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Decreased BrainCholineUptake
in OlderAdults
An In Vivo Proton Magnetic Resonance Spectroscopy Study
Bruce M. Cohen, MD, PhD; Perry F. Renshaw, MD, PhD; Andrew L. Stoll, MD;

Richard J. Wurtman, MD; Deborah Yurgelun-Todd, PhD; Suzann M. Babb

Objective.- To test the hypothesis that uptake of circulating choline intothe brain
decreases with age, because alterations in metabolism of choline may be a factor
contributing to age-related degenerative changes in the brain.

Design.-Cohort comparison in younger and older adults.
Participants.-Subjects were chosen consecutively from lists of healthy volun-

teers screened by medical and psychiatric interviews and laboratory tests. Younger
adults (n=12) were between the ages of 20 and 40 years (mean age, 32 years), and
older adults (n=16) were between the ages of 60 and 85 years (mean age, 73 years).

Interventions.-After fasting overnight, subjects received choline, as the bitar-
trate, to yield free choline equal to 50 mglkg of body weight. Blood was drawn for
determination of plasma choline concentration by high-performance liquid chroma-
tography, and proton magnetic resonance spectroscopy (lH-MRS) was performed
to determine the relative concentration of cytosolic choline-containing compounds
in the brain at baseline and after ingestion of choline.

Main Outcome Measures.-Plasma choline and cytosolic choline-containing
compounds in the brain, estimated as the ratio of the choline resonance to the cre-
atine resonance on 1H-MRSscans of the basal ganglia, were compared following
blinded analyses of data from subject cohorts studied at baseline and 3 hours after
choline ingestion.

Results.-Levels of plasma choline and cytosolic choline-containing com-
pounds in brain were similar at baseline in younger and older subjects. Following
ingestion of choline, plasma choline concentration increased by similar proportions
(76% and 80%) in both younger and older subjects. Brain cytosolic choline-
containing compounds increased substantially inyounger subjects (mean increase,
60%; P<.OO1vs baseline). Older subjects showed a much smaller increase in brain
choline-containing compounds (mean, 16%; P<.OO1 vs the increase in younger
subjects).

Concluslon.-Uptake of circulating choline into the brain decreases with age.
Given the key role of choline in neuronal structure and function, this change may be
a contributing factor inonset in late lifeof neurodegenerative, particularly dementing,
illnesses in which cholinergic neurons show particular susceptibility to loss.

(lAMA 1995;274:902-907)

A DECREASE in brain mass and a de-
clinein cognitivefunctionare commonly
seen with advancing age.l,2While these
changes may reflect a general deterio-
ration of the central nervous system,

some features of brain structure and
functionappear to be more prominently
affected than others. Notably, at the
level of neural circuitry, evidence from
animalmodeisl.B-6and postmortem stud-
ies in human brainl.4.6suggest changes
in the number, size,and functionof cho-
linergic neurons with age, even in oth-
erwise healthy individuals.In the patho-
logic case of Alzheimer's-type demen-
tias, a substantial lossofcholinergiccelis,
over and above the lossofother types of
neurons, is well documented.6,7

A factor contributing to the special
vulnerability of cholinergic neurons to
loss with age or in dementia may be
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their need to use a limited supply of
choline for multiple and competing pur-
posess (Figure 1). In these celis, choline
is not only the precursor of the neuro-
transmitter acetylcholine, it is aiso the
precursor of phosphatidylcholine and
sphingomyelin, phospholipids that are
both essential structural constituents of
all cell membranes and sources of second-
messenger molecules used in receptor-
mediated intraneuronal signaling.9.lo
Should the availability of choline de-
crease with age or illness, cholinergic
neurons might be unable to maintain all
their essential functions.

Despite its key role in neuronal me-
tabolism, little, if any, choline is made in
the brain.11-13Rather, it is almost entirely
obtained through the diet.IG,14Animal stud-
ies suggest that when choline is elevated
in blood following a meal, it is transported
by facilitated diffusion across the blood-
brain barrier.I&-lsFrom extracellular fluid
it is taken into celis by a low-affinity trans-
port pump or, in the case of cholinergic
neurons, by low-affinity and high-affinity
pumps.I3,19,2DOnce in celis, choline is ra~
idly phosphorylated and subsequently in-
corporated into phospholipids':/J',21

In animal studies, both deficiencies and
supplementation of dietary choline affect
the level of choline-containing compounds
in the brain.IOThese changes appear to
modify the functioning of cholinergic neu-
rons, with the effect of deficiency being
especially notable during illness, stress,
or treatment with drugs that require the
increased firing of cholinergic neurons.22-26
Of particular interest, one animal study
has documented a reduction in choline
uptake into the brain with age,~ with the
implication that the aging brain even un-
der normal circumstances may be rela-
tively starved for this essential nutrient.

Studies in human subjects have sug-
gested that in illness, perhaps analogous
to simiIarfindings in animals under stress,
dietary choline or its precursor lecithin
(phosphatidylcholine) may cause modest
changes in cholinergic function in the brain
as manifest in altered mood,movement,
cognition,or behavior.~1 However,until
recently, there have been no studies in
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