achieve a
fatty acid status similar to that of breastfed infants
[17], but none of non-fully breastfed infants in this
study received LC-PUFA supplemented formulas. The
dietary intervention of a delayed introduction of
gluten did not affect fatty acid levels at 12 months of
age.

The strength of our study is that we measured the
FA composition of the erythrocyte membranes in the
child thereby obtaining a measure of both the intake
and the lipometabolic status of the child [2, 3]. A
limitation is that we analysed the percentage of the
fatty acid and not the absolute concentration.

Conclusion

These data suggest that there are only minor differ-
ences in erythrocyte FA composition in infants of
mothers with T1DM compared with infants of non-
diabetic mothers, in particular if infants are fully
breastfed. It seems that mothers with T1DM provide a
similar supply of LC-PUFA, in particular of EPA and
DHA, in breast milk to that provided by non-diabetic
mothers. We conclude, therefore, that EPA and DHA
status of the child is unlikely to explain the reduced
T1DM risk seen in children of mothers with T1DM.
Nevertheless, for infants who were not fully breastfed,
erythrocyte LC-PUFA contents were lower than those
of fully breastfed infants, and supplementation could
be considered for non-fully breastfed children in
general.
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