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Abstract

Background: Leptin, a pleiotropic hormone, has been suggested
to be part of an acute-phase response during an inflammatory
stimulus. Its correlation with other acute-phase reactants during
minor infection in children has not been investigated.

Objectives: To study the correlation between levels of serum
leptin and those of C-reactive protein, a well-documented acute-
phase reactant, in a series of pediatric patients with acute minor
infections.

Methods: Leptin and CRP levels were measured in 62 blood
samples of pediatric patients presenting with mild febrile illness who
were admitted to Dana Children’s Hospital in Israel. All children were
finally diagnosed as having minor infection based on the negative
blood/urine cultures and favorable outcome.

Results: Serum leptin level was positively correlated with CRP
(r* = 0.5), total white blood cells (* = 0.33) and absolute neutrophil
count (r* = 0.31). The regression coefficient was the highest between
leptin and CRP.

Conclusions: Circulating leptin concentrations are positively
correlated with CRP levels during acute minor infection in children
visiting the emergency room for febrile illnesses. Our observation
suggests that leptin is indeed a part of acute-phase proteins. The wide
scattering showed that it is not a better marker in minor infections
than CRP, but it may contribute to weight loss and anorexia seen
in a minority of patients during mild infections.
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Bacterial infections, trauma, surgery, burns, tissue infarction
and advanced cancer may lead to substantial changes in the
plasma concentrations of acute-phase proteins that may result
in behavioral, physiologic, biochemical and nutritional changes.
Either increasing or decreasing concentrations of new acute-phase
proteins during those conditions have been documented [1]. One
of these proteins is leptin, a pleiotropic hormone that usually
controls food intake and body weight via specific receptors in
the hypothalamus [2]. Evaluation of leptin levels in response to
experimental models of inflammation in rats revealed elevated
plasma concentrations [3]. Leptin was also shown to be involved
in the early (< 24 hour) acute-phase response after moderately
severe surgical trauma [4], and to play a role in acute sepsis
[5]. Its significant correlation with other acute-phase proteins

CRP = C-reactive protein

indicates that leptin could be a participant in acute-phase protein
synthesis regulation during a systemic inflammatory response [6].
To the best of our knowledge its role during mild inflammatory
response has never been investigated, nor its correlation with
other known acute-phase reaction during minor infection.

The production of acute-phase proteins may help to differ-
entiate severe bacterial infection and sepsis from viral infection,
and to predict outcome [7]. Accordingly, C-reactive protein, a
well-described and useful acute-phase reactant that was found to
increase to as much as 1000-fold during inflammation, was corre-
lated with mortality and organ failure in critically ill patients [8].
Similarly, the clinical outcome of invasive pneumococcal infection
in children was associated with CRP levels [9]. Furthermore,
quantitative CRP concentration is a valuable adjunctive laboratory
test in the evaluation of febrile young children who are at risk
for occult bacteremia [10]. CRP is also known to increase in
some viral infections associated with an inflammatory response.
For example, high CRP values were reported in patients with
adenoviral respiratory infection [11], and values of > 40 mg/L
were measured in 12% of children with influenza virus infection
without bacterial complication [12].

A comparison between the levels of CRP and other acute-phase
proteins could lead to a better understanding of the kinetics of
the acute-phase response, and possibly shed light on the path-
ways involved in host defense. Indeed, a recent comparative study
demonstrated that procalcitonin, a new and useful acute-phase
reactant, was a better marker of sepsis than CRP [13]. The pur-
pose of the current study was to describe the correlation between
the known acute-phase reactant CRP, to leptin, in a group of
children with fever (> 38°C) who were diagnosed as having minor
infections with no evidence of serious bacterial infection.

Patients and Methods

Blood samples from 62 children (aged 5-15 years) who presented
with respiratory symptoms to Dana Children’s Hospital, of the
Tel Aviv Sourasky Medical Center, during the 1999 winter season
were prospectively collected. Children were suspected of having
minor infection based on the absence of clinical signs suggestive
of serious bacterial infection, negative blood/urine cultures and
normal chest X-ray. Although no viral confirmatory assay was
used, we were able to follow the patients to confirm that their
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clinical status had not changed and that they did not require
treatment for a bacterial infection.

Both leptin and CRP levels were measured from the
same blood sample at presentation. Age, weight, and prior
days of illness were recorded. Leptin was detected with the
Immunoradiometric Assay kit (Diagnostic Systems Laboratories,
Inc. Webster, TX, USA), which has a range of 0.25-120 ng/ml.
The assay is based on the reversible and non-covalent binding of
protein by a specific antibody labeled with a radioactive nuclide
as a tracer. CRP was detected with an immunochemistry method
by rate nephelometry (Beckman Instruments, Inc., Brea, CA), with
the normal level being less than 5 mg/dl.

Statistical analysis

Statistical analyses were performed using the two-sample t-
test. The Fisher exact probability test, Student's t-test or linear
regression models were applied to calculate significance. Data
are expressed in mean + SD. P values < 0.05 were considered
statistically significant.

Results

Sixty-two patients (mean age 4.9 + 4.7 years) were enrolled in
this study. The mean leptin value was 3.8 + 4.1 ng/ml and the
mean CRP value 5.9 + 8.6 mg/dl |Table 1]. Comparison of leptin
and CRP values revealed a high positive correlation (* = 0.5, P
< 0.01) [Figure 1]. A positive correlation was also observed when
the leptin and CRP values were compared to those of total white
blood counts (* = 0.33 and r* = 0.39, respectively, P < 0.05) and
absolute neutrophil counts (* = 0.31 and r* = 0.45, respectively,
P < 0.01). No correlation was noted between leptin values and
the patient's weight.

As seen in Figure 2, a high positive correlation was noted when
leptin levels were compared to groups with normal CRP (< 5 mg/dl,
39 patients, mean CRP 0.9 + 1.2 mg/dl) and above normal CRP (>
5 mg/dl, 23 patients, mean CRP 145 + 9.2 mg/dl). The mean leptin
values in these groups ranged from 6.1 + 5.7 ng/ml in the high CRP
patients to 2.5 + 1.7 ng/ml in the lower CRP group [Figure 2]. The two
subgroups were similar in terms of days of illness before hospitaliza-
tion, days of hospitalization, and hemoglobin levels. As expected, the
children with high CRP values had higher white blood cell counts

Table 1. Clinical and laboratory parameters of the 62 study children after
subdividing them according to CRP protein blood levels

Low CRP High CRP

(39 children, (23 children,

<5 mg/dl) > 5 mg/dl) Whole cohort
Age (yrs) 39+41 66+52 49+47
Weight (kg) 17.7+12.2 229+ 142 19.6+13.1
Days of illness before admission 1.1 £0.7 12408 1.1+£0.7
Days of hospitalization 2111 3+21 2416
CRP (mg/L) 09+12 145492 59+86
Leptin (ng/L) 25+ 1.7 6.1+5.7 38+4.1
White blood cells (x 109 cells/L)  11.8+6.1 15949 133+7.7
Neutrophil count (%) 548+ 16.3 67.1£203 59.4+18.8
Hemoglobin (mg/dl) 11.6+12 115+13 116+13
Platelets (x 109 cells/L) 3809+ 121.8 3499+ 1276  369.4+1239
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Figure 1. Positive correlation between blood levels of leptin and
CRP. (2 = 0.5, P<0.01)
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Figure 2. Correlation between CRP and leptin values in children
with low CRP (less than the normal range) and high CRP
(higher than the normal range).

compared to those with lower CRP values (15.9 + 9.4 x10” cells/L and
118 + 6.1 x 107 cells/L x 10 cells/L, respectively).

Discussion

The results of the present study provided a unique investiga-
tion of leptin as an acute-phase reactant. We selected a group
of children with minor infection since the role of leptin during
minor infection has not been studied to date. Our results showed
the correlation between CRP, which has been studied extensively,
and leptin values during minor infection.

Acute-phase reactants have been used in acute-care pedi-
atrics in order to help predict patients who are more likely to
have serious illnesses. Leptin (leptos in Greek, meaning thin),
a product of the anti-obesity gene, is a 16 kDa protein that is
considered a major player in the regulation of body fat and
has a lipo-atrophic effect [14,15]. It also functions in immunity,
inflammation and hematopoiesis, and exerts proliferative and
anti-apoptotic activities in a variety of cell types. Its production is
acutely increased during infection and inflammation [16,17] and
it seems to be influenced by pro-inflammatory cytokines (18] and
cortisol [19]. Additionally, leptin is a factor of the inflammatory
mediator network, probably essential for an adequate course of
the inflammatory defense reaction. Both leptin and its receptor
share structural and functional similarities with the interleukin-
6 family of cytokines [20,21]. Cachexia (anorexia, weight loss,
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and hypermetabolism) could be partly mediated by inappropri-
ately high plasma levels of leptin in patients with cancer and
an ongoing inflammatory response [18|. Papathanassoglou et
al. [22] studied 35 critically ill patients with systemic inflam-
matory response-multiple organ dysfunction and revealed that
cytokines, such as tumor necrosis factor-alpha and interleukin-6,
and cortisol up-regulate leptin levels, a process that may
contribute to the development of the hypercatabolism, wasting
and immune dysfunction. Arnalich and co-authors [23] reported
that patients with sepsis or septic shock who exhibit significant
inflammation process, changes in plasma concentrations of acute-
phase proteins as well as nutritional changes had greater leptin
concentrations than the control group. A minority of children
with non-specific viral infection may also be prone to exhibit an
inflammatory process.

In the present study, we compared leptin levels with CRP
levels in children who had a minor infection. Our results showed
a correlation between CRP and leptin levels: the children with an
increased CRP level also had a high leptin level. As expected, a
high level of both proteins was correlated with increased white
blood cell and absolute neutrophil counts. Our results emphasize
the sensitivity of leptin as an acute-phase reactant during minor
infection. Like Maruna et al. [6], we failed to show any cor-
relation between serum leptin levels and body mass index in ill
patients. One can argue that the overproduction of leptin during
an infection might interfere with the balance between leptin
and a child’s weight, but the lack of any correlation between
leptin and weight — even among children in the low CRP group
- negates this argument.

This study has a number of limitations, mainly the relatively
small number of children studied and the inability to confirm
viral infections. In addition, unmeasured confounders may have
influenced our presumption that a change in leptin level ex-
plained the anorexia observed in the minority of children with
mild infections.

Mild inflammation, weight loss and anorexia, probably sec-
ondary to cytokines and glucocorticoids release or endotoxin
exposure, may apparently be expected in the minority of patients
during a mild infection, as expressed by high levels of both CRP
and leptin. The possible interactions between the endocrine,
immune and adipose systems through leptin, that occur mainly
during severe infection or inflammation, may also occur during
mild infection.

Acknowledgment. Esther Eshkol is thanked for editorial assis-
tance.

References

1. Gabay C, Kushner I. Acute-phase proteins and other systemic
responses to inflammation. N Engl | Med 1999;340:448-54.

2. Huang L, Li C. Leptin: a multifunctional hormone. Cell Res 2000;
10:81-92.

3. Gualillo O, Eiras S, Lago F et al. Elevated serum leptin con-
centrations induced by experimental acute inflammation. Life Sci
2000;67:2433-41.

4. Stratton RJ, Dewit O, Crowe E, et al. Plasma leptin, energy in-

take and hunger following total hip replacement surgery. Clin Sci
(Lond) 1997,93:113-17.

5. Bornstein SR, Licinio J, Tauchnitz R, et al. Plasma leptin levels
are increased in survivors of acute sepsis: associated loss of
diurnal rhythm, in cortisol and leptin secretion. | Clin Endocrinol
Metab 1998;83:280-3.

6. Maruna P, Gurlich R, Frasko R, et al. Serum leptin levels in
septic men correlate well with C-reactive protein (CRP) and TNF-
alpha but not with BMI. Physiol Res 2001;50:589-94.

7. Virkki R, Juven T, Rikalainen H, et al. Differentiation of bacterial
and viral pneumonia in children. Thorax 2002;57:438-41.

8. Lobo SM, Lobo FR, Bota DP, et al. C-reactive protein levels cor-
relate with mortality and organ failure in critically ill patients.
Chest 2003;123:2043-9.

9. Ma JS, Chen PY, Mak SC, et al. Clinical outcome of invasive
pneumococcal infection in children: a 10-year retrospective analy-
sis. | Microbiol Immunol Infect 2002;35:23-8.

10. Pulliam PN, Attia MW, Cronan KM. C-reactive protein in febrile
children 1 to 36 months of age with clinically undetectable seri-
ous bacterial infection. Pediatrics 2001;108:1275-9.

11. Kawasaki Y, Hosoya M, Katayose M, et al. Correlation between
serum interleukin 6 and C-reactive protein concentrations in
patients with adenoviral respiratory infection. Pediatr Infect Dis |
2002;21:370-4.

12. Peltola V, Ziegler T, Ruuskanen O. Influenza A and B virus infec-
tions in children. Clin Infect Dis 2003;36:299-305.

13. Luzzani A, Polati E, Dorizzi R, et al. Comparison of procalcitonin
and C-reactive protein as markers of sepsis. Crit Care Med 2003;
31:1737-41.

14. Chen G, Koyama K, Yuan X, et al. Disappearance of body fat in
normal rats induced by adenovirus-mediated leptin gene therapy.
Proc Natl Acad Sci USA 1996,93:14795-9.

15. Muzzin P, Eisensmith RC, Copeland KC, et al. Correction of
obesity and diabetes in genetically obese mice by leptin gene
therapy. Proc Natl Acad Sci USA 1996;93:14804-8.

16. Gainsford T, Willson TA, Metcalf D, et al. Leptin can induce pro-
liferation, differentiation, and functional activation of hemopoietic
cells. Proc Natl Acad Sci USA 1996;93:14564-8.

17. Fantuzzi G, Faggioni R. Leptin in the regulation of immunity,
inflammation, and hematopoiesis. | Leukoc Biol 2000;68:437-46.

18. Moses AG, Dowidar N, Holloway B, et al. Leptin and its relation
to weight loss, ob gene expression and the acute-phase response
in surgical patients. Br | Surg 2001;88:588-93.

19. Pickup JC, Chusney GD, Mattock MB. The innate immune re-
sponse and type 2 diabetes: evidence that leptin is associated
with a stress-related (acute-phase) reaction. Clin Endocrinol (Oxf)
2000;52:107-12.

20. Sarraf P, Frederich RC, Turner EM, et al. Multiple cytokines and
acute inflammation raise mouse leptin levels: potential role in
inflammatory anorexia. | Exp Med 1997;185:171-5.

21. Torpy DJ, Bornstein SR, Chrousos GP. Leptin and interleukin-6 in
sepsis. Horm Metab Res 1998;30:726-9.

22. Papathanassoglou ED, Moynihan JA, Ackerman MH, et al. Serum
leptin levels are higher but are not independently associated
with severity or mortality in the multiple organ dysfunction/sys-
temic inflammatory response syndrome: a matched case control
and a longitudinal study. Clin Endocrinol (Oxf) 2001;54:225-33.

23. Arnalich F, Lopez ], Codoceo R, et al. Relationship of plasma
leptin to plasma cytokines and human survival in sepsis and
septic shock. | Infect Dis 1999;180:908-11.

Correspondence: Dr. R. Somech, Immunology/Allergy Unit, Hos-
pital for Sick Children, 555 University Avenue, Toronto, Ontario,
Canada, M5G 1X8.

Phone: (1-416) 813-7500

email: rsomech@hotmail.com

78 R. Somech et al.

IMAJ ® Vol 9 ® February 2007



