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A negative correlation between leptin and appetite or food intake has been shown in healthy individuals.
However, the role of leptin in clinical conditions characterized by anorexia has not been established. One
of the well-known clinical features of iron-deficiency anemia is poor appetite. We examined the changes
in plasma leptin levels in relation to expected improvement in appetite with iron treatment in children with
iron deficiency. In 24 infants and small children (mean agstandard deviatioss 19.6 = 7.7 months)

with iron deficiency, we studied plasma leptin levels before and after iron therapy. After18.8 wk

of iron treatment, serum ferritin levels improved significantly, with accompanying increases in their
subjective appetite scores and food intakes. However, as their mean age and plasma leptin levels adjusted
their body mass indexes were unchanged. Serum ferritin correlated significantly with appetite score (
0.680,P < 0.001) and food intaker (= 0.480,P < 0.01). Leptin correlated only with body mass index

(r = 0.405,P < 0.01). Lack of association between plasma leptin levels and degree of appetite in
iron-deficient children treated with iron suggests a leptin-independent mechanism for the observed
increase in appetite. Nutrition 2001;17:657—-659. ©Elsevier Science Inc. 2001
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INTRODUCTION leptin levels and improving appetite with iron supplementation
was associated with a reciprocal decline in circulating leptin.

Leptin is thought to act as an afferent satiety signal that regulates

weight by suppressing appetite and stimulating energy expenditure

in humans. Genetic leptin deficiency produced a dramatically

increased appetite and resultant obesity in huridneatment of  MATERIALS AND METHODS

such an individual with recombinant leptin reduced appetite and

caused marked weight 108\ negative correlation between leptin S : : }

and appetite or food intake was shown in healthy aduftsn Consecutive infants and small children attending our general pe

- . . ._diatric outpatient clinic with the chief complaint of poor appetite
keeping with that concept, plasma leptin should be elevated MNyere investigated for ID. Definition of ID vF\)/as base%l on apgerum

clinical conditions characterized by anorexia. However, studies ing_ " .~ - " L ) . -
patients with anorexia nervosar inflammatory or infectiou$ fe;irg":lv(;?gczngsgonn’?aeslzvﬂnl(:?e?(gégﬂl\;lllﬁ(?/siltt;]?:arl](l)r:’rcrllglsuz)in g_” and
diseases characterized by inherent anorexia did not show such atrix-a ropriate Iir¥1its and no acute or chronic illness T%irt —one
inverse relationship. In those studies, profound changes in knowrt pprop - . . S. 1 hirty-on
Infants and small children who met the inclusion criteria consti-

confounding factors for circulating leptin levels such as body ) - .
i : g : -~ tuted the study population. Appetite levels of the subjects were
k 11 ht h h X o
adiposity and certain: cytokinés™* might have caused  this rated by their mothers on a scale of 1 to 10 at the beginning and

failure. d of the i h In additi h h ked
Poor appetite is a well-known characteristic of iron deficiency €N © the fron therapy. In addition, the mothers were asked fo

(ID). Iron treatment increases appetite in children with ID ane- cOmplete a 3-d food record immediately before and after the study
mia2 This was clearly documented in a study by Lawless et al. perlo.d..Obtalned food recprds were quantified for dglly average
who showed that provision of iron supplements improves appetitecam”? |ntak«_e. Plasma leptin Igvels were measured w_|th an immu-
in terms of recorded food intake and reported level of appetite agloradiometric assay from fasting blood samples obtained between
compared with children receiving placeboWe thought that ID 8 and 12aw with the use of a commercially available kit (DSL,
would be a better anorectic human model to explore the involve-Webster, TX, USA). _
ment of leptin in appetite regulation because 1) it is a well-known  Iron was supplemented as a 20% oral ferrous sulfate solution at
human condition characterized by poor appetite, 2) restoration on elemental iron dose of 6 mgkg™* - d™* in three, equally
body iron stores is accompanied by enhanced appetite, and 3) it iglivided doses until the normalization of hemoglobin and ferritin
a relatively benign condition without significant changes in known values on monthly follow-ups. Blood samples were obtained 4 mo
leptin-influencing factors such as body adiposity, certain cyto- after the beginning of iron treatment even if the criteria were not
kines, and toxic metabolites. met by then. The Wilcoxon signed-ranks test was used to compare

We hypothesized that children with ID had increased plasmathe values before and after iron treatment. A general linear-model
analysis was used for age and BMI adjustments on plasma leptin.
Correlations between the parameters were explored with Pearson’s
correlation coefficients.
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TABLE I.

MEAN WITH STANDARD DEVIATIONS (RANGES) FOR IMPORTANT STUDY PARAMETERS BEFORE AND AFTER IRON
SUPPLEMENTATION IN 24 INFANTS AND SMALL CHILDREN WITH IRON DEFICIENCY

Before iron therapy After iron therapy P

Hemoglobin (g/dL) 9.7+ 1.5(5.5-11.7) 11.9 1.1 (9.0-14.1) <0.001
Serum ferritin (ng/mL) 5.4+ 3.6 (0.5-12.5) 21.2- 11.4 (3.6-48.0) <0.001
Plasma leptin (ng/mL) 1.5 0.9 (0.3-3.8) 1.8- 1.7 (0.2-7.3) >0.05
Body mass index 16.9 1.5 (14.1-19.2) 17.5 2.1 (15.1-24.8) >0.05
Appetite score (1-10) 3.31.2(1-5) 6.6+ 1.3 (4-9) <0.001
Food intake (kcalkg *-d ™% 76.6+ 12.0 (60-105) 88.1 13.3 (65-120) <0.001
RESULTS anorexia nervosa have been shown to have low leptin lévels.

Moreover, Grinspoon et al. explicity demonstrated that leptin

Seven patients were lost to follow-up during the course of the correlated with BMI but not with caloric intake in patients with
study. Of the remaining 24 subjects, 14 were boys and 10 wereanorexia nervos@.In several other anorectic conditions, leptin
girls, with a mean age of 19.657.7 standard deviation; range associations have been studied. Leptin was found to be elevated in
8-36) mo. After iron treatment for 150 2.4 (range= 8—-17) wk, patients with chronic renal failure in association with declining
all subjects had improved serum ferritin levels. However, serum glomerular-filtration rate& Those investigators commented that
ferritin levels were still low in seven subjects at the end of the increased leptin might account for poor appetite in uremic patients.
study. Of note, 20 of the children were diagnosed with ID anemia However, various factors including urea per se and increased
based on hemoglobin concentrations below the third centile forconcentrations of many other substances also might be operational
this age group (11.2 g/dLip. Four of them were still anemic at the  in anorexia of uremia® Likewise, increased leptin concentrations
end of the study despite improvement in their serum ferritin levels. induced by certain cytokines such as interleukin-1 and tumor
Failure to achieve normal hemoglobin and/or ferritin concentra- necrosis factor in experimental inflammatory situations have been
tions was probably due to suboptimal compliance with the iron claimed to be responsible for anorexia of inflammafi®rtt Nev-
therapy based on monthly interviews with the mothers. Subjectiveertheless, that idea was not supported by two separate studies
appetite scores improved in 21 and remained the same in 3 subearried out in subjects with inflammatory-bowel dis€ased ac-
jects. Daily average caloric intake increased in 21, remained thequired immunodeficiency syndromiein those studies as in the
same in 1, and decreased in 2 children. BMIs were increased in 14present one, leptin was associated only with BMI.
remained the same in 1, and decreased in 9 patients. Plasma leptin We particularly chose our study population to be of normal
levels increased in 11 and decreased in 13 subjects. BMI and free of acute or chronic inflammation because abnormal

Data regarding important study parameters before and aftetbody adiposity and elevated inflammatory cytokines could blur the
iron supplementation are shown in Table I. The mean age andpicture of the relation between leptin and appetite in this clinical
BMI-adjusted plasma leptin levels before and after iron supple- setting. In addition, inflammation would elevate serum ferritin

mentation did not differ. levels, thus disturbing its reliability in representing the labile-tissue
Leptin correlated significantly only with BMIr(= 0.405,P < iron content?
0.01). Appetite level correlated significantly with ferritin & It has been already shown that ID and its remediation have

0.680,P < 0.001), hemoglobinr(= 0.542,P < 0.001), and food  repercussions in the central nervous system, where appetite is

intake f = 0.515,P < 0.001). Serum ferritin correlated signifi- regulated through a partly understood, complex systétr in-

cantly with hemoglobinr( = 0.562,P < 0.001), appetite score stance, the poor performance of iron-deficient anemic infants on

(r = 0.680,P < 0.001), and food intaker (= 0.480,P < 0.01). the Bayley scales of mental and motor development was improved
to the level of performance of iron-sufficient infants by treatment
with ferrous sulfat&® In another study, iron supplementation

DISCUSSION improved verbal learning and memory in non-anemic, iron-

) ) o ) _ deficient adolescent girF. Thus, increased appetite with im-

Poor appetite was not associated with increased leptin levels iMbroved serum ferritin, as shown in this study, might be another

children with ID and treatment of ID did not cause leptin levels to yeflection of tissue iron changes in the brain.

decline, despite greatly improved appetite and food intake, thus |y conclusion, this study suggests that iron influences appetite

disproving our hypothesis. However, a significant correlation was regulation independent of leptin and, when taken with the current

observed be.tween ferritin, appetite, and food intake. Leptin corre-jiterature, that leptin is unlikely to be involved as an appetite
lated only with BMI. mediator in ID.

The association between appetite and leptin has been clearly
demonstrated in humans. Larsson et al. found a negative correla-
tion between leptin and habitual food consumption in 64 healthy
adult womert. In another study, Heini et al. found that leptin had ACKNOWLEDGMENTS
a significant negative relation with satiéfySimilarly, in a study
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demonstrated that the greatest desire to eat was associated with théboratories, Ankara, for their help in leptin measurements.
largest percentage drop in plasma leptin levels.
Such an inverse relation was not observed in anorectic condi-
tions as in this study. If leptin was involved in clinical anorexia, REFERENCES
those with anorexia nervosa, the most striking anorectic condition
in humans, would have increased leptin concentrations after the 1. Kalra SP, Dube MG, Pu S, et al. Interacting appetite-regulating pathways in the
elimination of the effect of body adiposity. However, patients with hypothalamic regulation of body weight. Endocr Rev 1999;20:68



Nutrition Volume 17, Numbers 7/8, 2001

10.

11.

. Montague CT, Farooqi IS, Whitehead JP, et al. Congenital leptin deficiency is

associated with severe early-onset obesity in humans. Nature 1997;387:903

. Farooqi IS, Jebb SA, Langmack G, et al. Effects of recombinant leptin therapy in

a child with congenital leptin deficiency. N Engl J Med 1999;341:879

. Larsson H, Elmstahl S, Berglund G, Ahren B. Evidence for leptin regulation of

food intake in humans. J Clin Endocrinol Metab 1998;83:4382

. Keim NL, Stern JS, Havel PJ. Relation between circulating leptin concentrations

and appetite during a prolonged, moderate energy deficit in women. Am J Clin
Nutr 1998;68:794

. Grinspoon S, Gulick T, Askari H, et al. Serum leptin levels in women with

anorexia nervosa. J Clin Endocrinol Metab 1996;81:3861

. Hoppin AG, Kaplan LM, Zurakowski D, Leichtner AM, Bousvaros A. Serum

leptin in children and young adults with inflammatory bowel disease. J Pediatr
Gastroenterol Nutr 1998;26:500

. Grunfeld C, Pang M, Shigenaga JK, et al. Serum leptin levels in the acquired

immunodeficiency syndrome. J Clin Endocrinol Metab 1996;81:4342

. Considine RV, Sinha MK, Heiman ML, et al. Serum immunoreactive-leptin
concentrations in normal-weight and obese humans. N Engl J Med 1996;334:2921

Gualillo O, Eiras S, Lago F, Dieguez C, Casanueva FF. Elevated serum leptin
concentrations induced by experimental acute inflammation. Life Sci 2000;67:
2433

leptin concentrations in humans. J Clin Endocrinol Metab 1997;82:3084
. Schwartz E. Iron deficiency anemia. In: Behrman RE, Kleigman RM, Jenson HB,

13.

14.

Plasma Leptin and Appetite in Children With Iron Deficiency 659

eds.Nelson’s textbook of pediatricd6th ed. Philadelphia: WB Saunders, 2000:
1469

Lawless JW, Latham MC, Stephenson LS, Kinoti SN, Pertet AM. Iron supple-
mentation improves appetite and growth in anemic Kenyan primary school
children. J Nutr 1994;124:645

Sherriff A, Emond A, Hawkins N, Golding J. Haemoglobin and ferritin concen-
trations in children aged 12 and 18 months. ALSPAC Children in Focus Study
Team. Arch Dis Child 1999;80:153

15. Dallman PR, Siimes MA. Percentile curves for hemoglobin and red cell volume

in infancy and childhood. J Pediatr 1979;94:26

16. Heini AF, Lara-Castro C, Kirk KA, et al. Association of leptin and hunger-satiety

ratings in obese women. Int J Obes Relat Metab Disord 1998;22:1084

17. Eckert ED, Pomeroy C, Raymond N, et al. Leptin in anorexia nervosa. J Clin

18.

20.

Janik JE, Curti BD, Considine RV, et al. Interleukin 1 alpha increases serum 21.

Endocrinol Metab 1998;83:791

Daschner M, Tonshoff B, Blum WF, et al. Inappropriate elevation of serum leptin
levels in children with chronic renal failure. European Study Group for Nutri-
tional Treatment of Chronic Renal Failure in Childhood. J Am Soc Nephrol
1998;9:1074

Bergstrom J. Mechanisms of uremic suppression of appetite. J Ren Nutr 1999;
9:129

Idjradinata P, Pollitt E. Reversal of developmental delays in iron-deficient anae-
mic infants treated with iron. Lancet 1993;341:1

Bruner AB, Joffe A, Duggan AK, Casella JF, Brandt J. Randomised study of
cognitive effects of iron supplementation in non-anaemic iron-deficient adoles-
cent girls. Lancet 1996;348:992



