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Circulating leptin and adiponectin and their relation to
glucose metabolism in children with Crohn’s disease and

ulcerative colitis
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BACKGROUND: Crohn's disease (CD) and ulcerative colitis
(UQ) result in metabolic consequences. We assessed circulat-
ing leptin and adiponectin concentrations and examined their
relations to glucose metabolism in children with CD and UC.
METHODS: Circulating morning fasting concentrations of
leptin, adiponectin, glucose, and insulin were measured in 32
children with CD and 18 children with UC. Insulin resistance (IR)
and {3-cell function were evaluated by the updated homeo-
static model assessments (HOMA2-IR and HOMAZ2-B).
RESULTS: Leptin was positively related to BMI z-scores overall
and in the CD and the UC subgroups (P < 0.001). A negative
correlation between leptin and disease activity was observed
in the entire population (P = 0.034) and in the UC (P = 0.03)
group. None of the assessed parameters was related to adipo-
nectin. Fourteen percent of the participants were insulin resis-
tant (15.6% in the CD group and 11.1% in the UC group), signif-
icantly more than expected (P < 0.001). Leptin was associated
with HOMA2-IR (overall: r = 0.29, P = 0.045). Pathway analysis
suggested that, overall, disease activity and BMI significantly
affect leptin, which in turn is the only correlate of HOMA2-IR.
CONCLUSION: Disease activity was significantly and inversely
related to leptin in children with inflammatory bowel disease
(IBD). A significant proportion of the patients had increased IR,
which is positively related to circulating leptin.

rohn’s disease (CD) and ulcerative colitis (UC) are inflam-

matory conditions of the intestines, often collectively
referred to as inflammatory bowel diseases (IBDs). They are
characterized by a chronic course with significant morbidity and
require long-term medications and care. It is now recognized
that IBDs are not just diseases of the bowels, but rather systemic
disorders with frequent extraintestinal manifestations (1). In
children, such complications include, among others, altered
body composition, malnutrition, and metabolic disturbances,
with the last being probably the least studied. Endocrine dys-
function in pediatric IBD, although recognized for more than
30y (2), has not been extensively investigated. Growth impair-
ment, being the most frequent endocrine disorder encountered

in pediatric IBD, has drawn research efforts mainly on the
growth hormone-insulin-like growth factor-1 axis (3). Few
studies, mainly in adults, have addressed the issue of glucose
homeostasis in IBD, and the results have been, so far, indicative
of increased insulin resistance (IR) in CD.

Leptin and adiponectin are pluripotent adipokines involved
in several physiologic processes of the human body, mainly
balancing energy expenditure and contributing to immuno-
regulation (4). With regard to leptin and glucose homeosta-
sis, an unambiguous observation is derived from genetically
leptin-deficient individuals, who demonstrate glucose intol-
erance and peripheral IR. Both disturbances are reversible
after exogenous administration of leptin (5). However, this
relation is reversed in cases of systemic inflammation, such
as in metabolic syndrome, in which higher leptin concen-
trations are related to decreased tissue sensitivity to insulin.
It is still unclear whether this association is due to resistance
of peripheral tissues to leptin, or a true causal effect of leptin
on insulin sensitivity in the context of systemic inflamma-
tion (6). Similarly, adiponectin and IR have been associated,
with the latter being positively influenced by the former (7). A
growing body of experimental and clinical data suggests that,
in addition to its metabolic effects, leptin also plays a proin-
flammatory role. A recent hypothesis for IBD is that inflamed,
“creeping,” hypertrophic mesenteric fat, which is a feature of
active, “aggressive;” CD (8), secretes amounts of leptin and
adiponectin that are disproportional to the total body fat and
that this metabolic imbalance might contribute significantly to
systemic inflammation (9). Cross-sectional studies have given
contradicting findings on the variation of leptin and adiponec-
tin in IBD patients and healthy controls, and their association
with the pathophysiology of the disease remains unclear (10).

The main aim of this cross-sectional study was to evaluate
parameters that are associated with leptin and adiponectin
concentrations in children with CD and UC. In particular,
high-sensitivity C-reactive protein (hs-CRP), a widely used
index of inflammation in both clinical practice and basic
research, and interleukin (IL)-6, one of the most important
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acute-phase reactants, were used to determine the inflamma-
tory status of our patients. Furthermore, we assessed IR and
pancreatic B-cell function, and developed a hypothesis on the
interplay among disease activity and other characteristics,
the circulating adipokines leptin and adiponectin, and glucose
homeostasis.

RESULTS

Descriptive Statistics

A total of 50 patients (32 CD, 18 UC) were included in the anal-
ysis. Age, gender, disease characteristics, and medications at
the time of assessment are presented in Table 1. Table 2 shows
BMI, IR, and P-cell function as assessed by the homeostatic
model assessments (HOMA2-IR and HOMA2-B), leptin levels,
and inflammation indexes in the study groups. No significant
differences were detected for log(leptin), log(HOMA2-B), or
log(HOMAZ2-IR), whereas BMI z-scores were higher in UC
patients (0.22 vs. —0.45 in the CD subgroup), although the
result was not significant (P = 0.07). In relation to the markers
of inflammation, CD patients showed significantly increased
levels of high-sensitivity IL-6 (hs-IL6; P = 0.02), and a similar
trend was seen for hs-CRP, a result that was marginally non-
significant (P = 0.06).

The ratio of insulin-resistant individuals (HOMA2-IR
>97.5th percentile) to the total number of patients was 7/50
(14%), significantly (P < 0.001) higher as compared with the
expected, which would have been 2.5% if IR in the study pop-
ulation were comparable to the general population of Greek
children. No statistically significant differences were found
between CD and UC patients with respect to IR (5/32, 15.6%
and 2/18, 11.1%, respectively; P = 0.9). Only one individual
(a female UC patient) had impaired B-cell function, which cor-
responds to 2.0% in the entire study sample and was not signif-
icantly different from the expected (P = 0.99). For the UC and

Table 1. Demographic data, disease characteristics, and medications
at the time of the evaluation

Overall CD(n=32) UC(n=18) Pvalue
Gender, females, 31(62%) 21(65.6%) 10(55.5%) 0.5?
n (%)
Age, years® 10.4+3.5 10.7£3.3 9.9+37 0.6¢
Disease activity® 19.6+11.3 16.4+7.8¢ 253+143¢ —
Disease status, in 14 (28.0%) 5(27.8%) 9(28.3%) 0.9%
remission, n (%)
Glucocorticoid 18 (36%) 13 (40.6%) 5(27.8%) 0.52
treatment’
Immunomodulators, 17 (34%) 15 (46.9%) 2(11.1%) 0.01°
n (%)
Aminosalicylates, 38 (76%) 26 (81.3%) 12 (66.6%) 0.8
n (%)f
Enteral nutrition, 13 (26.0%) 9(21.8%) 4(22.2%) 0.8?

n(%)°
CD, Crohn's disease; PCDAI, Pediatric Crohn's Disease Activity Index; PUCAI, Pediatric
Ulcerative Colitis Activity Index; UC, ulcerative colitis.

*Fisher’s exact test. "Mean + SD.“Mann-Whitney test. “PCDAI. PUCAL. ‘At the time of the
evaluation. °Including azathioprine/6-mercaptopurine, infliximab, cyclosporine.

Copyright © 2013 International Pediatric Research Foundation, Inc.

CD groups, the respective ratios were 5.5% (95% confidence
interval: 0.1-27.2) and 0% (95% confidence interval: 0.0-10.9),
respectively (P = 0.36).

Leptin Correlates in Children With IBD

Individual correlations were computed to evaluate the associa-
tions between BMI, gender, disease activity, type of medica-
tion (enteral nutrition, steroids, immunomodulators), inflam-
mation markers, and leptin levels. As expected, BMI z-scores
were significantly and positively related to log(leptin) over
the entire population: Pearson’s r = 0.50, P < 0.001. However,
in the stratified analysis this relation remained significant
only for CD patients (CD: Pearsons r = 0.62, P < 0.001, UC:
Spearman’s p = 0.22, P = 0.4). This could be attributed to the
relatively small sample size of the UC subgroup (n = 18). Of
note, log(leptin) levels did not differ between genders (all
P values > 0.05, data not shown). A negative trend between
disease activity, as measured by the Pediatric Ulcerative Colitis
Activity Index, and log(leptin) concentrations was found for
UC patients (Spearman’s p = —0.51, P = 0.03) but not in the
population as a whole or in the CD subgroup. The same results
were obtained when we used a categorical characterization
for our patients (in remission vs. active disease). Overall, as
well as in the CD group, no association with log(leptin) was
found (P value >0.05). By contrast, UC patients in remis-
sion had significantly higher log(leptin) levels than those
with active disease (2.6+0.7 vs. 0.9£1.5, respectively; P =
0.01). Neither type of medication (enteral nutrition, steroids,
immunomodulators) nor index of systemic inflammation
(erythrocyte sedimentation rate, hs-IL6, and hs-CRP) were

Table 2. BMI, HOMA2-IR, HOMA2-B, leptin, and inflammation
indexes in the study population

Overall CD(n=32) UC(n=18) Pvalue?

BMI, kg/m? 18.4+4.1 17.9+4.0 19.2+4.3 —_
BMI z-score -021+13 -045+1.1 0.22+1.5 0.07
HOMA2-IR 1.26+£0.91 1.28£0.93  1.23+0.90 —
Log(HOMA2-IR) 0.05+0.6 0.06+0.6 0.03+£0.6 0.9
HOMA2-B 111.0+£57.8 118.7+62.1 97.4+47.8 —
Log(HOMA2-B) 4.6+0.5 4.7+0.5 44+0.6 0.2
Leptin, ng/ml 7.3+9.6 6.5+8.9 8.8+10.8 —
Log(leptin, ng/ml) 1.1+15 09+1.5 14+15 0.4
Adiponectin, 13.2+7.1 13.6+7.7 12.5+6.2 —
ng/ml

Log(adiponectin, 242+0.59 245+0.60 237+0.60 0.7
pg/ml)

hs-IL6, pg/ml 3.8+3.2 47+3.6 22+1.6 0.02
hs-CRP, mg/I 10.9+£26.2 15.8+32.0 24+35 0.06
ESR,mm/1h 41.8+£22.0 45+22.5 36.2+20.8 0.2

Data are presented as mean + SD.

CD, Crohn's disease; ESR, erythrocyte sedimentation rate; HOMA2-B, homeostatic
model of assessment 2—f3-cell function; HOMA2-IR, homeostatic model of assessment
2—insulin resistance; hs-CRP, high-sensitivity C-reactive protein; hs-IL6, high-sensitivity
interleukin-6; UC, ulcerative colitis.

*Mann-Whitney test.
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related to log(leptin), either in the overall or stratified analyses
(all P values > 0.05, data not shown).

Taking into consideration the results of the univariate analy-
sis, we ran three (overall, CD subgroup, UC subgroup) multi-
ple linear regression models with log(leptin) as the dependent
variable. The results are illustrated in Table 3. In the overall
and UC final models, disease activity and BMI z-scores were
the only significant correlates of circulating log(leptin). In the
CD subgroup, no such result was observed, and BMI z-score
was the main and only significant factor associated with circu-
lating log(leptin).

Adiponectin Correlates in Children With IBD

Adiponectin was not related to inflammation indexes (hs-CRP,
hs-IL6, erythrocyte sedimentation rate), disease activity
(Pediatric Ulcerative Colitis Activity Index and Pediatric
Crohn’s Disease Activity Index), type of medication (enteral
nutrition, steroids, immunomodulators), BMI z-score, gender,
or age, neither in the entire sample nor in the CD and UC sub-
groups (all P values> 0.05, data not shown).

Correlates of Glucose Homeostasis Indexes (HOMA2-IR,
HOMA2-B) in Children With IBD

IR, as assessed by the log(HOMA2-IR) model, was significantly
related to log(leptin) levels in the overall analysis (Pearson’s r =
0.29, P =0.045). After stratification, the association retained its
positive direction; however, the statistical significance was lost
(CD: Pearson’s r = 0.33, P = 0.068, UC: Spearman’s p =0.31, P =
0.21). Adiponectin, gender, age, disease activity, BMI z-score,
type of medication (enteral nutrition, steroids, immunomodu-
lators), and inflammatory indexes did not significantly affect
log(HOMAZ2-IR).

A positive, although marginally nonsignificant, association
was found between B-cell function and log(leptin) in the over-
all analysis (Pearson’s » = 0.26, P = 0.068). The same results
were obtained in the CD (Pearson’s r = 0.32, P = 0.075) but not
in the UC subgroup (Spearman’s p = 0.15, P = 0.5). hs-CRP
was negatively correlated with log(HOMA2-B) (Pearson’s r =
-0.36, P = 0.044) in CD patients but not in the UC and over-
all groups (both P values > 0.05). Adiponectin, age, gender,

Table 3. Final multiple linear regression models analyzing the effect
of BMl and disease activity on log(leptin)

Regression

Variable coefficient (8) Pvalue
UC subgroup model

Disease activity (PUCAI) -0.06 0.014

BMI z-score 0.48 0.036
CD subgroup model

BMI z-score 0.81 <0.001
Overall model

Disease activity (PUCAI, PCDAI) -0.03 0.034

BMI z-score 0.67 <0.001

CD, Crohn's disease; PCDAI, Pediatric Crohn's Disease Activity Index; PUCAI, Pediatric
Ulcerative Colitis Activity Index; UC, ulcerative colitis.
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disease activity, type of medication (enteral nutrition, steroids,
immunomodulators), and BMI z-score did not, significantly,
influence log(HOMA2-B).

Correlates of Leptin and HOMA2-IR or HOMA2-B as Assessed by
Pathway Analysis

To assess whether the findings of the relations between
BMI/disease activity with log(leptin) and log(leptin) with
log(HOMAZ2-IR) could be combined in one hierarchical model,
we performed a pathway analysis. Again, three models (over-
all, CD, and UC) were implemented. The results are schemati-
cally presented in Figure la—c. In CD patients, BMI z-score
was the only significant determinant of log(leptin), which in
turn had a significant effect on log(HOMA2-IR). Results in the
UC group showed the same significant effect of BMI z-score on
log(leptin) and confirmed the independent impact of disease
activity on log(leptin), which was shown in linear regression.
Nevertheless, in UC patients log(leptin) was not associated
with log(HOMA2-IR). Finally, in the overall model, which was
fitted under the assumption of combining the activity indexes
into one variable, several interesting outcomes were observed.
As can be seen in Figure 1c, analyzing the combined data set
revealed that disease activity holds an essential role through a
direct effect on circulating log(leptin).

a b

uc cD

BMI z-score

0.62 (P <0.001)

‘ Disease activity | | BMI z-score

-0.54 (P=0.01) 0.44 (P = 0.002)

0.24 (P=0.3)

Log(leptin)

0.33 (P=0.05)
c Overall
Diagnosis
-0.38 (P = 0.004)
| Disease activity l | BMI z-score ‘

-0.28 (P =0.026) 0.58 (P <0.001)

Log(leptin)

0.29 (P=0.038)

Log(HOMA2-IR)

Figure 1. Schematic representation of the pathway analysis for
HOMA2-IR, in (a) the UC subgroup, (b) the CD subgroup, and (c) the
study sample as a whole. Numbers on arrows show the weighted regres-
sion coefficient for the respective relation as estimated by the models.
Measures of fit for the three models are as follows: UC subgroup: RMSEA
<0.001,P, =0.5%=2.6 (degrees of freedom = 3, P = 0.5); CD subgroup:
RMSEA <0.001, P, =0.4,%*=0.75 (degrees of freedom =1, P = 0.4);
overall: RMSEA <0.001,P, _=0.8, x> =2.52 (degrees of freedom = 5, P =
0.8). CD, Crohn'’s disease; HOMA2-IR, homeostatic model of assessment
2—insulin resistance; RMSEA, root mean square error of approximation;
UG, ulcerative colitis.

Copyright © 2013 International Pediatric Research Foundation, Inc.
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CD
BMI z-score
0.62*
Log(leptin)
0.35*
hsCRP Log(HOMA2-B)
-0.36*

Figure 2. Schematic representation of the pathway analysis for HOMA2-B
in CD patients. Numbers on arrows show the weighted regression coeffi-
cient for the respective relation as estimated by the model. Measures of fit
for the model: CD subgroup: RMSEA <0.001, P, = 0.7, x> = 1.47 (degrees
of freedom =3, P=0.7). *P < 0.05. CD, Crohn’s disease; HOMA2-B, homeo-
static model of assessment 2—3-cell function; hsCRP, high-sensitivity
C-reactive protein; RMSEA, root mean square error of approximation.

For HOMA2-B in CD patients, the pathway analysis
showed a structure of relations similar to the one described
for HOMA2-IR, with the addition of hs-CRP as a significant
and independent factor related to HOMA2-B. Results are
demonstrated in Figure 2. In the overall analysis, as well as in
the UC subgroup, although the correlations of the univariate
analysis were confirmed by the pathway analysis, none of the
tested models fitted the data well and, therefore, in contrast to
HOMAZ2-IR, no statistically robust hierarchical model could
be proposed.

DISCUSSION

We assessed the metabolic profile (leptin, adiponectin, IR,
and B-cell function) of children with IBD. Our results indi-
cate that disease activity has a significant and negative effect
on log(leptin) in UC, independent of BMI z-score. Of note, we
did not find a similar effect in the CD subgroup, where only
BMI was related to leptin. In our patients, no relation between
leptin and gender, or leptin and age, was established, although
such associations have been shown in normal subjects as well
as in individuals with IBD (11,12). The absence of such rela-
tions in this sample could be the result of the significant effect
of disease activity.

Other reports have demonstrated conflicting results. In the
first study of leptin in pediatric IBD, Hoppin et al. (13) reported
similar levels of leptin among UC patients, CD patients, and
controls, whereas the only significant correlates were BMI and
gender. An interesting finding was an impressive, although not
significant, increase of leptin levels in a subgroup of patients
with active CD after achieving control of the disease. The leptin
levels almost doubled, after the induction of remission, indi-
cating that disease activity might play a significant role. In a
prospective study (14) of children with CD on exclusive enteral
nutrition, leptin levels were increased after 21 d of treatment,
and this was observed with a parallel reduction of disease
activity. In a recent pediatric study (12), children with CD had
reduced circulating leptin levels as compared with controls,

Copyright © 2013 International Pediatric Research Foundation, Inc.

but no relations to disease activity or markers of inflamma-
tion were found. Karmiris et al. (15) showed that adult patients
with UC had lower levels of leptin as compared with healthy
controls, but no correlation with activity indexes was found.
Several other groups showed opposite results, reporting no dif-
ferences (16-18) or even increased (19) levels of leptin in IBD
patients.

These inconsistent findings are difficult to explain if leptin
is regarded solely as an appetite regulator. The pleiotropic
nature of the molecule, which has both endocrine and immu-
noregulatory properties, might be the key to interpret those
observations. The role of the mesenteric white adipose tissue
in IBD has been proposed as the central player in the inter-
play between IBD and leptin (20). Experimental studies (9,21)
demonstrated increased leptin expression in mesenteric white
adipose tissue specimens of IBD patients as compared with
controls. This could result in inappropriately increased lev-
els of leptin, leading to anorexia, malnutrition, and systemic
inflammation. However, increased levels of leptin have not
been consistently found in patients with IBD. In this frame,
increased leptin is viewed as a “consequence” of IBD and
probably the mediator between intestinal inflammation and
malnutrition. Nevertheless, leptin possesses both pro- and
anti-inflammatory properties, and the conflicting observa-
tions might indicate its role as an etiologic factor rather than
an outcome of intestinal inflammation. The immunoregula-
tory aspects of leptin physiology have been demonstrated both
at the systemic level as well as in the gastrointestinal tract.
Leptin upregulates the secretion of inflammatory cytokines
such as tumor necrosis factor-a (TNF-a), IL-6, and IL-12 (22).
Conversely, TNF-a and IL-1p enhance the expression of leptin
mRNA in adipose tissue. This interaction forms a loop whose
components influence each other in promoting inflammation
(23). In addition, leptin negatively affects the proliferation of
naturally occurring human CD4'CD25'FoxP3* regulatory
T cells, a class of great importance for immune tolerance in
the gastrointestinal tract (24). At the cellular level, inflamed
colonic epithelial cells in UC patients showed high expression
of leptin, which is released in the lumen, resulting in injury of
the epithelial cells and neutrophil infiltration (25). It is clear
that no single, straightforward relation between leptin and
IBD exists, and its importance in chronic intestinal inflamma-
tion remains unclear.

With regard to adiponectin, fewer studies—and those done
only in adults—have assessed its significance in CD and UC.
To our knowledge, no other data on adiponectin and pediatric
IBD have been presented. In our population, adiponectin was
not related to disease activity, anthropometric data, or gender.
Three other groups have reached conflicting conclusions, in
adult patients, reporting reduced adiponectin levels in IBD
as compared with controls (18) and higher adiponectin con-
centrations in UC as compared with controls and CD (15,26).
Similarly to leptin, increased expression of adiponectin mRNA
and increased release of adiponectin was found in hypertro-
phied mesenteric adipose tissue of CD patients (21,27). The
disagreement between the locally increased production of
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adiponectin in mesenteric fat and the variable peripheral mea-
surements may reflect a topical, rather than systematic, mode
of action and physiologic significance. Traditionally, adiponec-
tin has been considered an anti-inflammatory adipokine (4).
In particular, it has been shown to be able to suppress growth,
maturation, and anti-TNFa and interferon-y production in
macrophages treated with lipopolysaccharide (28). A feedback
loop between adiponectin and proinflammatory mediators
probably exists as well, given that TNF-a and IL-6 are potent
inhibitors of adiponectin gene expression (29). Overall, the
experimental and clinical data are limited and at this point it
is difficult to extract robust conclusions on the possible role of
adiponectin in IBD.

Approximately 14% of children with IBD had peripheral IR
as assessed by HOMA2-IR, a percentage that is more than five
times higher than that of the general population. HOMA2-IR
scores were positively and significantly related to leptin con-
centrations. By contrast, HOMA2-B in our sample did not
deviate from the expected, indicating a normal B-cell func-
tion. In CD patients as well as in the overall analysis, leptin
was the only significant correlate of HOMA2-IR, as predicted
by pathway modeling. In children, no published data on the
prevalence of IR exist. In adults, several studies have assessed
the issue of glucose homeostasis. In 1999, Capristo et al. (30)
found that whole-body glucose uptake and oxidation were sim-
ilar between IBD patients and controls irrespective of disease
activity. Subsequent studies, however, have consistently con-
cluded that glucose homeostasis is affected in IBD, although
their results are not directly comparable, due to the different
methodology utilized in assessing insulin/glucose metabolism.
Yorulmaz et al. (31) estimated that 27% of UC patients and
16.1% of CD patients had HOMA-IR >2.5, i.e., IR. Despite the
different method of HOMA-IR calculation and the arbitrary
cut-oft adopted in the latter study, the reported results agree
with our findings of increased prevalence of IR in IBD. Three
other groups (18,32,33) also demonstrated hyperinsulinemia
and reduced sensitivity to insulin in adults with CD. The ability
of anti-TNFa therapy to reverse glucose/insulin disturbances
in CD has been supported by some studies but not by others.

The pathway analysis in our study provides a hypothetical
sequence of events that might integrate our observations in a
single pathophysiological model. The modeling suggests that
BMI and disease activity simultaneously affect leptin, which, in
turn, is the only factor associated with IR. The published data on
the relation between leptin and insulin actions are conflicting.
Although the leptin treatment-reversible IR of leptin-deficient
mice and humans (34) is well established, experimental data
support that leptin acts both as an insulin-sensitizing agent
and as a contributor to the insulin-resistant phenotype (6).
Our results indicate that in the context of a systemic inflam-
matory condition, such as IBD, the leptin-IR interaction
may be altered because disease activity, perhaps through its
downregulating effect on leptin, seems to increase sensitivity
to insulin. This paradoxical observation has appeared before,
given that two studies reached similar conclusions. Bregenzer
et al. (32), mentioned that “patients with active disease showed
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significantly lower values for HOMA than patients with inac-
tive disease,” a conclusion identical to ours, whereas Valentini
et al. (18) reversed the direction of the relation, suggesting
that increased IR is protective of a relapse. These data taken
together might indicate that inflammation is a modifier of the
leptin-IR association.

In the CD subgroup, leptin and hs-CRP were positively and
negatively correlated to B-cell function, respectively. Studies on
healthy individuals have demonstrated a positive correlation
between CRP levels and fasting glucose (35). To our knowl-
edge, no other reports exist on the direct relation between
hs-CRP and B-cell function. This finding requires further veri-
fication in future studies.

The main drawbacks of our study are the cross-sectional
design of the analysis and the relatively small sample size,
which might have prevented some comparisons from reach-
ing statistical significance. Due to the cross-sectional nature of
the study, the results of the pathway analysis should be consid-
ered as indications rather than absolute proofs of the underly-
ing pathophysiology. The inclusion of a control would provide
additional significant information; however, such data were
not available.

In conclusion, disease activity may be a significant correlate
of leptin concentrations in UC patients. A significant propor-
tion of children with IBD have impaired glucose metabolism,
and this study provides indications that this could be mediated
by disease activity, perhaps through an effect on circulating
leptin.

METHODS
This cross-sectional study was conducted in the First Department
of Pediatrics of the University of Athens (Athens, Greece), following
approval by the “Aghia Sophia” Children’s Hospital Ethics Committee.
Written informed consent was obtained by the parents of all partici-
pants and assent was obtained from the patients themselves.
Children with a diagnosis of CD or UC according to the Porto
criteria (36) who were followed at the hospital outpatient clinic or
hospitalized for a flare of the disease were eligible for inclusion. At
the time of evaluation, disease characteristics and demographic and
anthropometric data were collected. BMI was converted to BMI
z-scores according to growth curves of the general Greek pediat-
ric population. Disease activity was quantified using the Pediatric
Crohn’s Disease Activity Index (37) and Pediatric Ulcerative Colitis
Activity Index (38). Both these indexes have been validated in pedi-
atric populations with IBD, with higher values corresponding to
higher disease activity. They combine clinical and laboratory data
providing a single, continuous, arithmetic result ranging between 0
and 100 for the Pediatric Crohn’s Disease Activity Index and between
0 and 85 for the Pediatric Ulcerative Colitis Activity Index. In both
the scales, remission is defined as a score <10. Blood samples were
drawn after overnight fasting, and the following parameters were
measured in serum: glucose (mg/dl, Siemens Advia 1650 Clinical
Chemistry System; Siemens Healthcare Diagnostics, Tarrytown,
NY), insulin (mIU/], chemiluminescence, Siemens ACS180 System
Analyzer; Siemens Healthcare Diagnostics), leptin (ng/ml, ELISA;
Human Leptin ELISA BioVendor Research and Diagnostic Products,
Heidelberg, Germany), adiponectin (ug/ml, ELISA, AviBion Human
Adiponectin (Acrp30); Orgenium Laboratories Business Unit, Vantaa,
Finland), high-sensitivity C-reactive protein (mg/l, chemilumines-
cence (pg/ml), Immulite 2000; Siemens Heathcare Diagnostics), and
high-sensitivity interleukin-6 (ELISA; Human IL-6 High Sensitivity
Elisa Bender MedSystems, Vienna, Austria). Erythrocyte sedimen-
tation rate (mm/1st hour) was also measured from whole blood

Copyright © 2013 International Pediatric Research Foundation, Inc.
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specimens. For the evaluation of IR and B-cell function, the updated
HOMAZ2-IR and HOMAZ2-B, were utilized, respectively. HOMA2-IR
and HOMA2-B values are computed using baseline (fasting) glucose
and insulin measurements. Calculations were done by appropri-
ate software as proposed by Wallace et al. and are considered more
accurate than the linear solutions of the equations (39). The relation
between HOMA2-IR and insulin sensitivity is reciprocal, with higher
values of HOMA2-IR corresponding to decreasing sensitivity. A
value of HOMA2-IR equal to 1 corresponds to 100% insulin sensitiv-
ity. Patients with baseline values outside the steady-state range (glu-
cose: 3-25 mmol/l, insulin: 20-400 pmol/l) were excluded from the
analysis. A patient was considered to have IR if his or her HOMA2-IR
value was above the age- and gender-specific 97.5th percentile of the
general Greek population. Age- and gender-specific cut-offs were cal-
culated using the HOMA2-IR and HOMAZ2-B models over a previ-
ously described data set of Greek children (40).

Statistical Analysis

All analyses were conducted both for the entire population and
stratified according to the diagnosis. Continuous data are presented
as mean *= SD and compared by Student’s t-test, or Mann-Whitney
test, whenever the number of observations was <30. Correlations
between continuous data were estimated by Pearson’s correlation
coefficient (r), or Spearman’s p. Categorical variables are presented as
absolute (1) and relative (%) frequencies, and comparisons between
groups were performed by Fisher’s exact test. Leptin and adiponectin
levels, HOMA2-B, and HOMAZ2-IR, as the main outcomes of inter-
est, were logarithmically transformed to approximate normal distri-
bution. Multiple linear regression analysis was used to assess cor-
relates of circulating leptin, and results are presented as regression
coeflicients ().

Pathway analysis was used to simultaneously explore predictors
of leptin levels and glucose homeostasis indexes (HOMA2-IR and
HOMAZ2-B). Pathway analysis is a type of structural equation mod-
eling. It is a multivariate statistical technique that examines hierar-
chical (causal) relations among two or more variables. The overall
concept is based on testing a hypothetical pathway from exogenous
variables (predictors) to endogenous variables (leptin, HOMA2-IR,
and HOMAZ2-B in our analysis). In simple terms, pathway analysis
permits simultaneous estimation of several different multiple regres-
sion equations. Standardized regression weights, along with P values,
are calculated for all specified relations in the diagram. The overall
fit of the model to the observed data is assessed by ? test against the
saturated (full) model. P values > 0.05 support a good fit. If the P value
of the y? test is > 0.05, then the hypothesis that the proposed model
fits the data equally well as the saturated model cannot be rejected.
Another measure of goodness of fit is the root mean square error of
approximation, which measures the discrepancy function obtained
by fitting the model to the sample values. A root mean square error of
approximation of about 0.05 or less indicates a close fit of the model.
The probability that the computed root mean square error of approxi-
mation is not significantly over 0.05 is assessed by the measure P, ,
which should be >0.05.

A level of 0.05 or less was considered statistically significant.
Analyses were performed using Stata 11.0 MP (Stata, College Station,
TX) and AMOS 18.0 statistical software (SPSS, Chicago, IL).
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