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Introduction:  There  is a possible  association  between  obesity  and  infections.  We  sought  to investigate
phagocytic  functions  in obese  children  and  their relation  to  serum  leptin  levels.
Methods: A  cross  sectional,  controlled  study  was conducted,  comprising  40 cases  with  simple  visceral-
type  obesity.  Subjects  were  evaluated  for  percentage  of caloric  intake,  frequency  and  type  of  infections,
body  mass  index  (BMI)  z score,  in  addition  to  complete  blood  counting,  serum  leptin  assay  (ELISA)  and
Dihydrorhodamine  (DHR)  flowcytometry.
Results:  Cases  were  21  males  (52.5%)  and  19  females  (47.5%)  with mean  age  7.14  years  ±  2.73  SD with
median  duration  of obesity  4.2 years  (IQR:  2–6).  Cases  had higher  frequency  of  infections  compared  with
controls  (p <  0.001).  Serum  leptin  was  significantly  higher  among  cases  (t  =  −12.391,  p  <  0.001),  while DHR
results  were  comparable  in  the  studied  groups  (p = 0.067).  Among  cases,  absolute  lymphocytic  count  (ALC)
correlated  negatively  with  percentage  of total  caloric  intake  (p =  0.045).  Leptin  levels  correlated  positively

with  frequency  of infections  (p =  0.019)  but negatively  with  ALC  (p  =  0.043).  DHR  results  showed  weak
negative  correlations  with  serum  leptin  (p = 0.177)  and  with  BMI  Z score  (p = 0.109).
Conclusion:  Obese  children  are  posed  at increased  risk  of  infections  and  have  higher  serum  leptin  levels
with  possible  negative  effects  of  leptin  on  phagocytic  functions.
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The prevalence of obesity has been increasing dramatically
ver the past 30 years in children and adolescents [1]. Childhood
besity has both immediate and long-term effects on health and
ell-being. Obese youth are more likely to have risk factors for

ardiovascular diseases, such as high cholesterol or high blood pres-

ure [2].

Leptin protein is synthesized mainly by adipose tissue and was
riginally identified as the gene defect responsible for the obesity

Abbreviations: ALC, Absolute lymphocytic count; ANC, Absolute neutrophil
ount; BMI, Body mass index; CBC, Complete blood count; DHR, Dihydrorhodamine;
.  coli, Echerichia coli; IFN-gamma, Interferon-gamma; HDL, High density lipopro-
eins; IL-2, Interleukin-2; LDL, Low density lipoproteins; PMI, Phorbol myristate
cetate; SDS, Standard deviation score; TLC, Total leukocytic count; TG, Triglyc-
rides; VLDL, Very low-density lipoproteins.
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syndrome. The structure of leptin and its receptor suggest that lep-
tin is a member of the cytokine family. The overall increase in leptin
during infection and inflammation indicates that leptin is a part of
the immune response and host defense mechanisms [3].

Leptin is found to be involved in regulation of fundamental effec-
tor functions of mononuclear phagocytes, which express receptors
for this hormone. The regulation of mononuclear phagocytes by
leptin is associated with activation of the JAK/STAT signaling path-
way, resulting in stimulation of phagocytosis, production of oxygen
and nitrogen reactive species, leading to increased secretion of
pro-inflammatory cytokines [4]. In this study, we sought to evalu-
ate phagocytic functions (respiratory burst assay) in metabolically
healthy obese children and their relation to serum leptin levels
compared to healthy age- and sex-matched controls.

Subjects and methods
This study was  designed to be a cross-sectional study that was
carried out in Children’s Hospital, Ain-Shams University, in the
period from May  2016 to April 2017.
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tudy subjects

The study comprised 2 groups of subjects: Cases’ group which
omprised 40 children, 21 boys and 19 girls, aged 3–12 years,
ith simple obesity and having BMI  ≥ 95th centile for age and sex,

oming for routine medical examination complaints. Children with
linical or laboratory evidence of primary or secondary immunod-
ficiency, cases with endocrinal, genetic or drug-induced obesity
steroids or anti-epileptics) and those with diabetes mellitus or
n steroid therapy were excluded from our study. Forty, age- and
ex-matched healthy lean children (BMI between 5th and 85th
entile for age and sex) were enrolled as controls. Controls were
ecruited from the Outpatient Clinic of Children’s Hospital, Ain-
hams University and from primary care units. All studied subjects
ere prepubertal at time of enrollment in the study.

thical considerations

Ethical approval: The study was conducted in accordance with the
ethical standards of the Helsinki Declaration of 1964 as revised in
2008 and the study protocol gained approval from the local Eth-
ical Committee of the Pediatric department, Faculty of Medicine,
Ain Shams University.
Informed consent: Informed consent was obtained from par-
ents/care givers of enrolled children before enrollment, with
preservation of patient anonymity using documents and methods
approved by the ethical review committee of Faculty of Medicine,
Ain-Shams University.

tudy methods

All enrolled subjects were clinically evaluated. Detailed medical
istory was taken including the history of parental consanguinity
nd age at onset of obesity. The dietetic history was obtained using

 3-days recall of usual dietary intake including meals and snacks.
he total caloric intake was calculated using tables of food compo-
ition from the National Nutrition Institute, Egypt, 2006. History of
nfections was thoroughly evaluated (including documented pneu-

onias, bronchitis, gastroenteritis, physician diagnosed sinusitis,
epticemia, deep organ abscesses, skin or mucous membranes
nfections whether fungal or bacterial and persistent oral thrush).
ubjects were evaluated for frequency of infections per year, site,
everity, response to treatment, need for hospitalization or par-
nteral antibiotics therapy, and complications of infections and/or
accines over the last year before enrollment. All data were con-
rmed by revising hospital records and were based on physician
iagnosis.

Detailed clinical examination was performed for all subjects lay-
ng stress on anthropometric measurements; weight and height

easurement. Body mass index (BMI) [BMI = Weight (kg)/(Height
n m2)] and standard deviation score (SDS) of BMI  for age and sex

ere calculated [5]; Waist and hip circumferences were measured
n centimeters followed by calculation of waist/hip ratio [6]. Blood
ressure was measured in seated subjects three times with calcu-

ation of the average of readings.

aboratory assessment
Six cubic centimeters venous blood were withdrawn from each

ubject (cases and controls) and divided into two portions: The first
ortion 3 mls  were collected into plain tubes, left to clot, centrifuged
nd serum was separated under complete aseptic conditions for

erum leptin and fasting levels of serum triglycerides, choles-
erol, low density lipoproteins (LDL), very low density lipoproteins
VLDL) and high density lipoproteins (HDL). Serum leptin was
ssayed by ELISA using DRG, Gmbh, ELISA leptin kit, Germany, while
nd Public Health 12 (2019) 57–61

lipid profile was  measured using Synchron CX-9 autoanalyzer using
Beckman Instruments Inc., Fullerton, California USA.

The second portion, 3 mls  were added to ethylenediamine
tetraacetic acid, dipotassium salt (K2-EDTA) in vacutainer tubes
(final concentration of 1.5 mg/mL) for performing complete blood
count (CBC) and flow cytometry based oxidative burst assay (Dihy-
drorhodamine test), within 2 h from sampling. All samples were
taken at the same time 10–12 a.m. CBC was done immediately on
coulter

®
LH 750 cell counter (Coulter Corporation, Florida, USA).

The blood film was  then smeared and stained with Leishman stain
and examined for manual differential count. For flow cytometry-
based, oxidative burst assay “Dihydrorhodamine test” (DHR 123),
reagents were supplied from Sigma-Aldrich, St Louis, MO  and from
Pharm Lyse, Becton Dickinson, Mountain View, CA. Coulter Epics,
XL flow cytometer (Coulter, Electronics, Hialeah, FL, USA) was used.
The assessment of the respiratory burst by this method relies upon
the change in the fluorescence of resting neutrophils following
Phorbol myristate acetate (PMA) stimulation. A control was used
for each patient sample. Three tubes are set up for each patient
and control: (a) Blood only; (b) Blood + DHR123 (Resting tube); (c)
Blood + DHR123 + PMA  (Stimulated tube). Results were expressed
as a percentage of oxidative response, which is the percentage
of the fluorescence noticed in stimulated cells compared to pre-
stimulation.

Statistical methods
The results were tabulated, graphically represented and ana-

lyzed using standard computer program SPSS for Windows, release
13.0 (SPSS Inc, USA). All numeric values were expressed as
mean ± SD. Comparisons between various groups were done using
student t test and Mann–Whitney test for normal and non-
parametric variables respectively, Chi square (X2) test was used
to compare the frequency of qualitative variables among differ-
ent groups. For all tests, a probability value (p) less than 0.05 was
considered significant. Spearman’s correlation test was  used for
correlating non-parametric variables. The correlation coefficient
(Spearman rho) is interpreted as guided by Hinkle et al. 2003 [7].

Results

Forty children with simple obesity were evaluated in the study.
They were 21 boys (52.5%) and 19 girls (47.5%). Their age ranged
from 3 to 12 years with a mean (SD) of 7.14 (2.73) years. The con-
trols were 21 boys (52.5%) and 19 girls (47.5%), with age ranging
3–12 years with mean age 6.85 (2.68) years. The mean BMI  of cases
was significantly higher being 30.14 (6.64) kg/m2 in comparison
to controls (15.52 (1.11) kg/m2) (p < 0.001). The mean BMI  per-
centile, waist circumference, waist centiles, hip circumference and
waist/hip ratio were all significantly higher in cases than controls
(p < 0.001).

The mean BMI  z-score in obese subjects was  2.94 (0.882) which
was higher than that of controls [−0.215 (0.869) with p < 0.001].
Among cases, the mean age of onset of obesity was 3.55 (2.31)
years, with a median duration of obesity 4.2 years (IQR: 2–6
years). Systolic blood pressure readings (in mmHg) were compa-
rable between cases and controls (mean ± SD: 111.25 ± 7.91 and
113.5 ± 4.89 respectively, p = 0.129). Diastolic blood pressure read-
ings were higher among cases compared to controls (mean ± SD:
73.50 ± 5.33 and 70.0 ± 7.5 respectively, p = 0.019).

Concerning their metabolic status, lipid profile of cases and
controls are demonstrated in Table 1, with significant difference

between the two groups.

Obese children had 2–10 physician documented infections per
year, in the year preceding enrollment with median (IQR) 4 (3–6.7).
However, in control group, the frequency of infections ranged from
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Table  1
Lipid profile results among cases and controls.

Cases Control T-test p-Value

LDL (mg/dl)
Range 55–154.60 71–118 5.33 <0.001
Mean ± SD 108.88 ± 31.25 81.78 ± 7.87

VLDL (mg/dl)
Range 11.40–120 12.6–17.8 9.483 <0.001
Mean ± SD 73.20 ± 38.82 16.34 ± 1.04

Cholesterol (mg/dl)
Range 110–187 127–146 1.78 0.07
Mean ± SD 121.44 ± 52.92 136.1 ± 4.95

HDL (mg/dl)
Range 15–89 44–67 4.667 <0.001
Mean ± SD 43.36 ± 9.75 51.18 ± 6.3

TG (mg/dl)
Range 44–179 63–89 5.488 <0.001
Mean ± SD 118.76 ± 42.30 79.65 ± 16.79
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Table 3
Infection history among cases and controls.

Type of infection Cases
(n = 40)

Controls
(n = 40)

Comparison

No. % No. % X2 p Value

Gastroenteritis 17 42.5 13 32.5 1.056 0.304
Bronchitis 10 25 8 20 0.355 0.551
Common cold 8 20 4 10 1.94 0.163
Acute sinusitis 4 10 0 0 4.67 0.03a

Asthma 2 5 0 0 2.538 0.111
Skin boils 8 20 7 17.5 0.102 0.750

T
F

DL = Low density lipoprotein, VLDL = Very low-density lipoprotein, HDL = High den-
ity lipoprotein, TG = triglycerides.

 to 5 times per year with median (IQR) of 2 (2–3), with a significant
ifference between cases and controls. Among cases, 21 (52.5%) had

 or less infections per year (versus 39 children (975%) in the con-
rol group), while 19 cases (47.5%) had more than 4 infections per
ear (versus one child (2.5%) in the control group), with significant
ifference between cases and controls (Table 2).

There was no history of hospitalization or a serious infection that
ecessitated prolonged (≥2 months) or parenteral antibiotic ther-
py among enrolled subjects. Bronchitis and gastroenteritis were
he most common form of infections among the studied groups,
ith higher frequency among cases, albeit the difference between

ases and controls did not reach statistical significance. Although
alues are limited by the small sample size, yet, cases appeared to
ave a higher incidence of sinusitis (p = 0.03) (Table 3).

Blood picture parameters of cases and controls were compa-
able; while, serum leptin was significantly higher among cases
t = −12.391, p < 0.001). DHR results seemed to be slightly lower
n cases compared to controls, yet the difference did not reach
tatistical significance (p = 0.067) (Table 4).

Gender variation among cases did not show to have significant
mpact on frequency or duration of infection, TLC, ALC, ANC, serum
eptin levels or DHR results with p values: 0.967, 0.309, 0.935, 0.255,
.284, 0.776 and 0.096 respectively.

Total leukocytic count (TLC) showed significant negative cor-
elation with the duration of obesity (r = −0.334, p = 0.035). Also,
bsolute lymphocytic count (ALC) among cases correlated neg-
tively with the percentage of total caloric intake (r = −0.318,

 = 0.045). On the other hand, serum leptin levels correlated pos-
tively with the frequency of infections (r = 0.369, p = 0.019) and
egatively with ALC (r = −0.321, p = 0.043). DHR results showed
eak negative correlations with serum leptin levels (r = −0.218,

 = 0.177) and with BMI  Z score (r = −0.257, p = 0.109) (Table 5).

In the control group, serum leptin levels showed moderate pos-

tive correlation with ALC and mild positive correlation with each
f TLC and absolute neutrophil count (ANC) (Table 6).

able 2
requency of infections among obese subjects and controls.

Parameter Cases 

Frequency of infections/year Median (IQR) 4 (3–6.75) 

Range 2–10 

≤4 [n (%)] 21 (52.5%) 

>4 [n (%)] 19 (47.5%) 

a Chi square test.
b Mann–Whitney U test.
c Significant results at p value <0.05.
Bold value denotes statistical significance.
a Significant results at p value <0.05.

Discussion

Emerging data indicate an association between obesity and
infectious diseases. Obesity may  influence either the risk of getting
an infection or the outcome of an infection once it is established.
Obesity-related immune system dysregulation decreased innate
and/or adaptive immune responses, dysregulated cytokine pro-
duction, obesity-related comorbidities and respiratory dysfunction
have all been proposed as possible mechanisms [8].

Circulating leptin levels directly reflect the amount of energy
stored in the adipose tissue and are proportional to the body adi-
pose mass both in mice and in humans. Thus, obese individuals
typically produce higher leptin than leaner individuals [9,10]. In
our study, we  had the same observation with significantly higher
leptin levels among obese children compared to controls.

In our series, infections were more common among cases in
comparison to their matched controls. All forms of observed infec-
tions, including bronchitis, sinusitis, common cold, gastroenteritis
and skin infections were more frequent among obese children
although the difference did not reach statistical significance except
in sinusitis. However, none of our children had life-threatening
infection. In a recent retrospective study by Okubo et al. [11], pedi-
atric obesity was found to be an independent risk factor for severity
and morbidity among pediatric cases with lower respiratory tract
infections and was associated with increased risk for mechanical
ventilation, septicemia and prolonged hospital stay. Small sample
size, relatively short duration of obesity (median 4.2 years (IQR:
2–6 years) and enrollment of metabolically healthy children might
explain the absence of significant difference between the 2 groups.

Blood picture parameters including TLC, ANC, and ALC were
all comparable between cases and controls. However, among the
obese subjects, TLC showed significant negative correlation with
the duration of obesity, albeit none of the obese children had
leukopenia. This could be related to the normal white blood cell
count variation with age. Worth to note that, white blood cell
counts have been previously reported to be significantly elevated
together with CRP in obese children in comparison to lean controls,

indicating a pro-inflammatory state in the obese group. However,
this observation is more distinguishable among obese individuals
with the cardiometabolic syndrome and subcutaneous rather than

Control Comparison p- Value

2 (2–3) z = −5.91 <0.001b

1–5
39 (97.5%) X2 = 21.600c <0.001a

1 (2.5%)
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Table 4
Laboratory parameters of cases and control groups.

Parameter Cases Controls Independent t-test

t p Value

HB (g/dl)
Mean (SD) 11.59 (0.93) 11.47 (0.97) −0.577 0.566
Range 9.5–14.1 9.5–14.1

PLT  (x103/ul)
Mean (SD) 309.8 (67.01) 331.0 (66.36) 1.422 0.159
Range 160–415 160–423

TLC (x103/ul)
Mean (SD) 7.45 (1.11) 7.85 (1.41) 1.401 0.165
Range 5.1–11.3 5.4–11.4

ALC (x103/ul)
Mean (SD) 2.83 (0.92) 3.09 (1.04) 1.202 0.233
Range 1.39–6.22 1.37–6.27

AEC (x103/ul)
Mean (SD) 0.17 (0.06) 0.15 (0.06) −0.813 0.419
Range 0.077–0.36 0.77–0.339

ANC (x103/ul)
Mean (SD) 4.09 (0.73) 4.02 (0.85) −0.364 0.717
Range 2.24–5.2 2.4–5.6

Serum Leptin
Mean (SD) 24.67 (10.90) 2.99 (1.91) −12.391 <0.001a

Range 12.5–58 0.5–6.9

DHR
Mean (SD) 95.15 (2.54) 96.09 (1.95) 1.857 0.0671
Range 89.2–99.4 91.2–99.2

Key: AEC = Absolute eosinophilic count, ALC = Absolute lymphocytic count, ANC = Absolute neutrophilic count, DHR  = Dihydrorhodamine test, HB = hemoglobin, PLT = platelets,
TLC  = total leucocytic count.

a Significant results at p value <0.05.

Table 5
Correlation between the obesity measures and immunological parameters among cases.

Parameter Obesity duration Waist/hip ratio BMI  Z score % percentage of
caloric intakeb

Serum leptin level

r p r p R p r p r p

Frequency of infection/yr 0.014 0.929 −0.072 0.658 0.157 0.334 −0.058 0.721 0.369 0.019a

TLC −0.334 0.035a 0.113 0.489 0.131 0.419 −0.296 0.064 −0.013 0.935
ALC  −0.084 0.607 0.082 0.615 −0.036 0.827 −0.318 0.045a −0.321 0.043a

ANC −0.196 0.226 0.027 0.867 0.062 0.704 0.144 0.374 0.086 0.598
DHR  0.286 0.073 0.236 0.142 −0.257 0.109 0.044 0.788 −0.218 0.177

ALC = Absolute lymphocytic count, ANC = Absolute neutrophilic count, BMI: Body mass in
a Significant results at p value < 0.05.
b percentage of total caloric intake from normal average caloric intake according to age

Table 6
Correlation between serum leptin levels and other numerical variables among
controls.

Parameter Serum leptin level (in controls)

R P

Frequency of infection/year 0.198 0.221
TLC  0.125 0.443
ALC  0.106 0.517
ANC 0.118 0.467
DHR  0.174 0.283
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LC = Absolute lymphocytic count, ANC = Absolute neutrophilic count,
HR = Dihydrorhodamine test, TLC = total leucocytic count.

isceral adiposity [12–14], while our enrolled obese children were
n general metabolically healthy with visceral type of obesity.

In obese subjects, ALC showed significant negative correlation
ith the percentage of caloric intake and with serum leptin as well.
n the other hand, serum leptin levels correlated negatively with
LC and to less extent with TLC and ANC among controls. Phys-

ologic leptin levels are reported to enhance the activation and
roliferation of human T lymphocytes and enhance T cell cytokine
roduction [15,16]. Leptin deficient mice or those with leptin recep-
or deficiency/abnormality were found to have impaired in-vitro T
ell mediated immunity, with low IL-2 and IFN-gamma (IFN-γ) pro-
uction and decreased delayed type hypersensitivity responses in
ivo, as compared to normal controls [15–17]. Thus, serum leptin

ight have a paradoxical effect on cells of the immune system with

hysiological levels enhancing the immune function and abnor-
ally high levels showing inhibitory effects. Wider scale studies
ight elucidate the variable impact of serum leptin on the immune
dex, DHR = Dihydrorhodamine test, TLC = total leucocytic count.

.

status and can help investigating the actual relation between ALC,
serum leptin levels and/or leptin receptor abnormalities.

In our study, DHR test results were comparable between obese
subjects and healthy controls. In obese subjects, DHR  results also
showed negative although negligible correlations with BMI  z score
and with serum leptin but correlated positively, yet, insignifi-
cantly with obesity duration. Also, among controls, DHR results had
positive, although, negligible correlations with serum leptin. Stud-
ies investigating phagocytic functions in relation to serum leptin
have shown contradictory results. Several studies have reported
that leptin can stimulate the oxidative burst in control monocytes
and that leptin up-regulates phagocytic function via phospholi-
pase activation as well as the expression of adhesion molecules
and proinflammatory cytokine secretion. Also, leptin was  reported
to promote neutrophils chemotaxis and the secretion of oxy-
gen radicals, through direct and indirect mechanisms. Phenotypic
abnormalities in macrophages from obese mice with deficient or
dysfunctional leptin or leptin receptor abnormalities have also been
found [18–22]. On the other hand, studies of Mariano et al. [23],
Cohen et al. [24], have found that leptin did not change the basal
oxidative burst in human neutrophils stimulated by Echerichia Coli
(E.Coli) or by PMA. The results of a study by El Solh et al. 2009 [25],
indicated that the ex vivo anti-inflammatory and antimicrobial
responses of alveolar macrophages in obese and morbidly obese
cases are preserved when compared to age and gender matched
non-obese individuals. Mariano et al. demonstrated that the stim-

ulation of oxidative burst was  significantly attenuated when the
concentration of recombinant leptin was  increased from 10 to
500 ng/mL [23]. Thus, abnormally elevated levels of serum leptin
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ight exert an inhibitory effect on the phagocytic functions, an
ssue that needs further investigation.

In our study, we observed a significant positive correlation
etween serum leptin levels and the frequency of infection per year
mong the obese subjects (r = 0.369, p = 0.019) which supports the
eported proinflammatory role of leptin. This in agreement with
omech et al., who found that circulating leptin concentrations cor-
elated positively with CRP levels during acute minor infection in
hildren visiting the emergency room for febrile illnesses. Their
bservation suggests that leptin is indeed a part of acute-phase
roteins [26].

onclusion

In conclusion, obese children have higher frequency of infec-
ions compared to healthy controls. Serum leptin in obese children
eems to have negative effects on lymphocyte counts and possibly
otal leukocyte and neutrophil counts and phagocytic functions,
n effect that differs from the possible positive effect of leptin on
mmune function in non-obese individuals. Results of our study are
imited by the small sample size and the relatively short duration
f obesity. Also, we did not include obese children with metabolic
yndrome. Further wider scale studies are warranted to investi-
ate the upper limit of serum leptin with enhancing effect on
mmune system and the relation between serum leptin, leptin
eceptor abnormalities and predisposition to infection. In-vitro
tudies can help to detect and clarify the molecular events asso-
iated with exposure of immune cells to different standardized
oncentrations of leptin. As immune system changes with age,
ssessment of various aspects of innate and adaptive immune
ystem in obese individuals with different age groups could be
orthwhile.
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