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Discussion

On Breast Milk, Diet, and Large
Human Brains

JOSEPHINE C. A. JOORDENS, REMKO S. KUIPERS,
AND

FRITS A. J. MUSKIET

Brouwersgracht 120, 1013 HA Amsterdam, The
Netherlands (joordens.dogger@worldonline.nl)/
Pathology and Laboratory Medicine, University
Hospital Groningen, P.O. Box 30.001, 9700 RB
Groningen, The Netherlands (f.a.j.muskiet@Ic.azg.nl).
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Robson, in “Breast Milk, Diet, and Large Human Brains”
(CA 45:419-25), has tested the hypothesis that “greater
proportions of animal products in human diet affect the
composition of human milk” and Martin’s hypothesis
that “the unique pattern of human brain growth is due
to the unique composition of human milk.” Her con-
clusions are that “the wide variation in human diet has
little impact on breast milk quantity and quality” and
that Martin’s hypothesis should be rejected. We agree
with the latter conclusion (adding that we question
whether Martin’s hypothesis merited the effort) but
would like to raise some points of discussion.

1. Robson states that AA and DHA levels in human
milk are consistent despite variations in maternal diet.
Contrary to this, however, she notes the dose-depen-
dency of its DHA content indicated by several maternal-
DHA or fish-oil-supplementation trials. Consequently,
because of the sizable worldwide differences in maternal
DHA (especially fish) intake, one may expect the DHA
content of human milk to be subject to wide biological
variation, and that is indeed what we have found in a
data set of 465 human milk samples collected by the
Groningen University Hospital in various countries of
the world during the past 25 years (Smit et al. 2002).
Analysis of 28 fatty acids in these samples revealed that
the biological variation is greatest in DHA and EPA,
amounting to 68% and 100%, respectively. The lowest
DHA content was found in the breast milk of a mother
living in Islamabad, northern Pakistan (0.03 mol%), and
the highest in a counterpart living in one of the fish-
eating Caribbean islands (1.63. mol%). The low DHA
content of milk in northern Pakistan is a matter of spe-
cial concern (Smit et al. 1999), since it undoubtedly re-
flects poor maternal DHA status in pregnancy, during
which the initial part of brain growth occurs. Regarding
the consistency of the AA content of human milk Rob-
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son seems to have a point, since in line with this notion
our data set indicates relatively low (i.e., 28 %) biological
variation. However, as yet unpublished data obtained
from a fish-eating population living on Lake Kitangiri (a
freshwater lake in northeastern Tanzania) has refuted
this supposed consistency. The milk of these women was
found to have the highest AA content encountered by
us so far (median 0.70 mol%, range o0.50-0.90), which
derives from the lifetime consumption of local AA- (and
DHA-) rich freshwater fish as the only animal lipid
source. We conclude that the fatty-acid composition of
human milk is highly dependent on both short- and long-
term maternal diet and that, in view of the variety of
dietary habits, there is no such thing as consistency in
its fatty-acid composition worldwide. We have at present
little knowledge of the evolutionarily established
“unique composition of human milk” or the interaction
between this ancient human milk composition and our
brain-building genome. It is, however very probable that
early Homo sapiens had higher intakes of long-chain pol-
yunsaturated fatty acids (LC-PUFA) (e.g., from game and
fish) than modern Western humans, and recent experi-
ments in rats have shown that dietary omega-3 fatty ac-
ids (ALA, EPA, and DHA ) not only cause changes in brain
phospholipid structure and composition but also mod-
ulate the expression of a sizable number of genes with
functions in, for example, brain cell structure, energy
metabolism, neurotransmission, signal transduction,
and regulation (Kitajka et al. 2002).

2. Robson concludes that there is no evidence that LC-
PUFA deficiencies during infancy cause smaller brain
size. We would point out that many studies have shown
a relation between DHA status and head circumference
or calculated brain weight, though only within the range
of normal human brain proportions (e.g., Hornstra 2000,
Woltil et al. 1998). However, we regard brain size as ir-
relevant to the issue at hand. It is not brain size that
matters here but brain quality. Therefore, we do not agree
with Robson’s support of Heird’s observation that “for-
mulas without LC-PUFA have been fed to infants for
decades and have not resulted in epidemics of either poor
vision or neurodevelopmental delays.” It is well estab-
lished (see, e.g., Muskiet et al. 2004) that feeding infants
with standard formulas lacking DHA and AA causes bi-
ochemically demonstrable low status of LC-PUFA in var-
ious body compartments including the brain (notably
DHA). Low LC-PUFA status coincides, especially in pre-
term infants, with unfavorable neurodevelopment dur-
ing the first four postnatal months, as derived from var-
ious tests of visual, perceptive, cognitive, and motor
development (e.g., Larque, Demmelmair, and Koletzko
2002, Koletzko et al. 2001, Innis 2003). A recent study
carried out by our Groningen group showed that term
infants receiving formula without LC-PUFA had a higher
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frequency of mildly abnormal “general movements” at
the age of three months, a condition which significantly
increased risk of development of minor neurological dys-
function, attention problems, and aggressive behavior at
school age (Bouwstra et al. 2003). In addition, epidemi-
ological data and controlled trials with ALA and fish oil
implicate subclinical omega-3 deficiency in cardiovas-
cular disease, inflammatory disorders, attention deficit
disorder (ADHD), dyslexia, (postpartum) depression, de-
mentia, and schizophrenia (Muskiet et al. 2004 and ref-
erences therein, Peet 2004). Corresponding with declin-
ing intake of omega-3 fatty acids during the past 100
years, some of these diseases have become widespread
in the modern Western world and nowadays constitute
a major public health concern. We realize that the con-
sequences of subclinical (micro-) nutrient deficiencies
are difficult to objectify and to prove according to rules
of “evidence-based medicine,” since deficiencies usually
operate over long periods, which hampers identification
of causal relationships. However, we feel that the current
lack of hard evidence on long-term effects of low LC-
PUFA status in pregnancy and infancy is not to be taken
as proof of lack of effect and therefore regret the mis-
leading message transmitted by the quotation from Heird
in Robson’s report.

Reply

SHANNEN L. ROBSON
Department of Anthropology, 270 South 1400 East,
Room 102, University of Utah, Salt Lake City, UT
84112, U.S.A. (robson@umnh.utah.edu). 1 X o4

I thank Joordens, Kuipers, and Muskiet for their com-
ments and appreciate the opportunity to continue dis-
cussion surrounding the mechanisms of human ence-
phalization. While they contest the generalizations I
make about the cross-cultural variation of human breast
milk composition and its effects on infant development,
they agree with my conclusion that human milk is sim-
ilar to that of other primates and is therefore not a unique
resource supporting the unique rapid postnatal brain
growth in humans as Martin hypothesized. However,
they question whether testing “Martin’s hypothesis mer-
ited the effort.” Both Martin’s hypothesis and meat eat-
ing as a “prime releaser” for large human brain size re-
main extremely influential propositions among
anthropologists even in the absence of a pathway for diet
to facilitate this expansion. If meat eating is to influence
human brain growth, then it must be shown what bio-
chemical properties affect brain growth, when ontoge-
netically these nutrients would be influential, and how
meat eating would transfer these benefits. I addressed
each of these lines of evidence and tested Martin’s (1983,
1995) hypothesis that human breast milk was unique in
composition, conferring nutritional benefits to infants
during the period of rapid postnatal brain growth. I
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showed that, contrary to long-standing assumptions
about the role of meat eating and breast milk composi-
tion in human encephalization, the long-chain fatty-acid
(LC-PUFA) composition of human breast milk is not
unique among anthropoid primates and that the two pri-
mary fatty acids in brain tissue, AA and DHA, are not
“prime releasers” for encephalization.

Joordens et al. cite two studies to contend that brain
size is positively correlated with DHA levels. However,
neither Hornstra (2000) nor Woltil et al. (1998) show that
full-term infants fed non-LC-PUFA formula milks have
smaller adult brain sizes. Hornstra (2000) investigated
the DHA levels of fetal tissue, not breast-feeding infants,
and did not find a statistically significant correlation
with smaller head circumference “after correction for
gestational age” (p. 1264S). Woltil et al. (1998) studied
low-birth-weight babies, over half of whom were pre-
mature. Low birth weight and prematurity are both var-
iables known to have important confounding effects on
infant outcome (Hack et al. 2002). Nevertheless, as Joor-
dens et al. note, the brain weights of infants in both
studies were within normal ranges, further underlining
the lack of evidence linking infant LC-PUFA levels and
resulting brain size.

Joordens et al. say that they “regard brain size as ir-
relevant to the issue at hand. It is not brain size that
matters here but brain quality.” While brain size was
exactly the issue at hand in my report, they focus on
brain quality because they have two primary objections
to generalizations I make about the consistency of fatty
acids in human milk and the (superficial) effects of LC-
PUFA during infant development. First, they cite the
analyses of Smit et al. (2002) and unpublished data show-
ing wide variation in the fatty-acid levels of human milk
and “no such thing as consistency in its fatty-acid com-
position worldwide.” Smit et al. (2002) qualify the wide
variation in their study as “somewhat artificial” (p. §51)
because a few cases of very high DHA levels skew their
distribution. In the data they used (table 1, p. 552) the
populations’ range lows (0.08-0.10 mol%) and medians
(0.16-0.33 mol%) are remarkably similar despite very
different diets. DHA is always present in breast milk,
regardless of maternal diet, and the median value of DHA
in human milk is, in fact, very consistent cross-cultur-
ally. Second, Joordens et al. point to numerous studies
showing negative health and neurological effects coin-
cident with low LC-PUFA status and therefore find
Heird’s (1999) conclusion that “the described benefits of
LC-PUFA are subtle” and that “formulas without LC-
PUFA have been fed to infants for decades and have not
resulted in epidemics of either poor vision or neurod-
evelopmental delays” (p. 207) misleading. Though they
note (as do I) a “lack of hard evidence” supporting the
“long-term effects of low LC-PUFA status,” they argue
that this should not be taken as proof of lack of effect.
Innis (2003) recently reviewed the mixed results of stud-
ies exploring a relationship between DHA status and sev-
eral mental or motor development tests. The available
evidence is equivocal, and Innis reminds us that those
studies which do find “associations between DHA and
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visual and neurodevelopment in breast-fed infants
should not be confused with demonstration of causality”

(p. Ss).

Recently, Muskiet et al. (2004) continued to draw at-
tention to the improbability of linking meat eating, LC-
PUFA dietary intake, and evolution of large human brain
size. They agree that meat is a poor source of DHA and
that, though “humans are rather poor DHA synthesizers
. .. the low LC(n-3)P synthesis rate may still provide us
with sufficient LC(n-3)P status” (p. 184). The ability of
infants and adults to biosynthesize DHA makes dietary
sources of LC-PUFA unnecessary for brain growth and
development, even to achieve very large brain sizes.

References Cited

BOUWSTRA, H., D. A. DIJCK-BROUWER, J. A. WILDE-
MAN, H. M. TTOONK, J. C. VAN DER HEIDE, E. R.
BOERSMA, F. A. J. MUSKIET, AND M. HADDERS-AL-
GRA. 2003. Long-chain polyunsaturated fatty acids have a pos-
itive effect on the quality of general movements of healthy
term infants. American Journal of Clinical Nutrition 78:
313-18.

HACK, M., D. J. FLANNERY, M. SCHLUCHTER, L. CAR-
TAR, E. BORAWSKI, AND N. KLEIN. 2002. Outcomes in

oung adulthood for very-low-birth-weight infants. Ngiitis
I 1497

HEIRD, W. C. 1999. Biological effects and safety issues related
to long-chain polyunsaturated fatty acids in infants. Ljgidg 34:
207-14.

HORNSTRA, G. 2000. Essential fatty acids in mothers and their
neonates. American Journal of Clinical Nutrition 71:
12625-69S.

INNIS, S. M. 2003. Perinatal biochemistry and physiology of
long-chain polyunsaturated fatty acids. The Journal of Pediat-
rics 143(4):S1-S8.

KITAJKA, K., L. G. PUSKAS, A. ZVARA, L. J. R. HACKLER,

G. BARCELO-COBLIJN, Y. K. YEO. AND T. FARKAS,
2002. The role of n-3 polyunsaturated fatty acids in brain:

Modulation of rat brain gene expression by dietary n-3 fatty ac-
ids. ﬂ

99:2619-24.

KOLETZKO, B., C. AGOSTONI, S. E. CARLSON, T. CLAN-
DININ, G. HORNSTRA, M. NEURINGER, R. UAUY, Y.
YAMASHIRO, AND P. WILLATTS. 2001. Long chain polyun-
saturated fatty acids (LC-PUFA) and perinatal development.
Acta Paediatrica 90:460-64.

LARQUE, E., H. DEMMELMAIR, AND B. KOLETZKO. 2002.
Perinatal supply and metabolism of long-chain polyunsaturated
fatty acids: Importance for the early development of the ner-
vous system. Annals of the New York Academy of Sciences
967:299-310.

MARTIN, R. D. 1983. Human brain evolution in an ecological
context. New York: American Museum of Natural History.

——. 1995. Evolution of the brain in early hominids. Ossa 14:
49—62.

MUSKIET, F. A. J., M. R. FOKKEMA, A. SCHAAFSMA, E.

R. BOERSMA, AND M. A. J. CRAWFORD. 2004. Is docosah-
exaenoic acid (DHA) essential? Lessons from DHA status regu-
lation, our ancient diet, epidemiology, and randomized con-
trolled trials. Journal of Nutrition 134:183-86.

PEET, M., 2004. Nutrition and schizophrenia: Beyond omega-3
fatty acids. Prostaglandins Leukotrienes and Essential Fatty
Acids 70:417-22.

ROBSON, SHANNEN L. 2004. Breast milk, diet, and large hu-
man brains. CURRENT ANTHROPOLOGY 45:419-25

SMIT, E. N., I. A. MARTINI, H. MULDER, E. R.

BOERSMA, AND F. A. J. MUSKIET. 2002. Estimated biolog-
ical variation of the mature human milk fatty acid composi-
tion. Prostaglandins Leukotrienes and Essential Fatty Acids
66:549-55.

SMIT, E. N., H. A. WOLTIL, E. R. BOERSMA, AND F. A. J.
MUSKIET, 1999. Low erythrocyte docosahexaenoic acid in
malnourished, often breast-fed, Pakistani infants: A matter of
concern? European Journal of Pediatrics 158:525-26.

WOLTIL, H. A., C. M. VAN BEUSEKOM, A. SCHAAFSMA,
F. A. J. MUSKIET, AND A. OKKEN. 1998. Long-chain poly-
unsaturated fatty acid status and early growth of low birth
weight infants. European Journal of Pediatrics 157:146-52.

This content downloaded from 129.125.148.019 on October 29, 2018 03:46:13 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


https://www.journals.uchicago.edu/action/showLinks?doi=10.1086%2F427096&crossref=10.1056%2FNEJMoa010856&citationId=p_2
https://www.journals.uchicago.edu/action/showLinks?doi=10.1086%2F427096&crossref=10.1056%2FNEJMoa010856&citationId=p_2
https://www.journals.uchicago.edu/action/showLinks?doi=10.1086%2F427096&crossref=10.1007%2Fs11745-999-0355-y&citationId=p_3
https://www.journals.uchicago.edu/action/showLinks?doi=10.1086%2F427096&crossref=10.1073%2Fpnas.042698699&citationId=p_7

