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Serum Leptin Concentrations During Severe Protein-Energy Malnutrition:
Correlation With Growth Parameters and Endocrine Function

A.T. Soliman, M.M. ElZalabany, M. Salama, and B.M. Ansari

Circulating leptin, insulin, insulin-like growth factor-I (IGF-I), cortisol, and albumin concentrations and the growth hormone

(GH) response to provocation were measured in 30 children with severe protein-energy malnutrition (PEM), 20 with marasmus

and 10 with kwashiorkor, as well as 10 age-matched normal children (body mass index [BMI] G50th and F90th percentile for

age and sex) and 10 prepubertal obese children (BMI G95th percentile for age and sex). Patients with PEM had a significantly

lower BMI, midarm circumference (MAC), and skinfold thickness (SFT) compared with the age-matched control group. Basal

cortisol and GH concentrations were significantly higher in the malnourished groups versus controls. Leptin and IGF-I were

significantly lower in the marasmic and kwashiorkor groups versus normal children. Fasting insulin levels were significantly

decreased in the kwashiorkor group compared with marasmic and normal children. The BMI correlated significantly with

leptin (r 5 .77, P F .001), basal insulin (r 5 .61, P F .001), and IGF-I (r 5 .77, P F .001) and negatively with basal GH (r 5 2.52,

P F .001). These findings suggest that during prolonged nutritional deprivation, the decreased energy intake, diminished

subcutaneous fat mass, and declining insulin (and possibly IGF-I) concentration suppress leptin production. In support of this

view, serum leptin levels were positively correlated with triceps, scapular, and abdominal SFT (r 5 .763, .75, and .744,

respectively, P F .0001) in all of the children. Moreover, basal insulin and circulating IGF-I were correlated significantly with

leptin concentrations (r 5 .47 and .62, respectively, P F .001). Basal levels of cortisol and GH were significantly elevated in the

2 groups with severe PEM. It is suggested that low leptin levels can stimulate the hypothalamic-pituitary-adrenal (HPA) axis

and possibly the hypothalamic-pituitary-GH axis to maintain the high cortisol and GH levels necessary for effective lipolysis to

ensure a fuel (fatty acids) supply for the metabolism of brain and peripheral tissue during nutritional deprivation. In summary,

during prolonged PEM, the decreased synthesis of IGF-I and the low level of insulin and/or its diminished effect due to an

insulin-resistant status in the presence of high circulating GH and cortisol levels ensure substrate diversion away from growth

toward metabolic homeostasis. Leptin appears to be an important signal in the process of metabolic/endocrine adaptation to

prolonged nutritional deprivation.

Copyright r 2000 by W.B. Saunders Company

THE IDENTIFICATION of the ob gene1 and the discovery
that its encoded protein, leptin, is an adipocyte-derived

hormone that is essential for normal regulation of body
weight2-4 have permanently altered the field of metabolic
physiology. Leptin has been considered a signal of energy
deficiency and an integrator of neuroendocrine function.

Leptin regulates adipose tissue mass through hypothalamic
effects on satiety and energy expenditure. It is detectable in fetal
cord blood as early as 18 weeks of gestation and dramatically
increases after 34 weeks. In newborns, the serum leptin
concentration is positively correlated with the body weight, fat
mass, and body mass index (BMI).5 Although leptin correlates
with the fat mass, the circulating concentration is altered by
extremes in energy intake such as fasting and overfeeding.6

Experiments in animals provide evidence that the full-strength
leptin receptor is expressed in hypothalamic, anterior pituitary,
and adipose tissue, and within the hypothalamus, the receptor
form is differentially expressed in well-fed versus feed-

restricted animals.7 In obese adults, leptin levels are high and
correlate well with fat mass. Within 24 hours of fasting, leptin
declines to approximately 30% of the initial basal value.
Massive overfeeding increases leptin over 12 hours by approxi-
mately 50% of the initial basal value.8 Serum leptin levels are
low in many forms of malnutrition, including intrauterine
growth retardation, untreated anorexia nervosa, and malnourish-
ment in chronically ill elderly patients.5,9-11 During starvation,
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leptin also correlates with the insulin-like growth factor-I
(IGF-I) concentration.11,12 In pigs and other animal species,
leptin modulates growth hormone (GH) secretion and sup-
presses feed intake.13-15 However, further studies are necessary
to elucidate the relationship of leptin to neuroendocrine abnor-
malities found in the different forms of severe protein-energy
malnutrition (PEM), namely marasmus and kwashiorkor, and to
evaluate the relationship, if any, between the leptin concentra-
tion and other hormones controlling the adaptation process
(GH, IGF-I, insulin, and cortisol) in these patients.

This study was performed to measure basal serum levels of
leptin in children with severe PEM (marasmus and kwashior-
kor) and their relationship to growth parameters, GH secretion,
and circulating concentrations of insulin, IGF-I, and cortisol.

SUBJECTS AND METHODS

Thirty patients between the ages of 6 and 36 months with severe PEM
(10 with kwashiorkor and 20 with marasmus; 17 males and 13 females)
were the subjects of this study. They were admitted to Alexandria
University Children’s Hospital, Alexandria, Egypt, for clinical manage-
ment and nutritional rehabilitation. All patients were examined thor-
oughly with special emphasis on the nutritional history, anthropometric
measurements (weight, length, head and midarm circumference [MAC],
biceps, triceps, and subscapular skinfold thickness [SFT], and body
mass index [BMI]), and clinical signs of malnutrition including edema,
hair and skin changes, mental changes, and hepatomegaly. Ten normal
age-matched children (BMI.50th and,90th percentile for age and
sex, randomly selected from those undergoing minor surgical proce-
dures) served as controls. Informed consent for the testing procedure
was obtained from the parents of the children, and the Ethics Committee
of Alexandria University approved the protocol of the study.

On the night of admission to the hospital, the malnourished children
were fed diets similar to the diets they consumed at home (protein-
deficient diets brought by the parents). All patients with PEM were
treated with antibiotics, vitamins, and, when indicated, intravenous
fluids. After an overnight fast and before initiation of protein-rich
feedings, a fasting venous blood sample (8AM) was obtained via a
polyethylene catheter inserted in a forearm vein. The serum was
separated and kept frozen at220°C until analysis for cortisol, GH,
insulin, IGF-I, and leptin by radioimmunoassay and serum albumin and
glucose. A standard glucagon test for GH secretion (0.1 mg/kg
intramuscularly; maximum dose, 1 mg) was performed and serum
samples were obtained at 0, 30, 60, 90, and 120 minutes were glucagon
injection for determination of GH levels. Samples were kept frozen at
220°C till analysis for hormone levels. The intraassay coefficient of

variation was 6.4% for the range of cortisol values, 7.2% for GH, 5.8%
for insulin, 8% for IGF-I, and 6.8% for leptin.

Statistical analyses were performed using the ANOVA andt tests to
compare results among different groups when the data were normally
distributed, and the Wilcoxon test was used when the data were not
normally distributed. Linear regression was used to investigate the
correlation between different variables. Data are presented as the
mean6 SD.

RESULTS

Anthropometric data for the 2 malnourished groups and
controls are presented in Table 1. Patients with PEM had a
significantly lower BMI, percent average weight for age, %
average height for age, MAC, and SFT compared with the
age-matched control group.

The serum albumin concentration was significantly de-
creased in the kwashiorkor group versus marasmic and normal
children. Basal cortisol and GH were significantly higher in
malnourished groups versus controls. Leptin and IGF-I were
significantly lower in the marasmic and kwashiorkor groups
versus normal children. Fasting insulin was significantly de-
creased in the kwashiorkor group compared with marasmic and
normal children (Table 2).

Serum leptin levels were positively correlated with the BMI
(r 5 .77, P , .001), MAC (r 5 .764,P , .0001), and triceps,
scapular, and abdominal fat thickness (r 5 .763, .75, and .744,
respectively,P , .0001). Basal insulin and circulating IGF-I
were correlated significantly with leptin concentrations (r 5 .47
and .62, respectively,P , .001). Basal and peak GH concentra-
tions after provocation were correlated negatively with leptin
levels (r 5 2.43 and2.44, respectively,P , .01). The BMI
was correlated significantly with basal insulin (r 5 .61,
P , .001) and IGF-I (r 5 .77, P , .001) and negatively with
basal GH (r 5 .52,P , .001) (Table 3 and Figs 1 to 3).

DISCUSSION

This study describes changes in the leptin concentration and
other hormonal changes in two forms of severe PEM (maras-
mus and kwashiorkor). Because leptin levels parallel changes in
nutritional status and energy storage across a broad range from
starvation to obesity, leptin is well positioned to signal energy
insufficiency or energy excess, causing responses that could
counter the adverse consequences of either starvation or obesity.

Table 1. Anthropometric Data for the Malnourished Children and Controls

Group
Age
(yr)

BMI
(kg/m2)

MAC
(cm)

Tri-SFT
(mm)

Scap-SFT
(mm)

Abd-SFT
(mm)

% of Average
Weight

% of Average
Height

Marasmus (n 5 20)
Mean 0.63 10.4*† 8.13*† 1.78*† 1.29*† 1.24*† 55.5*† 87.5*
SD 0.14 1.8 1.58 1.1 0.6 0.36 5.2 4.4

Kwashiorkor (n 5 15)
Mean 0.84 12.2* 10.25* 5.7* 3.4* 3.2* 71.5* 90.1*
SD 0.52 1.04 1.11 1.76 0.8 0.63 6.22 4.4

Controls (n 5 10)
Mean 0.99 16.76 13.97 8.87 6.56 7 111.2 103.5
SD 0.72 1.95 1.3 2.02 1.67 2.92 5.3 4.3

Abbreviations: Tri, triceps; Scap, scapular; Abd, abdominal.
*P , .05, PEM v control.
†P , .05, kwashiorkor v marasmus.
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In adult humans, plasma leptin levels respond slowly to
fasting7-9 and begin to decrease after 12 to 14 hours. Leptin gene
transcription is reduced by longer starvation.17,18Animal studies
showed that leptin most likely exerts this important effect
through the central nervous system, specifically within the
hypothalamus, and that leptin seems to be a molecule linking
the periphery and central regulation of energy balance.19-22

Collectively, these data suggest that in addition to being a signal
of energy stores, the leptin level is a sensor of energy balance.23

Whether a similar mechanism might work in malnourished
children is still unclear.

The effect of prolonged nutritional deprivation on serum
leptin was studied in a large group of children with severe PEM.
In this group of patients, chronic energy insufficiency was
associated with a marked decrease in circulating serum leptin
and IGF-I concentrations and an increase in basal GH and
cortisol levels. The kwashiorkor group had significantly low
basal insulin concentrations. Other studies reported glucose
intolerance with delayed glucose disposal and diminished
insulin release after an oral glucose load and after arginine
infusion in patients with kwashiorkor.24,25 In this situation, the
decreasing insulin appears to be a major factor producing
increased lipolysis, decreased uptake of glucose in muscle and
fat, and increased hepatic glucose production, which character-
ize starvation. This process is critical to the metabolic switch
from carbohydrate- to fat-based metabolism.25-27 In support of
this view, the BMI, SFT (triceps, abdominal, and scapular), and
MAC were correlated significantly with serum insulin levels in

our malnourished and normal children (r 5 .60, .662, .686,
.589, and .6, respectively,P , .001).

The decreasing insulin level may also play a direct and
important role in the decrease of leptin production by the
adipocyte during starvation, as insulin has been observed to
stimulate leptin gene expression in vitro and leptin levels
increase in vivo during a prolonged euglycemic insulin
clamp.28,29 A number of reports in humans28 and animals29,30

support a BMI/fat mass–independent regulatory influence of
insulin on serum leptin levels. Our finding of a significant
correlation between serum insulin and leptin (r 5 .478,
P , .001) supports this view. Although children with marasmus
had normal basal insulin levels, many studies showed a
defective insulin response to different stimuli in these pa-
tients.25,31,32

It has been suggested that in animals22,33,34and humans35,36

leptin may act as a starvation signal, such that low levels trigger
the hypothalamic-pituitary-adrenal (HPA) axis. It is reasonable
to hypothesize that leptin may have a role in the normal
negative-feedback function of the HPA axis. Such a relationship
would explain the fact that states of severe leptin deficiency
(including PEM) are associated with activation of the HPA axis.
In support of this concept, our malnourished patients (marasmic
and kwashiorkor groups) had significantly elevated 8AM

cortisol levels associated with leptin deficiency. Elevated levels
of cortisol mediate many important mechanisms during PEM,
including (1) augmentation of lipolysis through potentiation of
catecholamine action on hormone-sensitive lipase, (2) enhance-

Table 2. Laboratory Data for the Malnourished and Normal Children

Group
Leptin

(ng/mL)
Insulin
(mU/L)

Cortisol 8 AM

(µg/mL)
B-GH

(ng/mL)
P-GH

(ng/mL)
IGF-I

(ng/mL)
Albumin

(g/L)

Marasmus (n 5 20)
Mean 0.41* 14.6 30.1 6.3* 29.2*† 19.8* 3.1*
SD 0.18 3.86 17.4 2.6 6.82 7.2 0.8

Kwashiorkor (n 5 15)
Mean 0.95*† 9.2*† 27.3 6.48* 15.2 7.2*† 2.4*†
SD 0.2 4.1 14.3 3.55 3.55 3.6 0.7

Controls (n 5 10)
Mean 6.84 13.8 15.2 2.18 14.2 38 3.8
SD 1.1 4.75 9.2 1.1 2.26 9 0.45

Abbreviations: B, basal; P, peak response.
*P , .05, PEM v control.
†P , .05, kwashiorkor v marasmus.

Table 3. Correlations Between Different Variables in Malnourished and Well-Nourished Children

Age BMI MAC Tri-SFT Scap-SFT Abd-SFT Leptin Insulin Cortisol B-GH P-GH IGF-I

Age 1
BMI .755 1
MAC .829 .903 1
Tri-SFT .804 .896 .927 1
Scap-SFT .745 .876 .883 .968 1
Abd-SFT .784 .88 .872 .962 .936 1
Leptin .508 .77 .757 .764 .75 .7441 1
Insulin .549 .604 .597 .662 .58 .6868 .4786 1
Cortisol 2.19 2.101 2.23 2.18 2.11 2.1412 2.14 2.141 1
B-GH 2.48 2.537 2.55 2.48 2.43 2.4314 2.434 2.376 .221 1
P-GH 2.52 2.618 2.61 2.55 2.485 2.5005 2.436 2.237 .302 .55 1
IGF-I .712 .774 .761 .777 .76 .8196 .6204 .4833 2.02 2.4 2.4 1

Abbreviations: Tri, triceps; Scap, scapular; Abd, abdominal.

LEPTIN IN MALNUTRITION 821



ment of muscle protein catabolism to provide the body with the
amino acids necessary for hepatic gluconeogenesis and albumin
synthesis, (3) inhibition of IGF-I–dependent actions of GH, and
(4) anti-insulin action on peripheral tissues.37-39

IGF-I is a GH-dependent polypeptide with a 3-fold function
as a mediator of the growth-promoting action of GH, a potent
mitogenic factor, and a metabolic regulator with insulin-like
activity.40,41 In addition, serum IGF-I levels are positively

Fig 1. Correlation between leptin concentration

and (A) BMI (r 5 .77, P F .0001), (B) abdominal SFT

(r 5 .744, P F .0001), and (C) MAC (r 5 .764,

P F .0001).

822 SOLIMAN ET AL



related to nutritional status25,42 and affected by other hormones
like insulin.43-44 In this study, circulating IGF-I concentrations
were significantly correlated with the basal insulin level, BMI,
SFT (triceps, abdominal, and scapular), and MAC (r 5 .483,
.774, .777, .819, .76, and .76, respectively,P , .001). This
selective decrease in IGF-I acts to decrease energy and oxygen
utilization in general and to spare glucose, fatty acids, and
amino acids by reducing protein synthesis in muscle and

lipogenesis in fat depots which would consume these fuels
when life itself may be in the balance. The positive correlation
between circulating IGF-I and leptin levels (r 5 .62,P , .0001)
and the marked reduction of circulating concentrations of leptin
and IGF-I in the two forms of severe PEM (marasmus and
kwashiorkor) suggest that IGF-I plays an important role also in
the control of leptin secretion in these children. In support, other
investigators found a significant correlation between leptin and
IGF-I in malnourished humans.

The diminished IGF-I generation leads to further GH secre-
tion through classic negative-feedback regulation.25 This could
explain the high basal and provoked GH levels in our malnour-
ished children and the negative correlation between IGF-I and
basal GH concentrations (r 5 2.432, P , .001). Studies in
humans and swine showed a relation between GH status and
circulating leptin concentrations.13-16Whether low leptin secre-
tion could stimulate GH secretion in these children is still
unknown. In this study, basal and provoked GH concentrations
correlated negatively with the serum leptin concentration
(r 5 2.43,P , .01). The metabolic effects of the high circulat-
ing GH concentration, namely mobilization of fatty acids from
adipose tissue and inhibition of glucose uptake by muscle
tissue, would help to ensure fuel supply to the brain and to
defend the organism against hypoglycemia.11,12

It appears that during prolonged nutritional deprivation, the
decreased energy intake and decreasing insulin and possibly

Fig 2. Correlation between (A) insulin and leptin (r 5 .47, P F .001), (B) IGF-I and leptin (r 5 .62, P F .001), (C) leptin and GH (r 5 2.43,

P F .01), and (D) insulin and IGF-I (r 5 .483, P F .001).

Fig 3. Suggested important role of leptin in mediating the adapta-

tion process during prolonged nutritional deprivation.
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IGF-I suppress leptin production. It is possible that leptin plays
an important role in defending the thrifty phenotype by
decreasing with starvation. The decreasing leptin might pro-
mote increased energy intake and partitioning of energy toward
fat (through stimulation of cortisol and possibly GH secretion).

Hepatic albumin synthesis depends on the serum concentra-
tion of amino acids, especially the branched-chain amino acids
(BCAAs).44 During starvation, despite muscle protein catabo-
lism under the effect of hypercortisolemia, the supply of
BCAAs is usually low.45 The high dietary carbohydrate to
protein ratio (ie, excessive sugars) characteristic of patients with
kwashiorkor further disturbs this amino acid pattern.46,47 In the
absence of adequate insulin secretion to direct hepatic albumin
synthesis, hypoalbuminemia develops with subsequent edema.25

On the other hand, the diet of marasmic children is usually
quantitatively deficient in calories but has a normal carbohy-
drate to protein ratio that could partially supply essential amino
acids. The presence of better insulin secretion in these children
in comparison to those with kwashiorkor supports hepatic
albumin synthesis and prevents the development of hypoalbu-
minemia and edema. Insulin inhibits adipose tissue lipolysis
and decreases free fatty acid (FFA) flux into the plasma. The
reduced availability of FFAs favors a decline in hepatic
VLDL-triglyceride (TG) synthesis. In addition, insulin stimu-
lates hepatic esterification of FFA to form TG, coupling of TG to
apoprotein B, and secretion of VLDL.48 In kwashiorkor,

hypoinsulinemia could explain all of the biochemical changes
that lead to fatty liver.49 Plasma FFA levels are elevated due to
increased adipose tissue lipolysis.50 The increased FFAs stimu-
late hepatic synthesis of VLDL-TG. In the absence of adequate
insulin secretion, the liver cannot adequately couple TG to
apoprotein B or secrete VLDL-TG.51,52 This leads to an
accumulation of TG in the liver (hepatic steatosis). In support of
this view, studies on perfused liver demonstrate that increasing
the FFA concentration of the medium results in an increase of
VLDL-TG production only in animals with partial insulin
deficiency, not those rendered completely insulin-deficient,53

and that this stimulatory effect of insulin on hepatic lipogenesis
is most apparent when preceded by high-carbohydrate feed-
ing.54 Moreover, the liver of patients with kwashiorkor shows
extensive zone-1 fatty changes analogous to the fatty liver of
pancreatectomized dog.55

In summary, during prolonged PEM, the decreased synthesis
of IGF-I and the low level of insulin and/or its decreased effect
due to an insulin-resistant status in the presence of high
circulating GH and cortisol levels ensure the diversion of
substrate away from growth toward metabolic homeostasis.
Low leptin levels help to increase appetite and food intake
during malnutrition, and stimulate the HPA axis and possibly
the GH axis to maintain the high cortisol and GH levels
necessary for effective catabolism (Fig 3).
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