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Breast feeding is associated with a modestly lower blood 
pressure in childhood and adulthood, as reported in 2 

meta-analyses.1,2 In contrast to formula feeding up to the 
1990s, human milk contains n-3 long-chain (LC) poly-
unsaturated fatty acids (PUFAs),3-5 which are important 
structural components of the vascular endothelium. Hence, 
it is hypothesized that the lowering effect of human milk on 
blood pressure may be the result of a long-term effect of 
n-3 LC PUFAs, in particular, docosahexaenoic acid (DHA; 
22:6n-3) and eicosapentaenoic acid (EPA; 20:5n-3), as pres-
ent in many fish oils.3,6 Other than that n-3 LC PUFAs may 
lead to lower blood pressure in early childhood, supple-
mentation with n-3 LC PUFAs in adulthood also results in 

a lower blood pressure after a mean study duration of 11 
weeks.7

In an observational birth cohort study, we tested the associ-
ation between the n-3 LC PUFA composition of human milk 
and the current fatty acid status, as a biomarker of DHA and 
EPA intake, with blood pressure in children. Therefore, we 
studied the prospective association between fatty acid com-
position of human milk and blood pressure at age 12 years 
and the cross-sectional association between fatty acid compo-
sition of erythrocyte membranes at age 12 and blood pressure 
at age 12. In addition, we studied whether erythrocyte fatty 
acid status at age 12 years explained the association between 
human milk fatty acids composition and blood pressure.

Abstract—Breastfed individuals have a lower blood pressure than formula-fed individuals. Supplementation with n-3 long-
chain polyunsaturated fatty acids in adults is also associated with a lower blood pressure. We studied whether children 
receiving human milk with a relatively high content of n-3 long-chain polyunsaturated fatty acids have a lower blood 
pressure at age 12 years, and, if so, whether this association is explained by the n-3 long-chain polyunsaturated fatty 
acids content in erythrocyte membranes at age 12 years. Within a 12-year follow-up of a population-based birth cohort, 
we compared blood pressure of 205 never-breastfed children and 109 children who had fatty acid composition of their 
mothers’ breast milk measured during lactation. In addition, 973 children had information on erythrocyte fatty acid 
composition and blood pressure at age 12 years. Children who received human milk with an n-3 long-chain polyunsaturated 
fatty acids content above the median (ie, 0.51 weight percentage) had a 4.79-mm Hg lower systolic (95% CI, −7.64 to 
−1.94) and a 2.47-mm Hg lower diastolic (95% CI, −4.45 to −0.49) blood pressure at age 12 years than never-breastfed 
children. N-3 long-chain polyunsaturated fatty acids levels in human milk below the median value and current n-3 long-
chain polyunsaturated fatty acid status were not associated with blood pressure at age 12 years. Thus, a relatively high 
content of n-3 long-chain polyunsaturated fatty acids in human milk is associated with a lower blood pressure in children 
at age 12 years, a finding not explained by current n-3 long-chain polyunsaturated fatty acids status. (Hypertension. 
2012;60:1055-1060.)  ●  Online Data Supplement
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Subjects and Methods

Study Design and Setting
We used the data from a population-based Dutch birth cohort study, 
the Prevention and Incidence of Asthma and Mite Allergy Study. 
Details of the study are described elsewhere.8 In short, pregnant 
women were recruited from the general population during their first 
antenatal visit in 1996–1997. Yearly, around the child’s birthday, data 
were collected by questionnaires. In addition, in a subgroup of chil-
dren, a home visit was performed around the age of 3 months, and 
extensive medical examinations were performed at the ages of 4, 8, 
and 12 years. The study protocol was approved by the medical ethics 
committees of the participating institutes, and all of the parents gave 
written informed consent.

Study Population
A total number of 1432 children had blood pressure measurements 
at age 12 years. The fatty acid analyses were performed in a sub-
sample. In this population, 2 subgroups were identified, all children 
who were never breastfed (n=205) and children from a subsample 
of mothers who collected a human milk sample for fatty acid analy-
sis (n=109). Thus, we could assess the association between fatty 
acid composition of infant milk feeding and blood pressure in 314 
participants. Data on erythrocyte membrane fatty acid composition 
were available for 973 participants. Because 64 children did not 
have information on fatty acids at both measurements, we had com-
plete data for fatty acid composition of infant milk feeding, eryth-
rocyte membrane fatty acid composition at age 12 years, and blood 
pressure in 250 children.

Fatty Acid Composition of Human Milk
We collected information on fatty acid composition of human milk 
but not on the fatty acid content of other food sources in infancy. 
Data on breastfeeding initiation was assessed by questionnaire 
at age 3 months. In the current study, children who were never 
breastfed served as reference, because at the time of the study 
(1996–1997), infant formula did not contain n-3 LC PUFAs in 
the Netherlands,9 and, therefore, this reference group had never 
received DHA and EPA in their first months of life. Details of 
human milk collection and analysis have been reported else-
where.10 Fatty acids were measured as weight percentage (wt%) of 
the total fat content. Fatty acids of main interest in relation to blood 
pressure were DHA (22:6[n-3]), EPA (20:5[n-3]), and the sum of 
n-3 LC PUFAs (≥C20).

Erythrocyte Fatty Acids at Age 12 Years
Venous blood was sampled in a serum-separating tube with clot acti-
vator and gel for serum separation (BD Vacutainer). After clotting 
(30 minutes, room temperature), tubes were stored in the refrigerator 
until centrifuged at 1300 relative centrifugal force for 10 minutes. 
Serum was removed, and clotted cells were stored at −20°C. Fatty 
acid composition of clotted cell material was analyzed similarly as 
described above for the human milk samples.

Blood Pressure
Systolic and diastolic blood pressures were measured according to 
the recommendations of the American Heart Association Council 
on High Blood Pressure Research.11 Blood pressure was measured 
with the automatic Omron M6 upper arm device, which is based 
on the oscillometric method. An equivalent device using the same 
algorithm was validated in children.12 The child was calm and in 
a seated position for ≥10 minutes before the first measurement, 
and after 5 minutes a second measurement was performed. A child 
cuff size was used, but for children with an arm circumference >22 
cm, a larger cuff was used. When the measurements differed >5 
mm Hg, a third measurement was done. The averages of the (2 or 
3) systolic and diastolic blood pressure measurements were used.

Potential Confounders and Mediators
The following variables were considered potential confounders: sex, 
gestational age, maternal smoking during pregnancy (any smoking 
by the mother during pregnancy ≥4 weeks after onset of pregnancy), 
birth weight, maternal and paternal educational level, and maternal 
and paternal body mass index (BMI). These variables were retrieved 
from questionnaires administered during pregnancy and in the first 
year of life. Mother’s BMI was calculated as weight (in kilograms)/
height2 (in meters). Father’s BMI was similarly calculated and 
obtained from the questionnaire at child’s age 8 years. An effect of 
parental smoking on blood pressure in preschool children, as men-
tioned in the study of Simonetti et al,13 may cause confounding if 
parental smoking is also associated with fatty acid composition of 
breast milk. However, in this data set there was no association, and, 
thus, we did not adjust our associations for parental smoking.

Child’s weight and height were measured during the medical ex-
amination, from which BMI was calculated. Child’s BMI can be a 
confounder or mediator, because it may be in the causal pathway in 
the association between infant milk feeding fatty acids and blood 
pressure.

Statistical Analysis
Because the fatty acid composition of human milk and erythro-
cyte membranes was not normally distributed and the association 
between fatty acids and blood pressure may not be linear, we cre-
ated categories. N-3 LC PUFA content of human milk was catego-
rized above or under the median of 0.51 wt%, respectively, “high” 
or “low.” Hence, infant milk feeding fatty acid composition had 3 
categories, no n-3 LC PUFAs (infant formula), “low” in n-3 LC 
PUFAs, and “high” in n-3 LC PUFAs. Each fatty acid in erythro-
cyte membrane fatty acid composition was categorized separately 
in tertiles, with the highest tertile serving as the reference group. 
The association between fatty acid composition of human milk 
and blood pressure and erythrocytes with blood pressure was ana-
lyzed with multiple linear regression analyses for which we report 
regression coefficients and 95% CIs. The regression coefficient for 
human milk can be interpreted as the mean difference between high 
or low fatty acid content and the reference group of no fatty acids 
(infant formula). All of the blood pressure analyses were adjusted 
for cuff size. The fully adjusted model included all of the potential 
confounders described earlier. Missing values in the confounders 
did not exceed 2%, with the exception of parental BMI (<10%). We 
applied multiple imputation for the missing values in the confound-
ing variables to prevent loss of information and bias. Ten imputed 
data sets were generated using a fully conditional specified model. 
Imputations were based on the relations between all of the covari-
ates in the study. The multiple imputation was performed with SPSS 
(version 18.0). The 10 imputations were summarized in a pooled 
estimate.

We performed analyses stratified for breastfeeding, sex, and child’s 
overweight status to identify different associations within strata, but 
none of these factors appeared to be an effect modifier. Therefore, we 
did not perform stratified analysis. Data analysis was conducted with 
SAS software version 9.2 (SAS Institute, Inc, Cary, NC).

Results
Subject Characteristics
Table 1 shows the characteristics of the total study popula-
tion and of the 2 study subsamples. Children who were 
never breastfed had more often a smoking, lower educated, 
and heavier mother and had a lower birth weight and shorter 
gestational age compared with children in the human milk 
fatty acids analyses sample. The characteristics of the sub-
sample with erythrocyte membrane fatty acids available 
were similar to the total study population. Characteristics 
were not associated with blood pressure, except for 
father’s BMI (Table S1, available in the online-only Data  
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Supplement). Table 2 shows the fatty acid composition of human 
milk and of the erythrocyte membranes of children at age 12 
years. Mean n-3 LC PUFA content was 0.58 wt% (SD 0.34) in 
human milk and 2.68 wt% (SD 1.38) in erythrocyte membranes.

Associations Between Infant Milk Feeding and 
Blood Pressure
Children who were fed human milk with a relatively high con-
tent (above the median, ie, ≥0.51 wt%) of n-3 LC PUFAs had a 

4.79-mm Hg lower systolic (95% CI, −7.64 to −1.94; Table 3) 
and a 2.47-mm Hg lower diastolic blood pressure (95% CI, −4.45 
to −0.49; Table 3) than children who were never breastfed. The 
blood pressure of children never breastfed did not differ from 
the blood pressure of children receiving human milk with a rela-
tively low amount of n-3 LC PUFAs (below the median, ie, <0.51 
wt%) for both systolic (β=−0.08 mm Hg [95% CI, −2.92 to 2.77]) 
and diastolic (β=−0.07 mm Hg [95% CI, −2.05 to 1.90]) blood 
pressures (Table 3). Child’s BMI was a strong predictor of blood  

Table 1. Characteristics of The Total Study Population of the PIAMA Study, the Subsample Available for the Prospective 
Association Between Infant Feeding Fatty Acid Composition and Blood Pressure at Age 12 Years, and Subsample Available for the 
Cross-Sectional Association Between Erythrocyte Fatty Acid Composition and Blood Pressure

Variables*

PIAMA  
Population  
(n=3963)†

Subsample for Infant Feeding Fatty Acid  
Composition and Blood Pressure at  

Age 12 y (n=314)
Subsample for Erythrocyte  

Membrane Fatty Acid  
Composition and Blood Pressure  

at Age 12 y (n=973)
Total  

(n=314)
No Breastfeeding  

(n=205)
Breastfeeding  

(n=109)

Blood pressure at age 12 y

 Systolic , mm Hg 114.8 (9.2) 116.2 (9.6)§ 116.9 (9.4) 114.9 (9.8)  115.0 (9.3)

 Diastolic, mm Hg 66.7 (6.5) 67.3 (6.4)‡ 67.6 (6.4) 66.6 (6.3)‡ 66.6 (6.5)

Covariates

Maternal smoking in pregnancy, %

 Yes 17.8 15.7 20.1     7.3§ 12.7  

Mother’s educational level, %

 Low 23.5 25.2 32.7 11.0  17.7  

 Middle 41.6 42.4 45.9 35.8 42.3

 High 35.0 32.5 21.5 53.2 40.0

Child’s sex, boy, % 51.8 49.0 47.8 51.4 49.7

Birth weight, kg 3.51 (0.55) 3.48 (0.56) 3.47 (0.59) 3.49 (0.50)‡ 3.55 (0.52)§

Gestational age, wk 39.8 (1.7) 39.7 (1.7) 39.6 (1.8) 40.1 (1.4)§ 40.0 (1.4)  

Mother’s prepregnancy BMI, kg/m2 22.9 (3.4) 22.8 (3.4) 23.2 (3.6) 22.1 (3.0)§ 22.7 (3.1)

Father’s BMI, kg/m2 25.4 (3.1) 25.2 (3.2) 25.7 (3.2) 24.4 (2.9)‡ 25.2 (3.1)‡

Child’s BMI z score at age 12 y 0.12 (1.06) 0.13 (1.12) 0.24 (1.15) −0.07 (1.03)§ 0.11 (1.05)

Child overweight at age 12 y, % 12.3 15.3 19.1 8.3§ 11.9

PIAMA indicates Prevention and Incidence of Asthma and Mite Allergy Study; BMI, body mass index. P values are from t tests for continuous variables and χ2 tests for 
categorical variables vs PIAMA population (for column under n=314 and n=973) or vs nonbreastfed children (for column under n=109).

*Values are mean (SD) for continuous variables and percentages for categorical variables.
†The study started with 3963 newborns, and from these we had data on 3463 children for BMI mother, 2996 for BMI father, 3914 for birth weight, 3930 for 

gestational age, 3807 for mother’s educational level, and 3926 for maternal smoking during pregnancy. The medical examination at 12 y yielded information for 1432 
children on blood pressure and for 1508 children on BMI.

‡P<0.05.
§P<0.01.
‖P<0.001.

Table 2. Fatty Acid Composition (Percentages of Total Fatty Acids) of Human Milk 
and Erythrocyte Membranes at Age 12 y

Fatty Acids

Human Milk (n=109)
Erythrocytes at  

Age 12 y (n=973)

Mean wt%  
(SD)

Median wt%  
(Interquartile Range)

Mean wt%  
(SD)

Median wt%  
(Interquartile Range)

DHA (C22:6n3) 0.23 (0.22) 0.18 (0.13-0.24) 1.41 (0.75) 1.26 (0.88-1.84)

EPA (C20:5n3) 0.06 (0.06) 0.05 (0.03-0.07) 0.36 (0.40) 0.31 (0.18-0.43)

Total n-3 LC PUFA (≥C20) 0.58 (0.34) 0.51 (0.43-0.63) 2.68 (1.38) 2.41 (1.77-3.37)

DHA indicates docosahexaenoic acid; EPA, eicosapentaenoic acid; LC PUFA, long-chain poly-
unsaturated fatty acids; wt, weight.
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pressure in itself, but it had little influence on the association 
between a relatively high n-3 LC PUFA fatty acid composition 
and lower blood pressure. Similar results were obtained for the 
single n-3 LC PUFAs EPA and DHA.

Association Between Erythrocyte Membrane Fatty 
Acid Composition and Blood Pressure
Differences in blood pressure between tertiles of n-3 LC PUFAs 
in erythrocyte membranes were <1 mm Hg and not statistically 
different from 0. This was the case for systolic and diastolic 
blood pressures and for all fatty acids studied (Table 4).

Discussion

Main Findings
This study shows that children receiving human milk with a 
relatively high content of DHA, EPA, or total n-3 LC PUFAs 
had a significantly lower systolic blood pressure at age 12 
years. A similar tendency was observed for diastolic blood 
pressure, but the associations were not all statistically signifi-
cant after adjustment for potential confounders.

Erythrocyte membrane fatty acid composition at age 12 years 
was not associated with blood pressure at that age, and, there-
fore, the association between human milk fatty acid composi-
tion and blood pressure at age 12 years was not explained by 
erythrocyte membrane fatty acid composition at age 12 years.

Strengths and Limitations
Strengths of this study are the prospective design of the study 
and the availability of fatty acid composition in human milk,  

as well as in erythrocyte membranes, at age 12 years. However, 
some methodological considerations should be taken into 
account when interpreting the results. Because we obtained 
only 1 sample of human milk, we do not know whether the 
fatty acid composition in the human milk sample reflects the 
fatty acid composition of the human milk of the entire lac-
tation period. However, breast milk fatty acid composition 
reflects long-term food intake by the mother14 and predicts 
infant DHA status.15 If misclassification occurred, this mis-
classification is, however, unlikely to be differentially associ-
ated with later blood pressure, that is, it is unlikely that all 
of the mothers with a lower than normal content of n-3 LC 
PUFAs in their milk on the day they collected the sample will 
have children with a higher blood pressure at age 12 years. We 
used erythrocyte membrane fatty acid content as an indica-
tor of the child’s diet. Erythrocyte fatty acid content has been 
shown to be a valid indicator of EPA and DHA intake,16 but 
it reflects a rather short period of previous diet. These limi-
tations may have led to nondifferential misclassification and 
may, therefore, have diluted the associations.

We collected data on fatty acid composition of human milk 
and erythrocytes in a subsample of the children. The mothers 
who were willing to donate a milk sample had higher educa-
tion and a healthier lifestyle than those who did not breastfeed. 
However, we consider it to be unlikely that the association 
between human milk fatty acid composition and blood pres-
sure at age 12 years is different in the group that we studied 
from that in the total study population. Although we were able 
to adjust for a wide range of lifestyle confounders, residual 
confounding by lifestyle factors can never be excluded.

Table 3. Differences in Blood Pressure at Age 12 y for Fatty Acid Composition in Infant Milk Feeding

Fatty Acids*

Systolic Blood Pressure, mm Hg Diastolic Blood Pressure, mm Hg

Unadjusted (n=314) Adjusted† (n=314) Unadjusted (n=314) Adjusted† (n=314)

DHA

 No breastfeeding ref (0) ref (0) ref (0) ref (0)

 Breastfeeding DHA levels less than median‡ −1.15 (−3.97 to 1.67) −1.06 (−3.96 to 1.84) −0.80 (−2.72 to 1.11) −0.87 (−3.63 to 0.33)

 Breastfeeding DHA levels at or more  
 than median

−3.94 (−6.75 to −1.12)‖ −3.73 (−6.58 to −0.88)§ −1.65 (−3.56 to 0.26) −1.65 (−3.63 to 0.33)

EPA

 No breastfeeding ref (0) ref (0) ref (0) ref (0)

 Breastfeeding EPA levels less than median‡ 0.42 (−2.38 to 3.21) 0.06 (−2.77 to 2.90) 0.17 (−1.74 to 2.08) −0.15 (−2.13 to 1.83)

 Breastfeeding EPA levels at or more  
 than median

−5.43 (−8.20 to −2.67)¶ −4.96 (−7.81 to −2.10)¶ −2.59 (−4.48 to −0.70)‖ −2.41 (−4.40 to −0.42)§

n-3 LC PUFA

 No breastfeeding ref (0) ref (0) ref (0) ref (0)

 Breastfeeding n-3 LC PUFA levels  
 less than median‡

0.04 (−2.76 to 2.84) −0.08 (−2.92 to 2.77) 0.12 (−1.79 to 2.02) −0.07 (−2.05 to 1.90)

 Breastfeeding n-3 LC PUFA levels  
 at or more than median

−5.10 (−7.88 to −2.32)¶ −4.79 (−7.64 to −1.94)¶ −2.55 (−4.45 to −0.66)‖ −2.47 (−4.45 to −0.49)§

DHA indicates docosahexaenoic acid; EPA, eicosapentaenoic acid; LC PUFA, long-chain poly-unsaturated fatty acids; BMI, body mass index; wt, weight; ref, reference
*Associations represent regression coefficients and 95% CIs.
†Adjustments were made for size of cuff (also in unadjusted analyses), birth weight, gestational age, child’s sex, mother’s smoking during pregnancy, educational 

level of father and mother, BMI of father and mother, and child’s BMI at age 12 y.
‡Median was 0.18 wt% for DHA, 0.05 wt% for EPA, and 0.51 wt% for n-3 LC PUFA.
§P<0.05.
‖P<0.01.
¶P<0.001.
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Comparison With Other Studies
So far, no observational studies are available on effects of 
fatty acid composition of human milk on long-term blood 
pressure. Therefore, we compare our results with studies 
on effects of fatty acid supplementation in infant formula 
feeding and supplementation of mothers during breastfeed-
ing. Our finding that n-3 LC PUFAs in infant milk feeding 
are associated with a lower blood pressure in childhood is 
consistent with a trial that supplemented infant formula 
with n-3 LC PUFAs (mainly DHA and EPA).17 Blood pres-
sure at age 6 years was lower in children who received the 
supplemented formula and in children who were breastfed 
compared with children who received standard formula.17 In 
contrast, a study in which lactating mothers rather than the 
children themselves were administered fish oil reported no 
decrease in blood pressure in the children at age 2.5 years,6,18 
and a follow-up of this study even reported a higher blood 
pressure at age 7.0 years in children whose mothers received 
fish oil supplementation during lactation.19 Fish intakes vary 
considerable between and within countries,4 and the moth-
ers in this specific reference group had a relatively high fish 
intake. Although the DHA content of human milk in our 
sample (median, 0.18 wt%) was generally lower than world-
wide (median, 0.26 wt%), there may be more variability in 
our population to detect an effect of n-3 LC PUFAs on blood 
pressure.

Evidence for an association between fatty acid intake and 
blood pressure mainly comes from middle-aged and high-risk 
adult groups.7 The few studies that have assessed the associa-
tion between n-3 LC PUFAs and blood pressure in children 
vary concerning exposure assessment and study population 
characteristics, but from these studies and ours, there is cur-
rently no convincing evidence for an association between 

n-3 LC PUFAs and blood pressure in a healthy, young 
population.20-23

Perspectives
Although an observational study cannot prove causation, the 
mechanism by which early n-3 LC PUFA intake may influence 
later blood pressure may be via programming. This means that 
at key stages of response to nutritional, metabolic, or endo-
crine cues, such as those occurring during infant development, 
certain exposures may predispose later health by metabolic 
adaptation, altered cell differentiation, or epigenetic changes. 
Later exposure to the same variable may hardly have any 
effect on health.24

The results are relevant for population health. N-3 LC 
PUFA content of human milk can be increased with mother’s 
diet.14 In addition, DHA in human milk is a stronger determi-
nant for infant n-3 LC PUFA status than direct supplement-
ing fatty acids to infants,25 highlighting the importance of 
optimizing fatty acid composition of human milk. However, 
before any specific recommendations can be given concern-
ing fatty acid intake of lactating women, our findings should 
be replicated in other populations. For now, clinicians should 
advise pregnant women to start breastfeeding and to fol-
low dietary guidelines for intake of foods containing fatty 
acids. Blood pressure in childhood tracks into adulthood.26 
In middle-aged people, it has been described that a 2-mm Hg 
reduction in population blood pressure results in a 10% lower 
stroke mortality and a 7% lower mortality from ischemic 
heart disease.27

Conclusions
A relatively high content of n-3 LC PUFAs in human milk is 
associated with a lower blood pressure in children. N-3 LC 

Table 4. Differences in Blood Pressure at Age 12 y for Different Tertiles of Erythrocyte Membrane Fatty 
Acid Composition

Fatty Acids*

Systolic Blood Pressure, mm Hg Diastolic Blood Pressure, mm Hg

Unadjusted (n=973) Adjusted† (n=973) Unadjusted (n=973) Adjusted† (n=973)

DHA

 Tertile 1 (lowest)‡ 0.42 (−0.99 to 1.82) −0.05 (−1.42 to 1.32) 0.34 (−0.66 to 1.33) 0.07 (−0.91 to 1.06)

 Tertile 2‡ 0.23 (−1.18 to 1.63) −0.04 (−1.41 to 1.32) 0.16 (−0.83 to 1.15) 0.04 (−0.94 to 1.02)

 Tertile 3 (highest)‡ ref (0) ref (0) ref (0) ref (0)

EPA

 Tertile 1 (lowest)‡ 0.33 (−1.07 to 1.74) 0.19 (−1.18 to 1.56) 0.25 (−0.74 to 1.25) 0.06 (−0.93 to 1.05)

 Tertile 2‡ 0.09 (−1.31 to 1.50) −0.04 (−1.41 to 1.32) 0.32 (−0.67 to 1.31) 0.16 (−0.83 to 1.14)

 Tertile 3 (highest)‡ ref (0) ref (0) ref (0) ref (0)

n-3 LC PUFA

 Tertile 1 (lowest)‡ 0.29 (−1.11 to 1.69) −0.29 (−1.66 to 1.08) 0.56 (−0.43 to 1.55) 0.17 (−0.82 to 1.16)

 Tertile 2‡ 0.47 (−0.94 to 1.87) 0.02 (−1.34 to 1.39) 0.29 (−0.70 to 1.29) 0.07 (−0.91 to 1.05)

 Tertile 3 (highest)‡ ref (0) ref (0) ref (0) ref (0)

DHA indicates docosahexaenoic acid; EPA, eicosapentaenoic acid; LC PUFA, long-chain poly-unsaturated fatty acids; ref, reference; 
BMI, body mass index.

*Associations represent regression coefficients and 95% CIs.
†Adjustments were made for size of cuff (also in unadjusted analyses), birth weight, gestational age, child’s sex, mother’s smoking 

during pregnancy, educational level of father and mother, BMI of father and mother, and child’s BMI at age 12 y.
‡Cutoff points (in weight %) were 0.88 and 1.84 for DHA, 0.18 and 0.43 for EPA, and 1.77 and 3.37 for n-3 LC PUFA.
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PUFA status at age 12 years is not associated with blood pres-
sure in this healthy population.

Acknowledgments
We thank Martin Balvers for analyzing the erythrocyte membrane 
fatty acids and Ada Wolse for data management.

Sources of Funding
The Prevention and Incidence of Asthma and Mite Allergy Study was 
supported by the Netherlands Organization for Health Research and 
Development; the Netherlands Organization for Scientific Research; 
the Netherlands Asthma Fund; the Netherlands Ministry of Spatial 
Planning, Housing, and the Environment; and the Netherlands Ministry 
of Health, Welfare, and Sport. The erythrocyte membrane fatty acids 
content analysis, as well as the statistical analysis and the reporting of 
the present article, was supported by Danone Research BV.

Disclosures
M.A.-B. and B.v.d.H. are employed by Danone Research BV.

References
 1. Martin RM, Gunnell D, Smith GD. Breastfeeding in infancy and 

blood pressure in later life: systematic review and meta-analysis. Am J 
Epidemiol. 2005;161:15–26.

 2. Owen CG, Whincup PH, Gilg JA, Cook DG. Effect of breast feeding in 
infancy on blood pressure in later life: systematic review and meta-analy-
sis. BMJ. 2003;327:1189–1195.

 3. Couch SC, Daniels SR. Diet and blood pressure in children. Curr Opin 
Pediatr. 2005;17:642–647.

 4. Brenna JT, Varamini B, Jensen RG, Diersen-Schade DA, Boettcher JA, 
Arterburn LM. Docosahexaenoic and arachidonic acid concentrations in 
human breast milk worldwide. Am J Clin Nutr. 2007;85:1457–1464.

 5. Lauritzen L, Halkjaer LB, Mikkelsen TB, Olsen SF, Michaelsen KF, 
Loland L, Bisgaard H. Fatty acid composition of human milk in atopic 
Danish mothers. Am J Clin Nutr. 2006;84:190–196.

 6. Larnkjaer A, Christensen JH, Michaelsen KF, Lauritzen L. Maternal 
fish oil supplementation during lactation does not affect blood pressure, 
pulse wave velocity, or heart rate variability in 2.5-y-old children. J Nutr. 
2006;136:1539–1544.

 7. Geleijnse JM, Giltay EJ, Grobbee DE, Donders AR, Kok FJ. Blood pres-
sure response to fish oil supplementation: metaregression analysis of ran-
domized trials. J Hypertens. 2002;20:1493–1499.

 8. Brunekreef B, Smit J, de Jongste J, Neijens H, Gerritsen J, Postma D, 
Aalberse R, Koopman L, Kerkhof M, Wijga A, van Strien A. The pre-
vention and incidence of asthma and mite allergy (PIAMA) birth cohort 
study: design and first results. Pediatr Allergy Immunol. 2002;13(suppl 
15):55–60.

 9. Lim M, Mathus-Vliegen EMH. De Voedingsmiddelengids (The Nutrition 
Guide), Editie 1996/1997. Haarlem, the Netherlands: Uitgeverij de Toorts; 
1996.

 10. Wijga A, Houwelingen AC, Smit HA, Kerkhof M, Vos AP, Neijens 
HJ, Brunekreef B. Fatty acids in breast milk of allergic and non-aller-
gic mothers: The PIAMA birth cohort study. Pediatr Allergy Immunol. 
2003;14:156–162.

 11. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, Jones 
DW, Kurz T, Sheps SG, Roccella EJ. Recommendations for blood pres-
sure measurement in humans and experimental animals: part 1–blood 
pressure measurement in humans: a statement for professionals from the 
Subcommittee of Professional and Public Education of the American Heart 
Association Council on High Blood Pressure Research. Hypertension. 
2005;45:142–161.

 12. Stergiou GS, Yiannes NG, Rarra VC. Validation of the Omron 705 IT 
oscillometric device for home blood pressure measurement in chil-
dren and adolescents: the Arsakion School Study. Blood Press Monit. 
2006;11:229–234.

 13. Simonetti GD, Schwertz R, Klett M, Hoffmann GF, Schaefer F, Wuhl E. 
Determinants of blood pressure in preschool children: the role of parental 
smoking. Circulation. 2011;123:292–298.

 14. Jensen RG. Lipids in human milk. Lipids. 1999;34:1243–1271.
 15. Dunstan JA, Mitoulas LR, Dixon G, Doherty DA, Hartmann PE, Simmer 

K, Prescott SL. The effects of fish oil supplementation in pregnancy on 
breast milk fatty acid composition over the course of lactation: a random-
ized controlled trial. Pediatr Res. 2007;62:689–694.

 16. Hodson L, Skeaff CM, Fielding BA. Fatty acid composition of adipose 
tissue and blood in humans and its use as a biomarker of dietary intake. 
Prog Lipid Res. 2008;47:348–380.

 17. Forsyth JS, Willatts P, Agostoni C, Bissenden J, Casaer P, Boehm G. Long 
chain polyunsaturated fatty acid supplementation in infant formula and 
blood pressure in later childhood: follow up of a randomised controlled 
trial. BMJ. 2003;326:953.

 18. Ulbak J, Lauritzen L, Hansen HS, Michaelsen KF. Diet and blood pres-
sure in 2.5-y-old Danish children. Am J Clin Nutr. 2004;79:1095–1102.

 19. Asserhoj M, Nehammer S, Matthiessen J, Michaelsen KF, Lauritzen L. 
Maternal fish oil supplementation during lactation may adversely affect 
long-term blood pressure, energy intake, and physical activity of 7-year-
old boys. J Nutr. 2009;139:298–304.

 20. Pedersen MH, Molgaard C, Hellgren LI, Lauritzen L. Effects of fish 
oil supplementation on markers of the metabolic syndrome. J Pediatr. 
2010;157:395–400.

 21. O’Sullivan TA, Bremner AP, Beilin LJ, Ambrosini GL, Mori TA, Huang 
RC, Oddy WH. Polyunsaturated fatty acid intake and blood pressure in 
adolescents. J Hum Hypertens. 2011;26:178–187.

 22. Lauritzen L, Harslof LB, Hellgren LI, Pedersen MH, Molgaard C, 
Michaelsen KF. Fish intake, erythrocyte n-3 fatty acid status and metabolic 
health in Danish adolescent girls and boys. Br J Nutr. 2011;107:697–704.

 23. Klein-Platat C, Drai J, Oujaa M, Schlienger JL, Simon C. Plasma 
fatty acid composition is associated with the metabolic syndrome and 
low-grade inflammation in overweight adolescents. Am J Clin Nutr. 
2005;82:1178–1184.

 24. Innis SM. Metabolic programming of long-term outcomes due to fatty 
acid nutrition in early life. Matern Child Nutr. 2011;7(suppl 2):112–123.

 25. Meldrum SJ, D’Vaz N, Casadio Y, Dunstan JA, Krogsgaard-Larsen N, 
Simmer K, Prescott SL. Determinants of DHA levels in early infancy: 
differential effects of breast milk and direct fish oil supplementation. 
Prostaglandins Leukot Essent Fatty Acids. 2012;86:233–239.

 26. Chen X, Wang Y. Tracking of blood pressure from childhood to adult-
hood: a systematic review and meta-regression analysis. Circulation. 
2008;117:3171–3180.

 27. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific rel-
evance of usual blood pressure to vascular mortality: a meta-analysis of 
individual data for one million adults in 61 prospective studies. Lancet. 
2002;360:1903–1913.

What Is New?
•   Human milk has been reported to be associated with blood pressure in 

later life.
• This study reveals that variability of n-3 LC PUFAs (eg, fish oils) in infant 

milk feeding may be the mechanism underlying this association.

What Is Relevant?
• The difference in blood pressure at age 12 years between low and high fatty 

acid content of infant milk feeding was clinically relevant.

• Blood pressure tracks from childhood to adulthood and may, therefore, 
contribute to healthy population levels of blood pressure.

Summary

A relatively high content of fatty acids like fish oils in human milk is 
associated with a lower blood pressure at age 12 years, independent 
of current fatty acid status.

Novelty and Significance
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Table S1: Bivariate association between potential confounders and blood pressure* 
Variables  Blood pressure 
  Systolic Diastolic 
Maternal smoking in pregnancy 
(n=313) 

yes -0.74 (-3.65, 2.17) -0.66 (-2.63, 1.30) 

 no ref ref 
Mother’s educational level (n=314) low  0.10 (-2.69, 2.88) -0.06 (-1.94, 1.81) 
 middle 1.65 (-0.81,4.10) 1.26 (-0.39, 2.91) 
 high ref ref 
Child’s gender  (n=314) boy 0.00 (-2.12, 2.11) -0.44 (-1.86, 0.99) 
 girl ref ref 
Birth weight  (n=314) per 100 g -0.06 (-0.25, 0.13) -0.05 (-0.18, 0.08) 
Gestational age (n=314) per week 0.23 (-0.11, 0.57) 0.14 (-0.09, 0.37) 
Mother’s prepregnancy BMI (n=284)  0.23 (-0.11, 0.57) 0.14 (-0.09, 0.37) 
Father’s BMI  (n=289)  0.41 (0.07, 0.75) 0.04 (-0.20, 0.28) 
* adjusted for cuff size 
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