
During the past 2 y the leptin field has continued to expand
rapidly (from 600 to > 2000 citations currently in the MEDLINE
database), extending leptin biology into areas well beyond feed-
ing behavior and energy metabolism. For example, there is a
growing body of literature linking leptin with the regulation of
reproductive function and on the potential involvement of leptin
in puberty onset, pregnancy, lactation, and infertility associated
with energy restriction and low body adiposity (1). Leptin has
also been implicated in roles as diverse as the regulation of the
immune system (2) and respiratory function (3). In addition,
ongoing studies are clarifying the central nervous system (CNS)
mechanisms by which leptin exerts its effects on energy balance
(4) as well as suggesting important actions for leptin in regulat-
ing peripheral metabolic fluxes (5).

In this issue, Wisse et al (6) report the results of a study of changes
in serum leptin and several metabolic variables over 4 wk of energy
restriction ranging from 50% of maintenance energy to total fasting
in obese women. Leptin decreased in proportion to the degree of
energy restriction, decreasing much more than expected (by
50–80%) relative to the more modest decrease (<15%) in body fat
mass. Although adiposity-independent reductions in circulating lep-
tin concentrations in response to energy restriction were reported in
previous studies, energy intake remains less well recognized than
body adiposity as a determinant of circulating leptin concentrations.
The ability of adipose tissue to regulate leptin production indepen-
dently of total adipose mass is likely to have a major adaptive value
in the presence of either limited energy availability or increased
energy consumption (ie, overfeeding) because adiposity-independent
changes in leptin production would promote a compensatory change
in food intake, energy expenditure, or both before major alterations
in energy stored as fat occur. Thus, leptin appears to function more
as a signal of recent energy balance than as an “adipostat.”

Wisse et al also reported that the decrease in leptin during
energy restriction was best correlated with changes in glycemia.
These results provide important confirmation in obese women of
previous findings in normal-weight men and women (7) and sup-
port the idea that decreases and increases in adipocyte glucose
metabolism are involved in regulating changes in leptin produc-
tion in response to alterations in energy status (8). One mecha-
nism by which glucose metabolism can increase leptin produc-
tion is by entry of glucose into the glucosamine pathway via
L-glutamine:D-fructose-6-phosphate amidotransferase (9). How-
ever, other pathways of glucose metabolism in adipose tissue
may also be involved, such as lipogenesis and glucose oxidation.

Insulin-mediated glucose metabolism in adipose tissue may
underlie the quantitative and temporal relation between circulat-
ing leptin concentrations and insulin responses to meals. For
example, delaying meal feeding for 5 h shifts the diurnal leptin
pattern by a similar period of time, without affecting the 24-h
rhythm of plasma cortisol, a hormone that displays true circadian
cyclicity (10). Reduced insulin-mediated glucose metabolism is
also likely to contribute to the effect of consumption of high-fat
meals to reduce 24-h circulating leptin concentrations, relative to
high-carbohydrate meals in human subjects (11). Although some
previously published studies did not find an effect of dietary
macronutrient composition on fasting leptin concentrations,
examination of the 24-h leptin profile showed substantial differ-
ences between the effects of high-fat, low-carbohydrate com-
pared with low-fat, high-carbohydrate meals, which were largest
4–6 h postprandially. This time course is consistent with the 4–6 h
required to observe significant increases in circulating leptin con-
centrations during physiologic insulin administration in humans
(12). These types of studies illustrate the importance of measur-
ing leptin over 24 h rather than relying on a single fasting value
to assess leptin production.

Wisse et al also reported that plasma leptin concentrations
increased during a 1-wk period of refeeding and that these
increases were positively correlated with an increase in resting
energy expenditure. There is growing evidence that, in addition
to its better-characterized inhibition of food intake, leptin is
involved in the regulation of energy expenditure. However,
rather than increasing energy expenditure above basal rates, lep-
tin appears to act primarily to prevent the decline in the meta-
bolic rate observed during periods of decreased energy intake in
rodents (13, 14). These effects of leptin on energy expenditure
may be secondary to activation of the sympathetic nervous sys-
tem because leptin administration activates the sympathetic ner-
vous system in rodents (15) and in nonhuman primates (16).

Reports of extreme obesity and hyperphagia caused by auto-
somal recessive mutations of either the leptin gene (17) or its
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receptor (18) clearly show the importance of leptin production
and leptin action in maintaining normal energy balance in
humans (19). Experiments with leptin replacement in insulin-
deficient diabetic rats suggest that low plasma leptin concentra-
tions contribute to diabetic hyperphagia (20). Decreases in cir-
culating leptin concentrations have been related to increased
sensations of hunger in dieting women and this relation is inde-
pendent of body fat loss or the degree of energy restriction (21).
Similarly, reduced leptin production during consumption of
high-fat diets (11) may contribute to the effects of dietary fat in
promoting increased energy intake and obesity in humans and
animals (22), whereas increases in leptin could be involved in
weight loss during high-carbohydrate, low-fat diets. Therefore,
decreases in leptin in response to reduced adiposity and energy
intake may contribute to increased appetite (21) and lowered
energy expenditure (13, 14) during a weight-loss regimen and
therefore to the strong propensity for weight regain after initially
successful dieting. If this is the case, then leptin, leptin agonists,
leptin secretagogues, or leptin sensitizers may help maintain
weight loss by decreasing hunger and subsequent food intake
and by preventing or reversing the decrease in energy expendi-
ture induced by restriction of energy intake (6).

In one genetically leptin-deficient individual, administration of
exogenous leptin reversed the marked weight gain and induced a
14.7-kg (<17%) weight loss over 9 mo (23). In a double-blind,
placebo-controlled trial, leptin administration produced significant
but variable weight loss in normal weight and obese humans (23).
It is possible that one or more factors influence the effectiveness
of exogenous leptin in inducing a state of negative energy balance.
One could speculate that baseline leptin concentrations may influ-
ence subsequent sensitivity to exogenous leptin. If this is the case,
leptin may be relatively more effective in subjects in whom
endogenous leptin production has first been reduced by dieting.
Another factor influencing responsiveness to leptin may be differ-
ences in the ability of exogenously administered leptin to gain
access to the CNS. Although leptin concentrations in cerebro-
spinal fluid increase in humans after leptin administration, the
increases are not proportional to those of circulating leptin con-
centrations (23). There may be a relative impairment in the trans-
port of exogenous leptin into the CNS when leptin concentrations
are elevated, as suggested by previous studies of ratios of plasma
to cerebrospinal fluid leptin concentrations in human subjects (24,
25). Thus, although the leptin system is an attractive target for
obesity treatment, more comprehensive trials with leptin and new
approaches for enhancing leptin action or leptin transport into the
brain will likely be necessary to fully assess the clinical potential
of this approach for treating obesity.
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