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Abstract
Objective: It is well known that both genetic background and lifestyle influence the development of ‘general’ obesity. 
However, the role of parental body mass index (BMI) on the development of obesity in long-term survivors of 
childhood-onset craniopharyngioma (CP) is not well understood. This study analyzed the correlation of patients’ BMI 
at diagnosis and last visit and parental BMI at CP diagnosis and further explored potential risk factors for obesity in 
CP patients.

Design: This is a registry-based retrospective cohort study.

Methods: In total, 291 CP patients and their parents recruited in the German KRANIOPHARYNGEOM studies were 
included. Correlations between patient’s BMI SDS at CP diagnosis and last visit and parental BMI at CP diagnosis were 
analyzed. The associations between hypothalamic damage, maternal/paternal BMI and CP patients’ obesity at last 
visit were analyzed by multivariable logistic regression.

Results: At follow-up, 52% of CP patients developed obesity (BMI > 3SDS). Patient’s BMI SDS at last visit was moderately 
correlated with BMI-SDS at CP diagnosis (r = 0.48, 95% CI: 0.38–0.58, P < 0.001), and also with maternal BMI at 
diagnosis (r = 0.28, 95% CI: 0.17–0.38, P < 0.001) and paternal BMI at diagnosis (r = 0.3, 95% CI: 0.19–0.41, P < 0.001). 
However, the contributing role of parental BMI to the pathogenesis of obesity was small compared to the impact of 
hypothalamic damage.

Conclusion: We conclude that besides hypothalamic damage, parental disposition for obesity is associated with the 
development of obesity in patients after CP. Our results indicate that also the family situation could have an influence 
on the development of obesity after CP and might be a therapeutic target.

Significance statement

Survivors of childhood-onset craniopharyngioma are at risk of developing morbid obesity. So far, patients with 
posterior hypothalamic involvement and lesion were identified as a high risk group. With this study, the influence of 
parental body mass index on the risk of obesity was investigated. Patient’s body-mass-index at last visit was correlated 
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with maternal and paternal body mass index at diagnosis. With increasing maternal or paternal body mass index, the 
likelihood of obesity in individuals with CP increased. Nevertheless, the parents’ weight had only a small effect on the 
development of patients’ obesity compared to hypothalamic damage.

Keywords: craniopharyngioma; obesity; survivorship; parents; BMI

Introduction
Craniopharyngiomas (CP) are rare embryonic 
malformations, which arise from ectoblastic remnants 
of Rathke’s pouch. Thus, CP can be found anywhere 
along the path of development of Rathke’s pouch in 
hypothalamic and pituitary regions, which are important 
for endocrine regulation and satiety modulation 
(1). Adamantinomatous CP are the most common  
intracranial tumors of non-glial origin in the pediatric 
population (2). Worldwide, the incidence of CP is 
estimated at 0.5 to 2 new cases per million persons 
per year (3). The peak incidence is at age 5 to 9 years  
but CP can occur at any age including infancy and 
neonatal period (3, 4).

Despite the low grade of histological malignancy 
(WHO grade 1) of CP, their intimate association with 
hypothalamic structures frequently predispose 
patients with these tumors to several adverse 
sequelae, which can be summarized by the so-called 
hypothalamic syndrome (5). In a random sample of 
the German KRANIOPHARYNGEOM 2007 study and 
KRANIOPHARYNGEOM Registry 2019, 36 out of 60 
(60%) of the included patients were classified with 
hypothalamic syndrome (6). Obesity was present in 35% 
(n = 21) of these patients (6). Hypothalamic syndrome 
is also characterized by abnormal eating behavior 
such as hyperphagia (5). Patients with hypothalamic 
lesions often present with higher food inattention, 
lower satiety and higher restrained eating behavior 
(7). However, hyperphagia is not always present in 
patients with CP, reflecting that in some patients specific 
hypothalamic nuclei are still intact after treatment 
(2). A damaged mediobasal hypothalamus leads to 
dysfunction of proopiomelanocortin and agouti-
related peptide-neuropeptide Y neurons, a disruption 
of central and peripheral hormones and therefore 
abnormal eating behavior (8). In addition to abnormal 
eating patterns, patients with CP have a reduced basal  
metabolic rate, which may contribute to the development 
of obesity (9, 10).

It is well known that both genetic backgroup and 
socioeconomic and lifestyle factors influence the 
development of ‘general’ obesity not caused by sellar 
masses and deficiency of the hypothalamic-pituitary 
axes. According to the German Health Interview and 
Examination Survey for Children and Adolescents 
(KiGGS) 2006, parental overweight was, besides 
socioeconomic factors, a main risk factor for obesity 
in children and adolescents (3–17 years) of the general 

population (11). Maternal overweight and paternal 
overweight were associated with obesity in children of 
the general population (11). However, in patients with 
childhood-onset CP, the association of parental body 
mass index (BMI) and obesity after treatment is not  
well understood.

In our study, body weight, body height, and BMI in 
patients and their parents at the time of CP diagnosis 
were analyzed. Furthermore, we assessed the correlation 
of the patient’s BMI standard deviation score (SDS) at 
CP diagnosis and at follow-up with the parental BMI at 
CP diagnosis and the association of parental BMI and 
hypothalamic damage with obesity at last visit during 
follow-up in childhood-onset CP survivors. 

Patients and methods

Study design and participants
709 (351 (49.5) females/358 (50.5) males) diagnosed with 
adamantinomatous CP (median age at last visit: 18.2 
years, ranging from 0.4 to 45.3 years) were recruited 
between 1999 and 2021 in the clinical trials/registries 
HIT-Endo, KRANIOPHARYNGEOM 2000 (clinical trial no. 
NCT00258453), KRANIOPHARYNGEOM 2007 (clinical trial 
no. NCT01272622) (12) and in the KRANIOPHARYNGEOM 
Registry 2019 (clinical trial no. NCT04158284) and 
prospectively observed with a median follow-up 
interval of 8.37 years (ranging from 0.04 to 38.87 years). 
Eligibility criteria of the studies and registries were: 
adamantinomatous CP diagnosis confirmed by central 
pathological review, age <18 years at CP diagnosis, 
residing in Germany, Austria, Switzerland or Belgium. 

The following analyses included a subset of the  
291 patients, with available data on patient BMI and 
at least one parental BMI at CP diagnosis, a minimal 
follow-up of 1 year after CP diagnosis and information 
on patient BMI SDS at last visit. 

Neuroimaging
According to the KRANIOPHARYNGEOM 2007 and 
KRANIOPHARYNGEOM Registry 2019 protocols (13, 
14, 15), cranial magnetic resonance imaging (MRI) 
were performed at the time points of CP diagnosis and 
prospectively at 3-months intervals during the first year 
of follow-up after CP diagnosis. A neuroradiologist (BB), 
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blinded for clinical details, evaluated the hypothalamic 
involvement before surgery (HI), the position of 
the tumor, the extent of surgical removal, and any 
resulting surgical hypothalamic lesions (HL). The HI 
of the CP was classified into distinct grades: grade 0 
indicated no observable HI on preoperative MRIs,  
grade I denoted HI of anterior parts of the hypothalamus 
without affecting the mammillary bodies (MB) and  
the posterior structures, and grade II indicated HI  
of both the anterior and posterior parts of the 
hypothalamus, including the anterior area, MB, and 
structures behind the MB. After surgery, HL were 
classified into three grades as mentioned above:  
grade 0 HL indicated no detectable HL on postoperative 
MRIs; grade I HL indicated lesioned anterior 
hypothalamic structures not involving MB, and grade 
II described involving anterior hypothalamic areas,  
MB and hypothalamic structures dorsal of MB. The 
detailed description of neuroradiological assessment 
was published elsewhere (13, 14).

For patients recruited in the studies HIT-Endo and 
KRANIOPHARYNGEOM 2000, the assessments of  
HI and HL were based on medical records, if no MRIs 
were available.

Clinical parameters
In all patients, clinical and demographic parameters 
were analysed based on the protocols of the trials 
HIT-Endo, KRANIOPHARYNGEOM 2000/2007 and 
KRANIOPHARYNGEOM Registry 2019 (16). Body weight, 
body height, and BMI of the patients were measured 
at CP diagnosis and at last visit (2019–2022). BMI (w/h2; 
w = weight (kg), h = height (m)) was calculated for the 
parents at CP diagnosis. For each patient, BMI was 
calculated as SDS according to the age-related references 
of Rolland-Cachera et al. at CP diagnosis and at last visit 
(17). Obesity at last visit was defined as a BMI ≥ 3 SDS. 
For the parents, BMI (w/h2; w = weight (kg), h = height 
(m)) was calculated at CP diagnosis and categorized in 
overweight (>25 kg/m²) or no overweight (≤25 kg/m²) 
based on self-reported weight and height.

Statistical analysis
Statistical analyses were performed using R software, 
version 4.2.1. Data are displayed as median (range) or 
frequency (percent). Pearson’s correlation coefficient 
was determined for normally distributed continuous 
variables in order to assess the degree of linear 
correlation. Multivariable logistic regression was 
applied to assess the association of hypothalamic 
damage and BMI on patient’s obesity at last visit. Results 
are presented as odds ratios and corresponding 95% 
CIs. Cases with missing data were excluded in terms 
of complete case analyses. Two-sided P-values are 
given and a P-value ≤ 5% is considered statistically 

noticeable. However, all analyses were intended to be  
exploratory in nature and no adjustment for multiple 
testing was applied.

Ethical considerations
The study protocols of HIT-Endo, KRANIOPHARYNGEOM 
2000/2007 were reviewed and accepted by the 
ethical committee of the University of Würzburg, 
Germany (140/99; 94/06); the protocol of  
KRANIOPHARYNGEOM Registry 2019 by the ethical 
committee of the Carl von Ossietzky Universität 
Oldenburg, Germany (2019-046). The studies comply 
with the Declaration of Helsinki. All patients were 
informed according to the study protocols and gave 
informed consent.

Results

In a subset of 291 of 709 CP patients (41.1%), data on 
patient and parental BMI at CP diagnosis and on patient 
BMI development with a minimal follow-up of 1 year 
were available for analyses (median follow-up interval: 
9.38 years; range: 1.05–33.4 years). Table 1 summarizes 
patient’s characteristics according to maternal BMI (≤25 
vs >25 kg/m²) at CP diagnosis. Table 2 shows patient’s 
characteristics according to paternal BMI (≤25 vs >25 kg/
m²) at CP diagnosis. Sex was almost equally distributed in 
the overall group (153 (52.6%) female patients). Median 
age at CP diagnosis was 9.49 years (range: 0.01–17.9 
years) and median age at last visit was 19.1 years (range: 
1.97–41.7 years). Children of parents with overweight 
(>25 kg/m²) at the time point of CP diagnosis, presented 
with a higher median BMI SDS at CP diagnosis (children 
with maternal overweight: BMI at diagnosis +1.40 SDS 
(range: −2.00 to +9.90 SDS); children with paternal 
overweight: BMI at CP diagnosis +0.95 SDS (range: −3.23 
to +9.90 SDS)). Regarding hypothalamic damage, 34% 
(n = 99) of the overall group had no HI or HL (Table 
1). Taking surgical HL into account, 62 (21.3%) of the 
patients with overweight mothers and 57 (20.6%) of the 
patients with overweight fathers were classified with HI 
grade I/II and HL grade II. In the maternal resp. paternal 
non-overweight groups, no surgical HL was present in 
66 (22.7%) resp. 64 (23.1%) patients with presurgical HI 
grade I or II. 

Figure 1 illustrates the Pearson’s correlation coefficients 
between patient’s BMI SDS at diagnosis, at last visit, 
maternal BMI at diagnosis and paternal BMI at 
diagnosis. All BMI values were positively correlated. 
Patient’s BMI SDS at last visit was moderately correlated 
with patient’s BMI SDS at diagnosis (r = 0.48, 95% CI: 
0.38–0.58, P < 0.001), also with maternal BMI at diagnosis 
(r = 0.28, 95% CI: 0.17–0.38, P < 0.001) and paternal BMI 
at diagnosis (r = 0.3, 95% CI: 0.19–0.41, P < 0.001). At CP 
diagnosis, the correlation between patient’s BMI SDS 
and the maternal BMI was also moderate (r = 0.32, 95% 
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Table 1 Baseline characteristics of patients with childhood-onset craniopharyngioma (CP) according to maternal body mass 
index (BMI) at craniopharyngioma diagnosis.

 

 Maternal BMI ≤ 25 kg/m²  Maternal BMI > 25 kg/m² Overall

(n = 163) (n = 128) (n = 291)

Sex
 Male 76 (46.6%) 62 (48.4%) 138 (47.4%)
 Female 87 (53.4%) 66 (51.6%) 153 (52.6%)
Age at diagnosis (years)
 Median (minimum, maximum) 9.48 (0.01, 17.9) 9.53 (0.05, 17.5) 9.49 (0.01, 17.9)
Age at last visit (years)
 Median (minimum, maximum) 18.6 (1.97, 41.0) 19.5 (5.34, 41.7) 19.1 (1.97, 41.7)
Follow-up time (y)
 Median (minimum, maximum) 8.53 (1.08, 31.7) 9.95 (1.05, 33.4) 9.38 (1.05, 33.4)
BMI SDS at CP diagnosis (17)
 Median (minimum, maximum) 0.400 (−3.73, 6.40) 1.40 (−2.00, 9.90) 0.725 (−3.73, 9.90)
 Missing data 22 (13.5%) 15 (11.7%) 37 (12.7%)
Grade of HI/HL (13, 14)
 HI and HL grade 0 56 (34.4%) 43 (33.6%) 99 (34.0%)
 HI grade I/II and HL grade I 38 (23.3%) 22 (17.2%) 60 (20.6%)
 HI grade I/II and HL grade II 28 (17.2%) 34 (26.6%) 62 (21.3%)
 HI grade I/II and HL grade 0 38 (23.3%) 28 (21.9%) 66 (22.7%)
 Missing data 3 (1.8%) 1 (0.8%) 4 (1.4%)
Visual impairment at CP diagnosis 16 (9.8%) 18 (14.1%) 34 (11.7%)
 Missing data 133 (81.6%) 97 (75.8%) 230 (79.0%)

BMI, body mass index; CP, craniopharyngioma; HI, presurgical hypothalamic involvement; HL, surgical hypothalamic lesion; SDS, standard deviation score.

Table 2 Baseline characteristics of patients with childhood-onset craniopharyngioma (CP) according to paternal body mass 
index (BMI) at craniopharyngioma diagnosis.

 

 Paternal BMI ≤ 25 kg/m²  Paternal BMI > 25 kg/m² Overall

(n = 114) (n = 163) (n = 277)

Sex
 Male 56 (49.1%) 77 (47.2%) 133 (48.0%)
 Female 58 (50.9%) 86 (52.8%) 144 (52.0%)
Age at CP diagnosis (years)
 Median (minimum, maximum) 10.1 (0.01, 17.9) 8.49 (0.05, 17.6) 9.48 (0.01, 17.9)
Age at last visit (years)
 Median (minimum, maximum) 19.4 (1.97, 41.7) 18.5 (5.34, 41.0) 19.0 (1.97, 41.7)
Follow-up time (years)
 Median (minimum, maximum) 9.56 (1.10, 31.7) 8.95 (1.05, 33.4) 9.38 (1.05, 33.4)
BMI SDS at CP diagnosis (17)
 Median (minimum, maximum) 0.420 (−3.73, 7.55) 0.955 (−3.23, 9.90) 0.700 (−3.73, 9.90)
 Missing data 13 (11.4%) 23 (14.1%) 36 (13.0%)
Grade of HI/HL (13, 14)
 HI and HL grade 0 39 (34.2%) 56 (34.4%) 95 (34.3%)
 HI grade I/II and HL grade I 33 (28.9%) 25 (15.3%) 58 (20.9%)
 HI grade I/II and HL grade II 18 (15.8%) 39 (23.9%) 57 (20.6%)
 HI grade I/II and HL grade 0 22 (19.3%) 42 (25.8%) 64 (23.1%)
 Missing data 2 (1.8%) 1 (0.6%) 3 (1.1%)
Visual impairment at CP diagnosis 9 (7.9%) 21 (12.9%) 30 (10.8%)
 Missing data 95 (83.3%) 125 (76.7%) 220 (79.4%)

BMI, body mass index; CP, craniopharyngioma; HI, presurgical hypothalamic involvement; HL, surgical hypothalamic lesion; SDS, standard deviation 
score. 
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CI: 0.21–0.43, P < 0.001). Between patient’s BMI SDS and 
the paternal BMI at diagnosis, the correlation was weak 
(r = 0.18, 95% CI: 0.05–0.3, P = 0.006). Maternal BMI at 
diagnosis correlated moderately with paternal BMI at 
diagnosis (r = 0.29, 95% CI: 0.18–0.39, P < 0.001). 

During a median follow-up interval of 9.38 years (range: 
1.05–33.4 years), 151 of 291 patients (51.8%) developed 
obesity (BMI > 3.0 SDS). In univariable analyses, HI I/
II and HL II were associated with increased odds for 
obesity (OR = 6.69, 95% CI: 3.24–14.65). 

The odds of the outcome variable obesity at last visit 
increased by 1.43 (95% CI: 1.25–1.66) times for every 
unit increase in patient’s BMI SDS at diagnosis, 1.12 
(95% CI: 1.06–1.18) times for every unit increase in  
maternal BMI and 1.13 (95% CI: 1.06–1.22) times for 
every unit increase in paternal BMI (Table 3). 

After adjustment for follow-up, the odds ratios on 
patient’s obesity at last visit from three multivariable 
regression models for hypothalamic damage and 
patient’s BMI SDS at diagnosis, maternal BMI or paternal 
BMI are shown in Fig. 2A, B and C.

Posterior/anterior HI and HL (grade II) was a risk factor 
for obesity at last visit in all three models (Fig. 2). In 
the regression with paternal BMI, the OR on patient’s 
obesity was 5.72 (95% CI: 2.71–12.79), with maternal  
BMI (OR = 6.4, 95% CI: 3.05–14.26) and with patient’s  
BMI at diagnosis (OR = 8.33, 95% CI: 3.62–20.93) for  
HI grade I/II and HL grade II. 

Patient’s BMI SDS at diagnosis was associated with 
obesity at last visit (OR = 1.44, 95% CI: 1.25–1.66) after 
adjustment for follow-up and hypothalamic damage. 
Maternal BMI at diagnosis was also associated with 

obesity at last visit (OR = 1.11, 95% CI: 1.06–1.18) in the 
multivariable analysis. The OR of paternal BMI for 
obesity at last visit, did also not change substantially 
after adjustment (OR = 1.12, 95% CI: 1.05–1.54) compared 
to the unadjusted OR. The odds of having obesity at last 
visit was 2.87 times higher (95% CI: 1.53–5.49) as a child 
of both overweight (>25 kg/m² BMI) parents compared 
to children of normal weight parents at CP diagnosis 
(Supplementary Table 1, see section on supplementary 
materials given at the end of this article).

Based on the multivariable logistic regression models 
presented in Fig. 2A, B and C, the probability for patient 
obesity at last visit was estimated. In Supplementary 
Fig. 1, the probability of obesity is shown according to 
different values of maternal BMI in four categories of 
hypothalamic damage, adjusted for follow-up. With 
increasing maternal BMI, the probability of having 
obesity as a patient with CP increases. The confidence 
intervals of the strata with anterior or no post-surgical 
HL overlapped, indicating no statistically noticeable 
differences between these groups. For patients with HI 
and posterior HL, the probability of developing obesity is 
increased, also for maternal normal weight (BMI: 20–25). 
With maternal BMI of 20, the probability of developing 
obesity was estimated at 69% (95% CI: 53–82%), with a 
BMI of 25 at 80% (95% CI: 67–88%) and with a BMI of 30 
at 87% (95% CI: 77–93%) in patients with HI and posterior 
HL (grade II). 

In Supplementary Fig. 2, the probability of obesity at last 
visit is shown according to different values of paternal 
BMI in four categories of hypothalamic damage, 
adjusted for follow-up. With increasing paternal BMI, 
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Figure 1

Pearson’s correlation plot between maternal body mass index (BMI), 
paternal BMI at the time of craniopharyngioma (CP) diagnosis and patient 
BMI SDS at the time of diagnosis and at last visit during follow-up.

Table 3 Results of univariable logistic regression of 
hypothalamic damage, patient’s BMI SDS at 
craniopharyngioma diagnosis, maternal BMI at diagnosis and 
paternal BMI at diagnosis on patient’s obesity at last visit.

Characteristics
Unadjusted

OR

Lower 
limit

95% CI

Upper 
limit

95% CI

HI and HL 
(13, 14)

HI and HL
grade 0

Reference

HI grade I/II 
and HL grade I

1.31 0.69 2.52

HI grade I/II 
and HL grade II

6.69 3.24 14.65

HI grade I/II 
and HL grade 0

1.61 0.86 3.03

Patient’s BMI SDS at CP 
diagnosis

1.43 1.25 1.66

Maternal BMI at CP 
diagnosis (kg/m²)

1.12 1.06 1.18

Paternal BMI at CP diagnosis 
(kg/m²)

1.13 1.06 1.22

BMI, body mass index; CP, craniopharyngioma; HI, presurgical hypothalamic 
involvement; HL, surgical hypothalamic lesion; OR, odds ratio.
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the probability of developing obesity as a patient with 
CP increases. However, the confidence intervals for the 
hypothalamic damage groups overlapped, indicating no 
statistically noticeable differences between the groups. 
Regarding the group with HI and posterior HL, the 
probability of developing obesity with a paternal BMI 
of 20 was estimated at 62% (95% CI: 42–79%), with a 
paternal BMI of 25 at 75% (95% CI: 61–85%) and with a 
paternal BMI of 30 at 84% (95% CI: 73–91%).

Discussion

Obesity in patients with childhood-onset CP is not 
only associated with hypothalamic lesions due to CP 
treatment but also with parental BMI. However, the 

contribution of parental degree of obesity was small 
compared to the role of hypothalamic damage. Disease- 
and/or treatment-associated lesions of posterior 
hypothalamic structures contribute as pathogenic 
mechanisms to the development of obesity after CP 
(18). Accordingly, hypothalamus-sparing treatment  
strategies are currently favored as the therapy of  
choice and best option for prevention or amelioration 
of hypothalamic obesity (13, 19). Treatment approaches 
for obesity as clinical manifestation of a hypothalamic 
syndrome are very limited (5).

Genetic predisposition, specific lifestyle factors, and 
socioeconomic status were frequently identified 
as risk factors for the development of ‘general 
obesity’ unrelated to sellar masses and hypothalamic 

Figure 2

A-C: Forest plots of multivariable logistic 
regression models on craniopharyngioma (CP) 
patient’s obesity (BMI > 3 SDS) at last visit (*P ≤ 
0.05; **P ≤ 0.01; ***P ≤ 0.001). Including the 
variables hypothalamic damage (reference HI/HL 
0), patient’s BMI SDS at diagnosis and (log) 
follow-up. Including the variables hypothalamic 
damage (reference HI/HL 0), maternal BMI kg/m² 
at diagnosis and (log)follow-up. Including the 
variables hypothalamic damage (reference HI/HL 
0), paternal BMI kg/m² at diagnosis and (log)
follow-up.

1.39

8.33 ***

1.61

1.45 ***

1.09
log(follow−up (years))

BMI SDS at diagnosis

HI 1/2 & HL 0

HI 1/2 & HL 2

HI 1/2 & HL 1

0.01 0.1 1 10 100

Odds Ratios

Obesity at last visit

1.41

6.40 ***

1.56

1.12 ***

0.99
log(follow−up (years))

Maternal BMI kg/m²

HI 1/2 & HL 0

HI 1/2 & HL 2

HI 1/2 & HL 1

0.01 0.1 1 10 100

Odds Ratios

Obesity at last visit

1.40

5.72 ***

1.68

1.12 **

1.11
log(follow−up (years))

Paternal BMI kg/m²

HI 1/2 & HL 0

HI 1/2 & HL 2

HI 1/2 & HL 1

0.01 0.1 1 10 100

Odds Ratios

Obesity at last visit

A

B

C

Downloaded from Bioscientifica.com at 07/29/2024 02:12:17PM
via Open Access. This work is licensed under a Creative Commons Attribution

4.0 International License.
http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/


Endocrine Connections (2024) 13 e240126
https://doi.org/10.1530/EC-24-0126

J Beckhaus et al.

syndrome (11). Previously, it was shown that maternal 
BMI at the time of CP diagnosis was associated with the 
development of severe obesity after CP in their offspring 
(20). In our current study, we replicate this finding on 
maternal BMI at CP diagnosis as a potential risk factor 
and furthermore elucidate the association of paternal 
BMI at CP diagnosis on the development of obesity in  
offspring with CP. 

Based on our data, it is not possible to discriminate 
whether parental BMIs as observed risk factors for the 
development of obesity in CP patients reflect a genetic 
disposition or lifestyle condition, or a combination of 
both. Since maternal, paternal and patient’s BMI share 
the same risk factors the results cannot be interpreted 
causally. Nonetheless, our findings have important 
implications for treatment and prevention of severe 
hypothalamic obesity in CP patients. 

In families presenting with the above-mentioned 
parental characteristics of high BMI, especially CP 
patients with further risk factors for obesity such as 
disease- and/or treatment-related lesions of posterior 
hypothalamic structures (HL grade II) should be 
monitored closely and interventions initiated early. 
Interventions should not only address the patient, but 
also the families need to be included in nutritional 
and physical exercise interventions (21). Early  
recognition of hypothalamic obesity and a patient-
centered approach are necessary to intervene before 
a massive weight gain occurs (22). As suggested by van 
Roessel et al., important etiologic factors for increased 
BMI at diagnosis of a childhood brain tumor include 
lifestyle and genetics (23). Their results implicate the 
importance of timely lifestyle interventions directly at 
diagnosis, although the management of hypothalamic 
obesity is complex (23).

In a recent survey in the USA, 106 caregivers of 
patients with CP were assessed regarding the child’s 
diagnosis, medication, lifestyle modifications and social 
function (21). 60 of 106 caregivers (57%) reported that 
their child had obesity and that they tried a variety of  
interventions for management of excess weight gain. 
The majority (92%) of patients living with obesity and 
CP attempted to restrict either calories or carbohydrates, 
with 31% and 69% reporting these measures as 
helpful, respectively. Additionally, 38% tried weight 
loss medications such as central stimulating agents, 
metformin, glucagon-like peptide 1 receptor (GLP1R) 
agonists, and topiramate, and 48% found at least one of 
these medications to be beneficial (21). The multifactorial 
etiology of hypothalamic obesity needs a multifactorial 
prevention and treatment, with early-onset lifestyle, 
physical activity interventions and effective medications, 
which help to regulate hunger attacks (23). Multiple 
previous studies on patients with childhood-onset CP 
have shown that obesity and the resulting body image 
have a crucial impact on quality of life of the long-term 
survivors (24, 25, 26).

Our study has certain limitations and strengths. We 
do not have data on further development of parental 
BMIs during long-term follow-up of their children 
suffering from CP. Additionally, data on familial 
disposition for obesity such as BMI of siblings were not 
available for analysis in our multicenter observational 
KRANIOPHARYNGEOM studies. Furthermore, the 
application of three different logistic regression models 
to assess the association of maternal and paternal BMI 
and patient’s obesity at last visit cannot fully reflect the 
causal relationships between parental and patient’s BMI. 
For example, it is not possible to estimate the effect of 
BMI at CP diagnosis while adjusting for parental BMI 
because BMI at diagnosis is associated both with BMI 
of the mother and the father (Fig. 1). The resulting odds 
ratios should therefore be interpreted with caution, 
since we cannot rule out an omitted variable bias. Data 
on specific lifestyle characteristics such as nutritional 
characteristics or socioeconomic status of the families 
were not available for analyses. Usually, the rareness of 
the disease results in certain limitations due to low cohort 
size. However, in our analyses the cohort size of 292 
patients with this rare disease should be pointed out as 
a strength of our study. Nonetheless, the interpretability 
of the results of the multivariable logistic regression 
and the resulting probabilities is limited due to the wide 
confidence intervals. 

Further research on survivors after CP should examine 
prospectively the patient’s but also the family’s 
situation in terms of anthropometric development 
but also their socioeconomic situation and quality 
of life (27, 28). Randomized-controlled intervention 
studies are required to examine the efficacy of 
physical and nutritional interventions and anti-obesity 
pharmaceutical agents in this specific population. 

In conclusion, parental BMI has a small but contributing 
role to the risk of obesity of their children with CP. 
However, based on previous reports hypothalamus-
sparing treatment strategies are recommended to 
prevent or ameliorate hypothalamic obesity due to 
lesions of posterior hypothalamic structures (13, 14, 
18, 19, 24, 25, 26). Furthermore, familial disposition for 
obesity – clinically observed as high parental BMIs – 
should lead to an early intensification of interventions 
for obesity prevention and treatment.
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