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Abstract
Hypothalamic obesity caused by childhood-onset craniopharyngioma results in long-term cardiovascular morbidity.
Knowledge about clinical markers and risk factors for cardiovascular morbidity is scarce. A cross-sectional study on
transthoracic echocardiographic parameters was performed to determine the associations with clinical and anthropometric
parameters in 36 craniopharyngioma patients. BMI correlated with the thickness of interventricular septum in diastole
(IVSd) (r = 0.604, p < 0.001) and left ventricular posterior wall thickness in diastole (LVPWd) (r = 0.460, p = 0.011). In
multivariate analyses on risk factors for cardiac remodeling, sex hormone replacement therapy, BMI, and male gender were
positively correlated with increased left ventricular internal diameter in diastole (LVIDd), R2 = 0.596, F = 10.323, p < 0.001.
BMI and insulin resistance were selected as significant independent determinants of IVSd, produced R2 = 0.655, F =
29.441, p < 0.001. Due to a wide range of disease duration, 17 pediatric and 19 adult patients were analyzed separately. In the
adult subgroup (age at study ≥ 18 years), BMI correlated with IVSd (r = 0.707, p = 0.003), LVPWd (r = 0.592, p = 0.020), and
LVIDd (r = 0.571, p = 0.026). In the pediatric subgroup (age at study < 18 years), no correlation between transthoracic echocar-
diography (TTE) parameters and BMI was observed. Only LVIDd correlated with disease duration (r = 0.645, p < 0.001). All
cardiac functions were within the normal range, indicating no association with functional impairments.

Conclusion: Cardiac remodeling in patients with craniopharyngioma correlated with the degree of hypothalamic obesity,
disease duration, sex hormone replacement therapy, male gender, and insulin resistance. As echocardiography has limited
sensitivity in patients with obesity, further research on more sensitive techniques for cardiac diagnostics in craniopharyngioma
patients is warranted.

What is Known:
•Long-term prognosis in survivors of craniopharyngioma is impaired by

obesity and cardiovascular disease.

•Associations between echocardiographic findings and clinical and
anthropometric parameters after craniopharyngioma are not yet
analyzed.

What is New:
•In patients with childhood-onset craniopharyngioma, cardiac remodel-

ing was associated with hypothalamic obesity, duration of disease,
male gender sex hormone replacement, and insulin resistance.

•Due to reduced echocardiographic sensitivity caused by obesity-related
technical limitations, more sensitive cardiac diagnostics should be
considered.
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BMI Body mass index
CP Craniopharyngioma
FS Fractional shortening
HI Hypothalamic involvement
HL Hypothalamic lesion
IVSd Thickness of interventricular septum in diastole
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LVIDd Left ventricular internal diameter in diastole
LVPWd Left ventricular posterior wall thickness in diastole
MRI Magnetic resonance imaging
SDS Standard deviation score
TAPSE Tricuspid annular plane systolic excursion
TTE Transthoracic echocardiography
WHO World Health Organization

Introduction

Craniopharyngiomas (CPs) are rare tumors with an incidence
of 0.5–2 cases per million people per year [1, 2]. The most
common locations of CP are the sellar and suprasellar regions
[3]. CPs are histologically benign and classified as WHO
grade I tumors [4]. Two primary subtypes have been recog-
nized from histological studies: the adamantinomatous and the
papillary type [5]. Disease- and/or treatment-related damage
to hypothalamic structures has been associated with higher
mortality and morbidity. The most appropriate treatment op-
tion for CP patients with favorable tumor location is tumor
resection with preservation of hypothalamic and optical func-
tionality. Limited resection followed by local irradiation is
recommended when CP tumors involve hypothalamus or op-
tic structures [3, 6, 7]. The long-term morbidity after CP is
characterized by the involvement of (neuro) endocrine struc-
tures, visual disturbances, hypothalamic damage, neurobehav-
ioral and cognitive sequelae [1, 8]. Previous reports have
shown that up to 50% of CP survivors suffer from obesity
due to hypothalamic involvement (HI) of the tumor at moment
of diagnosis or hypothalamic damage resulting from surgical
interventions [8, 9]. Patients with initial HI had a higher stan-
dardized body mass index (BMI SDS) already at the time of
diagnosis and during annual follow-up when compared with
patients presenting at diagnosis with a CP not involving hy-
pothalamic structures [10]. The hypothalamus plays an impor-
tant role in the regulation of energy homeostasis and circadian
rhythms [11]. Accordingly, hypothalamic nuclei injury results
in morbid obesity frequently accompanied by fatigue, de-
creased physical activity, and disturbances of satiety and hun-
ger [12]. Moreover, hypothalamic obesity increases the risk of
metabolic syndrome, cardiovascular disease including acute
cardiac death, multisystemic morbidity, and multisystemic
mortality [7]. A 22% rate of long-term cardiovascular compli-
cations was reported in patients with CP, associated with an
almost 3-fold increased risk of mortality [13, 14].

Cardiac remodeling is a term used to describe physiologic
and pathologic changes that may affect size, mass, and func-
tion of the heart due to several etiologies. Myocardial remod-
eling caused by obesity leads to subsequent development of
heart failure [15].

In our study, we focused on pathological cardiac remodel-
ing in CP patients [16, 17]. Direct correlations between the

BMI and cardiac remodeling have been reported, observing an
increased cardiac septum and left ventricular posterior wall
thickness in patients with obesity [18, 19]. The aim of our
research was to study structural cardiac abnormalities in pa-
tients with CP and hypothalamic obesity and its association
with clinical and anthropometric parameters.

Patients and methods

Cardiac status was analyzed by transthoracic echocardiogra-
phy (TTE) in 36 out of 675 patients with childhood-onset,
adamantinomatous CP recruited in HIT-Endo and
KRANIOPHARYNGEOM 2000/2007 to determine associa-
tions with clinical and anthropometric parameters. As TTE is
not part of the suggested follow-up program in the multicenter
trials KRANIOPHARYNGEOM 2000/2007, all patients with
CP who were treated between 2015 and 2016 at the outpatient
Department of the University Children’s Hospital, Klinikum
Oldenburg AöR, Oldenburg, Germany, were included in our
cross-sectional study. Body weight and height were measured
by using a weighing scale and a Harpenden stadiometer. BMI
and BMI SDS values were calculated and expressed according
to the references of Rolland-Cachera et al. [20]. The CP pa-
tients were classified as severely obese, obese, and normal-
weight if their BMIs were > 8 SDS, + 2 to + 8 SDS, and − 2
to + 2 SDS, respectively. TTE was performed by using a Vivid
E9 (GE Heal thcare , Genera l Elect r ic company;
Buckinghamshire, UK) with a 3, 6, and 12-MHz transducer.
Two-dimensionalM-modemeasurements of the left ventricular
internal diameter in diastole (LVIDd), interventricular septal
thickness in diastole (IVSd), left ventricular posterior wall in
diastole (LVPWd), and tricuspid annular plane systolic excur-
sion (TAPSE) were performed by TTE. Additional parameters
of left ventricular function (ejection fraction (EF) and fractional
shortening (FS)) were calculated by using the following
equations:

FS ¼ EDD−ESD
EDD

EDD ¼ end diastolic dimension;ESD ¼ end systolic dimensionð Þ

EF ¼ SV
EDV

SV ¼ stroke volume;EDV ¼ end diastolic volumeð Þ

The result of the equations for FS and EF is given in per-
cent. The normal ranges and severity cutoff values of TTE
parameters are depicted in Table 2 [21]. The normal ranges
and severity cutoff of TTE parameters were classified by gen-
der in adult patients. All TTE parameters in pediatric patients
as normalized by body surface area [22] were within the nor-
mal range, with the exception of one severe obese pediatric
patient who was found to have abnormally increased LVPW
thickness (data not shown).
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Neuroradiological assessment of CP tumor location, degree
of surgical resection, preoperative HI, and surgical hypotha-
lamic lesions (HL) was performed on pre- and postoperative
axial, coronal, and sagittal magnetic resonance imaging (MRI)
as previously described [23, 24]. The histological diagnosis of
adamantinomatous CP was confirmed by neuropathological
reference assessment in all cases.

Statistical analyses were performed using IBM SPSS sta-
tistic program version 24.0. The differences between groups
were assessed by Student’s t tests as well as the ANOVA (in
the case where several categories were present). Pearson’s
correlation coefficient was calculated to determine the rela-
tionship between two variables. Stepwise multivariate linear
regression analysis was also performed to determine the

Table 1 Patient characteristics of 36 patients with childhood-onset, adamantinomatous craniopharyngioma (CP) (study cohort) and 675 patients with
CP recruited in HIT-Endo and KRANIOPHARYNGEOM 2000/2007

Total cohort
(KRANIO 2000/2007, HIT-Endo)

Study cohort Pediatric study cohort
(age < 18 years)

Adult study cohort
(age ≥ 18 years)

Patients, n 675 36 17 19

Gender, n (female/male) 333/342 21/15 9/8 12/7

Median age at CP diagnosis, years (range) 9.0 (0.1–27.0) 8.8 (3.0–15.1) 6.8 (3.0–16.0) 10.5 (5.3–15.1)

Median age at study, years (range) 18 (5.5–41.0) 12.3 (5.5–17.8) 24.7 (18.3–41.0)

Median follow-up interval, years (range) 5.7 (0.1–38.87) 8.8 (0.3–25.9) 3.7 (0.3–9.6) 12.3 (8.5–25.9)

Hypothalamic involvement (HI) [23], n (%)

Anterior HI 63 (9) 11 (31) 6 (35) 5 (26)

Anterior and posterior HI 161 (24) 14 (39) 8 (47) 6 (31)

No HI 15 (2) 8 (22) 3 (18) 5 (26)

n.a. 436 (65) 3 (8) 0 (0) 3 (16)

Degree of surgical resection, n (%)

Complete resection 187 (28) 11 (31) 3 (18) 8 (42)

Incomplete resection 384 (57) 20 (56) 11 (65) 9 (47)

No surgical intervention 7 (1) 1 (3) 0 (0) 1 (5)

n.a. 97 (14) 4 (11) 3 (18) 1 (5)

Hypothalamic lesion (HL) [23], n (%)

Anterior HL 91 (14) 7 (19) 3 (18) 4 (21)

Anterior and posterior HL 83 (12) 8 (22) 4 (24) 4 (21)

No HL 67 (10) 18 (50) 10 (59) 8 (42)

n.a. 436 (65) 3 (8) 0 (0) 3 (16)

Number of substituted endocrine axes, n (%)

None 17 (3) 4 (11) 4 (24) 0 (0)

One axis 25 (4) 2 (6) 2 (12) 0 (0)

2 axes 40 (6) 3 (8) 1 (6) 2 (11)

3 axes 110 (16) 7 (19) 4 (24) 3 (16)

4 axes 122 (18) 10 (28) 6 (35) 4 (21)

5 axes 54 (8) 9 (25) 0 (0) 9 (47)

n.a. 307 (45) 1 (3) 0 (0) 1 (5)

GH deficiency/GH substituted 255 (78) 24 (67) 8 (47) 16 (84)

TSH deficiency/thyroxin substituted 318 (89) 28 (78) 11 (65) 14 (74)

Irradiation, n (%) 242 (44) 10 (28) 2 (12) 8 (42)

BMI SDS [20] at study/last visit

Normal weight (− 2 to + 2 BMI SDS) 250 (41) 13 (36) 7 (41) 6 (31)

Obesity (+ 2 to + 8 BMI SDS) 301 (49) 14 (39) 8 (47) 6 (31)

Severe obesity (> + 8 BMI SDS) 61 (10) 9 (25) 2 (12) 7 (37)

BMI, body mass index; CP, childhood-onset craniopharyngioma; GH, growth hormone; HI, hypothalamic involvement; HL, hypothalamic lesion; n.a,
data not available; SDS, standard deviation score; TSH, thyroid-stimulating hormone
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independent predictors of TTE parameters: LVIDd and
IVSd. Independent variables in the multivariate model in-
cluded BMI, gender, sex steroid replacement, and insulin
resistance status. The significance level is set to 0.05, that
is, p values ≤ 0.05 were considered statistically noticeable.
No adjustment for multiple testing was applied. Therefore,
inferential statistics are intended to be exploratory (hypoth-
eses generating), not confirmatory, and are interpreted
accordingly.

Results

A total of 36 (21 female/15 male) of 675 patients with CP
recruited in HIT-Endo and KRANIOPHARYNGEOM
2000/2007 were included in our study. Our study cohort was
comparable with the total group of patients registered in the
abovementioned trials (Table 1). The median age at diagnosis
was 8.8 years, ranging from 3.0 to 15.1 years. Six patients
were prepubertal, 30 patients were pubertal or postpubertal
at the time of the study. Median BMI SDS at the time of
diagnosis was + 1.7 SDS, ranging from − 3.8 to + 9.9 SDS.
Twenty-five patients (69%) presented with HI [23, 24] at the
time of CP diagnosis. In 11 patients (31%), gross-total resec-
tion was achieved, whereas 20 patients (56%) underwent par-
tial resection. Surgical HLs [23, 24] were referenced—
confirmed by a neuroradiologist and blinded for clinical data
in 15 patients (42%). Postoperative irradiation was performed
in 10 patients (28%). Pituitary deficiencies were observed in
31 patients (86%) after surgery. Nineteen patients (53%) had
endocrine deficiencies of more than four hypothalamic-
pituitary axes. The median follow-up interval between CP
diagnosis and the time of study was 8.8 years, ranging from
0.3 to 25.9 years (Table 1).

The association between TTE parameters and body
composition parameters were analyzed. The strongest cor-
relations were observed between IVSd and BMI SDS (r =
0.604, p < 0.001) (Fig. 1) and between LVPWd and BMI
SDS (r = 0.460, p = 0.011) (Fig. 2). Differences in terms
of TTE parameters were investigated in (post)pubertal pa-
tients with and without sex hormone replacement. CP pa-
tients with sex hormone replacement showed significant
larger LVIDd compared to patients without sex hormone
replacement (52.04 mm vs. 45.62 mm, p = 0.009). Insulin
resistance (IR), which was classified by an age- and sex-
specific homeostasis model assessment to quantify IR
(HOMA-IR) [25, 26], was observed in 22 patients in this
study. IR correlated with BMI and BMI SDS (r = 0.566, p =
0.001 and r = 0.664, p < 0.001, respectively). CP patients with
severe obesity had significantly higher insulin levels (p <
0.001) compared to normal-weight and obese CP patients
(Fig. 3). CP patients with IR had larger IVSd (mean of 8.71
vs. 5.50 mm, p < 0.001) and LVPWd (mean of 7.98 vs. 5.57
mm, p < 0.001) when compared to patients without IR.
Moreover, IVSd correlated with the insulin level (r = 0.399,
p = 0.019). Furthermore, potential associations between TTE
parameters and other variables such as number of substituted
endocrine axes, radiation therapy, hypertension, HL, HI, and
follow-up interval were investigated. IVSd and LVPWd were
correlated with HL (r = 404, p = 0.03 and r = 0.434, p = 0.019,
respectively). No correlations between HI and TTE parame-
ters were observed. Only LVIDd showed a correlation with
the follow-up interval (r = 0.645, p < 0.001) (Fig. 4). No
correlations were observed between hypertension and BMI
(r = − 0.092, p = 0.593) or between hypertension and any
TTE parameter (Table 2).

Multivariate regression analyses were performed to examine
the relationship between TTE parameters and several potential

Table 2 Normal ranges and severity cutoff of TTE parameters [21]

TTE
parameter

Male Female

Normal Slightly
changed

Moderately
changed

Severely
changed

Normal Slightly
changed

Moderately
changed

Severely
changed

LVIDd, mm 42–58 59–63 64–68 > 68 38–52 53–56 57–61 > 61

IVSd, mm 6–10 11–13 14–16 > 16 6–9 10–12 13–15 > 15

LVPWd,mm 6–10 11–13 14–16 > 16 6–9 11–12 13–15 > 15

EF, % 52–72 41–51 30–40 < 30 54–74 41–53 30–40 < 30

FS, % 25–43 20–24 15–19 < 15 27–45 22–26 30–41 < 30

TAPSE, mm 24 ± 3.5 Abnormality threshold < 17 24 ± 3.5 Abnormality threshold < 17

Interpretation of TTE parameters in pediatric patients was based on the cardiac structure dimensions normalized to the body surface area [22]; only one extreme
obese pediatric CP patient was observed to present with abnormally increased LVPW thickness

EF, ejection fraction; FS, fractional shortening; IVSd, interventricular septal thickness in diastole; LVIDd, left ventricular internal diameter in diastole;
LVPWd, left ventricular posterior wall thickness in diastole; TAPSE, tricuspid annular plane systolic excursion; TTE, transthoracic echocardiography
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predictors. In 30 (post)pubertal patients, 17 patients received
sex steroid replacement therapy due to hypogonadism.
Interestingly, sex steroid replacement therapy, BMI, and gen-
der were associated with increased LVIDd. The multiple re-
gression model with all three predictors produced R2 = 0.596,
F = 10.323, and p < 0.001, respectively (Table 3), indicating
that CP patients with sex steroid replacement, higher BMI, and
male gender were expected to have larger LVIDd. Multivariate
regression analysis was performed in 22 insulin-resistant pa-
tients. In all subjects, BMI and IR were selected as significant

independent determinants of IVSd, which produced R2 =
0.655, F = 29.441, p < 0.001, indicating that CP patients with
higher BMI and IR were expected to have larger IVSd.

At the time of study, 13 CP patients presented with normal
weight (BMI: − 2.0 to + 2.0 SDS), while 14 patients showed
obesity (BMI: + 2.0 to + 8.0 SDS), and nine patients had
severe obesity (BMI: > + 8.0 SDS). Patients with obesity
and severe obesity presented with significantly larger IVSd
(p = 0.015) when compared with normal-weight CP patients
(Table 4).

EF and FS were both within the normal range in all pa-
tients, without any association to BMI SDS. Of the 36 pa-
tients, TAPSE values were only measurable in 20 CP patients
(56%), due to limited visualization of the tricuspid annulus in
the obese CP patients. TAPSE showed no significant correla-
tion with BMI SDS. TTE parameters could not be completely
evaluated in 11 patients with obesity due to limited and im-
paired sound conditions by obesity.

Due to the large heterogeneity of our patient group with
regard to follow-up intervals (ranging from 0.3 to 25.9 years),
we analyzed TTE parameters for the subgroup of pediatric
patients with an age < 18 years and adult patients with an
age ≥ 18 years at the time of TTE.

In the adult subgroup, 19 patients with CP were diagnosed
between 1990 and 2007, at a median age of 10.5 years. HI was
diagnosed in 11 patients (58%) and HL in 8 patients (42%).
Complete resection was achieved in 8 patients (42%), and
postoperative irradiation was performed in 8 patients (42%).
At the time of study, 19 adult patients presented with a median
age of 24.7 years (range: 18.3–41.0 years), and a median
follow-up interval between CP diagnosis and study of 12.3
years (range: 8.5–25.9 years). Six adult CP patients (32%)
presented with normal weight, while 6 patients (32%) were
obese, and 7 patients showed (36%) severe obesity (Table 1).
In the adult subgroup, positive correlations with BMI SDS
were observed for IVSd (r = 0.707, p = 0.003), LVIDd (r =
0.571, p = 0.026), and LVPWd (r = 0.592, p = 0.020). In adult
patients with severe obesity, abnormally increased IVSd,
LVIDd, and LVPWd were reported in 44%, 44%, and 33%,
respectively. In addition, IVSd in the adult subgroup was sig-
nificantly thicker than in the pediatric subgroup (8.18 mm vs.
6.18 mm, p = 0.016).

Our second subgroup consisted of 17 patients in the pe-
diatric age group at the time of study, who were diagnosed
between 2005 and 2015 at a median age of 6.8 years (range:
3.0–16.0 years). Fourteen patients (82%) had HI at initial
CP diagnosis, and seven patients (41%) were observed with
surgical HL. Complete resections were performed in 3 pa-
tients (18%), while incomplete resections were achieved in
11 patients (65%). Only two patients (12%) underwent
postoperative irradiation. At the time of study, the 17 pedi-
atric patients presented with a median age of 12.3 years, rang-
ing from 5.5 to 17.8 years and a median follow-up interval of

Fig. 1 Correlation between the BMI SDS [20] and interventricular septal
thickness in diastole (IVSd) in 30 patients with childhood-onset,
adamantinomatous craniopharyngioma, and available data recruited in
HIT-Endo and KRANIOPHARYNGEOM 2000/2007. BMI, body mass
index; IVSd, interventricular septal thickness in diastole; SDS standard
deviation score; r, Pearson correlation coefficient

Fig. 2 The correlation between BMI SDS [20] and left ventricular
posterior wall thickness in diastole (LVPWd) in 30 patients with
childhood-onset, adamantinomatous craniopharyngioma, and available
data recruited in HIT-Endo and KRANIOPHARYNGEOM 2000/2007.
BMI, body mass index; LVPWd, left ventricular posterior wall thickness
in diastole; SDS, standard deviation score; r, Pearson correlation
coefficient
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3.7 years (range: 0.3–9.6 years) (Table 1). In the pediatric
subgroup, no correlations were observed between TTE param-
eters and BMI SDS. All TTE parameters in pediatric patients
as classified by body surface area [22] were normal, with the
exception of one extreme obese pediatric patient who was
found to have abnormally increased LVPW thickness.

Discussion

The twenty-year outcome analyses in patients with CP recruit-
ed in the German Craniopharyngioma Registry revealed that
preoperative HI was specifically associated with the develop-
ment of severe long-term obesity [23]. Many published stud-
ies have concluded that left ventricular hypertrophy is one of

the cardiac complications of obesity [27–32]. Cardiovascular
morbidity in patients with CP was 22%, while cardiovascular
risk factors were found in 57% of patients with CP [13].
Excess adipose tissue and augmented fat-free mass in obesity
result in increased metabolic demand and lead to increases in
blood volume and cardiac output [33]. This rise in blood vol-
ume leads to an increased venous return to both ventricular
chambers, resulting in chamber enlargement, increasing wall
tension, myocardial mass, and left ventricular hypertrophy
[34].

Our study demonstrated that the degree of obesity in CP
patients is correlated with an increased left ventricular wall
thickness (IVSd and LVPWd). These results are consistent
with several publications postulating that obesity is associated
with interventricular wall and posterior wall thickness [31, 35,
36]. However, the observed positive correlation between BMI
SDS and IVSd was stronger than the correlation between BMI
SDS and LVPWd. Accordingly, we speculate that obesity
affects the thickness of the interventricular septum more than
that of the posterior wall, which supports previous studies
observing the same phenomenon [37]. Furthermore, we ob-
served a positive correlation between HL and increased IVSd
and LVPWd. HLs leading to structural damage to medial and
posterior hypothalamic nuclei result in hyperphagia and rapid
weight gain [38]. We conclude that excessive weight gain in
CP patients with HL leads to increased IVSd and LVPWd
thickness. In our study, we found a trend towards a larger
mean LVIDd in the group with obesity than in the non-
obese group; but this trend did not reach statistical signifi-
cance (51.7 mm vs. 43.49 mm, p = 0.057). Moreover, our
study demonstrated that LVIDd positively correlated with
the duration of disease, which supports previous research ob-
serving a positive correlation between the duration of morbid
obesity and LVIDd [39]. The left and right ventricular func-
tions of all CP patients in our study, as determined by EF, FS,
and TAPSE, were within the normal range, which indicated
that all patients had a normal systolic function of both

Fig. 3 Insulin concentration (mU/
L) in childhood-onset,
adamantinomatous
craniopharyngioma patients with
normal weight (BMI − 2 to + 2
SDS), obesity (BMI + 2 to + 8
SDS), and severe obesity (BMI >
+8 SDS). The horizontal line in
the middle of the box depicts the
median. The bottom edge marks
the 25th percentile and the top
edge marks the 75th percentile.
Whiskers indicate the range of
values that fall within 1.5 box-
length

Fig. 4 The correlation between follow-up interval and left ventricular
internal diameter in diastole (LVIDd) in 29 patients with childhood-
onset, adamantinomatous craniopharyngioma, and available data
recruited in HIT-Endo and KRANIOPHARYNGEOM 2000/2007.
LVIDd, left ventricular internal diameter in diastole; r, Pearson
correlation coefficient
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ventricles. These findings were supported by previous studies
[27, 30, 35, 36, 40, 41].

With regard to the endocrine aspects, we could demonstrate
that cardiac remodeling was related to sex steroid replacement
therapy, BMI SDS, and male gender. Previous studies demon-
strated that sex steroids contributed to gender differences in
cardiac remodeling. The majority of studies suggested that
the female gender was associated with more favorable cardiac
adaptations [42–44]. Moreover, in recent studies, increases in
ventricular dimensions were reported more frequently in males
compared to that in females [45]. Over 40% of the total testos-
terone in circulation is bound to the sex hormone–binding
globulin (SHBG). The albumin-bound testosterone and un-
bound or free testosterone represent the major bioavailable
male sex steroids [46]. In male mice, testosterone levels were

found to be related to an increased left ventricular dimension
[47], whereas increasing BMI was associated with decreased
SHBG levels [48–50].We speculate that lower SHBG levels in
severely obese CP patients might result in an increased bio-
availability of the circulating testosterone, which would result
in increased LVIDd. Due to low levels of SHBG in obese and
insulin-resistant patients [51], we suggest that patients with
these conditions should be evaluated for bioavailable testoster-
one concentrations instead of total testosterone levels to pre-
vent an over-supplementation with sex steroids.

IR is a condition in which the target cell shows a reduced
response to insulin. IR is strongly associated with obesity [52,
53]. In our study, we could demonstrate that patients with
decreased insulin sensitivity presented with increased IVS
and LVPW thickness. Moreover, IVS thickness was related

Table 3 Multiple regression
model showing correlation
between LVIDd and patients with
sex steroid replacement therapy,
body mass index (BMI) SDS
[20], and male gender

Variable B SE B β t p
value

95% CI

Upper Lower

Patients with sex steroid replacement
therapy (reference group: Patients
without sex steroid replacement
therapy)

4.599 1.863 0.366 2.469 0.022 0.725 8.472

BMI SDS [20] 0.705 0.230 0.455 3.068 0.006 0.227 1.183

Male

(reference group: female)

4.785 1.744 0.381 2.744 0.012 1.158 8.412

Constant 42.006 1.574 26.683 0.000 38.732 45.280

R2 = 0.596, SEE = 4.35166, F = 10.323, Sig of F = 0.000

B, unstandardized beta; β, standardized beta; BMI, body mass index; CI, confidence interval; LVIDd, left ven-
tricular internal diameter in diastole; SDS, standard deviation score; SE B, standard error for the unstandardized
beta; t, t test statistic

Table 4 Transthoracic echocardiographic features in normal-weight, obesity, and severe obesity in childhood-onset, adamantinomatous
craniopharyngioma recruited in HIT-Endo and KRANIOPHARYNGEOM 2000/2007. Depicted are means and ranges

TTE parameter BMI SDS, n p value
Normal weight, 13 (BMI − 2 to + 2 SDS) Obesity, 14 (BMI + 2 to + 8 SDS) Severe obesity, 9 (BMI > + 8 SDS)

IVSd (mm),
% abnormal value

4.6 (4.4–9.3),
8%

7.1 (4.9–12.0)2md,
8%

9.7 (6–12.8)4md,
44%

0.012, 0.015#

LVIDd (mm),
% abnormal value

48.6 (33.4–58.6),
8%

53.1 (35.6–59.5)2md,
14%

46.2 (36.0–59.1)3md,
44%

0.161, 0.057#

LVPWd (mm),
% abnormal value

5.3 (3.9–9.4),
0%

5.8 (4.2–11.5)2md,
8%

5.05 (4.5–11.8)4md,
33%

0.323, 0.586#

TAPSE,
% abnormal value

22.5 (15.8–28.8)5md

8%
25.6 (17.0–28.3)8md,
0%

25.8 (22.2–34.3)3md,
0%

0.356, 0.189#

EF (%),
% abnormal value

68.0 (59–71),
0%

66.5 (62–74)2md,
0%

67.5 (64–74)4md,
0%

0.064, 0.020#

FS (%)
% abnormal value

38.0 (30–40),
0%

36.5 (33–41)2md,
0%

37.0 (33–43)3md,
0%

0.148, 0.056#

md, missing data; BMI, body mass index; EF, ejection fraction; FS, fractional shortening; IVSd, interventricular septal thickness in diastole; LVIDd, left
ventricular internal diameter in diastole; LVPWd, left ventricular diastolic posterior wall thickness in diastole; TAPSE, tricuspid annular plane systolic
excursion; SD, standard deviation; TTE, transthoracic echocardiography
# p value of difference between the normal weight (BMI ≤ + 2 SDS) and the obese (BMI SDS > + 2 SDS) group
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to IR and BMI. IR is known to be the determinant of left
ventricular wall thickness [54–58]. The reduced insulin-like
growth factor-1 (IGF-1) level in insulin-resistant patients has
been reported to be associated with the higher circulating levels
of the growth hormone and insulin resulting in cardiac hyper-
trophy [55]. Accordingly, we hypothesize that ventricular wall
thickness is associated with the degree of obesity and IR. Left
ventricular wall dilatation is correlated with the duration of
disease, sex steroid replacement, higher BMI, and male
gender.

Obesity leads to cardiac morbidity through several mecha-
nisms. Increased BMI results in rising of cardiac output which
causes cardiac remodeling and elevated blood pressure [59].
However, in our study, no direct correlation between BMI and
hypertension was observed (r = − 0.092, p = 0.593).

Our study indicates that cardiac remodeling in CP patients
is very complex and involves different aspects. Early identifi-
cation of cardiac remodeling in patients with CP and obesity is
important because initial prevention and treatment could mod-
ify the disease process resulting in improvement of the cardiac
remodeling [31]. We recommend the implementation of TTE
screening in all CP patients with obesity for early detection of
cardiac remodeling, and systolic and diastolic dysfunction,
especially in adult CP patients with severe obesity. In CP
patients with technical limitations of TTE due to severe obe-
sity, cardiac MRI could be considered a potentially more sen-
sitive diagnostic technique. We suggest carrying out cardiac
MRI (1) only in CP patients with TTE technical limitation due
to obesity, (2) in CP patients not requiring general anesthesia
for the diagnostic procedure of cardiac MRI, and (3) only in
the setting of clinical trials. Larger studies and cost-benefit
analyses are required to confirm this recommendation.

The limitations of our study include the low number of cases
with severe obesity in our pediatric subgroup and the lack of
data on other cardiac risk factors, such as smoking and family
history of cardiac disease. Moreover, only two adult patients
were observed to present with hyperlipidemia. A slight increase
in IVSd was noted in the first patient, and slightly increased
LVIDd and LVPWd were noted in the second patient with
hyperlipidemia. Further research in larger pediatric populations
is required to more accurately determine obesity-related cardio-
vascular dysfunction after CP. Furthermore, the limitations of
our cross-sectional study require that future research should
incorporate longitudinal follow-up of TTE parameters in pa-
tients with CP and obesity, in order to track the progression of
cardiac remodeling and to evaluate the individual pathological
manifestations of cardiovascular disease in these patients.

We conclude that cardiac remodeling in patients with
childhood-onset CP was correlated with the degree of hypotha-
lamic obesity, disease duration, sex hormone replacement ther-
apy, male gender, and IR. Early identification of cardiac dys-
function is recommended. Due to restrictions of ultrasound con-
dition caused by the severe obesity of patients with CP, we

suggest that additional methods such as cardiac MRI should
be considered in patients with poor ultrasound condition.
However, further studies on the sensitivity and specificity of
cardiacMRI arewarranted after CP, which is part of our planned
future study in context of the Craniopharyngioma Registry.

Acknowledgments The authors would like to thank colleagues, patients,
and their families for participating in trials on craniopharyngioma.

Authors’ Contributions PS researched the data and wrote the manuscript.
LKB collected the data and prepared statistical analyses, contributed to
the analytical plan and discussion, and reviewed/edited the manuscript.
SB performed all statistical analyses, contributed to the analytical plan
and discussion, and reviewed/edited the manuscript. HLM initiated and
conducted the multicenter trials HIT-Endo, KRANIOPHARYNGEOM
2000, and KRANIOPHARYNGEOM 2007, contributed to the analytical
plan and discussion, and reviewed/edited the manuscript.

Funding Open Access funding enabled and organized by Projekt DEAL.
This study was funded by grants of the German Childhood Cancer
Foundation, Germany (DKS2014.13) and Carl von Ossietzky
University Oldenburg, Germany (Forschungspool).

Data availability Data are available on request from the senior author
(HLM) and study committee of KRANIOPHARYNGEOM 2000/2007.

Compliance with ethical standards

Conflict of interest HLM has received reimbursement of participation
fees for scientific meetings and continuing medical education events from
the following companies: Ferring, Lilly, Pfizer, Sandoz/Hexal, Novo
Nordisk, IPSEN, and Merck Serono. He has received reimbursement of
travel expenses from IPSEN and lecture honoraria from Pfizer. The other
authors declare that they have no conflict of interest.

Ethical approval All procedures performed in our study were in accor-
dance with the ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The studies
KRANIOPHARYNGEOM 2000 (clinical trial registration number:
NCT00258453) and KRANIOPHARYNGEOM 2007 (clinical trial reg-
istration number: NCT01272622) were approved by the local standing-
committee on ethical practice of the Medizinische Fakultät, Julius-
Maximilians-UniversitätWürzburg, Germany (140/99; 94/06, respective-
ly). Our study was approved by the ethical committee of the Carl von
Ossietzky University Oldenburg, Germany (004/2015).

Consent to participate Written parental and/or patient consent was ob-
tained from all individual participants included in the study.

Consent for publication Consent for publication was obtained from all
participants

Code availability Not available.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a

1600 Eur J Pediatr (2021) 180:1593–1602



credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bogusz A,Muller HL (2018) Childhood-onset craniopharyngioma:
latest insights into pathology, diagnostics, treatment, and follow-up.
Exp Rev Neurother 18(10):793–806. https://doi.org/10.1080/
14737175.2018.1528874

2. Muller HL, Merchant TE, Warmuth-Metz M, Martinez-Barbera JP,
Puget S (2019) Craniopharyngioma. Nat Rev Dis Primers 5(1):75.
https://doi.org/10.1038/s41572-019-0125-9

3. Karavitaki N, Cudlip S, Adams CB, Wass JA (2006)
Craniopharyngiomas. Endocr Rev 27(4):371–397. https://doi.org/
10.1210/er.2006-0002

4. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC,
Jouvet A, Scheithauer BW, Kleihues P (2007) The 2007 WHO
classification of tumours of the central nervous system. Acta
Neuropathol 114(2):97–109. https://doi.org/10.1007/s00401-007-
0243-4

5. Lopes MBS (2017) The 2017 World Health Organization classifi-
cation of tumors of the pituitary gland: a summary. Acta
Neuropathol 134(4):521–535. https://doi.org/10.1007/s00401-
017-1769-8

6. Bogusz A, Boekhoff S, Warmuth-Metz M, Calaminus G, Eveslage
M, Muller HL (2019) Posterior hypothalamus-sparing surgery im-
proves outcome after childhood craniopharyngioma. Endocr
Connect 8(5):481–492. https://doi.org/10.1530/EC-19-0074

7. Muller HL (2011) Consequences of craniopharyngioma surgery in
children. J Clin Endocrinol Metab 96(7):1981–1991. https://doi.
org/10.1210/jc.2011-0174

8. Wijnen M, van den Heuvel-Eibrink MM, Janssen J, Catsman-
Berrevoets CE, Michiels EMC, van Veelen-Vincent MC,
Dallenga AHG, van den Berge JH, van Rij CM, van der Lely AJ,
Neggers S (2017) Very long-term sequelae of craniopharyngioma.
Eur J Endocrinol 176(6):755–767. https://doi.org/10.1530/EJE-17-
0044

9. Duff J, Meyer FB, Ilstrup DM, Laws ER Jr, Schleck CD,
Scheithauer BW (2000) Long-term outcomes for surgically
resected craniopharyngiomas. Neurosurgery 46(2):291–302; dis-
cussion 302-295. https://doi.org/10.1097/00006123-200002000-
00007

10. Muller HL, Emser A, Faldum A, Bruhnken G, Etavard-Gorris N,
Gebhardt U, Oeverink R, Kolb R, Sorensen N (2004) Longitudinal
study on growth and body mass index before and after diagnosis of
childhood craniopharyngioma. J Clin Endocrinol Metab 89(7):
3298–3305. https://doi.org/10.1210/jc.2003-031751

11. Mul le r HL (2019) The diagnos is and t rea tment of
craniopharyngiomas. Neuroendocrinology. 110:753–766. https://
doi.org/10.1159/000504512

12. Roth CL (2011) Hypothalamic obesity in patients with
craniopharyngioma: profound changes of several weight regulato-
ry circuits. Front Endocrinol (Lausanne) 2:49. https://doi.org/10.
3389/fendo.2011.00049

13. Pereira AM, Schmid EM, Schutte PJ, Voormolen JH, Biermasz
NR, van Thiel SW, Corssmit EP, Smit JW, Roelfsema F, Romijn
JA (2005) High prevalence of long-term cardiovascular, neurolog-
ical and psychosocia l morbidi ty af ter t rea tment for

craniopharyngioma. Clin Endocrinol (Oxf) 62(2):197–204. https://
doi.org/10.1111/j.1365-2265.2004.02196.x

14. Olsson DS, Andersson E, Bryngelsson IL, Nilsson AG, Johannsson
G (2015) Excess mortality and morbidity in patients with
craniopharyngioma, especially in patients with childhood onset: a
population-based study in Sweden. J Clin Endocrinol Metab
100(2):467–474. https://doi.org/10.1210/jc.2014-3525

15. Albakri A (2018) Obesity cardiomyopathy: a review of literature on
clinical status and meta-analysis of diagnostic and clinical manage-
ment. Med Clin Arch. https://doi.org/10.15761/MCA.1000134

16. Azevedo PS, Polegato BF, Minicucci MF, Paiva SA, Zornoff LA
(2016) Cardiac remodeling: concepts, clinical impact, pathophysi-
ological mechanisms and pharmacologic treatment. Arq Brasil
Cardiol 106(1):62–69

17. Cohn JN, Ferrari R, Sharpe N (2000) Cardiac remodeling—
concepts and clinical implications: a consensus paper from an in-
ternational forum on cardiac remodeling. J Am Coll Cardiol 35(3):
569–582. https://doi.org/10.1016/S0735-1097(99)00630-0

18. Sun T, Xie J, Zhu L, Han Z, Xie Y (2015) Left ventricular hyper-
trophy and asymptomatic cardiac function impairment in Chinese
patients with simple obesity using echocardiography. Obes Facts
8(3):210–219. https://doi.org/10.1159/000435795

19. Milsch ISN, Müller HL (2002) Kardiologische Befunde nach
Kraniopharyngeom im Kindesund Jugendalter. Monatsschr
Kinderheilkd 50:1267–1268

20. Rolland-Cachera MF, Cole TJ, Sempe M, Tichet J, Rossignol C,
Charraud A (1991) Body mass index variations: centiles from birth
to 87 years. Eur J Clin Nutr 45(1):13–21

21. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A,
Ernande L, Flachskampf FA, Foster E, Goldstein SA, Kuznetsova
T (2015) Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society
of Echocardiography and the European Association of
Cardiovascular Imaging. Eur Heart J Cardiovasc Imag 16(3):233–
271

22. Pettersen MD, Du W, Skeens ME, Humes RA (2008) Regression
equations for calculation of z scores of cardiac structures in a large
cohort of healthy infants, children, and adolescents: an echocardio-
graphic study. J Am Soc Echocardiogr 21(8):922–934

23. Muller HL, Gebhardt U, Teske C, Faldum A, Zwiener I, Warmuth-
Metz M, Pietsch T, Pohl F, Sorensen N, Calaminus G, Study
Committee of K (2011) Post-operative hypothalamic lesions and
obesity in childhood craniopharyngioma: results of the multination-
al prospective trial KRANIOPHARYNGEOM 2000 after 3-year
follow-up. Eur J Endocrinol 165(1):17–24. https://doi.org/10.
1530/EJE-11-0158

24. Muller HL, Gebhardt U, Faldum A, Warmuth-Metz M, Pietsch T,
Pohl F, Calaminus G, Sorensen N, Kraniopharyngeom Study C
(2012) Xanthogranuloma, Rathke’s cyst, and childhood
craniopharyngioma: results of prospective multinational studies of
children and adolescents with rare sellar malformations. J Clin
Endocrinol Metab 97(11):3935–3943. https://doi.org/10.1210/jc.
2012-2069

25. Gayoso-Diz P, Otero-González A, Rodriguez-Alvarez MX, Gude
F, García F, De Francisco A, Quintela AG (2013) Insulin resistance
(HOMA-IR) cut-off values and themetabolic syndrome in a general
adult population: effect of gender and age: EPIRCE cross-sectional
study. BMC Endocr Disord 13(1):47

26. Peplies J, Jiménez-Pavón D, Savva S, Buck C, Günther K,
Fraterman A, Russo P, Iacoviello L, Veidebaum T, Tornaritis M
(2014) Percentiles of fasting serum insulin, glucose, HbA1c and
HOMA-IR in pre-pubertal normal weight European children from
the IDEFICS cohort. Int J Obes 38(2):S39–S47

27. Avelar E, Cloward TV, Walker JM, Farney RJ, Strong M,
Pendleton RC, Segerson N, Adams TD, Gress RE, Hunt SC,
Litwin SE (2007) Left ventricular hypertrophy in severe obesity:

1601Eur J Pediatr (2021) 180:1593–1602

https://doi.org/
https://doi.org/10.1080/14737175.2018.1528874
https://doi.org/10.1080/14737175.2018.1528874
https://doi.org/10.1038/s41572-019-0125-9
https://doi.org/10.1210/er.2006-0002
https://doi.org/10.1210/er.2006-0002
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1007/s00401-017-1769-8
https://doi.org/10.1007/s00401-017-1769-8
https://doi.org/10.1530/EC-19-0074
https://doi.org/10.1210/jc.2011-0174
https://doi.org/10.1210/jc.2011-0174
https://doi.org/10.1530/EJE-17-0044
https://doi.org/10.1530/EJE-17-0044
https://doi.org/10.1097/00006123-200002000-00007
https://doi.org/10.1097/00006123-200002000-00007
https://doi.org/10.1159/000504512
https://doi.org/10.1159/000504512
https://doi.org/10.3389/fendo.2011.00049
https://doi.org/10.3389/fendo.2011.00049
https://doi.org/10.1111/j.1365-2265.2004.02196.x
https://doi.org/10.1111/j.1365-2265.2004.02196.x
https://doi.org/10.1210/jc.2014-3525
https://doi.org/10.15761/MCA.1000134
https://doi.org/10.1016/S0735-1097(99)00630-0
https://doi.org/10.1159/000435795
https://doi.org/10.1530/EJE-11-0158
https://doi.org/10.1530/EJE-11-0158
https://doi.org/10.1210/jc.2012-2069
https://doi.org/10.1210/jc.2012-2069


interactions among blood pressure, nocturnal hypoxemia, and body
mass. Hypertension 49(1):34–39. https://doi.org/10.1161/01.HYP.
0000251711.92482.14

28. Crisostomo LL, Araujo LM, Camara E, Carvalho C, Silva FA,
Vieira M, Rabelo A Jr (1999) Comparison of left ventricular mass
and function in obese versus nonobese women <40 years of age.
Am J Cardiol 84(9):1127–1129, A1111. https://doi.org/10.1016/
s0002-9149(99)00519-6

29. de Simone G, DevereuxRB, RomanMJ, AldermanMH, Laragh JH
(1994) Relation of obesity and gender to left ventricular hypertro-
phy in normotensive and hypertensive adults. Hypertension 23(5):
600–606. https://doi.org/10.1161/01.hyp.23.5.600

30. Otto ME, Belohlavek M, Khandheria B, Gilman G, Svatikova A,
Somers V (2004) Comparison of right and left ventricular function
in obese and nonobese men. Am J Cardiol 93(12):1569–1572.
https://doi.org/10.1016/j.amjcard.2004.02.073

31. Peterson LR, Waggoner AD, Schechtman KB, Meyer T, Gropler
RJ, Barzilai B, Davila-Roman VG (2004) Alterations in left ven-
tricular structure and function in young healthy obese women: as-
sessment by echocardiography and tissue Doppler imaging. J Am
Coll Cardiol 43(8):1399–1404. https://doi.org/10.1016/j.jacc.2003.
10.062

32. Cuspidi C, Rescaldani M, Sala C, Grassi G (2014) Left-ventricular
hypertrophy and obesity: a systematic review and meta-analysis of
echocardiographic studies. J Hypertens 32(1):16–25. https://doi.
org/10.1097/HJH.0b013e328364fb58

33. Vasan RS (2003) Cardiac function and obesity. Heart 89(10):1127–
1129. https://doi.org/10.1136/heart.89.10.1127

34. Ebong IA, Goff DC Jr, Rodriguez CJ, Chen H, Bertoni AG (2014)
Mechanisms of heart failure in obesity. Obes Res Clin Pract 8(6):
e540–e548. https://doi.org/10.1016/j.orcp.2013.12.005

35. Morricone L, Malavazos AE, Coman C, Donati C, Hassan T,
Caviezel F (2002) Echocardiographic abnormalities in normoten-
sive obese patients: relationship with visceral fat. Obes Res 10(6):
489–498. https://doi.org/10.1038/oby.2002.67

36. Patil S, Mandade A, Shelke A, Kawade R, Sanyal K (2017) A study
to assess the effects of obesity on ventricular function by 2D
echocardiogharphy. Int J Contemp Med Res 4:77.83

37. Alexescu TG, Cozma A, Sitar-Taut A, Negrean V, Handru MI,
Motocu M, Tohanean N, Lencu C, Para I (2016) Cardiac changes
in overweight and obese patients. Rom J Intern Med 54(3):161–
172. https://doi.org/10.1515/rjim-2016-0022

38. Roth CL (2015) Hypothalamic obesity in craniopharyngioma pa-
tients: disturbed energy homeostasis related to extent of hypotha-
lamic damage and its implication for obesity intervention. J Clin
Med 4(9):1774–1797

39. Alpert MA, Lambert CR, Panayiotou H, Terry BE, Cohen MV,
Massey CV, Hashimi MW, Mukerji V (1995) Relation of duration
of morbid obesity to left ventricular mass, systolic function, and
diastolic filling, and effect of weight loss. Am J Cardiol 76(16):
1194–1197. https://doi.org/10.1016/s0002-9149(99)80338-5

40. Grandi AM, Zanzi P, Piantanida E, Gaudio G, Bertolini A, Guasti
L, Venco A (2000) Obesity and left ventricular diastolic function:
noninvasive study in normotensives and newly diagnosed never-
treated hypertensives. Int J Obes Relat Metab Disord 24(8):954–
958. https://doi.org/10.1038/sj.ijo.0801261

41. Zeller J, Strack C, Fenk S, Mohr M, Loew T, Schmitz G, Maier L,
Fischer M, Baessler A (2016) Relation between obesity, metabolic
syndrome, successful long-termweight reduction, and right ventric-
ular function. Int Heart J 57(4):441–448. https://doi.org/10.1536/
ihj.15-403

42. Weinberg EO, Thienelt CD, Katz SE, Bartunek J, Tajima M,
Rohrbach S, Douglas PS, Lorell BH (1999) Gender differences in

molecular remodeling in pressure overload hypertrophy. J Am Coll
Cardiol 34(1):264–273

43. Olsson MC, Palmer BM, Leinwand LA, Moore RL (2001) Gender
and aging in a transgenic mouse model of hypertrophic cardiomy-
opathy. Am J Physiol Heart Circ Physiol 280(3):H1136–H1144

44. Tamura T, Said S, Gerdes AM (1999) Gender-related differences in
myocyte remodeling in progression to heart failure. Hypertension
33(2):676–680

45. Luchner A, Bröckel U, Muscholl M, Hense H-W, Döring A,
Riegger GA, Schunkert H (2002) Gender-specific differences of
cardiac remodeling in subjects with left ventricular dysfunction: a
population-based study. Cardiovasc Res 53(3):720–727

46. Li C, Ford ES, Li B, Giles WH, Liu S (2010) Association of tes-
tosterone and sex hormone–binding globulin with metabolic syn-
drome and insulin resistance in men. Diabetes Care 33(7):1618–
1624

47. Čulić V (2015) Androgens in cardiac fibrosis and other cardiovas-
cular mechanisms. Int J Cardiol 179:190–192

48. Giagulli VA, Kaufman JM, Vermeulen A (1994) Pathogenesis of
the decreased androgen levels in obese men. J Clin Endocrinol
Metab 79(4):997–1000

49. Canoy D, Barber T, Pouta A, Hartikainen A, McCarthy M, Franks
S, Järvelin M, Tapanainen J, Ruokonen A, Huhtaniemi I (2014)
Serum sex hormone-binding globulin and testosterone in relation
to cardiovascular disease risk factors in young men: a population-
based study. Eur J Endocrinol 170(6):863–872

50. Pencina K, Travison T, Bhasin S, Li Z, Nigam N, Manning W,
Vasan R, Hoffmann U, O’Donnell C, Basaria S (2019)
Endogenous circulating testosterone and sex hormone-binding
globulin levels and measures of myocardial structure and function:
the Framingham Heart Study. Andrology 7(3):307–314

51. Khera M, Broderick GA, Carson III CC, Dobs AS, Faraday MM,
Goldstein I, Hakim LS, HellstromWJ, Kacker R, Köhler TS (2016)
Adult-onset hypogonadism. In: Mayo Clinic Proceed, vol 7.
Elsevier, pp 908–926

52. Tagi VM, Giannini C, Chiarelli F (2019) Insulin resistance in chil-
dren. Front Endocrinol (Lausanne) 10:342

53. Ye J (2013)Mechanisms of insulin resistance in obesity. FrontMed
7(1):14–24

54. Ohya Y, Abe I, Fujii K, Ohmori S, Onaka U, Kobayashi K,
Fujishima M (1996) Hyperinsulinemia and left ventricular geome-
try in a work-site population in Japan. Hypertension 27(3):729–734

55. Sciacqua A, Cimellaro A, Mancuso L, Miceli S, Cassano V,
Perticone M, Fiorentino TV, Andreozzi F, Succurro E, Sesti G
(2020) Different patterns of left ventricular hypertrophy in meta-
bolically healthy and insulin-resistant obese subjects. Nutrients
12(2):412

56. Kaftan HA, Evrengul H, Tanriverdi H, Kilic M (2006) Effect of
insulin resistance on left ventricular structural changes in hyperten-
sive patients. Int Heart J 47(3):391–400

57. Murakami K, Shigematsu Y, Hamada M, Higaki J (2004) Insulin
resistance in patients with hypertrophic cardiomyopthy. Circulation
J 68(7):650–655

58. Shereef AS, Kandeel NT (2019) The relation between insulin resis-
tance and left ventricular mass in hypertensive nondiabetic patients.
J Ind Coll Cardiol 9(2):100

59. Csige I, Ujvarosy D, Szabo Z, Lorincz I, Paragh G, Harangi M,
Somodi S (2018) The impact of obesity on the cardiovascular sys-
tem. J Diabetes Res 2018:3407306–3407312. https://doi.org/10.
1155/2018/3407306

1602 Eur J Pediatr (2021) 180:1593–1602

https://doi.org/10.1161/01.HYP.0000251711.92482.14
https://doi.org/10.1161/01.HYP.0000251711.92482.14
https://doi.org/10.1016/s0002-9149(99)00519-6
https://doi.org/10.1016/s0002-9149(99)00519-6
https://doi.org/10.1161/01.hyp.23.5.600
https://doi.org/10.1016/j.amjcard.2004.02.073
https://doi.org/10.1016/j.jacc.2003.10.062
https://doi.org/10.1016/j.jacc.2003.10.062
https://doi.org/10.1097/HJH.0b013e328364fb58
https://doi.org/10.1097/HJH.0b013e328364fb58
https://doi.org/10.1136/heart.89.10.1127
https://doi.org/10.1016/j.orcp.2013.12.005
https://doi.org/10.1038/oby.2002.67
https://doi.org/10.1515/rjim-2016-0022
https://doi.org/10.1016/s0002-9149(99)80338-5
https://doi.org/10.1038/sj.ijo.0801261
https://doi.org/10.1536/ihj.15-403
https://doi.org/10.1536/ihj.15-403
https://doi.org/10.1155/2018/3407306
https://doi.org/10.1155/2018/3407306

	Cardiac remodeling in patients with childhood-onset craniopharyngioma—results of HIT-Endo and KRANIOPHARYNGEOM 2000/�2007
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	References


