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Abstract 

Context:  Patients with craniopharyngioma suffer from obesity and impaired bone 
health. Little is known about longitudinal changes in body composition and bone mineral 
density (BMD).
Objective: To describe body composition and BMD (change).
Design:  Retrospective longitudinal study.
Setting: Two Dutch/Swedish referral centers.
Patients:  Patients with craniopharyngioma (n = 112) with a dual X-ray absorptiometry 
(DXA) scan available (2 DXA scans, n = 86; median Δtime 10.0 years; range 0.4-23.3) at 
age ≥ 18 years (58 [52%] male, 50 [45%] childhood onset).
Main outcome measures:  Longitudinal changes of body composition and BMD, and 
associated factors of ΔZ-score (sex and age standardized).
Results:  BMI (from 28.8 ± 4.9 to 31.2 ± 5.1 kg/m2, P < .001), fat mass index (FMI) (from 
10.5 ± 3.6 to 11.9 ± 3.8 kg/m2, P = .001), and fat free mass index (FFMI) (from 18.3 ± 3.2 
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to 19.1 ± 3.2  kg/m2, P < .001) were high at baseline and increased. Fat percentage 
and Z-scores of body composition did not increase, except for FFMI Z-scores (from 
0.26 ± 1.62 to 1.06 ± 2.22, P < .001). Z-scores of total body, L2-L4, femur neck increased 
(mean difference 0.61 ± 1.12, P < .001; 0.74 ± 1.73, P < .001; 0.51 ± 1.85, P = .02). Linear 
regression models for ΔZ-score were positively associated with growth hormone 
replacement therapy (GHRT) (femur neck: beta 1.45 [95% CI 0.51–2.39]); and negatively 
with radiotherapy (femur neck: beta –0.79 [–1.49 to –0.09]), glucocorticoid dose (total 
body: beta –0.06 [–0.09 to –0.02]), and medication to improve BMD (L2-L4: beta –1.06 
[–1.84 to –0.28]).
Conclusions:  Z-scores of BMI, fat percentage, and FMI remained stable in patients 
with craniopharyngioma over time, while Z-scores of FFMI and BMD increased. Higher 
glucocorticoid dose and radiotherapy were associated with BMD loss and GHRT with 
increase.

Freeform/Key Words: craniopharyngioma, DXA, body composition, sarcopenia, bone mineral density, longitudinal 
study

Patients with craniopharyngioma (CP) suffer from a tumor 
that may affect the pituitary, optic nerve, and hypothal-
amus, causing damage and impaired function of these 
important structures (1). The age at presentation of the 
disease has a bimodal distribution, with incidence peaks 
observed in children aged 5 to 14 years (childhood onset 
[CO] patients with CP) and in adults aged 50 to 74 years 
(adulthood onset [AO] patients with CP) (2, 3). Patients 
with CP have excess mortality (1, 3, 4), especially due to 
obesity-related disorders (standardized mortality ratio 
3.2-19) (3-7). Neurological or endocrinological dysfunc-
tion may increase fracture risk (8) and obesity. Obesity 
was reported in up to 75% of the patients (9). Several fac-
tors may contribute to obesity in patients with CP, such 
as endocrine aberrations related to hypopituitarism, visual 
and neurological sequelae with decreased sympathetic 
nerve activity, sleep disturbances, and daytime somnolence 
(10). The simplest way to investigate obesity is to calculate 
body mass index (BMI): it is noninvasive and inexpensive. 
Unfortunately, it does not well differentiate body fat from 
fat free mass (11). Dual X-ray absorptiometry (or DXA 
scan) is considered a reliable method to determining body 
composition in case of suspected discordance of BMI and 
adiposity (9, 12), and can be used to measure bone min-
eral density (BMD) (13). Only a couple of small studies 
have published cross-sectional data on DXA scan–derived 
body composition measures in patients with CP (14-17). 
In a study including 11 patients with CP, it was found 
that resting energy rate was significantly reduced in obese 
subjects, even after controlling for fat free mass (16). In 
another study with 185 CO patients with CP, obesity was 
found to be associated with higher BMI at diagnosis, higher 
maternal BMI, presence of ventriculoperitoneal shunts, and 
hypothalamic tumor involvement (18).

Studies in patients with CP investigating the longitu-
dinal changes in BMI (18-21) or body composition (15) 
are scarce. Weight gain in patients with CP was observed 
mostly before (19) or in the first year after treatment/diag-
nosis (18, 19, 22, 23). The only study investigating changes 
in body fat percentage (BF%) in 19 patients with CP re-
ceiving growth hormone replacement treatment (GHRT) 
reported no change in BF% after 60 months of follow-up 
(15). To the best of our knowledge, no longitudinal studies 
in patients with CP on sarcopenia or BMD change and 
influencing factors for BMD change have been performed 
to date (1, 24-28). Therefore, the aim of the present study 
was to describe the course of body composition and BMD 
in patients with CP, during follow-up, and to identify po-
tential influencing factors for BMD changes.

Materials and Methods

This longitudinal retrospective study included patients who 
were treated for craniopharyngioma either at the Erasmus 
MC (Rotterdam, The Netherlands), or Sahlgrenska 
University Hospital (Gothenburg, Sweden). Only DXA 
scans from patients over 18  years of age were included 
in the study. The research proposal was approved by the 
Ethics Review Board of the Erasmus MC and the Regional 
Ethics Review Board of the Gothenburg University; all pa-
tients gave their informed consent.

Data collection and patient identification methods have 
previously been described (4, 8, 24). Data were collected 
from the first and most recent DXA scan regardless of 
scanner type. DXA scan data included pooled data of Lunar 
DPXL, Lunar iDXA, Lunar Prodigy. The study evaluated the 
Lunar DPXL and Lunar Prodigy data separately, since dif-
ferent scanner types might generate different results (8). We 
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did not do this for the Lunar iDXA because there was only 
a limited number of results from this scanner type. Gathered 
data existed of body composition measures (such as BF%, 
fat mass index [FMI] and fat free mass index [FFMI]), BMI, 
and BMD values and corresponding sex-specific T-scores 
and sex- and age-specific Z-scores as described in DXA 
scanner reports. The mean of the differences between first 
and last DXA scan was calculated. Furthermore, sex- and 
age-specific Z-scores were computed (29-38); for body com-
position measures, Swedish references were used if Dutch 
references were unavailable (9, 34).

All definitions were previously described (8). Hypothalamic 
damage was defined as tumor- and/or treatment-related 
injury to the hypothalamus and/or third ventricle as visual-
ized by neuroimaging (9, 24). In our analysis we evaluated 
patients who had radiotherapy and hypothalamic damage 
together as 1 group, as we assumed that they had hypo-
thalamic dysfunction. Medication to improve BMD was 
defined as current or past use of bisphosphonates, vitamin 
D, or calcium (gonadal axis replacement therapy or other 
hormonal replacement therapy were excluded for this def-
inition). Patients were categorized as using high or low 
glucocorticoid dose, where patients with mean or higher 
glucocorticoid dose (17.7 mg of hydrocortisone equivalent 
dose) were considered to have a high dose. FFMI was cal-
culated as lean mass and mineral bone mass (kg) per square 
height (meters); FMI as body fat mass (kg) per square 
height (meters); and BMI as total body weight per square 
height (meters).

Cut-offs of categories for BMD (osteopenia and osteo-
porosis) (39) and for high or low body composition 
measures are shown in Table 1 and (40). All supplemen-
tary material and figures are located in a digital research 

materials repository (40). BMD categories may be specified 
through single or multiple sites (at either of femur neck, 
L2-L4, and/or total body). Patients were considered as 
obese based on BMI Z-scores >2.0.

Statistical analysis

Statistical analysis was performed using Version 25.0 of IBM 
SPSS Statistics for Windows, and Graphpad Version 8.01. 
Data are presented as mean and standard deviation (SD) 
unless stated otherwise. P < .05 were considered significant. 
Comparisons of proportions were performed by using either 
the χ 2 test, the Fisher’s exact test or McNemar’s test as ap-
propriate. For normally distributed data, the T-test was used 
for group comparisons, while nonparametric equivalents 
were used in case of violation of the normality assumption. 
Univariable and multivariable linear regression models were 
estimated to investigate determinants of changes in BMD 
Z-scores; baseline Z-scores and age at first DXA scan were in-
corporated in each model. The model with the biggest R2 and 
most significant variables was ultimately chosen. A diagnostic 
check was performed on model fitting, homoscedasticity, 
multicollinearity, influential cases, and outliers.

Results

Baseline characteristics of subjects

Baseline characteristics of 112 included patients with CP 
are shown in Table 2. Most of the included patients ori-
ginate from a previously reported cohort (4, 24). Patients 
were previously treated with surgery (n = 108; in 64 pa-
tients a transsphenoidal approach and in 29 patients a 
transcranial approach), radiotherapy (n = 61), and yt-
trium (n = 13). The median number of surgical proced-
ures was 1 (mean 1.3 ± 0.9, range 0-5). The median age 
at first presentation of CP was 25  years (range 0-73). 
Mean follow-up time was 19 ± 11  years (range 1-62). 
At last follow-up, 15 patients (13%) had died. Men re-
ceived less often medication to improve BMD (4 [7%] vs 
12 [22%], P = .02) than women (as previously reported) 
(8). Gonadal deficiencies were not different between men 
and women (95% vs 85%, P = .15). Gonadal axis re-
placement therapy was more often administered to men 
than women (91% vs 57% P < .001) but not different if 
postmenopausal women (defined as >51 years) were ex-
cluded (91% vs 94%, P = 1.00). Of 105 growth hormone 
deficient patients, 93 were using GHRT (89%). Patients 
diagnosed before the year 2000 or from 2000 and on-
wards did not show any differences in body composition 
or BMD, except for total body BMD Z-score (–0.22 ± 1.48 
vs 0.51 ± 1.24, P = .04) (40). 

Table 1.  Definitions of cut-offs for body composition and 

BMD measures

Male Female

Body composition
  High BMI ≥ 30 kg/m2 or Z-score 

≥2 
≥ 30 kg/m2 or Z-score ≥2 

  High BF% ≥26% if aged 
20-39 years old 
or ≥29% if aged 
40-59 years old, or 
Z-score ≥2 (38)

≥39% if aged 20-39 years 
old; ≥41% if aged 
40-59 years old, or 
Z-score ≥2

  High FMI ≥ 9 or Z-score ≥2 (37) ≥ 13 or Z-score ≥2 
  Low FFMI Z-score ≤–2 Z-score ≤–2 
BMD
  Osteopenia T-score –1 to –2.5 or Z-score –1 to –2
  Osteoporosis T-score ≤–2.5 or Z-score ≤–2

Abbreviations: BF%, body fat percentage; BMD, bone mineral density; BMI, 
body mass index; FMI, fat mass index; FFMI, fat free mass index.
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Baseline values and longitudinal change in body 
composition

Median age at first DXA scan was 36 years (range 18-79) 
and age at last follow-up was 49 years (range 16-82). The 
median time since first tumor related treatment at first DXA 
scan was 9.9  years (range –9.2 to 47.0) and the median 
time between the first and last DXA scan was 10.0 years 
(range 0.41-23.3). The proportion of patients with obesity 
increased when defined by BMI Z-scores (from 28 [41%] 
to 38 [55%], P = .02) and FMI Z-scores (from 28 [48%] 
to 36 [61%], P = .04); other definitions of obesity did not 
change during follow-up (Table 3). Unstandardized values 
of BMI (from 28.8 ± 4.9 to 31.2 ± 5.2  kg/m2, P < .001), 
FMI (from 10.5 ± 3.6 to 11.9 ± 3.8  kg/m2, P = .001) and 
FFMI (from 18.3 ± 3.2 to 19.1 ± 3.2 kg/m2, P < .001) were 
high at baseline and increased significantly (Table 4, Fig. 1, 
and (40)). However, if standardized, only FFMI Z-scores 
increased (from 0.26 ± 1.62 to 1.06 ± 2.22, P < .001) 
(Fig. 2). BF% (Z-scores) did not change (Table 4). There 

was no difference in change of body composition measures 
or body composition Z-scores between men and women 
over time (Figs.  1 and 2). Patients treated for CP before 
2000 had longer time difference from first to last DXA 
scan (12.4 ± 6.5 vs 6.3 ± 4.2, P < .001) but no differences 
in BMI or body composition values at first DXA scan, last 
DXA scan or change over time (data not shown).

Subgroups: childhood onset vs adulthood onset 
patients

The follow-up time since first presentation was sig-
nificantly longer in CO patients than AO patients 
(22.7 ± 12.4 vs 16.3 ± 9.0 years, P = .03). At baseline, CO 
patients had a higher proportion of subjects with normal 
BMI than AO patients (30% vs 10%, P = .02) and had 
higher BF% (39.5 ± 13.2 vs 34.2 ± 9.2, P = .048), but 
lower FFMI (16.6 ± 2.8 vs 19.7 ± 3.0, P < .001) and FFMI 
Z-score values (–0.8 ± 1.4 vs 0.7 ± 1.4, P < .001) than AO 

Table 2.  Baseline characteristics of craniopharyngioma patients

All patients with CP (n = 112) Males Females P value 

Age at last follow-up (years)a 49 (16-82) 52 (16-78) 47 (18-82) .36
Age at presentation (years)a 25 (0-73) 27 (0-62) 23 (6-73) .93
(Female/corresponding) gender, n (%) 54 (48) 58 (100) 54 (100) .78
Childhood onset disease, n (%) 50 (45) 24 (41) 26 (48) .47
Tumor location at last follow-up, n (%)
  Intrasellar 2 (2) 1 (2) 1 (2) 1.0
  Suprasellar 45 (40) 22 (38) 23 (43) .50
  Intra-/suprasellar 63 (56) 35 (60) 28 (52) .49
CP treatment
  Surgery 108 (96) 58 (100) 50 (93) .05
  Radiation 62 (55) 31 (53) 31 (57) .71
Pituitary deficiencies
  GH deficiencyc 105 (94)/93 (83) 53 (91)/48 (83) 52 (96)/45 (83) .44 
  TSH deficiencyc 107 (96)/107 (96) 58 (100)/58 (100) 49 (91)/49 (91) .02
  Hypogonadismcb 102 (91)/84 (75) 55 (95)/53 (91) 47 (87)/31 (57) .19
  Corticotropic deficiencyc 95 (85)/92 (84) 53 (91)/50 (89) 42 (78)/42 (78) .045
  ADH deficiencyc 76 (68)/75 (67) 40 (69)/40 (69) 36 (67)/35 (65) .80
Medical history
  Recurrence/progression 40 (36) 19 (33) 21 (39) .54
  Hypothalamic damage 38 (36) 21 (38) 17 (35) .77
  Hydrocephalus ever 26 (23) 11 (19) 15 (28) .29
  Visual impairment 81 (76) 42 (76) 39 (75) .99
  Epilepsy 14 (13) 5 (9) 9 (17) .20
  Diabetes mellitus 13 (12) 7 (12) 6 (11) .85
  Fracture in history 21 (19) 16 (28) 5 (9) .01
  BMD medication 16 (14) 4 (7) 12 (22) .02

The bold values indicate that they are statistically significant (P < 0.05). Tumor location and recurrence or progression were unknown in 2 and 1 patient(s), respectively.
Abbreviations: ADH, antidiuretic hormone; BMD medication, bone mineral density increasing medication; CP, Craniopharyngioma; GH, growth hormone; N, 
number; TSH, thyroid stimulating hormone. 
aMedian (range).
bIn females aged 50 years or younger and men, 83/90 subjects (92%) used gonadal hormone replacement therapy.
cAll/using replacement therapy.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/12/e4626/5900043 by U
niversiteit Leiden / LU

M
C

 user on 12 D
ecem

ber 2022



e4630 � The Journal of Clinical Endocrinology & Metabolism, 2020, Vol. 105, No. 12

patients. During follow-up, CO patients increased more 
in BMI than AO patients (mean difference 2.8 ± 3.9 vs 
1.3 ± 2.9, P = .008) and increased in BF% Z-scores while 
AO patients decreased (mean difference 0.2 ± 0.9 vs 
–0.3 ± 0.6, P = .04).

Subgroups: patients with vs without 
radiotherapy/hypothalamic damage

This group consisted of 34 patients who had radio-
therapy only, 16 patients who had hypothalamic damage 
only, and of 22 patients who had both. At baseline, pa-
tients with radiotherapy or hypothalamic damage had a 
significant higher BMI (29.6 ± 5.1 vs 27.2 ± 4.3, P = .02), 
higher BMI Z-scores (1.7 ± 1.9 vs 0.7 ± 1.7, P = .004), 

and higher FMI Z-scores (1.6 ± 1.5 vs 1.0 ± 1.2, P = .06). 
As a group, they had an increase in BF% Z-scores in-
stead of a decrease in patients without radiotherapy 
or hypothalamic damage (mean change 0.1 ± 0.7 vs 
–0.3 ± 0.8, P = .02) and increased more in FMI (mean 
change 1.3 ± 2.6 vs 0.2 ± 2.1, P = .03). At last DXA scan, 
patients with radiotherapy or hypothalamic damage had 
not only a higher total body mass and fat-related body 
composition measures (BMI 32.3 ± 5.6 vs 29.2 ± 3.5, 
P = .01; BMI Z-scores 1.8 ± 1.7 vs 1.0 ± 1.2, P = .01; 
BF% Z-scores 1.8 ± 0.8 vs 1.3 ± 1.1, P = .03; FMI 
Z-scores 2.5 ± 1.6 vs 1.4 ± 1.3, P = .007), but also higher 
muscle mass-related measures (FFMI Z-scores 1.5 ± 2.6 
vs 0.3 ± 1.4, P = .03) than patients without radiotherapy 
or hypothalamic damage.

Table 3.  Baseline DXA scan and changes of BMD and body 

composition categories

All CP

First DXA scan Last DXA scan P

Age (years) 37 ± 15 48 ± 16 <.001
Osteoporosis (T/Z-score) 19/79 (24) 20/79 (25) 1.00
Osteoporosis (T-score) 13/75 (17) 18/75 (24) .38
Osteoporosis (Z-score) 19/77 (25) 13/77 (17) .24
Osteopenia (T/Z-score) 47/78 (60) 42/79 (53) .41
Osteopenia (T-score) 38/75 (51) 27/75 (36) .04
Osteopenia (Z-score) 39/77 (51) 34/77 (44) .46
BMI 28.8 ± 4.9 31.2 ± 5.1 <.001
BMI Z-score 1.4 ± 1.9 1.5 ± 1.6 .38
  Low BMI 2/69 (3) 1/69 (1) 1.00
  Normal BMI 12/69 (17) 5/69 (7) .04
  Overweight 27/69 (39) 25/69 (36) .83
  Obese 28/69 (41) 38/69 (55) .02
FMI    
  Low FMI 0/59 (0) 0/59 (0) NA
  Normal FMI 10/59 (17) 6/59 (10) .29
  Excess fat FMI 21/59 (36) 17/59 (29) .48
  Obese FMI 28/59 (48) 36/59 (61) .04
FFMI    
  Low FFMI 5/41 (12) 2/41 (5) .25
  Normal FFMI 29/41 (71) 29/41 (71) 1.00
  High FFMI 7/41 (17) 10/41 (24) .25
BF%    
  Low BF% 0/48 (0) 0/48 (0) NA
  Normal BF% 16/48 (33) 12/49 (25) .34
  High BF% 31/48 (65) 36/48 (75) .18

Baseline first DXA scan and changes during follow-up (Δ). Data are presented as 
mean ± SD or n/n (%) as applicable. The bold values indicate that they are sta-
tistically significant (P < 0.05). For applied cutoffs, see Table 1 and (40). There 
are no significant differences between male and females at first or last DXA scan.
Abbreviations: BF%, body fat percentage; BMI, body mass index; DXA, dual 
X-ray absorptiometry scan; FFMI, fat free mass index; FMI, fat mass index; 
NA, not applicable (empty groups). 

Table 4.  DXA results of any DXA scanner type—bone 

mineral density and body composition in all patients with 

craniopharyngioma

First DXA 
scan

Last DXA 
scan

Δ P

Age (years)  37.0 ± 14.9  48.0 ± 16.5 11.0 ± 6.5 <.001
Bone     
Bone mineral 

density
    

  Total body  1.17 ± 0.13  1.19 ± 0.16  0.04 ± 0.10 .001
  L2-L4  1.13 ± 0.19  1.22 ± 0.26  0.11 ± 0.17 <.001
  Femur neck  0.96 ± 0.18  0.99 ± 0.22  0.04 ± 0.26 .29
  Femur  1.03 ± 0.21  1.04 ± 0.21  0.03 ± 0.32 .70
T-score     
  Total body –0.10 ± 1.49  0.43 ± 1.68  0.66 ± 1.07 <.001
  L2-L4 –0.70 ± 1.57  0.14 ± 2.03  0.78 ± 1.63 <.001
  Femur neck –0.64 ± 1.48 –0.40 ± 1.60  0.23 ± 1.95 .44
  Femur –0.27 ± 1.61 –0.10 ± 1.52  0.26 ± 2.19 .53
Z-score     
  Total body –0.49 ± 1.37 –0.05 ± 1.44  0.61 ± 1.12 <.001
  L2-L4 –0.77 ± 1.59 –0.03 ± 1.97  0.74 ± 1.73 <.001
  Femur neck –0.62 ± 1.32 –0.09 ± 1.33  0.51 ± 1.85 .02
  Femur –0.32 ± 1.44 –0.01 ± 1.35  0.29 ± 2.11 .55
Body composition     
BMI 28.8 ± 4.9 31.2 ± 5.1  2.01 ± 3.36 <.001
BMI Z-score 1.39 ± 1.92 1.52 ± 1.55  0.09 ± 1.41 .38
FMI 10.5 ± 3.6 11.9 ± 3.8  0.97 ± 2.43 .001
FMI Z-score 1.37 ± 1.41 2.14 ± 1.46  0.10 ± 0.90 .43
FFMI 18.3 ± 3.2 19.1 ± 3.2  1.13 ± 1.87 <.001
FFMI Z-score 0.26 ± 1.62 1.06 ± 2.22  0.91 ± 1.39 <.001
BF% 36.4 ± 11.6 37.5 ± 8.4  0.28 ± 9.37 .15
BF% Z-score 1.41 ± 1.06 1.62 ± 0.96 -0.02 ± 0.73 .61

Data are expressed as mean ± SD. The bold values indicate that they are statis-
tically significant (P < 0.05).
Abbreviations: Δ, mean difference; BF%, body fat percentage; BMD, bone 
mineral density; BMI, body mass index; DXA, dual X-ray absorptiometry; 
FFMI, fat free mass index; FMI, fat mass index; N, number.
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Subgroups: patients with vs without certain 
pituitary hormone deficiencies

Patients with gonadal axis deficiency increased in BMI 
Z-scores (mean difference 0.2 ± 1.4 vs –0.7 ± 1.0, P = .03) 
and increased more in higher FFMI at last DXA scan than pa-
tients without gonadal axis deficiency (mean change 1.4 ± 1.9 
vs –0.2 ± 1.2, P = .009). Patients with adrenocorticotropin 
deficiency increased during follow-up in BMI Z-scores (mean 
difference 0.2 ± 1.5 vs –0.6 ± 1.0, P = .03) and FMI Z-scores 
(mean difference 0.1 ± 0.7 vs –0.4 ± 1.5, P = .03). If patients 
with diabetes insipidus (DI) were compared with patients 
without DI, they increased more in BMI (mean difference 
2.6 ± 3.6 vs 0.8 ± 2.6, P = .02), FMI Z-scores (mean differ-
ence 0.2 ± 0.7 vs –0.2 ± 1.1, P = .006), and FFMI Z-scores 
from first to last DXA scan (mean difference 1.4 ± 1.4, vs 
0.1 ± 1.1, P = .005). Patients with high glucocorticoid dose 
had no significant differences from patients with low gluco-
corticoid dose except for higher unstandardized FFMI at first 
DXA scan (19.0 ± 3.2 vs 16.9 ± 2.6, P = .003) and at last 
DXA scan (19.6 ± 3.3 vs 18.1 ± 2.7, P = .04).

Longitudinal change in BMD

BMD, and corresponding T- and Z-scores were slightly 
below average at baseline, but increased for total body and 
L2-L4, and the Z-score for femur neck as well (mean differ-
ence Z-scores 0.61 ± 1.12, P < .001; 0.74 ± 1.73, P < .001; 
0.51 ± 1.85, P = .02, respectively) (Table  4 and Fig.  3). 
There was no significant difference in (change in) Z-scores 
between patients with or without radiotherapy, with or 
without hypothalamic damage, with or without tumor pro-
gression, or CO or AO patients (Fig. 3). There was a de-
crease in osteopenia rates from first to last DXA scan in the 
entire group if it defined by low T-score (38 [51%] vs 27 
[36%], P = .04) but no difference in proportion of osteo-
porosis at first (19 [24%]) or last (20 [24%]) DXA scan 
(P = 1.00) (Table 3). Patients treated for CP before 2000 
had lower total body Z-scores at first (–0.77 ± 1.30 vs 
0.11 ± 1.36, P = .02) and last (–0.22 ± 1.48 vs 0.51 ± 1.24, 
P = .04) DXA scan than patients treated from 2000 and 
onwards. Other BMD-related values did not differ (data 
not shown).
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Figure 1.  Body composition measures men and women with craniopharyngioma. Unstandardized mean and SD of fat free mass index (FFMI; red 
circles), fat mass index (FMI; blue squares), body fat percentage (BF%; black/orange triangles), and body mass index (BMI; purple triangles) are 
shown at the first dual X-ray absorptiometry (DXA) scan (T1) and last DXA scan (T2) in male (A) and female (B) patients with craniopharyngioma. As 
expected, men had significantly lower FMI values than women at T1 and T2 (P ≤ .001), lower BF% (P < .001), and higher FFMI (P < .001); there was no 
difference in BMI or in changes from T1 to T2. There was a significant increase from T1 to T2 in all patients in BMI (P < .001), FMI (P = .001), and FFMI 
(P < .001), but not BF% (P = .15).
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Prodigy and DPXL

Using the Lunar Prodigy, almost all body composition re-
sults increased significantly, but not using DPXL (40). The 
BMD results follow a similar pattern, except for femur 
neck: femur neck BMD, T-scores, and Z-scores significantly 
improved if measured using Lunar DPXL, in contrast to 
Lunar Prodigy.

Effect of prognostic factors for change in BMD 
Z-scores

Univariable and multivariable linear regression models 
were estimated to identify possible predictors of changes in 
total body Z-score, L2-L4 Z-score, and femur neck Z-score 
(Table 5).

In a univariable model, time from first to last DXA 
scan (beta 0.04 [0.003-0.08]), hydrocortisone equivalent 
dose (beta –0.06 [–0.10 to –0.02]) and medication to im-
prove BMD (beta –0.95 [1.83 to –0.08]) were associated 
with change in total body Z-score. In the multivariable 
analysis, time from first to last DXA scan was not associ-
ated with change in total body Z-score (beta 0.03 [–0.005 
to 0.07]) while hydrocortisone equivalent dose was (beta 
–0.06 [–0.09 to –0.02]). In a univariable model, medica-
tion to improve BMD and progression were not associated 
with change in L2-L4 Z-score (beta –1.30 [–2.78 to 0.18] 
and beta 0.86 [0.02-1.73], respectively). In multivariable 
analysis, medication to improve BMD was associated with 
change in L2-L4 Z-score (beta –1.06 [–1.84 to –0.28]), 
while tumor progression was not (beta 0.04 [–0.45 to 
0.52]). In the univariable model for change in femur neck 
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Figure 2.  BMI Z-scores at first and last dual X-ray absorptiometry (DXA) scan. Sex- and age-standardized Z-scores are presented for (A) body mass 
index (BMI), (B) body fat percentage (BF%), (C) fat free mass index (FFMI), and (D) fat mass index at first (T1) and last (T2) DXA scan. Data are given 
as mean ± standard deviation. Male and female patients did not differ in body composition Z-scores. Patients with recurrence or progression of dis-
ease increased in BMI Z-scores while patients without recurrence or progression decreased (mean change 0.7 ± 1.3 vs –0.3 ± 1.4, P = .04). Patients 
with hypothalamic damage or radiotherapy had higher BMI Z-scores at T1 (1.7 ± 1.9 vs 0.7 ± 1.7, P = .004) and T2 (1.8 ± 1.7 vs 1.0 ± 1.2, P = .01), higher 
BF% Z-scores at T1 (1.6 ± 1.0 vs 1.1 ± 1.2, P = .03) and T2 (1.8 ± 0.8 vs 1.3 ± 1.1, P = .03), and differed in change of BF% Z-scores from T1 to T2 (0.1 ± 0.7 vs 
–0.3 ± 0.8, P = .02). They also had a higher FMI Z-scores at T1 (1.6 ± 1.5 vs 1.0 ± 1.2, P = .06) and T2 (2.5 ± 1.4 vs 1.4 ± 1.3, P = .007), and FFMI Z-scores at 
T2 (1.5 ± 2.6 vs 0.3 ± 1.4, P = .03). Childhood-onset patients had higher BF% Z-scores at T2 (1.9 ± 0.8 vs 1.3 ± 1.0, P = .02) than adult-onset patients and 
increased instead of decreased in BF% Z-scores from T1 to T2 (mean difference 0.2 ± 0.9 vs –0.3 ± 0.6, P = .04). They also had lower FFMI Z-scores at 
T1 (–0.8 ± 1.4 vs 0.7 ± 1.4, P < .001) and borderline lower FFMI Z-scores at T2 (0.6 ± 2.4 vs 1.6 ± 2.0, P = .07).
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Z-score, GHRT (beta 1.45 [0.51-2.39]) and previous radio-
therapy (beta –0.79 [–1.49 to –0.09]) were significant ex-
planatory variables. In multivariable analysis, GHRT and 
radiotherapy were however not identified as significant 
prognostic factors (with corresponding estimated regres-
sion coefficients of beta –0.37 [–1.27 to 0.53]) and –0.05 
[–0.67 to 0.57]).

Discussion

This is the first study assessing longitudinally changes in 
86 patients with CP, comparing anthropometric and BMD 
data, with a follow-up of 10 years. In addition, we investi-
gated prognostic factors for BMD change.

Body composition improved in patients with CP 
during follow-up: FFMI increased and was relatively high, 
implying an improvement in muscle mass and bone mass, 
and suggesting that there was hardly any sign of sarcopenic 
obesity. This increase in age-standardized FFMI was pecu-
liar, since in the general population FFMI usually decreases 
with advancing age (41, 42). One may suggest that this in-
crease in muscle and bone mass might be related to physical 
functioning. However, it is unclear whether gain in muscle 
mass was a reflection of improved physical performance 
or sufficient hormonal replacement therapy. In the elderly 
general population, impaired physical activity performance 
was associated with FMI rather than with FFMI (43), and 
in the male general population, FFMI had a U-shaped re-
lationship with mortality (44). It is unknown whether the 
increase in FFMI in our study population affected the mor-
tality in any way. We observed an increase in unstandard-
ized values of body mass and fat-related measures, but not 
in the age- and sex-specific scores, suggesting that patients 
did gain fat and total weight with aging, similarly as the 
general population does. Loss of fat mass is a desired goal 
of treatment, as obesity and the metabolic syndrome occur 
very frequently in patients with CP, making improvement 
of their cardiovascular risk profile an enormous challenge 
(9). Both physical activity level and basal metabolic rate are 
usually low in patients with CP, regardless of fat free mass 
(16, 23). Patients may already gain weight in the first year 
after onset and even before diagnosis (19). This underlines 
the difficulty of developing an effective strategy in patients 
with CP to prevent the development of obesity. Thus, anti-
obesity treatment should ideally be started as soon as pos-
sible and preferably directly after confirmation of the CP 
diagnosis.

Interestingly, bone density of the total body, femur 
neck and L2-L4 improved during follow-up. Independent 
risk factors for a decrease in bone density scores were 
glucocorticoids, previous radiotherapy, and, remarkably, 
medication given to improve BMD. It is well known that 
excessive glucocorticoids can reduce bone mass (13). 
Cranial radiotherapy is not only an important risk for 
pituitary deficiencies and hypothalamic dysfunction (45), 
but also for obesity (45). The authors hypothesized that 
the improvement in BMD in our cohort was explained 
by the high obesity rates in patients with CP, as obesity 
can induce an increase in bone mass and is generally con-
sidered to be a protective factor for osteoporosis (43). 
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Figure 3.  Total body, L2-L4 and femur neck Z-scores of the first and last 
dual X-ray absorptiometry scan (DXA). Z-scores at first (T1) and last 
(T2) DXA scan in all craniopharyngioma patients of (A) total body, (B) 
L2-L4, and (C) femur neck. Data are given as mean ± standard deviation. 
Z-scores improved significantly in all patients from T1 to T2 of total body 
(from –0.49 ± 1.37 to –0.05 ± 1.44, P < .001), L2-L4 (from –0.77 ± 1.59 
to –0.03 ± 1.97, P < .001), and femur neck (from –0.62 ± 1.32 to –0.09 ± 
1.33, P = .02). There was no significant difference in Z-scores between 
patients with or without radiotherapy/recurrence or progression/hypo-
thalamic damage or patients with childhood- or adulthood-onset dis-
ease, at T1, T2, or change from T1 to T2.
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Factors involved in this increase of bone mass in obesity 
are augmented leptin levels and an increased peripheral 
conversions of androgens to estrogens (21). However, 
in our study, BMI was not associated with bone density 
change. This is in line with new findings on obesity, if 
implicated with low-grade inflammation, does not neces-
sarily concur with benefits on bone mass (43). Obesity 
may cause a state of leptin resistance (43). Central leptin 
resistance or insensitivity due to hypothalamic damage 
could mediate negative effects of obesity on bone metab-
olism (43).

The unexpected finding that medication administered to 
improve BMD was associated with a decrease in BMD in 
our study might be due to bias by indication: this medica-
tion was likely to be given to patients who already had de-
veloped a poor bone health. Administration of GHRT was 
found to be associated with an increase in bone density. 
This is consistent with previous literature which describes 
that discontinuation of GHRT in CO patients before 
establishing peak bone mass in the first 3 decades of life 
may be associated with a high prevalence of pathological 
bone densities (21).

CO patients and patients with previous radiotherapy or 
hypothalamic damage seemed to be at higher risk for a less 
favorable body composition than their counter-subgroup. 
CO patients showed more increase in body mass, fat mass, 
and fat percentage, and less muscle mass at baseline than 
AO patients. This may have contributed to their previously 
found excess risk of diabetes mellitus type 2, cerebral in-
farction and total mortality (4), and of morbid obesity, and 
be related to the higher risk of hypothalamic involvement 
and panhypopituitarism of CO patients (24). In addition, 
the increase in FFMI Z-scores may be, at least partly, related 
to GHRT (28, 46, 47). Treatment of CP has changed from 
gross total resection to more conservative surgery (24), 
which could affect body composition and BMD. However, 
patients treated before and from 2000 onwards almost did 
not differ, except for total body Z-score, follow-up time, 
and cohort size.

There are some limitations in this research due to the 
retrospective design. As discussed before (8, 9), differences 
in observation can be perceived from different types of 
DXA scanners; in 15 out of 198 scan results, the scanner 
type was unknown due to a time period where both DPXL 
and Prodigy were used. We coped with this aspect by also 
analyzing data separately per DXA scanner for the most 
often used scanner types, and using Z-scores. This study 
is unique in reporting factors on BMD change in patients 
with CP, and it is one among few studies reporting longi-
tudinal change in body composition, and represents a large 
cohort with an extensive follow-up.

Summarizing, patients with CP remained as stable in 
body composition as the general population over time, 
and even showed an increase in bone and muscle mass. 
Higher glucocorticoid dose and central nervous system 
irradiation negatively influenced this increase of BMD, 
while GHRT shows the opposite and it is associated with 
an increase in bone density. Even though these results are 
beneficial at glance, there still remains considerable need 
for improvement, as cardiovascular risk and fracture 
rates remain unacceptably high in patients with CP (4, 8). 
In addition, subgroups of CP patients such as those with 
CO disease and hypothalamic damage remain at high 
risk for adverse anthropometric effects. Future studies 
among patients with CP should therefore focus on devel-
opment of methods for early prevention of obesity, inter-
ventions to influence body composition and improvement 
of bone quality in affected individuals, already from the 
diagnostic phase.

Acknowledgments
We would like to thank Dr. C. Zillikens for her advice and ex-

pertise on the project, and A.J. Suijker, MSc, for proofreading. 
We would also like to thank the Department of Radiology at the 
Erasmus MC for their cooperation.

Additional Information
Correspondence and Reprint Requests: Dr. Sebastian JCMM 

Neggers, Erasmus Medical Center, Department of Internal Medi-
cine, Endocrinology‘s Gravendijkwal 230, 3015 CE Rotterdam, The 
Netherlands. Email: s.neggers@erasmusmc.nl.

Disclosure Summary: The authors have nothing to disclose.
Data Availability: Restrictions apply to the availability of data 

generated or analyzed during this study to preserve patient confi-
dentiality or because they were used under license. The correspond-
ing author will on request detail the restrictions and any conditions 
under which access to some data may be provided.

References
	 1.	 Müller  HL. Craniopharyngioma. Handb Clin Neurol. 

2014;124:235-253.
	 2.	 Bunin GR, Surawicz TS, Witman PA, Preston-Martin S, Davis F, 

Bruner JM. The descriptive epidemiology of craniopharyngioma. 
J Neurosurg. 1998;89(4):547-551.

	 3.	 Olsson  DS, Andersson  E, Bryngelsson  IL, Nilsson  AG, 
Johannsson G. Excess mortality and morbidity in patients with 
craniopharyngioma, especially in patients with childhood onset: 
a population-based study in Sweden. J Clin Endocrinol Metab. 
2015;100(2):467-474.

	 4.	 Wijnen M, Olsson DS, van den Heuvel-Eibrink MM, et al. Excess 
morbidity and mortality in patients with craniopharyngioma: 
a hospital-based retrospective cohort study. Eur J Endocrinol. 
2018;178(1):93-102.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/12/e4626/5900043 by U
niversiteit Leiden / LU

M
C

 user on 12 D
ecem

ber 2022

mailto:s.neggers@erasmusmc.nl?subject=


e4636 � The Journal of Clinical Endocrinology & Metabolism, 2020, Vol. 105, No. 12

	 5.	 Wijnen  M, Olsson  DS, van  den  Heuvel-Eibrink  MM, et  al. 
The metabolic syndrome and its components in 178 patients 
treated for craniopharyngioma after 16 years of follow-up. Eur 
J Endocrinol. 2018;178(1):11-22.

	 6.	 Bülow B, Hagmar L, Mikoczy Z, Nordström CH, Erfurth EM. 
Increased cerebrovascular mortality in patients with hypopitu-
itarism. Clin Endocrinol (Oxf). 1997;46(1):75-81.

	 7.	 Tomlinson  JW, Holden  N, Hills  RK, et  al. Association be-
tween premature mortality and hypopituitarism. West 
Midlands Prospective Hypopituitary Study Group. Lancet. 
2001;357(9254):425-431.

	 8.	 van  Santen  SS, Olsson  DS, van  den  Heuvel-Eibrink  MM, 
et  al. Fractures, bone mineral density, and final height in 
craniopharyngioma patients with a follow-up of 16 years. J Clin 
Endocrinol Metab. 2020;105(4):e1397-e1407.

	 9.	 van  Santen  SS, Olsson  DS, Hammarstrand  C, et  al. 
Diagnosing metabolic syndrome in craniopharyngioma pa-
tients: body composition versus BMI. Eur J Endocrinol. 
2019;181(2):173-183.

	10.	 Lamas  Oliveira  C. Metabolic consequences of 
craniopharyingioma and their management. Endocrinol Nutr. 
2013;60(9):529-534.

	11.	 Chung  S. Body mass index and body composition scaling to 
height in children and adolescent. Ann Pediatr Endocrinol 
Metab. 2015;20(3):125-129.

	12.	 Nederlands Centrum Jeugdgezondheid, Utrecht. Richtlijn 
overgewicht. Vol 20182012:Guidelines for obesity for chil-
dren in the Dutch population. https://www.ncj.nl/richtlijnen/
alle-richtlijnen/richtlijn/overgewicht

	13.	 Mazziotti G, Frara S, Giustina A. Pituitary diseases and bone. 
Endocr Rev. 2018;39(4):440-488.

	14.	 Srinivasan  S, Ogle  GD, Garnett  SP, Briody  JN, Lee  JW, 
Cowell  CT. Features of the metabolic syndrome after 
childhood craniopharyngioma. J Clin Endocrinol Metab. 
2004;89(1):81-86.

	15.	 Profka  E, Giavoli  C, Bergamaschi  S, et  al. Analysis of short- 
and long-term metabolic effects of growth hormone replace-
ment therapy in adult patients with craniopharyngioma and 
non-functioning pituitary adenoma. J Endocrinol Invest. 
2015;38(4):413-420.

	16.	 Kim RJ, Shah R, Tershakovec AM, et al. Energy expenditure in 
obesity associated with craniopharyngioma. Childs Nerv Syst. 
2010;26(7):913-917.

	17.	 Nagasaki  K, Tsumanuma  I, Yoneoka  Y, et  al. Metabolic ef-
fects of growth hormone replacement in two pediatric pa-
tients with growth without growth hormone. Endocr J. 
2010;57(9):771-775.

	18.	 Müller  HL, Bueb  K, Bartels  U, et  al. Obesity after child-
hood craniopharyngioma–German multicenter study on 
pre-operative risk factors and quality of life. Klin Padiatr. 
2001;213(4):244-249.

	19.	 Müller  HL, Emser  A, Faldum  A, et  al. Longitudinal study 
on growth and body mass index before and after diagnosis 
of childhood craniopharyngioma. J Clin Endocrinol Metab. 
2004;89(7):3298-3305.

	20.	 Khan  MJ, Humayun  KN, Donaldson  M, Ahmed  SF, 
Shaikh MG. Longitudinal changes in body mass index in chil-
dren with craniopharyngioma. Horm Res Paediatr. 2014;82(6): 
372-379.

	21.	 Andereggen  L, Hess  B, Andres  R, et  al. A ten-year follow-up 
study of treatment outcome of craniopharyngiomas. Swiss Med 
Wkly. 2018;148:w14521.

	22.	 Ahmet A, Blaser S, Stephens D, Guger S, Rutkas JT, Hamilton J. 
Weight gain in craniopharyngioma–a model for hypothal-
amic obesity. J Pediatr Endocrinol Metab. 2006;19(2): 
121-127.

	23.	 Holmer  H, Pozarek  G, Wirfält  E, et  al. Reduced energy ex-
penditure and impaired feeding-related signals but not high 
energy intake reinforces hypothalamic obesity in adults with 
childhood onset craniopharyngioma. J Clin Endocrinol Metab. 
2010;95(12):5395-5402.

	24.	 Wijnen  M, van  den  Heuvel-Eibrink  MM, Janssen  JAMJL, 
et  al. Very long-term sequelae of craniopharyngioma. Eur J 
Endocrinol. 2017;176(6):755-767.

	25.	 Müller HL, Faldum A, Etavard-Gorris N, et al. Functional cap-
acity, obesity and hypothalamic involvement: cross-sectional 
study on 212 patients with childhood craniopharyngioma. Klin 
Padiatr. 2003;215(6):310-314.

	26.	 Müller  HL, Gebhardt  U, Etavard-Gorris  N, Kolb  R, 
Warmuth-Metz  M, Sörensen  N. Current strategies in 
diagnostics and endocrine treatment of patients with 
childhood craniopharyngioma during follow-up–recom-
mendations in KRANIOPHARYNGEOM 2000. Onkologie. 
2005;28(3):150-156.

	27.	 Müller HL, Gebhardt U, Teske C, et al.; Study Committee of 
KRANIOPHARYNGEOM 2000. Post-operative hypothalamic 
lesions and obesity in childhood craniopharyngioma: results of 
the multinational prospective trial KRANIOPHARYNGEOM 
2000 after 3-year follow-up. Eur J Endocrinol. 2011;165(1): 
17-24.

	28.	 Kendall-Taylor  P, Jönsson  PJ, Abs  R, et  al. The clinical, 
metabolic and endocrine features and the quality of life in 
adults with childhood-onset craniopharyngioma compared 
with adult-onset craniopharyngioma. Eur J Endocrinol. 
2005;152(4):557-567.

	29.	 Blokstra A, Vissink P, Venmans L, et al. Measuring the Netherlands. 
A monitoring study of risk factors in the general population, 2009–
2010. 2012. Contract No.: RIVM Rapport 260152001/260152011. 
https://www.rivm.nl/publicaties/nederland-maat-genomen-2009-
2010-monitoring-van-risicofactoren-in-algemene-bevolking

	30.	 Alwis G, Rosengren B, Stenevi-Lundgren S, Düppe H, Sernbo I, 
Karlsson  MK. Normative dual energy X-ray absorptiometry 
data in Swedish children and adolescents. Acta Paediatr. 
2010;99(7):1091-1099.

	31.	 Berg C, Rosengren A, Aires N, et al. Trends in overweight and 
obesity from 1985 to 2002 in Göteborg, West Sweden. Int J 
Obes (Lond). 2005;29(8):916-924.

	32.	 Fredriks  AM, van  Buuren  S, Wit  JM, Verloove-Vanhorick  SP. 
Body index measurements in 1996-7 compared with 1980. Arch 
Dis Child. 2000;82(2):107-112.

	33.	 Gavriilidou NN, Pihlsgård M, Elmståhl S. Anthropometric ref-
erence data for elderly Swedes and its disease-related pattern. 
Eur J Clin Nutr. 2015;69(9):1066-1075.

	34.	 Larsson  I, Lissner  L, Samuelson  G, et  al. Body composition 
through adult life: Swedish reference data on body composition. 
Eur J Clin Nutr. 2015;69(7):837-842.

	35.	 van  der  Sluis  IM, de  Ridder  MA, Boot  AM, Krenning  EP, 
de Muinck Keizer-Schrama SM. Reference data for bone density 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/12/e4626/5900043 by U
niversiteit Leiden / LU

M
C

 user on 12 D
ecem

ber 2022

https://www.ncj.nl/richtlijnen/alle-richtlijnen/richtlijn/overgewicht﻿
https://www.ncj.nl/richtlijnen/alle-richtlijnen/richtlijn/overgewicht﻿
https://www.rivm.nl/publicaties/nederland-maat-genomen-2009-2010-monitoring-van-risicofactoren-in-algemene-bevolking﻿
https://www.rivm.nl/publicaties/nederland-maat-genomen-2009-2010-monitoring-van-risicofactoren-in-algemene-bevolking﻿


The Journal of Clinical Endocrinology & Metabolism, 2020, Vol. 105, No. 12� e4637

and body composition measured with dual energy x ray absorp-
tiometry in white children and young adults. Arch Dis Child. 
2002;87(4):341-7; discussion 341.

	36.	 Gültekin  T, Ozer  BK, Akin  G, Bektaş  Y, Sağir  M, Güleç  E. 
Prevalence of overweight and obesity in Turkish adults. 
Anthropol Anz. 2009;67(2):205-212.

	37.	 Kelly TL, Wilson KE, Heymsfield SB. Dual energy x-ray absorp-
tiometry body composition reference values from NHANES. 
PLOS One. 2009;4(9):e7038.

	38.	 Perreault L. Determining body composition in adults. In: Pi-Sunyer F, 
Sullivan D, eds. Vol 2018. Waltham, MA: UpToDate; 2017.

	39.	 Cummings SR, Bates D, Black DM. Clinical use of bone densi-
tometry: scientific review. JAMA. 2002;288(15):1889-1897.

	40.	 van Santen SS, Olsson DS, Hammarstrand C, et al. Body com-
position and bone mineral density in craniopharyngioma pa-
tients: a longitudinal study over 10 years: supplementary tables. 
Figshare; 2020. doi:10.6084/m9.figshare.12562217.v2. Posted 
August 21, 2020. https://figshare.com/articles/journal_contri-
bution/20200623_longitudinal_article_supplementary_tables_
docx/12562217

	41.	 Ramírez  Torres  M, Ruiz  Valenzuela  RE, Esparza-Romero  J, 
López  Teros  MT, Alemán-Mateo  H. The fat mass index, 
not the fat-free mass index, is associated with impaired 

physical performance in older adult subjects: Evidence from a 
cross-sectional study. Clin Nutr. 2019;38(2):877-882.

	42.	 Hull HR, Thornton J, Wang J, et al. Fat-free mass index: changes 
and race/ethnic differences in adulthood. Int J Obes (Lond). 
2011;35(1):121-127.

	43.	 Upadhyay  J, Farr  OM, Mantzoros  CS. The role of leptin 
in regulating bone metabolism. Metabolism. 2015;64(1): 
105-113.

	44.	 Lee DH, Keum N, Hu FB, et al. Predicted lean body mass, fat 
mass, and all cause and cause specific mortality in men: pro-
spective US cohort study. BMJ. 2018;362:k2575. https://
pubmed.ncbi.nlm.nih.gov/29970408/

	45.	 Lustig  RH. Hypothalamic obesity after craniopharyngioma: mech-
anisms, diagnosis, and treatment. Front Endocrinol (Lausanne). 
2011;2:60. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3356006/

	46.	 Gasco  V, Caputo  M, Lanfranco  F, Ghigo  E, Grottoli  S. 
Management of GH treatment in adult GH deficiency. Best 
Pract Res Clin Endocrinol Metab. 2017;31(1):13-24.

	47.	 Giagulli  VA, Castellana  M, Perrone  R, Guastamacchia  E, 
Iacoviello M, Triggiani V. GH supplementation effects on car-
diovascular risk in GH deficient adult patients: a systematic re-
view and meta-analysis. Endocr Metab Immune Disord Drug 
Targets. 2017;17(4):285-296.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/105/12/e4626/5900043 by U
niversiteit Leiden / LU

M
C

 user on 12 D
ecem

ber 2022

https://doi.org/10.6084/m9.figshare.12562217.v2
https://figshare.com/articles/journal_contribution/20200623_longitudinal_article_supplementary_tables_docx/12562217﻿
https://figshare.com/articles/journal_contribution/20200623_longitudinal_article_supplementary_tables_docx/12562217﻿
https://figshare.com/articles/journal_contribution/20200623_longitudinal_article_supplementary_tables_docx/12562217﻿
https://pubmed.ncbi.nlm.nih.gov/29970408/﻿
https://pubmed.ncbi.nlm.nih.gov/29970408/﻿
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3356006/﻿

