
contractile responses to vasoactive 
agents in the absence of Mg2+ are prob- 
ably also due to enhanced influx or trans- 
location of Ca2+ into the vascular muscle 
cells. It is known that all of these vasoac- 
tive agents utilize calcium (that is, extra- 
cellular, membrane-bound, or intra- 
cellular) for eliciting contractile re- 
sponses (18). This is consistent with the 
finding of a decreased ratio of magne- 
sium to calcium in the heart muscle of 
SDIHD groups (2-4). 

It is very unlikely that changes in re- 
ceptor affinities could cause the in- 
creased or decreased contractile ten- 
sions in response to extracellular Mg2+, 
since similar changes in tension in re- 
sponse to a nonspecific vasoactive agent, 
KCI, were also obtained. Potassium-in- 
duced responses were shown in our stud- 
ies to be mediated directly rather than 
indirectly through the release of any 
known neurotransmitter substance, 
since a variety of specific antagonists did 
not modify the response (19). 

The influence of Mg2+ could also, pos- 
sibly, be explained in terms of an effect 
on adenosine 3',5'-monophosphate (cy- 
clic AMP) formation within the cells; 
Mg2+ being an activator of adenylate 
cyclase (20), an enzyme involved in the 
synthesis of cyclic AMP. There is exper- 
imental evidence to suggest that in- 
creased and decreased cyclic AMP con- 
centrations participate in coronary va- 
sodilatation and constriction, respec- 
tively (21). A decrease in cyclic AMP 
in the absence of Mg2+ could result in 
an increased concentration of free cal- 
cium ions within the cytoplasm because 
there would be less cyclic AMP-mediat- 
ed calcium sequestration. Thus, this 
mechanism could, in part, be responsible 
for the increased tone and reactivity of 
coronary arteries obtained in the ab- 
sence of Mg2+. An alternative and con- 
tributing mechanism could be an inhibi- 
tion of a Ca2+-dependent adenosinetri- 
phosphatase at the membrane that is 
Mg2+-dependent and that presumably ex- 
trudes Ca2+ (22). 

Thus our results, which demonstrate 
that reduced magnesium in the coronary 
vasculature environment exerts pro- 
found influences on coronary vascular 
tone and reactivity, support the hypothe- 
sis that hypomagnesemia could produce 
progressive vasoconstriction, resulting 
in coronary arterial spasm and, finally, 
SDIHD (11). 
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clinical remission. 

Sleep disturbance is one of the most 
characteristic biological findings in pa- 
tients with primary affective illness. The 
sleep of depressed patients is normally 
short, shallow, and fragmented; REM la- 
tency [the time from sleep onset to the 
first rapid eye movement (REM) period] 
is short (1). Since cholinergic mechanisms 
are involved in both arousal and the in- 
duction of REM sleep (2), we previously 
suggested that activation of central choli- 
nergic neurons or supersensitive choli- 
nergic receptors may be implicated in the 
pathophysiology of sleep disturbance in 
depression (3). This interpretation is 
consistent with the hypothesis that an 
increased ratio of cholinergic to nor- 
adrenergic activity underlies depression 
(4). 

To test the hypothesis further, we 

compared patients with primary affec- 
tive illness whose symptoms were 
in remission with normal control sub- 
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jects on the cholinergic REM-induction 
test. In this test we measure the speed 
with which REM sleep is induced by 
arecoline, a cholinergic muscarinic agon- 
ist administered intravenously during 
non-REM sleep. We had previously used 
this technique to provide evidence that 
muscarinic supersensitivity develops in 
normal volunteers who receive scopola- 
mine, a cholinergic muscarinic receptor 
blocker, in the morning for two or more 
consecutive days (5). 

The control subjects were 16 paid nor- 
mal volunteers [nine males, seven fe- 
males, mean age + standard deviation 
(S.D.) = 28.3 + 5.4 years]. They were 
compared with two groups of patients 
with primary affective illness whose 
symptoms were in remission. The initial 
group (group 1) of 13 patients (four 
males, nine females, 12 bipolar and 1 uni- 
polar, mean age = 28.9 + 6.9 years) 
were tested after all their regular medica- 
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Faster Cholinergic REM Sleep Induction in Euthymic 
Patients with Primary Affective Illness 

Abstract. Arecoline, a cholinergic muscarinic receptor agonist, induced rapid eye 
movement sleep significantly more rapidly in patients with primary affective illness in 
remission than in normal control subjects matched for age and sex. These results, 
and others, suggest that patients with primary affective illness may have a super- 
sensitive cholinergic system both when they are ill and when their symptoms are in 
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tions had been discontinued for at least 2 
weeks. They had previously received 
lithium carbonate (900 to 2100 mg/day); 
some had also received other psycho- 
therapeutic medications, including tri- 
cycylic antidepressants (N = 3), tranyl- 
cypromine (N = 1), thioridazine (N = 

1), and chlorpromazine (N = 1). To rule 
out potential confounding effects of prior 
psychoactive drug treatment or with- 
drawal on the arecoline response of 
group 1, we recruited a second group of 
eight patients who had never received 
any somatic therapy (N = 4) or had not 
received it within 4 months of the study 
(N = 4). Group 2 consisted of six bipolar 
and two unipolar affective patients (three 
males, five females, age = 29.1 ? 5.6 
years). All patients met research diag- 
nostic criteria for primary affective ill- 
ness (6) and had been in clinical remis- 
sion for at least 3 months at the time of 
the study (7). 

Techniques of polygraphic sleep re- 
cordings and administration of intrave- 
nous drug or placebo infusions during 
sleep have been described (2, 8). After 
one or two adaptation nights in the sleep 
laboratory (9), the subject slept with an 
intravenous catheter attached to poly- 
ethylene tubing extending out of the 
room. A peripheral anticholinergic 
agent, methscopolamine (0.3 mg), was 
administered intravenously at the end of 
the first REM period to prevent peripher- 
al cholinergic side effects of arecoline. 
By itself, methscopolamine does not af- 
fect the human sleep electroencephalo- 
gram (10). Each subject then received 
one intravenous infusion each night ad- 
ministered over a 3-minute period and 
timed to end 25 minutes after completion 
of the first REM period (11). During the 
initial study of normal subjects and 
group 1 patients, the following infusions 
were administered in random order and 
on nonconsecutive nights: (i) placebo 
(isotonic saline); (ii) arecoline, 0.5 mg; 
and (iii) arecoline, 1.0 mg. In the second 
study, of group 2 patients and normal 
subjects, only placebo and 0.5-mg doses 
of arecoline were given in random order. 

The absence of a difference in the 
mean latency from infusion to the second 
REM period (inf-REM2 latency) after 
placebo infusion between normal sub- 
jects and patients (Table 1) confirmed 
our expectation based on prior studies 
(11) that the second non-REM period 
would be of normal duration in affective 
illness. Likewise, REM latency did not 
significantly differ among the three 
groups (normal subjects, 76 + 28 min- 
utes; group 1, 64 + 25 minutes; and 
group 2, 61 + 20 minutes), indicating 
11 APRIL 1980 

Table 1. Time (in minutes) from infusion to the onset of the second REM period. 

Normal subjects Patients 

Treatment Group 1 Group 2 Treatment 
Mean 

N + SD N Mean Mean S. D. N ? S.D. N ? S.D. 

Placebo 16 53.6 + 14.1 11 49.5 ? 18.2 8 48.2 + 13.0 
Arecoline 

0.5mg* 12 37.5 + 21.9 9t 11.0 ? 6.3t 8 14.1 + 7.9? 
1.0mg 10t 19.3 + 12.0 9t 7.1 + 3.9t 

*Kruskal-Wallis one-way analysis of variance, H = 10.22, P < .01. tData from subjects who wakened 
for longer than 3 minutes within 15 minutes of an infusion were disregarded (2). tP < .01. ?P < 
.025. Statistical comparisons between normal subjects and patient groups were made with Mann-Whitney 
U tests. 

that the shortened REM latency seen 
during the depressed state returns to- 
ward normal during remission. 

The inf-REM2 latency was significant- 
ly shorter after arecoline than after pla- 
cebo in both normal subjects and pa- 
tients. The effect was dose dependent 
(Table 1). This finding is consistent with 
our previous data indicating that areco- 
line and physostigmine induce REM 
sleep (2). Arecoline also induced REM 
sleep significantly sooner in both patient 
groups than in controls (Table 1). 

Since the patients in group 2 had either 
never been treated with psychotropic 
medication or had been completely drug- 
free for at least 4 months, it is unlikely 
that the supersensitive REM induction 
response to arecoline resulted from prior 
drug administration or drug withdrawal. 
The cholinergic REM induction response 
per se was not significantly correlated in 
any subject group with age, sex, weight, 
or sleep EEG measures such as REM la- 
tency, duration and number of eye 
movements during the first REM period, 
time spent in various sleep stages before 
the infusion, or the real (chronological) 
time of infusion. In addition, there was 
no significant difference between subject 
groups in any of the above variables. 
Preliminary evidence from another ongo- 
ing study of hospitalized patients in a de- 
pressed state also indicates a faster REM 
induction response to arecoline (12). 

The physiological mechanisms under- 
lying our finding are not fully under- 
stood. Our understanding is limited by 
the absence of detailed anatomical infor- 
mation about cholinergic pathways with- 
in the brain (13). In addition, although 
cholinergic neurons undoubtedly affect 
and are affected by neurons using norepi- 
nephrine, serotonin, dopamine, and oth- 
er neurotransmitters, the precise rela- 
tionships and sites of interaction in the 
regulation of sleep and affect remain 
speculative (14). While arecoline may 
have produced the results by interacting 

with supersensitive cholinergic recep- 
tors, further data are required to support 
that hypothesis. The receptors' locations 
and whether they are presynaptic or 
postsynaptic, excitatory or inhibitory, 
are also unknown. The cholinergic REM 
induction effect may also be mediated 
through another system, such as an ab- 
normality in aminergic neurons. It is un- 
likely that cholinergic mechanisms per se 
explain either the sleep disturbance or 
the mood alterations in the depressive 
syndromes. (i) Even though our patients 
showed faster cholinergic REM induc- 
tion, they did not display some of the 
other stigmata of the sleep disturbance of 
actively ill patients with primary depres- 
sion, such as short REM latency on 
baseline or placebo nights. (ii) Others 
have reported that administration of 
cholinomimetic agents, such as physo- 
stigmine or choline (the biosynthetic pre- 
cursor of acetylcholine), may induce de- 
pression in patients with a history of af- 
fective illness but produce little or no 
mood change in normal volunteers (15). 

These findings suggest that a hyper- 
responsive cholinergic mechanism is 
continuously present, whether the pa- 
tient is ill or well, and that it may under- 
lie primary affective illness, possibly as a 
predisposing factor. It remains to be 
seen whether the cholinergic REM in- 
duction test could be used in future ge- 
netic studies to identify subjects at risk 
for affective illness. 
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Controversy over the effectiveness of 
preschool programs for low-income chil- 
dren has been extensive. This report 
evaluates the effectiveness of preschool 
on the basis of a new specification of a 
commonly accepted goal, improving lat- 
er school competence. 

Preschool programs for low-income 
children developed rapidly in the 1960's. 
Project Head Start, initiated in 1965, sig- 
naled a nationwide commitment to such 
programs. It was designed to improve 
children's intellectual skills, to foster 
their emotional and social development, 
to help meet their health and nutritional 
needs, and to involve parents and the 
larger community in those purposes (I). 
The high educational expectations were 
dampened by evaluations, such as the 
Westinghouse-Ohio University report, 
which concluded that preschool did not 
have a lasting effect on children's in- 
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tellectual development (2, 3). Among so- 
cial scientists the negative results occa- 
sioned a review of the premises of early 
intervention, a reopening of the nature- 
nurture controversy, inquiries into the 
nature and meaning of intelligence test- 
ing, and doubts about the role of early 
experience in later development (4). 

The research reported here provides 
evidence of the effectiveness of pre- 
school programs for children from low- 
income families. [Longer reports are 
available (5-7).] It is based on follow-up 
of eight separate preschool research 
projects, and it examines their effects 
well beyond the primary grades: the me- 
dian subjects were in the seventh grade. 

The research was conducted by mem- 
bers of the Consortium for Longitudinal 
Studies. Twelve investigators (8) who 
had independently designed and con- 
ducted experimental preschool programs 
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in the 1960's pooled their original data 
and conducted a common follow-up 
study in 1976-77 of the original partici- 
pants and control groups. Two con- 
sortium members (9) who had not con- 
ducted preschool programs coordinated 
the follow-up work. 

The original preschool programs were 
located at 11 urban and rural sites in the 
Northeast, Southeast, and Midwest. 
Their delivery systems and curricula var- 
ied considerably. Some programs con- 
centrated on home visits to teach 
mothers how to be more effective teach- 
ers of their infants and toddlers; in others, 
3- or 4-year-olds were taught in a group 
setting; others had both center and 
home-visit components. Curricula in the 
centers were based on the Bank Street 
child-development model, on Montesso- 
ri's methods, on Piagetian theory, on the 
Bereiter-Engelmann method, and others. 

The preschool programs of the con- 
sortium investigators were originally de- 
signed for both demonstration and re- 
search purposes. A subset was designed 
specifically to answer the question of 
whether preschool was effective, with 
random assignment (or a close approxi- 
mation) of children to treatment (pre- 
school) and control groups. We have 
designated these as experimental de- 
signs. Other programs were designed pri- 
marily to answer questions such as 
which curricula were most effective and 
what were optimal ages of entry or 
length of stay in a program. Matched 
comparison groups were used in those 
designs; they are here designated quasi- 
experimental. 

Of approximately 2700 subjects and 
controls in the 11 original projects, 1599, 
ranging in age from 9 through 19 years, 
were available on follow-up. They can be 
generally characterized as blacks (94 
percent) from low-income families in 
which the mothers had completed 10.3 
years of education on the average and 
the average head of household was a 
semiskilled or unskilled worker. Other 
characteristics are summarized in Table 
1. Five types of follow-up data were col- 
lected in a common format: an individ- 
ually administered intelligence test 
(Wechsler), school record information, 
scores on school-administered standard- 
ized achievement tests, and interviews 
with participants and parents (usually 
the mothers). 

To guard against artifactual results due 
to differences between the programs, the 
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To guard against artifactual results due 
to differences between the programs, the 
subjects were never pooled into a single 
sample. In all hypothesis tests treatment 
children were compared with control 
children from the same project site; the 
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Preschool Programs and Later School Competence of 

Children from Low-Income Families 

Abstract. At follow-up in 1976, low-income children who had attended infant and 
preschool programs in the 1960's had significantly higher rates of meeting school. 
requirements than did controls, as measured by lower frequency of placement in 
special education classes and of being retained in grade (held back). 
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