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Functional capacity and body mass index
in patients with sellar masses—cross-sectional
study on 403 patients diagnosed
during childhood and adolescence

Abstract Rationale: We analyzed
the impact of tumour localization and
histology on functional capacity (FC)
and body mass index (BMI) in chil-
dren with sellar masses. Methods: FC
was evaluated using the ability scale
FertigkeitenskalaMünster–Heidelberg
in 403 children and adolescents with
sellar masses (276 craniopharyngioma,
14 germinoma, 21 optic/chiasmatic
glioma, 40 hypothalamic glioma, 13
cysts of Rathke’s cleft and 39 other
sellar masses). Besides tumour local-
ization, the influence of gender, irra-
diation and age at diagnosis and at
evaluation on FC and BMI was ana-
lyzed. General linear models with
explanatory influential variables were
built. Results: In multivariate analysis,
only age at diagnosis (p<0.001) and
hypothalamic involvement (p=0.005)
had relevant impact on FC. The second
model showed BMI at diagnosis

(p<0,001), hypothalamic involve-
ment (p<0.001) and craniopharyngi-
oma (p=0,004) to influence BMI at
the latest evaluation. Conclusion: We
conclude that hypothalamic involve-
ment and young age at diagnosis had
major impact on FC and BMI and
should be considered as risk factors
for impaired rehabilitation.
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Introduction

Craniopharyngiomas are embryogenicmalformationswhich
arise from ectoblastic remnants of Rathke’s pouch. Thus,
craniopharyngiomas can be found anywhere along the path
of development of Rathke’s pouch in hypothalamic and
pituitary regions, which are of importance in endocrine reg-
ulation and satiety modulation [1]. Craniopharyngiomas are
the most common intracranial tumours of non-glial origin
in the paediatric population. They constitute between 1.2
and 4.4% of all brain tumours in children [2]. The peak
incidence is at age 5–10 years, but they can occur at any
age including infancy and prenatal and neonatal periods

[3]. Although the tumour itself is benign, and the overall
survival rate of patients is high [4], there is considerable
morbidity even if the tumour can be resected completely
[5]. In spite of sufficient substitution of hormonal deficits,
obesity is present postoperatively in up to 52% of patients,
with at least one half of these patients having severe dif-
ficulty controlling their desire to eat [6].

The relationship between obesity and hypothalamic dam-
age has been extensively documented in animals. Although
there have been relatively few opportunities for the sys-
tematic study of hypothalamic lesions in man, it is widely
believed that the hyperphagia and obesity in craniopha-
ryngioma are related to hypothalamic damage caused by
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treatment or the tumour itself. Studies onmagnetic resonance
imaging (MRI) findings in childhood craniopharyngioma
demonstrated a significant relation between postoperative
obesity and the degree of hypothalamic damage onMRI [7].
Recent studies on body composition, functional capacity
(FC) and quality of life (QoL) in patients with childhood
craniopharyngioma support the hypothesis that obesity is
associated with impaired FC in affected patients [4, 8, 9].

Alterations in body composition, as is the case with
obesity in craniopharyngioma or cachexia in diencephalic
syndrome due to hypothalamic glioma, frequently affect
FC in patients with tumours of the sellar and suprasellar
regions. The specific influence of tumour histology and
tumour localization on prognosis and outcome in patients
with sellar or suprasellar masses had not yet been analyzed
in comparative studies. The aim of our study was to assess
the special impact of tumour localization and histology on
the rate of severe obesity and FC in childhood patients with
sellar masses diagnosed during childhood or adolescence.

Materials and methods

The study was approved by the local standing committee
on ethical practice, and written parental and/or patient con-
sent was obtained in all cases.

Four hundred and three children and adolescents (208
male/195 female) with sellar and/or parasellar tumours or
malformations were included in the study [276 craniopha-
ryngioma, 14 germinoma, 21 optic/chiasmatic glioma, 40
hypothalamic glioma, 13 cysts of Rathke’s pouch and 39
other sellar masses (four pituitary adenoma; three prolac-
tinoma; four hypothalamic hamartoma; 15 suprasellar arach-
noidal cyst; five central nervous system Langerhans cell
histiocytosis {CNS LCH}; four sarcoma of the basal skull;
four pituitary malformations)]. Patients were recruited in a
study on childhood craniopharyngioma [10]. Diagnosis was
made at a median age of 8.5 years ranging from 17 days to
18.0 years. Two hundred and fifty-three patients could be
evaluated for weight development at a median age of 14.0
years, ranging from 0.3 to 38.7 years after a median follow-
up period of 5.0 years (range, 0.1–33.7 years). FC could be
evaluated in 246 patients at a median age of 13.4 years
(range, 0.7–38.8 years) after a median follow-up of 4.3 years
(range, 0.1–33.8 years). Tumour diagnosis was confirmed
by histology or typical findings on MRI and/or computed
tomography (CT). Hypothalamic involvement was evalu-
ated based on surgical records and imaging. Tumour lo-
calization was categorized as sellar, suprasellar or sellar and
suprasellar based on MRI and/or CT.

Body height was measured using a stadiometer. Body
weight was evaluated by calculating the body mass index
[BMI=weight (kg)/height2 (m2)] and expressing the BMI
as a standard deviation score (SDS) using the references of

Rolland-Cachera et al. [11]. BMI SDS were evaluated at
the time of diagnosis and at the time of latest visit.

The ability scale Fertigkeitenskala Münster–Heidelberg
(FMH) was used for self-assessment of FC [12] in patients
with tumours of the sellar region. The FMH measures the
capability for daily life actions with 56 items. It was stan-
dardized using 971 persons (45.5% female), with ages
between 0 and 102 years, resulting in age-dependent per-
centiles. The retest-reliability coefficient is 0.99. The av-
erage time for answering the FMH questionnaire was 4.5
min in first-time users [13]. The questionnaire is published
in a German language version. All patients were native
German speakers. The questionnaire was sent out to 403
patients with masses of the sellar region. Two hundred and
forty-six questionnaires returned for evaluation.

The influence of gender, irradiation, diagnosis, hypotha-
amic tumour involvement, tumour localization (intrasellar,
suprasellar, and/or retrosellar areas), age at diagnosis, age
at evaluation and time from diagnosis to evaluation on FC
and BMI were analyzed.

Statistical analyses were performed using SPSS 10.0.
First general linear models with explanatory influential var-
iables were built using stepwise variable selection (inclu-
sion/exclusion criteria, p≤0.05/p≥0.10, respectively) for each
of the dependent variables. In a second iteration, those in-
fluential variables found to be explanatory were evaluated
once again in a general linear model procedure to increase
the number of valid cases. In the end, interactions between
categorical explanatory influences were examined. In ad-
dition to the number of valid cases, the selected and ex-
cluded potential influences are stated for each model.
Moreover, the p values of the t statistic calculated in the
last step of the variable selection are discussed with ref-
erence to the excluded variables. For the final models, the
estimated regression coefficients of the selected explana-
tory influences with respective 95% confidence intervals
and p values of the t statistic and the adjusted R2 are given.
All analyses are regarded as explorative, and p values are
given descriptively. Therefore, no significance level is fixed.

Results

We evaluated FC (Fig. 1) and body composition (Fig. 2) in
patients with tumours or malformations of the sellar region
using FMH, a standardized questionnaire, for self-assess-
ment of FC and by calculating BMI SDS. The aim of the
study was to analyze the impact of different tumour lo-
calization and diagnosis on FC and the degree of obesity in
patients during follow-up. Patient groups were comparable
in terms of sex distribution, age at diagnosis and last fol-
low-up and the rate of irradiation (Table 1).

One hundred and sixty patients could be evaluated to
assess the influence of gender, irradiation, diagnosis, tu-
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mour localization, hypothalamic tumour involvement, age
at diagnosis, age at latest evaluation and time from diag-
nosis to latest evaluation on FC. Only age at diagnosis and
hypothalamic involvement had relevant impact on FC. In-
volvement of the intrasellar area, craniopharyngioma and
cysts of Rathke’s cleft did not prove to be explanatory
influences on FC in the final step of the variable selection
with p values 0.114, 0.133 and 0.193, respectively. All
other excluded variables had even larger p values (>0.250).
The final general linear model could be built with 209 cases.
The FMH score increased 1.48% (95% CI, 0.84–2.11%;
p value<0.001) per year of age at diagnosis. Hypothalamic
involvement caused a decrease of 8.63% (95% CI, 2.63–
14.62%; p value=0.005) in FMH score. The intercept was
31.22 (95% CI, 24.73–37.72; p value<0.001). The adjusted
R2 for the model was 13.4%.

One hundred and ninety-seven patients could be evalu-
ated to assess the influence of gender, irradiation, diagnosis,
hypothalamic tumour involvement, tumour localization,
age at diagnosis, age at evaluation and time from diag-
nosis to evaluation on BMI at the latest evaluation. Only
BMI at the time of diagnosis, hypothalamic involvement
and craniopharyngioma proved to be influential on BMI

at the latest evaluation. Involvement of the retrosellar area
showed no evidence to be an explanatory influence in the
last step of the variable selection (p value=0.154). All oth-
er excluded variables had even larger p values (>0.350).
The final general linear model could be built with 207
cases. Interaction between hypothalamic involvement and
craniopharyngioma just barely failed inclusion in the model
(p value=0.075). The BMI SDS at the latest evaluation in-
creased 0.64 (95% CI, 0.49–0.78; p value<0.001) per BMI
SDS at diagnosis. Hypothalamic involvement caused an
increase of 1.87 (95% CI, 1.22–2.52; p value<0.001) in
BMI SDS at the latest evaluation. Patients with cranio-
pharyngioma showed a 0.95 (95% CI, 0.31–1.59; p value=
0.004) enlarged BMI SDS at the latest evaluation com-
pared to other tumours of the sellar area. The intercept was
3.31 (95% CI, 2.77–3.84; p value<0.001). The adjusted R2

for the model was 42.9%.
Although the rate of irradiation was higher in the groups

of patients with craniopharyngioma, pilocytic astrocytoma
and optic glioma, irradiation did not contribute to differ-
ences in self-estimation of FC.

3313121727219N =

others
cyst Rathke pouch

germinoma
optic/chiasm. glioma

hypothalamic glioma
craniopharyngioma

B
M

I a
t l

at
es

t v
is

it 
(S

D
S

)

10

8

6

4

2

0

-2

-4

Fig. 2 Descriptive statistics of body composition [body mass index
(BMI)] in patients with sellar masses: box plots of BMI SDS ac-
cording to the references of Rolland-Cachera et al. [11] in patients
with childhood craniopharyngioma, germinoma, optic/chiasmatic glio-
ma, hypothalamic glioma, cysts of Rathke’s cleft and patients with
other sellar masses at the time of latest visit. The horizontal line
in the middle of the box depicts the median. Edges of the box mark
the 25th and 75th percentile. Whiskers indicate the range of values
that fall within 1.5 box lengths. One patient with childhood cranio-
pharyngioma presenting with a BMI of 19.5 SD at latest visit is not
included in the graph
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Fig. 1 Descriptive statistics of functional capacity (FC) in patients
with sellar masses: box plots of percentiles on Fertigkeitenskala
Münster–Heidelberg (FMH) ability score in patients with childhood
craniopharyngioma, germinoma, optic/chiasmatic glioma, hypotha-
lamic glioma, cysts of Rathke’s cleft and patients with other sellar
masses at the time of latest visit. The horizontal line in the middle of
the box depicts the median. Edges of the box mark the 25th and 75th
percentile. Whiskers indicate the range of values that fall within 1.5
box lengths
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Discussion

The assessment of FC and QoL in survivors of childhood
intracranial tumours is an important field of research, which
is relevant for a better understanding of how affected chil-
dren feel and how treatment can be optimized [14]. In spite
of high overall survival rates reported in the literature [1, 4,
15], patients with tumours of the sellar region frequently
suffer from severe sequelae due to endocrine and neuro-
logical deficiencies. Recently published studies [4, 16, 17]
indicated that in patients with childhood craniopharyngio-
ma, severe obesity due to hypothalamic involvement had a
major impact on FC. Furthermore, FC deteriorated in pa-
tients with hypothalamic involvement of childhood cranio-
pharyngioma [18].

Hypothalamic lesions, especially in ventromedial areas,
are postulated as pathogenic factors for hyperphagia and
obesity in affected patients with craniopharyngioma [19].
The regulative influence of the ventromedial and lateral
hypothalamus on eating behaviour has been confirmed in
animal models [20]. Deficient modulation of hunger in lat-
eral hypothalamic areas due to a lack of feedback caused
by lesions in areas of satiety regulation in lateral hypotha-
lamus was postulated as a mechanism for hypothalamic
obesity [21]. This neuroanatomical model of pathogenesis
in hypothalamic obesity was successively modified by ob-
servations on the regulative impact of neurochemical fac-
tors as neurotransmitters, neuromodulators and peripheral
hormones on eating behaviour. Roth et al. [22] reported on
an up-regulation of leptin levels due to an impaired hypo-
thalamic responsiveness caused by craniopharyngiomaswith
extension to the suprasellar area.

Recent reports in the literature on QoL and FC in sur-
vivors of sellar or suprasellar masses are either confined to
adult cohorts [15, 22] or to patients with distinct tumour
entities at childhood age [23–27] and adult age [28–30].
The results of our comparative analysis support reports on a
major negative impact of hypothalamic involvement on QoL
and FC in childhood patients with sellar masses [5, 8, 9].
Habrand et al. [24] found a similar trend towards lower
QoL in young infants with craniopharyngioma, which, how-
ever, did not reach statistical significance.

With regards to reports on QoL in cohorts with distinct
tumour entities, the results of our comparative study lead to
the assumption that the tumour diagnosis itself reached no
specific nor explanatory influence on FC in multivariate
analysis. Furthermore, obesity had no explanatory negative
impact on FC when analyzed for children and adolescents
with different sellar masses.

In paediatric cohorts of patients with germ cell tumours,
a high rate of late effects, particularly in patients who re-
ceived irradiation, has been demonstrated [25]. Neuropsy-
chological sequelae have been reported minimal by others
[26] with good overall functional results. Children with
optic pathway/hypothalamus gliomas have a good long-
term prognosis with a 10-year overall survival of more than
85%. However, severe impairment of FC in these patients
was caused by visual and endocrine deficits. In patients
with hypothalamic involvement, diencephalic syndrome re-
sulting in cachexia had a major impact on FC and prognosis.
Kasperbauer et al. [31] retrospectively evaluated the daily
activity of 29 adult patients with cysts of Rathke’s pouch.
They found that the ability to perform the activities of daily
life was normal after surgical management of cysts of

Table 1 Characteristics in 403 children and adolescents with sellar
masses [276 craniopharyngioma, 14 germinoma, 21 optic/chiasmat-
ic glioma, 40 hypothalamic glioma, 13 cysts of Rathke’s pouch and
39 other sellar masses (four pituitary adenoma, three prolactinoma,
four hypothalamic hamartoma, 15 suprasellar arachnoidal cyst, five

central nervous system Langerhans cell histiocytosis, four sarcoma
of the basal skull, four pituitary malformations)] who were evaluated
for functional capacity by Fertigkeitenskala Münster–Heidelberg
ability scale and body composition by body mass index SDS ac-
cording to the references of Rolland-Cachera et al. [11]

Craniopharyngioma Hypothalamic
glioma

Optic/chiasmatic
glioma

Germinoma Suprasellar
cyst

Cyst of
Rathke’s
pouch

Others

Number 276 40 21 14 15 13 24
Sex (female/male) 136/140 24/16 8/13 7/7 5/10 5/8 10/14
Age at diagnosis
(years)

9.0
(0.05–18.0)

3.8
(0.5–18.0)

4.9
(0.7–10.7)

10.9
(7.4–14.7)

5.8
(0.3–12.6)

10.4
(3.3–15.1)

6.1
(0.3–17.7)

Age at evaluation
(years)

15.3
(2.3–42.9)

9.6
(1.3–24.4)

8.2
(4.4–17.0)

12.9
(9.4–18.8)

10.1
(0.3–19.7)

13.6
(4.9–21.2)

14.1
(3.4–27.6)

Follow-up interval
(years)

5.6
(0–33.7)

3.7
(0.5–14.0)

4.4
(0.9–13.2)

3.5
(0.2–8.1)

2.8
(0–14.1)

3.6
(0–14.7)

5.8
(0.8–10.8)

Irradiation (yes/no) 73/166 10/21 1/17 9/2 0 1/12 7/12
Hypothalamic
involvement (yes/no)

125/87 40/0 0/21 6/8 2/13 0/13 7/17

Medians and ranges are shown
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Rathke’s pouch. The outcome and FC in children with CNS
LCH were impaired in 13% of patients due to reading ca-
pabilities below average, in 7% due to mathematical capa-
bilities below average and in up to 40% of patients due to
social or behavioural problems [32]. Grois et al. [33] re-
ported on severe impairment of FC in patients with neuro-
logical sequelae due to CNS LCH. Based on retrospective
evaluation of 11 cases with hypothalamic hamartoma and a
review of 61 reported cases of hamartoma in the literature,
Arita et al. [34] observed a close relationship between clin-
ical outcome and localization of the hypothalamic hamar-
toma. In patients with hamartoma of parahypothalamic
localization, precocious puberty mainly occurred, whereas
in patients with intrahypothalamic localization, FC was se-
verely impaired by developmental delay and seizures. The
close relation between severity of seizures and cognitive
and psychosocial abilities was also confirmed by other re-
ports [35, 36]. Reports on the specific impact of suprasellar
arachnoidal cysts on FC in affected children and adoles-
cents are rare. Di Rocco and Caldarelli [37] reviewed the
literature on sequelae in patients with suprasellar arach-
noidal cysts. The superior and posterior expansion of supra-
sellar arachnoidal cysts was reported to induce a stretching
and eventual disruption of the pituitary stalk and a com-
pression of the inferomedial portions of the thalami, the
tuber cinereum and the mammillary bodies, thus explaining
the endocrine dysfunction that was reported in a significant
percentage of affected subjects. Sundaram et al. [38] ana-
lyzed the pathological findings and clinical course in 145
children and adults with cysts of the CNS, including 23
arachnoidal cysts. Sequelae and prognosis were related to
local pressure effects of cystic structures.

Severe obesity and reduced FC due to hypothalamic dis-
orders are major adverse late effect in children and ado-
lescents with craniopharyngioma. Comparable with other
reports in the literature [1, 4], the rate of severe obesity was
about 40% in our cohort of craniopharyngioma patients. In
our comparative analysis of patients with sellar masses, we
could confirm that the diagnosis of craniopharyngioma was
a major risk factor for obesity, especially in patients with
hypothalamic involvement of craniopharyngioma.

Our results support recent observations [4] that patients
at risk for severe postoperative obesity had a higher BMI
SDS already at the time of diagnosis of childhood cranio-
pharyngioma. This observation supports the hypothesis
that the pathogenic mechanisms for obesity due to cranio-
pharyngioma are of early influence in the course of the

disease. The observation that a major increase in weight
occurred during the early postoperative period [4] supports
the postulation that efforts on weight control should be ini-
tiated early for patients at risk for severe obesity.

There are several reports [39–48] on neuropsychologi-
cal and neurobehavioural outcome in children with cra-
niopharyngioma. However, the interpretation is limited
because of the small size of cohorts. We were able to
demonstrate that young age at the time of diagnosis and
hypothalamic involvement of craniopharyngioma were
relevant risk factors for an impairment of FC in patients
with childhood craniopharyngioma. To improve sequelae,
we therefore suggest that in patients at risk, i.e. young
infants with craniopharyngioma involving hypothalamus,
rehabilitative efforts should be intensified.

However, the rather low explanatory value (R2=0.134) of
our prediction model for FC in patients with sellar masses
leads to the suggestion that further analyses on relevant risk
factors for QoL and FC in these patients are warranted.

Conclusions

We conclude that hypothalamic tumour involvement and
young age at diagnosis have a major impact on FC in chil-
dren and adolescents with tumours and malformations of
the sellar region. We found that impairment of FC was not
specifically related to a distinct tumour entity. Rather, the
tumour localization and the involvement of hypothalamic
structures both had major influence on sequelae. Risk fac-
tors for obesity can be identified based on anthropometrical
parameters already evaluable at the time of diagnosis. Fur-
ther analyses on relevant risk factors for the development
of obesity in these patients are part of the German pro-
spective multicenter study [10], Kraniopharyngeom 2000,
on patients with childhood craniopharyngioma (http://www.
kraniopharyngeom.de). Given the potential impact of neuro-
psychological and neurobehavioural problems on FC and
QoL, the prospective study includes a standardized neuro-
psychological assessment.
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