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Abstract
Introduction: Adiponectin, leptin and resistin are adipokines that play important roles in the regulation of lipid and carbohydrate metabolism in type 2
diabetes (T2DM). However, their influence in type 1 diabetes mellitus is still
unknown. The aim of this study was to measure serum adiponectin, leptin
and resistin levels and to investigate their relationships with vitamin D and
other clinical and laboratory parameters in patients with type 1 diabetes.
Material and methods: Fifty subjects with type 1 diabetes and 50 healthy
age- and sex-matched subjects were selected from the Endocrinology Outpatient Clinic of Cairo University Pediatrics Hospital. Enzyme-linked immunosorbent assay was used to measure the levels of leptin, adiponectin and
resistin. Vitamin D levels were measured using electro-chemiluminescence
immunoassay.
Results: There were no significant differences in adiponectin and leptin levels between diabetic and control subjects (p = 0.6 and p = 0.5 respectively).
Resistin levels were significantly higher in the diabetic group compared to
controls (p < 0.001) and in postpubertal patients compared to prepubertal
patients (p < 0.04). Serum resistin in type 1 diabetes showed a negative correlation with vitamin D (p < 0.001) and a positive correlation with glycated
hemoglobin (HbA1c) (p = 0.006), while other adipokines were not interrelated.
Conclusions: These results strongly support a role of resistin and vitamin D
deficiency in the pathophysiology of type 1 diabetes. Vitamin D may be involved in resistin regulation through an unknown mechanism. Further studies are recommended to understand resistin regulation in type 1 diabetes.
Key words: vitamin D, type 1 diabetes mellitus, adiponectin, leptin, resistin.

Introduction
Type 1 diabetes mellitus (T1DM) is a highly prevalent chronic disease
that usually develops during infancy and adolescence. It is a geneticbased autoimmune condition resulting from absolute insulin deficiency
due to immune-mediated destruction of pancreatic β cells [1].
A relationship between T1DM and vitamin D deficiency was previously reported, and there is growing evidence that a decreased vitamin D
level in pregnancy or early childhood may be associated with an increased risk of T1DM. However, this evidence is not yet conclusive [2].
Although some studies found no association between serum vitamin D
levels and parameters of insulin action [3], others have shown positive
associations [4]. However, it is speculated that vitamin D plays a role in
glycemic control and insulin sensitivity improvement in patients with
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T1DM, and this role of vitamin D in T1DM pathogenesis may be due to its immunomodulatory
actions of reducing lymphocyte proliferation and
cytokine production [5].
Adipokines such as adiponectin, leptin and
resistin are bioactive mediators secreted by adipose tissue [6]. They have a significant role in the
regulation of lipid and carbohydrate metabolism
and involvement in the inflammatory responses
[7]. In contrast to type 2 diabetes, involvement of
adipose tissue in the low-grade systemic inflammation observed in T1DM has been investigated
far less. Indeed, alterations in circulating levels of
adipokines in T1DM indicate adipose tissue involvement in T1DM pathogenesis [8].
The aim of this study was to measure serum
adiponectin, leptin, and resistin levels and to investigate their relationships with vitamin D and
other clinical and laboratory parameters in patients with T1DM.

Material and methods
Fifty children and adolescents with T1DM (24
boys and 26 girls, mean age 12.3 ±1.3 years) and
50 healthy subjects (28 boys and 22 girls, mean
age 12.0 ±1.4 years) participated in the study. All
patients with T1DM were being followed in the
Pediatric Endocrinology Outpatient Clinic of Cairo
University Pediatric Hospital. All patients were on
insulin therapy with an average dose of 1.3 ±0.2
units/kg/day. Patients were selected every other
day as well as the controls. Both patients and controls were matched for age and sex.
Patients with hyperlipidemia, hypertension,
anemia and ongoing infection were excluded from
the study. In addition, patients receiving multiple
vitamin compound therapy containing vitamin D
during the previous year were excluded. Eligibility
criteria for the control group were: 1) prepubertal and pubertal age; 2) absence of inflammatory and autoimmune diseases (acute or chronic);
3) absence of anemia, T1DM, type 2 diabetes mellitus (T2DM), and primary hyperlipidemia; and
4) not currently on regular medications including vitamin D, antihypertensive or lipid-lowering
drugs. The study was approved by the ethics committee of the hospital. Written consent from parents of included subjects was taken according to
the ethics committee of the hospital.
Anthropometric data included body weight and
height, from which the body mass index (BMI) and
body mass index z score were calculated. Height
was measured in centimeters using a wall-mounted stadiometer. Weight was measured in kilograms using an electronic scale. Body mass index
was calculated using the formula:
weight [kg] .
BMI =
height [m2]

Tanner staging is the most commonly used
procedure to assess physical puberty stage. For
each member a combined Tanner stage score
(ranging from 3 to 13) was assigned based on the
sum of stages of pubic hair (5 stages), axillary hair
(3 stages) and breast development (5 stages) in
females and testicular size in males (5 stages).
Following an overnight fast, blood samples
were collected from subjects and patients. After
separation, serum samples were immediately analyzed for adipokines. Total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL),
triglyceride and hemoglobin levels were measured
by the chemical immunoassay method in both patients and controls. Glycated hemoglobin (HbA1c)
was measured as a marker of glycemic control
in the diabetic patients, using enzyme-linked
immunosorbent assay (ELISA). Adiponectin was
measured with an ELISA (7) kit supplied by Life
Technologies Corporation, Invitrogen, USA; catalog number: KHP0041. Leptin was determined using an ELISA (7) kit supplied by Life Technologies
Corporation, Invitrogen, USA; catalog number:
KAC228. Resistin was measured with an ELISA (7)
kit supplied by Life Technologies Corporation, Invitrogen, USA; catalog number: KHP0051.
Vitamin D total assay was performed using the
electro-chemiluminescence immunoassay (ECLIA)
method (ELECSYS Vitamin D total assay, COBAS,
Roche Diagnostics International Ltd. CH-6343 Rotkreuz, Switzerland). Most experts define vitamin D
deficiency as less than 20 ng/ml, while 20–30 ng/ml
is considered insufficient. The preferred level for
vitamin D (25-OH) is ≥ 30 ng/ml [9].

Statistical analysis
Analysis was performed using SPSS version 17
software for Windows. Data are reported as means
± standard deviation (SD) or number (percentage).
The differences between the two groups were
tested by the t-test for independent samples with
normal data distribution or by the Mann-Whitney
non-parametric test. Pearson’s and Spearman’s
correlation tests (r = correlation coefficient) were
used for correlating normal and non-parametric
variables, respectively. A p-value of < 0.05 was
considered statistically significant.

Results
Clinical characteristics, laboratory characteristics and family history of the diabetic and control
subjects are shown in Table I. There were no statistically significant differences in age, sex or family history of diabetes between the patient and
control group. Body mass index z score and pubertal staging did not differ significantly between
cases and controls (Table I).
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Table I. Clinical and laboratory characteristics of diabetic and control subjects
Parameter

Cases
(n = 50)

Controls
(n = 50)

P-value

Age [years]

12.3 ±1.3

12.0 ±1.4

0.2

24/26

28/22

0.6

4 ±1

–

–

Family history of T1DM

1 (2%)

0

0.9

Family history of T2DM

7 (14%)

6 (12%)

0.9

Prepubertal stage

17 (34%)

20 (40%)

0.6

Started puberty

33 (66%)

30 (60%)

0.7

17.8 ±4

18.6 ±3.6

0.2

Total cholesterol [mg/dl]

139.6 ±30

133.3 ±23.9

0.2

Hemoglobin [g/dl]

13.7 ±1.2

13.1 ±1.1

0.1

HbA1c (%)

8.8 ±1.9

4.9 ±0.4

< 0.0001

Gender (M/F)
Diabetic duration [years]

Combined Tanner stages:

BMI [kg/m2]

Table II. Adipokines and vitamin D in diabetic and
control subjects
Parameter

Cases
n = 50

Controls
n = 50

P-value

Adiponectin
[µg/ml]

9.9 ±4.6

10.1 ±2.5

0.6

Leptin [ng/dl]

2.8 ±0.8

2.7 ±0.8

0.5

Resistin [ng/dl]

4.9 ±1.4

3.8 ±1.2

< 0.0001

25-OH
Cholecalciferol
(vitamin D)

17.7 ±8.3 38.3 ±13.6

< 0.0001

HbA1c (%)

There were no significant differences in adiponectin or leptin levels between diabetic and control subjects. Resistin levels were significantly higher
in the diabetic group compared to controls (Table II).
Analysis investigating the correlation of adipokine levels with age, BMI, duration of diabetes,
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Figure 1. Correlation between glycated hemoglobin and resistin levels in type 1 diabetes mellitus
subjects

740

daily dose of insulin and HbA1c exhibited a positive correlation between HbA1c and resistin levels
(r = 0.27, p = 0.006) (Figure 1). Other adipokines
were not interrelated.
Regarding the changes in the adipokine levels
with puberty in the diabetic group, the pre-pubertal patients showed lower levels of resistin
(4.85 ±1.38 ng/dl), compared to the post-pubertal patients (5.76 ±1.56 ng/dl, p = 0.04). However, adiponectin and leptin levels showed no
statistically significant difference between the
two groups.
Vitamin D levels differed significantly between
diabetic and control subjects. Vitamin D was deficient in 42% of patients, insufficient in 38% of
patients and sufficient in 20% only, while in the
control group it was deficient in 36%, insufficient
in 24% and sufficient in 40%. Analysis investigating the correlation of vitamin D levels with age,
BMI, duration of diabetes, daily dose of insulin
and HbA1c exhibited a negative (inverse) correlation between both HbA1c and resistin (r = –0.95;
p < 0.001; r = –0.86; p < 0.001, respectively) (Figures 2, 3).

9

The incidence of T1DM increases by about
3–5% every year globally [10]. Systemic cytokines
and adipokines, which play a role in the autoimmune process leading to destruction of β cells,
could be potential biomarkers for different patterns of disease progression [11, 12].
Adiponectin is shown to have insulin-sensitizing and anti-inflammatory properties, and it can
stimulate the pancreas to secrete insulin [13].
Previous studies reported higher adiponectin lev-
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Figure 2. Correlation between glycated hemoglobin
and vitamin D in type 1 diabetes mellitus subjects

Figure 3. Correlation between resistin and vitamin D
in type 1 diabetes subjects

els in children and adolescents with T1DM than
in normal controls [14–16]. Different studies also
support its role in insulin resistance [14, 16]. In
this study, serum adiponectin levels in children
and adolescents with T1DM were comparable to
those in the control group, and no correlation was
detected between adiponectin level and diabetes
duration or HbA1c. Geyiki et al. reported comparable results [17]. Morales et al. reported no significant difference between adiponectin levels in serum of T1DM patients and a healthy control group,
although they reported a significant decrease in
adiponectin level in T2DM subjects compared to
healthy subjects [18]. Galler et al. reported an
increased level of adiponectin in children with
T1DM, although they did not find any correlation
between adiponectin and HbA1c or diabetes duration [15], but this might be attributed to differences in genetic factors and the ethnic background
of the German population, which differs from the
Egyptian population of our study.
However, differences in polymorphisms in the
adiponectin gene, ethnic background, degree of
glycemic control and physical activity have been
shown to affect adiponectin levels and may explain
this inconsistency between different studies [19].
Leptin is known as a key appetite-regulating
hormone. Recent studies revealed that leptin has
the effect of normalizing hyperglycemia and increasing insulin sensitivity [17]. The leptin data of
patients with T1DM compared with healthy controls are controversial, especially during pubertal
development [20]. We observed no increase in
leptin levels in T1DM compared with healthy subjects, and we also found no association between
leptin level and diabetes duration or HbA1c level.
These results do not support the role of leptin in
insulin resistance. The same findings were reported by Geyikli et al. [17]. Kratzsch et al. reported no
increase in serum leptin in T1DM subjects during
pubertal development, although they also reported a significant increase in soluble leptin recep-

tor compared to healthy subjects [20]. In a study
by Morales et al., a significant increase in serum
leptin was reported in T2DM but no significant
increase in T1DM compared to healthy subjects.
Soliman et al. reported increased levels of leptin in
T1DM compared with healthy subjects and reported a significant correlation between leptin levels
and insulin resistance [21]. However, serum levels
of leptin are markedly affected by anthropometric
measures and metabolic changes during pubertal
development of children and adolescents with
T1DM [20].
Resistin is one of the adipokines that is thought
to be involved in the inflammatory process [22].
Its biological function in humans has not been
fully identified yet, and the impact of T1DM on
resistin secretion remains unclear [22]. In the
current study, resistin was significantly higher in
diabetic subjects than in control subjects. Other
studies have reported comparable results [17, 23].
Shalev et al. studied the plasma resistin levels in
healthy people and patients with T1DM before
and after islet transplantation. Interestingly, resistin levels were significantly higher in patients
with T1DM before transplantation compared with
healthy controls, but decreased to normal levels after transplantation [24]. Schäffler et al., in
a large study of 555 adult patients with T2DM,
114 patients with T1DM, and 216 healthy control
subjects, reported significantly higher resistin levels in control subjects than in patients with T1DM
and T2DM [25]. The difference in the study by
Schäffler et al. was that all groups of patient were
composed of adults rather than adolescents. Furthermore, Celi et al. observed lower resistin levels
in children with T1DM compared with a healthy
control group [14]. Majewska et al. explained
the findings of two previous studies [14, 25] by
presence of hyperinsulinemia, which frequently
appears in patients with T1DM and may also exert an inhibitory effect on the secretion of resistin
[22]. On the other hand, Fehman et al., comparing
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resistin levels in patients with T1DM and healthy
subjects, found similar levels in all subjects [26].
In an interesting study, Martos-Moreno et al. evaluated resistin concentrations in 75 children in the
early stages of T1DM before starting insulin therapy and after 1 and 4 months of treatment. Their
results showed no difference at any time points,
and the concentrations were similar to resistin
concentrations obtained from 20 healthy subjects
that served as a control group [27]. However, serum resistin in children with T1DM is related to
the genetic differences, disease duration, maturity
of adipocytes and the dose of exogenous insulin
therapy [22]. This may explain the heterogeneity
of resistin levels among different studies.
This may also explain why the data reported in
the literature about resistin levels are controversial, both in their relation with insulin resistance
and with the progression of puberty [28–32].
However, in the present study, the pre-pubertal
patients showed lower levels of resistin compared
to the pubertal patients. On the other hand, Reinehr et al. reported that resistin levels did not significantly differ between prepubertal and pubertal
obese subjects [28]. Again the study was performed on non-diabetic subjects [28]. In a study
by Li et al., an inverse relationship was found between resistin levels and age in healthy non-diabetic subjects [29]. They explained this finding by
their large sample size that allowed them to find
this inverse correlation that most other studies
did not find.
In this study, we also found a positive correlation between resistin and HbA1c, suggesting its
role in glucose regulation and insulin resistance.
These results are in accordance with Silha et al.,
who observed a significant correlation between resistin plasma levels and insulin resistance [30], but
are in conflict with those of others suggesting that
resistin does not play an important role in the development of insulin resistance in humans [31, 32].
There are a number of reports demonstrating
the association between vitamin D levels and
onset of T1DM [33, 34], although some studies
do not confirm these results [35]. In the current
study, we found a significant difference between
the levels of vitamin D in patients compared to
control subjects. Vitamin D was deficient in 42%
of patients, insufficient in 38% of patients and
sufficient in 20% only, while in the control group
it was deficient in 36%, insufficient in 24% and
sufficient in 40%. However, many studies have
reported increased prevalence of vitamin D deficiency in Middle East and Africa more than in
America and Europe. Thus, the prevalence of vitamin D deficiency was 43% in an Australian study
[36], 60.5% in a Swiss study [37], 25% in an Italian
study [33], and 15% in a North American study

742

[38], but it was reported that black American children and adolescents have a higher risk for low vitamin D status, as demonstrated in a recent pediatric study performed in the United States [39]. In
a large study investigating vitamin D levels in German children and adolescents, higher prevalence
of vitamin D deficiency was found among immigrants from Turkey, Arab-Islamic countries, Asia, or
Africa [40]. In Qatari children, it was revealed that
vitamin D deficiency was higher in children with
T1DM (90.6%) compared with non-diabetic children (85.3%) [41]. A study in Saudi Arabia demonstrated that 100% of the T1DM adults and 78%
of the healthy children were vitamin D deficient
[42]. These variations might be explained by differences in dietary intake, sun avoidance behaviors, geographical environment, skin color, or genetic predisposition [42]. Although these studies
have suggested vitamin D deficiency as a risk factor of disturbed glucose homeostasis in humans,
it is still controversial, particularly in children. It
remains unclear whether vitamin D deficiency in
children is associated with insulin resistance [5,
33, 34]. However, the inverse correlation between
vitamin D status and HbA1c concentrations that
was found in this study supports the hypothesis
that vitamin D deficiency is associated with poorer
glycemic control, which can be caused by insulin
resistance. Notably, other studies reported no association between vitamin D levels and insulin resistance in childhood obesity, but this may be due
to higher vitamin D levels in the patient groups, or
dominant effects of adiposity parameters [43, 44].
It is thought that vitamin D plays its role in the
pathogenesis of T1DM by its immunomodulatory actions of reducing lymphocyte proliferation
and cytokine production [45]. To the best of our
knowledge, there are no human studies that have
examined the association between vitamin D and
adipokines in patients with T1DM in Egypt. In this
study, the analysis investigating the correlation
of adipokine levels and vitamin D revealed a negative correlation between vitamin D and resistin
levels, but other adipokines were not interrelated.
In contrast, Vilarrasa et al. reported no correlation
between vitamin D and all studied adipokines in
adults with morbid obesity, although they reported an inverse relationship between vitamin D and
leptin in healthy subjects [46]. Another study found
that vitamin D showed a positive association with
adiponectin concentrations and a negative correlation with leptin and resistin in obese children [47].
However, other studies reported a positive correlation between vitamin D and adiponectin [48, 49].
Vaidya et al. mentioned that a positive relation
between vitamin D and resistin has never been reported before, and their study was the first one to
find a positive correlation between vitamin D and
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resistin in Caucasian subjects with hypertension
[50]. The disparity between these studies and our
study could be explained by the differences between the studied groups of subjects including the
disease characteristics and the age of the subjects.
However, the inconsistencies between all these
different studies may again be underscored by the
fact that adipokine levels are affected by genetic
factors, degree of tissue adiposity, maturity of adipocytes, age at diagnosis and severity of associated pathological conditions [19, 20, 22].
The most important limitation of this study is
that it is cross-sectional and thus cannot prove
causality or directionality of associations.
In conclusion, we observed an increase in resistin levels that positively correlated with HbA1c
and inversely correlated with vitamin D levels in
patients with T1DM. These results strongly support a role of resistin and vitamin D deficiency in
the pathophysiology of T1DM. Vitamin D may be
involved in resistin regulation through an unknown
mechanism. Further studies with larger numbers
of participants are needed to thoroughly investigate the relationship between vitamin D and adipokines in T1DM.
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