In order to further evaluate the signifi-
cance of this contrast, we used observa-
tions made by others on large represen-
tative samples of French schoolchildren.
The results observed for the A children
were compared to those expected on the
basis either of their biological parents or
of their adoptive parents.

For school failures, comparisons were
made with a large and representative co-
hort of 14,000 children leaving primary
school, whose failure rates were known,
between grades 1 and 6 (7). For the
WISC, no national norms are available
concerning the various social groups, but
for the collective test ECNI we have one
of the best standardizations ever made,
based on a representative sample of
120,000 schoolchildren aged 6 to 14 (6).
This test may also be less culture-biased
than the WISC: the children of highly
skilled professional parents (the top 5
percent) only have a mean score of 111.5
compared with 94.8 for children of un-
skilled industrial workers."

The results of the comparison have
been plotted in Fig. 1. For school fail-
ures, the percentages observed for the A
and B groups (13 = 6 and 56 + 8 per-
cent) are compared to the failure rates
expected for the A children on the basis
either of their adoptive parents (15 per-
cent) or of their biological parents (55
percent). For the collective test ECNI,
the percentages of scores below 95
(17 = 5 and 49 = 9 percent) are com-
pared to the rates expected from the so-
cial class of the adoptive parents (15 per-
cent) or of the biological parents (51 per-
cent) and to the rates observed for five
social groups.

We emphasize the absence of ascer-
tainment bias and the fact that the two
groups are biologically equivalent (I4),
so that the contrast observed between
them is essentially of environmental ori-
gin. The details of our results and the
possible sources of bias are being exam-
ined (15).

The contrast in intellectual status be-
tween the A and B children is close to
that prevailing in the population at large
between children of upper-middle-class
parents and children of unskilled work-
ers. Moreover, the failure rates observed
for the A children are almost embarrass-
ingly close to those expected solely on
the basis of the social class of their adop-
tive parents. We think that the most eco-
nomical interpretation of these observa-
tions is that there are no important ge-
netic differences between social groups
for factors relevant to school failures. An
alternative interpretation would be that a
certain genetic disadvantage of the A
children was exactly compensated for by
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Table 1. Comparison of A and B groups. For
1Q tests 1 and 2—usually WISC and ECNI
(I11)—percentages of failure were obtained by
assuming a normal distribution of scores.

Percentages
A B
Serious failures
Special class 2% 25+%
Scoring below 85
Test 1 1 20
Test2 4 21
All failures
Special class or repeat 13% 568§
Scoring below 95
Test 1 8 52
Test2 17 49
Test N 1Q (o
1A 32 110.6 11.3
1B 20 94.5 11.3
2A 31 106.9 12.2
2B 20 95.4 12.9

*(1/2)/32 (10). +11/39 = 28 percent (13).
§24/39 = 62 percent (13).

14/32.

a special environmental advantage re-
lated to their adoptive status. In this
case, however, one begins to wonder
whether there exists any experimental
design by which the hypothesis of a ge-
netic origin for the ‘‘educational lag of
disadvantaged children’” (/) could be
submitted to scientific test.
MICHEL SCHIFF, MICHEL DUYME
ANNICK DUMARET, JOHN STEWART
STANISLAW TOMKIEWICZ
Josuk FEINGOLD
Institut National de la Santé et la
Recherche Médicale INSERM),
U69, I ruedull Novembre,
92120 Montrouge, France
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Role of Adipocyte Geometry in Eating Behavior

According to the lipostatic theory of
body weight regulation (/), a humoral sa-
tiety signal, directly proportional in in-
tensity to organismic adipose mass of
some covariant, provides information to
the nervous system which alters appeti-
tive behavior. Meal size or frequency, or
both, are thereby adjusted to maintain
body mass relatively constant over the
long term. The nature of this signal and
the aspect of adipose mass to which it is
sensitive are unknown, but insulin and
some correlate of adipocyte size are, re-
spectively, attractive candidates. Since
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the sensitivity of adipocytes to insulin-
sensitive metabolic processes appears to
vary inversely as their size, a closed-
loop system relating prandial insulin lev-
els to current adipose mass can be envi-
sioned (2). A recent study of experimen-
tally joined rats has provided strong evi-
dence for an adipose mass-related hu-
moral satiety factor (3).

The data of Faust et al. @, 5), which
demonstrate both a strong tendency to-
ward constancy in organismic adipose
mass and an apparent influence of adipo-
cyte size on eating behavior, support this
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theory and may be analyzed to suggest
the nature of the adipose mass-related
variable ‘‘reported’ to the central ner-
vous system.

On the basis of studies showing re-
duced food intake in lipectomized com-
pared to nonlipectomized Osborne-
Mendel rats at a point when both groups
had similar adipocyte volumes but the
lipectomized rats had a significantly
lower total adipose mass and total adipo-
cyte number, Faust ef al. suggested that
the achievement of a critical adipocyte
volume is an important element in the re-
duction of food intake. However, since
adipocyte volume in both groups was the
same, it is difficult to see how this ex-
plains the divergent eating behavior.
Classical lipostatic theory, which would
predict reduced food intake in the animal
with more adipose tissue, also fails to ac-
count for these observations.

Assuming that there is a humoral sa-
tiety factor (SF) whose per meal circulat-
ing concentration is

mean adipocyte surface area
total adipocyte number

and using adipocyte lipid content as a
measure of cell volume (6), it can be
shown that the Osborne-Mendel rats fed
high fat for 9 weeks differ significantly
with respect to total weight of fat depots
(t=3.01; P = .006), total adipocyte
number (¢t = 3.64; P = .001), and SF
(t = 4.02; P = .0004), while there is no
significant difference in adipocyte vol-
ume or mean adipocyte surface area (7)
between the two groups. The non-
lipectomized animals have the larger val-
ues of total weight of fat depots and total
adipocyte number, whereas SF is larger
in the lipectomized animals. Thus, al-
though the former two variables are ap-
parently not those regulated by the lipo-
static system, the SF values for the two
groups differ in an appropriate and signif-
icant fashion.

Consistent with recent studies in-
dicating a greater effect of adiopcyte vol-
ume than adipocyte number on eating
behavior (8), the model outlined above
predicts that the relative impact on SF of
a multiplicative change (X) in adipocyte
volume will be X*? greater than an iden-
tical muliplicative change in adipocyte
number. It also predicts that develop-
mental increases in adipocyte number
secondary to the normal hyperplasia of
growth will reduce SF and thereby aug-
ment food intake. The relative hyper-
phagia of infancy and adolescence may
then be a product rather than a cause of
the adipose hyperplasia characterizing
these periods. Likewise, excessive adi-
pose hyperplasia induced by overfeeding
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during ‘‘critical periods’ of adipocyte
replication would permanently increase
the denominator of the SF expression
thereby requiring a permanently greater
mean adipocyte surface area to return
the ratio to ‘‘normal.’’ This prediction is
consistent with clinical observations in-
dicating an increased incidence of obesi-
ty in children overfed as infants.

The experimental tool developed by
Faust et al. 4, 5), which allows inde-
pendent manipulation of adipocyte num-
ber, size, and total adipose mass, could
be combined with the parabiotic system
described by Parameswaran et al. (3) to
test this hypothesis.

RupoLpH L. LEIBEL
Department of Pediatrics,
Harvard Medical School and
Cambridge Hospital,
Cambridge, Massachusetts 02139
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The most straightforward, but not nec-
essarily the best, interpretation of our
findings is that when fat cells approach a
particular large size they exert a restrain-
ing influence on food intake. Various
existing models of adipose tissue behav-
ior offer somewhat different explana-
tions. Leibel offers one such alternative
interpretation based on his view of the
way in which cell size and number in-
teract. This view, which he describes
above, predicts that not only will en-
largement of adipocytes cause food in-
take to be restrained, but that a decrease
in adipocyte number will do so as well,
while an increase in adipocyte number
will cause a sufficient enhancement of
food intake that adipocyte size will in-
crease. Unfortunately, such predictions
do not appear to be correct.

First, decreased adipocyte number
does not necessarily cause a decline in
food intake. Lipectomized Osborne-
Mendel rats eat as much chow and accu-
mulate as much body fat as nonlipec-

tomized control rats. They continue to
do so even though their adipocytes be-
come larger than those of their controls
and SF becomes even larger than it was
at the time of surgery. When they are
given a much more palatable diet, lipec-
tomized rats increase food intake just as
much as controls, making SF relative to
controls increase even further. It ap-
pears that lipectomized rats finally begin
to eat less than their controls only when
their adipocytes approach an extremely
large size (1).

The prediction that increased adipo-
cyte number will cause an increase in
adipocyte size and thus an increase in
food intake also does not seem to be sup-
ported empirically. When adult rats are
fed a very palatable diet for a sufficient
period of time, both adipocyte size and
number are increased substantially.
However, when chow feeding is reinsti-
tuted, food intake declines and adipocyte
size returns completely to normal, but
adipocyte number does not decline at all
(2). Thus, chow consumption by such
rats is depressed even though the depres-
sion results in a decrease of SF to a sub-
normal level.

Finally, it is perhaps incorrect to con-
clude that by the end of our experiment
the mean adipocyte size in lipectomized
rats was the same as that in control rats
in all depots. As reported, we found that
differences between the two groups in
retroperitoneal and mesenteric depots
with regard to total lipid or mean adipo-
cyte size were quickly obliterated by
high-fat feeding. However, as shown in
figure 1 of our report (/), total lipid in
noninguinal, subcutaneous depots of li-
pectomized rats was still somewhat great-
er than in controls. Consequently, it is like-
ly that the mean subcutaneous adipocyte
size in the lipectomized rats was also
still greater than that in the controls.

The important matter of how fat stor-
age status is communicated to the central
nervous system continues to concern us,
and we appreciate Leibel’s efforts to for-
mulate a new unifying hypothesis to
guide future work in this area. We hope
our few comments will encourage, rather
than discourage, further developments
of that hypothesis.

IrvING M. FAausT
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