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A b s t r a c t

IInnttrroodduuccttiioonn::  Poor weight gain is one of the most important mortality hazards
in cystic fibrosis (CF) patients. The mechanisms that may hinder body weight
regulation are not completely understood. Leptin and its role in fat mass could
be related to control of weight gain in CF patients. As the previous data are con-
flicting, we aimed to investigate serum leptin level in Iranian CF children com-
pared to a control group.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Forty-three CF patients aged from 3 to 120 months and
43 age-matched controls were enrolled. Patients were recruited from the out-
patient clinic of the Children's Medical Center Hospital. Controls were visited in
the general outpatient clinic for an annual check-up. Both groups were divided
into three subgroups based on age: 3 to 12 months, 13 to 48 months, and 49 to
120 months. Body mass index (BMI) was calculated for all the participants. Serum
leptin levels were measured applying a solid phase enzyme-linked immunosor-
bent assay (ELISA).
RReessuullttss::  Leptin levels and BMI values were significantly different between
patients and controls (p = 0.02, p < 0.001, respectively) but only patients aged
13–48 months had significantly higher levels of leptin than age-matched con-
trols (p = 0.016). Overall male patients’ mean leptin level was significantly high-
er than in female patients (p = 0.032) and male controls (p < 0.001). 
CCoonncclluussiioonnss::  Leptin level in our patients was significantly higher than controls.
It seems that leptin levels during infancy are higher than in adult patients. Fur-
ther studies are required on specific genotypes, gender and age to reveal the
probable correlation with BMI and leptin levels in CF patients from different eth-
nic groups.

KKeeyy  wwoorrddss::  leptin, children, cystic fibrosis, body mass index, Iran.

Introduction

Despite improvements in management of children with cystic fibrosis
(CF) over the last decades [1, 2] there are still significant differences in
mean height, weight and body mass index (BMI) of patients compared to
healthy individuals [3]. In fact, chronic energy deficiency is still the most
important mortality hazard beside pulmonary problems. The mechanisms
that may hinder energy balance coordination and body weight regulation
are not completely understood in CF. Decreased appetite and weight loss
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are partly associated with altered energy metabo-
lism and increased activation of the inflammatory
system [4, 5] through the action of several peptide
hormones on hypothalamic pathways [6]. 
Leptin, discovered in 1994, is a pro-inflammato-

ry inducer hormone [7, 8] primarily known for its
inhibitory role in food intake [9, 10]. Leptin is a 16-
kDa non-glycosylated polypeptide encoded by the
obesity (ob) gene [11]. It is secreted by adipocytes
in the fat tissue [8]. Leptin circulatory levels acti-
vate specific receptors in the hypothalamus. Con-
sequently, a decrease in food intake and an increase
in energy consumption would regulate body ener-
gy reserves and decrease in leptin causes uncon-
trolled food intake and resulting obesity [12–14].
Apart from having a regulatory role in energy home-
ostasis, leptin is also a cytokine-like hormone with
pleiotropic actions. It is shown to have a function
in a wide range of interactions and pathways such
as glucose metabolism, glucocorticoids synthesis,
immunologic reactions, and hormone axis regula-
tion [14–17].
Leptin levels may reflect the amount of body fat

that may be altered in anorexia or obesity [18]. The
relationship between leptin and fat mass could be
an additional factor in weight loss or poor weight
gain in CF patients [19].
Previous studies performed in America and

Europe resulted in conflicting data about the phys-
iologic regulation or dysregulation of leptin syn-
thesis in CF patients compared to controls [5, 19–23].
These six studies assessed CF patients in dif ferent
age groups and different clinical statuses. Increased
levels of leptin were found in children with CF as
compared to healthy children in two studies in the
United Kingdom and Greece [19, 20], while in CF
children in another study performed in Brazil, lep-
tin levels were lower than in controls [21]. 
No difference in leptin levels was found between

cases and controls in a study on adult CF patients
[22]. Another study by Cohen et al. demonstrated
lower leptin levels in advanced CF patients than
mild or moderate CF patients and controls that
could be a consequence of weight loss and not
a cause of that [5]. Leptin was also lower in CF
patients homozygous for ∆F508 mutations (1–
43 years old) [23]. The previous data are conflicting
and there is no record of Iranian patients’ leptin lev-
els to date.
In this study we compared serum leptin level in

Iranian CF children with an age- and sex-matched
control group to see if there is any association of
these hormones with the BMI and other demo-
graphic parameters.

Material and methods

This study was approved by the ethics commit-
tee of Tehran University of Medical Sciences. The

study was explained to the patients and informed
written consent was obtained from all patients’
respective parents. Blood samples for leptin analy-
sis was obtained while another test for diagnosis
or check-up was needed in clinic; therefore no extra
venipuncture was imposed on individuals. Families
and patients were not charged for leptin testing.

PPaattiieennttss

We studied 43 patients with CF aged from 
3 months to 10 years. They were recruited from the
Cystic Fibrosis Outpatient Clinic of the Children’s
Medical Center Hospital. Diagnosis of CF was con-
firmed based on two positive sweat chloride tests
and in a few (6 cases) confirmed by genetic analy-
sis (PCR). All CF patients were studied when they
were clinically stable and without evidence of acute
pulmonary exacerbation. All CF patients with pan-
creatic insufficiency received pancreatic enzyme
replacement therapy and had no obvious signs or
clinical symptoms and were not pancreatic insuffi-
cient and parents have been specifically instructed
on nutritional requirements of them. Patients with
pancreatic insufficiency or acute respiratory illness
were not entered in the study. 
Forty-three healthy control subjects, matched

for age and sex, were enrolled as controls. Controls
were visited in the general outpatient clinic of the
Children’s Medical Center Hospital for an annual
check-up. The sample size was determined accord-
ing to specific statistical formulas with considera-
tion of previous studies [20].
All individuals in both patient and control groups

were divided into three groups based on age: 3 to
12 months, 13 to 48 months, and 49 to 120 months
age. 
All the participants underwent physical exami-

nation. Body weight and height were measured.
Body mass index was calculated (weight in kilo-
grams divided by the square of height in meters).
Children had no gastrointestinal issues that would
indicate malabsorption.

AAsssseessssmmeennttss

Venous blood samples were obtained from CF
patients and healthy controls. Serum was separat-
ed and stored at –20°C until assayed for leptin.
Serum leptin levels were measured applying a sol-
id phase enzyme-linked immunosorbent assay
(ELISA) based on the sandwich principle. All steps
were performed according to manufacturer’s
instructions (Leptin (Sandwich) ELISA kit, DRG
Instruments GmbH, Germany)

DDaattaa  aannaallyysseess

The results are expressed as mean ± SEM. Data
were tested for normality using the Kolmogorov-
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Smirnov test using p = 0.05 threshold for rejection
of normality. Statistical analysis was performed
using SPSS version 16.0.1 (SPSS Inc., Chicago, IL,
U.S.A.). The statistical differences between propor-
tions were determined by χ2 analysis; the statisti-
cal significance of differences between means was
determined by Mann-Whitney U analysis for non-
parametric and independent Student’s t-test analy-
sis for normal values. Correlation between numer-
ic data was analyzed using linear regression. 
A p value < 0.05 was considered as significant.

Results

Forty-three CF patients (23 males and 20 fe -
males) and 43 controls (26 males and 17 females)
were enrolled in the study. Mean age of patients
was 41.19 ±37.90 months, and mean age of controls
was 46.49 ±41.50 months (p = 0.660). The charac-
teristics of the two groups are presented in Table I.
There was no difference between the groups in age
or gender distribution.
The plasma level of leptin in CF patients was sig-

nificantly higher than in the control group (mean
25–75%: 50.9 vs. 36, p = 0.006). Body mass index
level in CF patients is significantly lower than in the
control group (p < 0.001); also the prevalence of
underweight (BMI < 20 kg/m2) in CF patients is
higher than in the control group (p < 0.001). The
mean body weight in the control group is also high-
er than CF patients (p = 0.001) but there was no
difference in height between the groups. The albu-
min plasma level in CF patients was lower than in
the control group (p = 0.001). There was no signif-
icant difference between males and females in BMI,
albumin or ghrelin levels. According to the regres-
sion analysis there was no statistically significant
correlation between plasma leptin level and serum
albumin, weight, height or BMI values in CF patients
or the control group.
Leptin levels differ by sex among CF patients.

Male patients’ leptin level was 27.16 ±33.75 µg/l,
which was significantly higher (p = 0.032) than that

of female patients (mean: 13.85 ±16.79 µg/l). On
the other hand, there were no significant differ-
ences between girls and boys in controls, although
there was a trend towards lower values in boys. 
Interestingly, leptin values in CF boys is signifi-

cantly higher than their sex-matched controls 
(p < 0.001), while leptin values in girls do not differ
between patients and controls (p = 0.408).
Table II shows a detailed comparison of BMI and

leptin levels between CF patients and controls.
There is a strong trend towards increased leptin in
CF patients aged 13-48 months compared to match -
ed controls (Table II).

Discussion

Normally starvation leads to a decrease in lep-
tin levels. However, weight loss associated with CF
is different from that of starvation [5].
Previous studies resulted in conflicting data

about leptin level and its role in body weight of CF
patients. Direct comparison is difficult as prior stud-
ies included small numbers of patients, and differ-
ent CF and control populations with different age
and from various geographical regions and ethnic
groups.
We performed age subgrouping in our patient

and control groups. Body mass indexvalues in all
three subgroups were significantly different be -
tween patients and controls. Leptin levels for nor-
mal children have not been established widely in
the literature so we could only compare it between
two groups. Leptin levels differ in general between

TTaabbllee  II.. Anthropometric characteristics in CF patients
and healthy control group (mean ± SE)

PPaarraammeetteerr CCyyssttiicc  ffiibbrroossiiss  ppaattiieennttss  CCoonnttrroollss  VVaalluuee  ooff  pp
((nn ==  4433;;  2233  bbooyyss//2200  ggiirrllss)) ((nn ==  4433;;  2266  bbooyyss//1177  ggiirrllss))

Body mass index Mean: 15.16 ±3.33 Mean: 21.57 ±4.32 < 0.001

Leptin [µg/l] Mean: 20.97 ±27.74 Mean: 6.42 ±7.64 0.02

Leptin in 1st age group (3–12 months old) (n) Mean: 25.53 ±31.3 (17) Mean: 4.64 ±5.32 (15) 0.076

Leptin in 2nd age group (13–48 months old) (n) Mean: 16.00 ±22.14 (8) Mean: 4.85 ±5.86 (15) 0.016
[µg/l]

Leptin in 3rd age group (49–120 months old) (n) Mean: 18.86 ±27.11 (18) Mean: 10.10 ±10.39 (13) 0.234
[µg/l]

Leptin level in boys [µg/l] Mean: 27.16 ±33.75 Mean: 5.15 ±6.41 < 0.001

Leptin level in girls [µg/l] Mean: 13.85 ±16.79 Mean: 8.37 ±9.08 0.408

TTaabbllee  IIII..  Comparison of BMI and leptin level between CF patients and controls

PPaarraammeetteerr CCFF  ((nn ==  4433)) NNoorrmmaall  ((nn ==  4433)) VVaalluuee  ooff  pp

Albumin 4.5 ±1 4.8 ±0.09 0.001

BMI 15.1 ±0.5 21.6 ±0.6 < 0.001

Weight 12.5 ±1.4 20.5 ±1.7 0.001

Height 85.3 ±4.4 95.23 ±4.5 Not significant
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CF patients and controls; however, its levels were
significantly higher in only the youngest patients
aged 3–12 months than their age-matched controls
and there were no significant differences in leptin
values between patients and controls in other age
groups. 
Children and adolescent CF patients were eval-

uated in studies performed by Ahmed et al. (133 CF
patients, 77 males and 76 females, with a median
age of 5.99 (2.27–17.98) years and 40 controls, 
20 males and 20 females, aged 8.6–10.2 years),
Stylianou et al. (14 CF patients, 7 males and 7 fe -
males, with mean age of 19.06 ±5.08 years and 
20 controls, 10 males and 10 females, with mean
age of 19.05 ±5.69 years) and Boguszewski et al.
(26 CF children, aged 5.0–15.5 years and 33 controls
with mean age of 9.4 years) [19–21]. 
British [19] and Greek [20] CF patients demon-

strated higher levels of leptin than controls in the
former two studies and their results were in paral-
lel with our results, while the latter reported lower
values of leptin among CF Brazilian children com-
pared to controls [21]. This discrepancy may be
related to the diverse nature of the disease, as we
know CF is the result of different mutations and
ethnic differences plus environmental factors such
as nutritional status may affect its level, too.    
The Schmitt-Grohé et al. study included children

and adults altogether (1–43 years old). They showed
lower leptin levels among CF patients. The lower
leptin level could be due to the age heterogeneity
[23]. Cohen et al. and Arumugam et al. both assess -
ed American CF adults [5, 22]. Arumugam et al.
found no difference between adult patients and
controls (27 CF patients 20–30 years and 12 control
subjects 21–29 years), but in the Cohen et al. study,
the patients with severe CF had significantly lower
leptin levels compared to controls (74 CF adults and
20 controls, 10 M and 10 F), CF patients with mild
or moderate symptoms. They suggested that the
lower leptin value in patients is a consequence of
weight loss and is not the cause of it [5].
Among the studies evaluating leptin in CF pa -

tients, only Schmitt-Grohé et al. (44 subjects, 
range 1 to 43 years, 28 M and 16 F, and 22 controls
range 1 to 40 years, 14 M and 8 F) consider the ge -
netic factor in the patients [23]. They only assessed
homozygosity for ∆F508 (the most important and
most lethal genotype leading to CF in the CFTR
gene). The disease has a wide phenotypic spectrum
directly associated with the patients’ genotype. Het-
erogenic phenotypes are observed in different geo-
graphical regions as the frequency of mutations in
CFTR varies amongst different ethnicities. The oth-
er five studies and our study evaluated patients
without genetic subgrouping in the United States,
Greece, the United Kingdom, Brazil and Iran [5, 19–
22]. There is a strong trend towards increased lep-

tin in CF patients 13–48 months old compared to
matched controls (Table II), but variability was also
increased. A larger sample size would probably
detect significant differences in this type of popu-
lation. Further studies are required on specific geno-
types to reveal the probable correlation of genetic
factors with phenotypic characteristics such as BMI
and leptin levels in different ethnic groups and
these differences may be due to different mutations
and genotypes leading to different phenotypes.
Unexpectedly, leptin levels were significantly

higher in our male patients than both female CF
patients and male controls. Leptin values in girls
did not differ between patients and controls. The
mean age of CF male patients was lower than male
and female controls, as well as female patients.
Although it was not significant, larger sample sizes
could clarify the probable impact of gender on lep-
tin levels in these patients. Our results are in con-
flict with the three previous studies that considered
gender in their analysis. Schmitt-Grohé et al. found
that leptin levels are significantly lower in CF
patients without predominance in either gender
[23]. Male patients had lower leptin levels than
female patients in the Stylianou et al. and Aru-
mugam et al. studies [20, 22]. It was suggested that
leptin regulation is gender-related. It has been
observed that leptin expression is sexually dimor-
phic. Leptin expression inhibition by testosterone
and augmentation by ovarian sex steroids is asso-
ciated with BMI-adjusted higher leptin levels in
women than in men [14, 24]. 
The increased leptin levels in toddlers may con-

tribute to malnutrition in CF patients early in life
before the diagnosis of CF and beginning of nutri-
tional aids. One of the rationales for newborn
screening has been early malnutrition in undiag-
nosed, untreated young children – perhaps this is
one of the mechanisms. 
Our study has some limitation such as although

we performed it in Iran, our patients belonged to dif-
ferent parts of our country and various ethnic groups,
which may cause some variation in disease pattern
and presentation. Another limitation was that the
patients' CFTR genotypes were not available.
Also the nutritional status and level of taking

care of children by parents were different, so in
spite of our trying to make a homogenized research
environment, it surely is not the ideal one. 
Another limitation was studying stable patients

whose leptin level cannot reflect the real level in
different periods of the disease course. Serial meas-
uring, especially in stable and disease phases, may
aid more in assessing its influence on weight. Also
the lower BMI in CF children itself is disturbing and
may contribute to the elevated leptin level, and
even if they were taking pancreatic enzymes, they
could still have malnutrition.
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Leptin level in our patients was significantly
higher than in controls and this higher level may
be related to its inflammatory cytokine property
which can suppress the appetite of CF children. 
In addition, in contrast to the previous studies,

male patients had higher levels of leptin than
females. It seems that leptin levels during the first
year of life are higher in CF patients, and by grow-
ing older, patients who survive the risky period of
infancy can better regulate the leptin levels in their
body and the physiologic regulation of it is pre-
served despite weight loss in CF patients.
Further studies are required on specific geno-

types, as well as gender and age subgroups, to
reveal the probable correlation of these factors with
phenotypic characteristics such as BMI and leptin
levels in CF patients from different ethnic groups. 
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