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Abstract
Purpose Craniopharyngiomas are nonmalignant sellar and parasellar tumors exhibiting a bimodal age distribution. While the
outcomes following treatment in patients with childhood-onset craniopharyngiomas are well characterized, similar infor-
mation in adult-onset craniopharyngiomas is limited. We aimed to describe the long-term outcomes (weight and metabolic
parameters, mortality) in patients with adult-onset craniopharyngioma following treatment.
Methods Patients with adult-onset craniopharyngioma with initial treatment (1993–2017) and >6 months of follow-up at our
institution were retrospectively identified. Body mass index (BMI) categories included obese (BMI ≥ 30 kg/m2), overweight
(BMI 25–29.9 kg/m2), and normal weight (BMI < 25 kg/m2).
Results For the 91 patients with adult-onset craniopharyngioma (44% women, mean diagnosis age 48.2 ± 18 years) over a mean
follow-up of 100.3 ± 69.5 months, weight at last follow-up was significantly higher than before surgery (mean difference
9.5 ± 14.8 kg, P < 0.001) with a higher percentage increase in weight seen in those with lower preoperative BMI (normal weight
(20.7 ± 18%) vs. overweight (13.3 ± 18.0%) vs. obese (6.4 ± 15%), P= 0.012). At last follow-up, the prevalence of obesity
(62 vs. 40.5%, P= 0.0042) and impaired glucose metabolism (17.4% vs. 34%, P= 0.017) increased significantly. All-cause
mortality was 12%, with the average age of death 71.9 ± 19.7 years (average U.S. life expectancy 77.7 years, CDC 2020).
Conclusion Patients with adult-onset craniopharyngioma following treatment may experience weight gain, increased pre-
valence of obesity, impaired glucose metabolism, and early mortality. Lower preoperative BMI is associated with a greater
percentage increase in postoperative weight.
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Introduction

Craniopharyngiomas are rare epithelial tumors of the sellar,
para- and suprasellar region, arising from the embryonic
remnants of Rathke’s pouch. Though benign by histo-
pathology, the clinical course of these tumors has the
potential to be devastating due to their proximity to critical
intracranial structures (the pituitary gland, hypothalamus,
third ventricle, intracranial nerves, and blood vessels).
Furthermore, treatment including surgery, radiation, and,
more recently, targeted medical therapy, can be associated
with complications [1, 2]. Consequently, both craniophar-
yngioma and its treatment can contribute to significant
morbidity, and poor quality of life [3–8].

Craniopharyngiomas can present at any age but usually
exhibit a bimodal age distribution, the first peak occurring in
childhood between 4–15 years and the second peak during
adulthood between 40–79 years [9–11]. Several cohorts
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assessing long-term outcomes of childhood-onset cranio-
pharyngioma (COC) [12–17] or mixed cohorts of adult-onset
craniopharyngioma (AOC) and COC [18–22] have been
reported. In patients with COC, postoperative weight gain
and the development of metabolic syndrome thought to be
primarily related to hypothalamic damage has been described
[14–17, 23]. Furthermore, metabolic syndrome a significant
risk factor for cardiovascular disease and diabetes, has been
reported in up to 80% of patients with COP [20]. Although
the 5- and 10-year survival rate of patients with craniophar-
yngioma is high (85–95%), the aforementioned complica-
tions are essential to recognize and treat as premature
mortality is seen in patients with craniopharyngioma in
whom the most common cause of death is cardiovascular in
nature [19, 21, 22, 24].

On the other hand, only a few studies with small sample
sizes and variable follow-up durations have explicitly
described the postoperative weight changes in patients with
AOC [25–28]. In addition, reports on predictive factors of
these are limited and somewhat conflicting [25–27, 29].
Literature on metabolic comorbidities in patients with AOC
is even further limited with most of the studies representing
mixed patient cohorts of COC and AOC [5, 20, 30]. To the
best of our knowledge, only one study to date has compared
the prevalence of metabolic comorbidities (hypertension,
type 2 diabetes mellitus, hyperlipidemia, cardiovascular
disease, obstructive sleep apnea) before and after surgery
over a follow-up period of 2-years in patients with AOC and
found no significant increase [25].

To help address the limitations of currently available
information, we conducted a single-center retrospective
study on patients with AOC. Our objectives were to (i)
describe changes in weight and body mass index (BMI)
following initial neurosurgical treatment; (ii) identify fac-
tors associated weight gain of ≥5% and postoperative obe-
sity; (iii) describe the prevalence of long-term metabolic
outcomes [hypertension, dysglycemia, dyslipidemia, non-
alcoholic fatty liver disease (NAFLD)]; and (iv) to estimate
all-cause mortality in a large cohort of patients with AOC
over a longer follow-up duration.

Methods

Patient cohort

Mayo Clinic Institutional Review Board approved the study
protocol. All adult patients (≥18 years old) diagnosed with a
craniopharyngioma between 1993–2017 who received their
initial neurosurgical treatment at Mayo Clinic, Rochester
MN were identified from the institutional database. The
initial search resulted in 204 patients. Of these, 113 patients
did not meet the inclusion criteria, as 17 had another

histopathological diagnosis, 16 patients had COC, 54
patients with AOC had initial surgery at another facility,
6 patients presented with recurrent disease, and lastly,
20 patients had less than six months of follow-up. The final
cohort included 91 patients with AOC with initial neuro-
surgical treatment and >6 months of postoperative follow-
up at our institute.

Data collection

Medical records of final cohort were retrospectively
reviewed for demographic information and clinical pre-
sentation at baseline as well as anthropometric measure-
ments (weight, height, BMI), pituitary hormone evaluation,
and metabolic parameters (hypertension, impaired glucose
metabolism, dyslipidemia, NAFLD) at baseline and last
follow-up. Impaired glucose metabolism was defined as
diabetes mellitus, prediabetes, impaired fasting glucose, or
impaired glucose tolerance. Diagnosis of hypertension was
based on medical treatment with 1 or more antihypertensive
medications. Statin therapy was used as a surrogate for
dyslipidemia as a lipid panel was missing in a significant
proportion of patients. Diagnosis of NAFLD was based on
radiographic evidence on abdominal ultrasound (US), com-
puted tomography (CT), or magnetic resonance imaging
(MRI). Secondary adrenal insufficiency (AI) was defined by
a low morning serum cortisol with a concurrently low or
inappropriately normal corticotropin and need for gluco-
corticoid replacement. Secondary hypothyroidism was
defined by low free thyroxine levels with low or inappro-
priately normal thyroid-stimulating hormone and need for
thyroid hormone replacement. Hyperprolactinemia was
defined by serum prolactin levels above the upper limit of
reference range. Growth hormone (GH) stimulation test was
not performed in most; therefore, GH deficiency was defined
by a low insulin- like growth factor (IGF)-1 for age and
gender normative data. Patients were considered to have
persistent diabetes insipidus (DI) if they had polyuria and
polydipsia at presentation or post-operatively in setting of
hypernatremia and/or hyperosmolality of serum with hypo-
tonic urine and were prescribed desmopressin at last follow-
up. Based on BMI, patients were categorized as obese
(BMI ≥ 30 Kg/m2), overweight (BMI 25–29.9 Kg/m2), and
normal weight (BMI < 25 Kg/m2).

Information was collected on initial and subsequent
treatments (surgery and radiation therapy), and the devel-
opment of tumor recurrence. To define the extent of
resection (complete versus partial), the operative and radi-
ological reports within six months of surgery were
reviewed. Tumor size was obtained from preoperative
radiology reports (MRI or CT). Preoperative and post-
operative MRI at 3–6 months were assessed by J.J.V.G. for
hypothalamic involvement or damage using the grading
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system described by de Vile et al. [16]—Grade 0 (no dis-
cernible damage to the hypothalamus), Grade 1 (abnorm-
ality of the floor of the third ventricle and/or a breach in the
tuber cinereuum), Grade 2 (floor of the third ventricle
completely deficient or extensively breached by the residual
tumor). Data on the histological subtype (adamantinoma-
tous or papillary) was obtained from pathology reports, and
if not specified, the pathology slides were reviewed by a
senior neuropathologist (C.G.) for subtyping.

Statistical Analysis

Categorical variables are described as numbers and per-
centages, and continuous variables as mean and standard
deviation. Comparison of proportions was assessed using
the using the Chi-squared test or Fischer’s exact test when
the expected values were small. Comparison of continuous
variable was performed using the student’s T-test. To assess
difference in means between baseline to last follow-up a
paired T-test was performed. All analyses were performed
using JMP Pro 16® (JMP, SAS Institute Inc, Cary, NC)
statistical package. Differences with a level P < 0.05 were
considered to be statistically significant.

Results

Baseline patient characteristics

For the 91 patients assessed, the mean age at diagnosis
was 48.2 ± 18 years and included 40 (44%) females.
The average duration of symptoms prior to diagnosis was
19.2 ± 31.2 months. On presentation, 12/76 patients tested
(16%) had secondary AI, 18/79 (23%) had secondary
hypothyroidism, 31/66 (47%) had secondary hypogonad-
ism, 33/78 (42%) had hyperprolactinemia, and 15/52 (29%)
were GH deficient. Of 67 patients who had preoperative
assessment of at least 3 or more pituitary hormone axes, 9
(13%) had ≥3 deficiencies. At presentation, the mean weight
(n= 90) and BMI (n= 89) were 87.5 ± 22.6 Kg and
29.4 ± 5.8 Kg/m2, respectively. Based on BMI, 36 (41%)
patients were obese, 35 (39%) were overweight, and 18
(20%) were in the normal weight category. Hypertension
was present in 25 (28%) patients, glycemic disturbances in
16 (17%), and 27 (30%) patients were on statin therapy
(Table 1).

Tumor characteristics

The mean maximum tumor diameter was 2.6 ± 1.0 cm. The
histological subtype was adamantinomatous in 74 (81%)
patients and papillary in 13 (14%). The subtype could not
be identified in 3 patients due to severe necrosis or

xanthogranulomatous reaction and in 1 patient treated with
a P-32 injection. The proportion of patients with grade of
pre- and postoperative hypothalamic injury are presented in
(Table 1). Initial procedure entailed gross total resection in
44 (49%) patients, partial resection in 45 (50%), and P32
injection in 1 (1%). Tumor recurrence occurred in 45 (50%)
patients. Radiotherapy was administered to 43 (47%)
patients either as adjuvant treatment following surgery or
primary treatment for recurrent disease (Table 1).

The baseline patient and tumor-related characteristics did
not differ between males and females, except for mean
height (178.7 ± 7.1 vs. 163.8 ± 9.0 cm, P < 0.001) and
weight (97.2 ± 21.7 vs. 75.5 ± 17.6 kg, P < 0.001) (Table 1).

Follow-up

During a mean follow-up of 100.3 ± 69.5 months, 68/90
(76%) patients tested had secondary AI, 72/90 (80%) had
secondary hypothyroidism, 65/78 (83%) had secondary
hypogonadism, 30/61 (49%) hyperprolactinemia, and 25/42
(60%) had GH deficiency. Overall, 58 (72%) of 81 patients
tested had ≥ 3 anterior pituitary hormone deficiencies, and
57 (63%) of 91 patients had DI (Table 1).

Among the 85 patients with follow-up weight available,
weight was significantly higher at the last follow-up than
weight at presentation (96.9 ± 24.6 vs. 87.5 ± 22.6 kg, mean
difference 9.4 ± 14.8 kg, P < 0.001). In our study, the mean
total weight gain was not associated with preoperative BMI
category (P= 0.3) or gender (P= 0.69). However, the
mean percent weight gain was higher in those with lower
preoperative BMI [normal weight (20.7 ± 18%) vs. over-
weight (13.3 ± 18.0 %) vs. obese (6.4 ± 15%), P= 0.012]
(Table 1, Fig. 1). Weight gain of ≥5% by the last follow-up
occurred in 55 (65%) patients with a mean increase of
17.6 ± 10.6 kg. Weight gain of ≥5% was not associated
with gender, preoperative BMI category, tumor size, his-
tological subtype, gross total resection, postoperative grade
of hypothalamic injury, radiotherapy use, and type or
number of pituitary hormone deficiencies at last follow-up
(Table 2, Fig. 1).

BMI was significantly higher at the last follow-up than
at presentation (32.7 ± 6.5 vs. 29.4 ± 5.8 kg/m2, mean
difference of 3.3 ± 4.8 kg/m2, P < 0.001), resulting in a
higher prevalence of obesity compared to prior to initial
treatment (62% vs. 40.5%, P= 0.0042) (Table 1, Fig. 2).
Patients with DI at last follow-up had a higher BMI
compared to those without DI (33 ± 6.6 vs. 30 ± 6.2 kg/m2,
P= 0.049), otherwise BMI at last follow-up did not
differ between those with ≥3 anterior pituitary hormone
deficiencies compared to those with <3 (32.8 ± 7.2 vs
32.1 ± 5.6 kg/m2, p= 0.7). Postoperative obesity
(BMI ≥ 30 kg/m2 at last follow-up) was not associated with
tumor size, histological subtype, gross total resection,
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Table 1 Characteristics at baseline and follow-up

Adult (n= 91) Male (n= 51) Female (n= 40) P-value

Mean age at diagnosis (SD), years 48.2 ± 18.0 48.8 ± 17.3 47.4 ± 19.1 0.71

Race, N (%)

White 78 (86) 46 (90) 32 (80)

Asian 6 (7) 2 (4) 4 (10)

American Indian, Alaska native 2 (2) 0 (0) 2 (5)

Hawaiian/ Pacific Islander 1 (1) 1 (2) 0 (0)

Not reported 4 (4) 2 (4) 2 (5)

Symptoms at presentation, N (%)

Headache 51 (56) 24 (47) 27 (68) 0.06

Visual abnormality 67 (74) 39 (75) 29(73) 0.83

Altered Mental Status 9 (10) 7 (13) 2 (5) 0.16

Polyuria/polydipsia 13 (14) 6 (12) 7 (18) 0.56

Mean duration of symptoms prior to
presentation (SD), months

19.2 ± 31.2 1.8 ± 0.4 1.5 ± 0.4 0.57

Mean duration of follow-up after initial
surgery (SD), months

100.3 ± 69.5 98.1 ± 70.6 103.2 ± 68.9 0.7

Tumour characteristics

Mean tumor size (SD), cm 2.6 ± 1.0 2.8 ± 1.1 2.4 ± 0.9 0.09

Histological subtype, N (%)

Adamantinomatous 74 (81) 41 (80) 33 (83) 0.54

Papillary 13 (14) 9 (18) 4 (10)

Unknown 4 (4) 1 (2) 3 (7)

Surgical procedure performed, N (%)

Gross total resection 44 (49) 24 (48) 20 (50) 0.6^

Partial resection 45 (50) 26 (52) 19 (48)

P32 injection 1(1) 0 1 (2)

Use of radiotherapy, N (%) 43 (47) 25 (49) 18 (45) 0.7

Grade of hypothalamic injury pre-operative,
N (%)

0 27 (30) 12 (24) 15 (38)

1 16 (17) 9 (17) 7 (17) 0.5

2 29 (32) 18 (35) 11 (27)

NA 19 (21) 12 (24) 7 (18)

Grade of hypothalamic injury post-operative,
N (%)

0 44 (48) 21 (41) 23 (57)

1 22 (24) 14 (27) 8 (20)

2 21 (23) 15 (29) 6 (15) 0.15^

NA 4 (4) 1 (2) 3 (8)

Tumor recurred, N (%) 24 (26) 16 (30) 8 (20) 0.22

Hormonal evaluation

Anterior Pituitary Hormone at diagnosis,
N (%)

ACTH deficiency 12/76 (16) 8/42 (19) 4/34 (12)

TSH deficiency 18/79 (23) 11/45 (24) 7/34 (21)

Gonadotropin deficiency 31/66 (47) 20/42 (48) 11/24 (46)

Hyperprolactinemia 33/78 (42) 13/43 (30) 20/35 (57)
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Table 1 (continued)

Adult (n= 91) Male (n= 51) Female (n= 40) P-value

GH deficiency 15/52 (29) 10/29 (35) 5/23 (22)

≥3 Anterior Pituitary Deficiencies 9/67 (13) 7/40 (18) 2/27 (7)

Anterior Pituitary Hormone at last follow-up,
N (%)

ACTH deficiency 68/90 (76) 37/50 (74) 31/40 (78)

TSH deficiency 72/90 (80) 40/50 (80) 32/40 (80)

Gonadotropin deficiency 65/78 (83) 40/49 (82) 25/29 (86)

Hyperprolactinemia 30/61 (49) 13/33 (39) 17/28 (61)

GH deficiency 25/42 (60) 10/19 (53) 15/23 (65)

≥3 Anterior Pituitary Deficiencies 58/80 (73) 34/48 (71) 24/32 (75)

Diabetes insipidus at last follow-up,
N (%), n= 91

57/91 (63) 30 (60) 26 (65) 0.7

Anthropometric measurements

Mean height at presentation (SD), cm (n= 90) 172.1 ± 10.9 178.7 ± 7.1 163.8 ± 9.0 <0.001

Mean weight at presentation (SD), kg (n= 90) 87.5 ± 22.6 97.2 ± 21.7 75.5 ± 17.6 <0.001

Mean BMI at presentation (SD), kg/m2

(n= 89)
29.4 ± 5.8 30.5 ± 6 28.0 ± 5.3 0.03

BMI category at presentation, N (%) (n= 89)

Obese 36 (41) 23 (46) 13 (32) 0.2

Overweight 35 (39) 19 (38) 16 (40)

Normal weight 18 (20) 7 (14) 11 (28)

Mean weight at last follow-up (SD), kg
(n= 87)

96.9 ± 24.6 105.6 ± 26.1 86.0 ± 18.2 <0.001

Mean BMI at last follow-up (SD), kg/m2

(n= 86)
32.7 ± 6.5 33.1 ± 7.3 32.2 ± 5.5 0.5

BMI category at last follow-up, N (%)
(n= 86)

Obese 54 (63) 28 (59) 26 (66) 0.4

Overweight 21 (24) 14 (30) 7 (18)

Normal weight 11 (13) 5 (11) 6 (15)

Mean difference in weight at baseline and last
follow-up (SD), kg (n= 86)

9.5 ± 14.8# 8.4 ± 17.4 10.3 ± 10.9 0.64

Mean difference in BMI at baseline and last
follow-up (SD), kg/m2, (n= 85)

3.4 ± 4.8# 2.6 ± 5.3 4.2 ± 0.6 0.11

≥5% weight gain from baseline, N (%)
(n= 86)

55 (64) 29 26 0.67

≥5% weight gain from baseline based on
preop BMI category, N (%), (n= 85)

Obese 20/35 (57) 14 (50) 6 (23) 0.1

Overweight 21/32 (66) 19 (32) 12 (46)

Normal weight 13/18 (72) 5 (18) 8 (31)

Mean percent weight gain (%) based on preop
BMI category (SD), (n= 85)*

Obese 6.4 ± 15 7.4 ± 16.7 4.8 ± 10.3 0.18

Overweight 13.3 ± 18 10.5 ± 21.3 16.4 ± 11.6

Normal weight 20.7 ± 18 12.9 ± 10.3 25.6 ± 19.2

Metabolic parameters

At diagnosis, N (%)

Hypertension 25 (28) 17 (35) 8 (20) 0.16
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postoperative grade of hypothalamic injury, radiotherapy
use, and type or number of pituitary hormone deficiencies
at last follow-up (Table 3).

On follow-up, the proportion of patients who developed
hypertension (28 vs. 40% P= 0.09) or required statin
therapy (30 vs. 43%, P= 0.06) increased; however, this
difference did not reach statistical significance. Whereas
the proportion of patients with glycemic disturbances
increased significantly by the last follow-up (17.4% vs.
34%, P= 0.017), (Table 1). The prevalence of hyperten-
sion, glycemic disturbances, and dyslipidemia at the last
follow-up did not differ between subgroups based on
postoperative BMI ≥ 30 kg/m2 or >5% weight gain. Of the

21 patients who had abdominal imaging, 11 had radio-
graphic evidence of fatty liver disease (Table 1).

At last follow-up, all-cause mortality was 12%, with an
average age of death of 71.9 ± 19.7 years. There were no
differences in survival based on BMI ≥ 30 (P= 0.83), ≥3
anterior pituitary hormone deficiencies (P= 0.77), and
desmopressin use (P= 0.37). For the 12% with mortality
(n= 11), the cause of death was not available in 5 patients,
2 patients died from cardiovascular causes, 2 due to sepsis,
1 due to COVID-19 infection, and 1 due to failure to thrive.
Importantly as all patients with less than 6 months of
follow-up were excluded, there were no documented deaths
secondary to tumor progression.

Table 1 (continued)

Adult (n= 91) Male (n= 51) Female (n= 40) P-value

Glycemic disturbance 16 (17) 10 (20) 6 (15) 0.8

Dyslipidemia 27 (30) 15 (29) 12 (30) 1

At last follow-up, N (%)

Hypertension 36/91 (40) 23 (46) 13 (32) 0.3

Glycemic disturbance 31/91 (34) 19 (937) 12 (30) 0.5

Dyslipidemia 39/91 (43) 22 (43) 17 (43) 1

NAFLD 11/21 (52) x x

Mortality

Deaths during follow-up, N (%)## 11 (12) 3 (8) 8 (16) 0.2

Average age of death (SD), years## 71.9 ± 19.7 82 ± 3.8 68 ± 22.1

ACTH adrenocorticotrophic hormone, BMI body mass index, GH growth hormone, TSH thyroid-stimulating hormone, NAFLD nonalcoholic fatty
liver disease, SD standard deviation
#Difference statistically significantly at follow-up than prior to surgery, P= < 0.001

*Lower preoperative BMI had significantly greater percentage increase in weight, P= 0.012
##Numbers are too small to rely on the P-value

^Fischer’s exact test

Fig. 1 Box-whisker plot showing
postoperative percentage increase
in weight based on preoperative
body-mass index. X represents
mean value. Horizontal line
represents median value.
Categories based on body mass
index (BMI): obese
(BMI ≥ 30 kg/m2), overweight
(BMI 25–29.9 kg/m2), and
normal weight (BMI < 25 kg/m2).
Mean percentage increase in
weight based on preoperative
BMI: normal weight
(20.7 ± 18%) vs. overweight
(13.3 ± 18.0 %) vs. obese
(6.4 ± 15%), P= 0.012
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Discussion

The current study illustrates the weight changes, metabolic
comorbidities, and all-cause mortality in a large cohort of
patients with AOC over a mean duration of 8.3 years
following initial treatment. Patients with AOC experi-
enced a significant increase in weight (9.5 ± 14.8 kg) and
BMI (3.4 ± 4.8 kg/m2) on follow-up with almost two-
thirds gaining ≥5% of their baseline weight with a mean
increase of 17.6 kg. By the last follow-up, the prevalence
of obesity increased from 40.5% to 62%, and glycemic
disturbances increased from 17% to 34%. Furthermore,
73% had ≥3 anterior pituitary deficits and 63% required
long-term desmopressin on follow-up. The overall survi-
val at 8.3 years was 88%; however, the average age of
death for the 12% with mortality was 71.9 years, lower

than the average life expectancy in the US (77.0 years,
CDC 2020) [31].

Hypothalamic obesity (HO) is a recognized complica-
tion of craniopharyngioma and has been extensively
reported in patients with COC [14–17, 32, 33]. The
hypothalamus, through its complex neurohormonal sig-
naling, coordinates the regulation of energy intake and
expenditure, thus playing a vital role in the body’s energy
homeostasis. Injury to the hypothalamus (especially the
ventromedial and arcuate nuclei) alters this homeostasis,
causing impaired regulation of hunger, satiety, and energy
expenditure, eventually resulting in substantial weight gain
[14, 32, 34]. Although HO is a well-defined phenomenon
in patients with COC [14–17, 32, 33], limited studies exist
specifically assessing the prevalence and risk factors for
development of HO among patients with AOC.

Table 2 Subgroup analysis
based on postoperative weight
gain of <5% vs. ≥5%

Weight gain < 5%
(n= 31)

Weight gain ≥ 5%
(n= 55)

P -value

BMI category at presentation, N (%) n= 85

Obese 15 (48) 20 (37) 0.5

Overweight 11 (34) 21 (39)

Normal weight 5 (16) 13 (24)

Mean tumor size (SD), cm n= 82 2.4 ± 0.2 (n= 30) 2.8 ± 0.1 (n= 52) 0.5

Histological subtype, N (%) n= 83

Adamantinomatous 24 (83) 47 (87) 0.6

Papillary 5 (17) 7 (13)

Gross total resection, N (%), (n= 31) 17 (57) 24 (43) 0.6^

Use of radiotherapy, N (%) n= 86 12 (28) 31 (72) 0.1

Grade of hypothalamic injury postoperative, N (%)
n= 82

Grade 0 17 (59) 25 (47) 0.5

Grade 1 5 (17) 15 (28)

Grade 2 7 (24) 13 (25)

Anterior Pituitary Hormone at last follow-up, N (%)

ACTH deficiency (n= 85) 25 (81) 40 (74) 0.5

TSH deficiency (n= 85) 26 (84) 43 (80) 0.6

Gonadotropin deficiency n= 74 22 (81) 39 (83) 0.9

Hyperprolactinemia n= 59 11 (55) 18 (46) 0.5

GH deficiency n= 41 11 (65) 14 (58) 0.7

≥3 Anterior Pituitary Deficiencies n= 77 22 (79) 33 (67) 0.3

GH deficiency, not on replacement at last follow-
up, N (%) n= 25

6 (55) 5 (36) 0.3

Diabetes insipidus at last follow-up, N (%) n= 85 22 (71) 32 (60) 0.3

Metabolic parameters at last follow-up, N (%)

Hypertension 11 (35) 22 (40) 0.6

Glycemic disturbance n= 86 11 (35) 18 (33) 0.8

Dyslipidemia, n= 86 18 (58) 19 (35) 0

ACTH adrenocorticotrophic hormone, BMI body mass index, GH growth hormone, TSH thyroid-stimulating
hormone, SD standard deviation

^Fischer’s exact test
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The baseline prevalence of obesity in our cohort matched
that of the general population of the U.S. (42.4%, CDC
2020) [35] but increased significantly by the last follow-up
(62%). A similar baseline prevalence of obesity (37.8%)
among a smaller group of patients with AOC was observed
in a recent U.S. study by Duan et al. who also noted a
significant increase on follow up, but at a slightly lower
prevalence (55.6%) over a shorter follow up period of 2.2
years [25]. A large study from China which included 120
patients with AOC, noted a significant increase in HO
(≥28 kg/m2) after a median follow-up of 12 months, how-
ever the reported prevalence of obesity was much lower at
baseline (19.2%) and at follow-up (29.2%) [26] perhaps
reflecting differences in geography, ethnicity, and dietary
habits. Yet, despite these differences, the development of
obesity in patients with AOC is a real concern.

Gradual weight gain over time in the general population
has been observed in multiple epidemiological studies
[36–38], however, weight gain in patients with AOC is
accelerated. In the epidemiological data provided by Chen
et al. on 33,890 U.S. participants (mean age 47 years,
women 52.9%), the mean weight gain over a 10-year
duration of 4.4 kg [37] is significantly lower than the weight
gain of 9.5 kg over an 8-year period in our cohort with AOC
(mean age 48.2 years, women 43.9%).

Previous studies with a follow-up duration of 3 months to
2 years have reported weight gain of 3.0 to 3.9 kg
[25, 26, 39] among patients with AOC, which is lower than
our cohort who had a weight gain of 9.5 kg over 8-years. It is
possible that the difference in the total weight gain is related
to the duration of follow-up. In the study by Karavitaki et al.
of 121 patients with craniopharyngioma (COC and AOC),

the cumulative probability of hyperphagia or excessive
weight gain increased from 10% at baseline to 20% at 5
years, 39% at 10 years and 67% at 20 years [18]. However,
studies assessing weight gain in COC have reported that the
greatest change in weight occurs within the 1st year fol-
lowing surgery suggesting hypothalamic damage as a cause
for such accelerated weight gain [32, 34, 40]. We were
unable to assess the pattern of weight gain as follow-up
intervals were not consistent in our retrospective cohort.

There is growing albeit conflicting literature on risk
factors of HO in patients with AOC. In a 2010 study from
our institute, we reported hypothalamic involvement on
preoperative MRI was predictive of postoperative weight
gain but found no association with preoperative BMI in a
small subset [27]. More recently, Duan et al. found lower
preoperative BMI and ≥3 anterior pituitary hormonal defi-
ciencies as risk factors for postoperative weight gain but
reported no association with tumor subtype or hypotha-
lamic injury [25]. Wu et al. reported that lower pre-
operative BMI and adamantinomatous subtype were pre-
dictive of postoperative weight gain of ≥5% but found no
association with ≥3 anterior pituitary hormonal deficiencies
or hypothalamic injury [26]. Though Hong et al. noted
greater postoperative gain and steroid use in patients with
AOC than those with nonfunctioning pituitary adenoma,
the weight gain in patients with AOC remained sig-
nificantly higher despite adjusting for daily steroid use dose
[39]. In our study, we found that patients with lower pre-
operative BMI had the greatest percentage increase in
weight, and the presence of obesity at baseline was pre-
dictive of postoperative obesity at the last follow-up,
implying that most patients with obesity at baseline
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Fig. 2 Body-mass index
distribution before surgery and at
last follow-up. Categories based
on body mass index (BMI): obese
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normal weight (BMI < 25 kg/m2)
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continue to be obese following craniopharyngioma treat-
ment. We also found that in patients requiring long-term
postoperative desmopressin compared to those who did
not, the mean BMI was higher, but no difference was seen
in the prevalence of obesity (Table 4).

Variable follow-up durations, populations with different
ethnicities and dietary habits, and grading systems for asses-
sing hypothalamic injury, including interobserver variability,
potentially explain the disparate results in the published lit-
erature. Studies comparing weight gain in patients with cra-
niopharyngioma, and nonfunctioning pituitary adenomas
report greater postoperative weight gain in patients with

craniopharyngioma, thus, making it conceivable that hypo-
thalamic injury resulting in weight gain may not be completely
evident in the current imaging studies [27, 39]. Furthermore, it
is possible that rather than a single factor, it is a constellation
of multiple factors including hormonal milieu predisposing
patients with craniopharyngioma to postoperative weight gain.

At last follow-up, a strikingly higher number had pitui-
tary hormonal deficiencies with ≥3 anterior pituitary hor-
monal deficiencies present in 73% of patients compared to
only 13% at presentation, and desmopressin use in 63%
while only 14% complained of polyuria and polydipsia at
presentation. As discussed above, postoperative weight gain

Table 3 Subgroup analysis
based on BMI at last follow-up
of <30 vs. ≥30 kg/m2

BMI < 30 kg/m2 at last
follow-up (n= 32)

BMI ≥ 30 kg/m2 at last
follow-up (n= 54)

P-value

BMI category at presentation, N (%)
n= 85

Obese 5 (15) 30 (57) <0.001

Overweight 13 (41) 19 (36)

Normal weight 14 (44) 4 (7)

Mean tumor size (SD), cm 2.5 ± 0.98 2.7 ± 1 0.5

Histological subtype, N (%), n= 83

Adamantinomatous 24 (83) 47 (87) 0.5

Papillary 5 (17) 7 (13)

Gross total resection, N (%) 14 (45) 28 (52) 0.4^

Use of radiotherapy, N (%) n= 86 16 (50) 26 (48) 0.86

Grade of hypothalamic injury
postoperative, N (%), n= 75

Grade 0 12 (58) 23 (45) 0.5

Grade 1 7 (23) 12 (24)

Grade 2 6 (19) 15 (29)

Anterior Pituitary Hormone at last
follow-up, N (%)

ACTH deficiency (n= 86) 26 (81) 39 (72) 0.4

TSH deficiency (n= 86) 27 (84) 42 (78) 0.5

Gonadotropin deficiency (n= 75) 25 (83) 37 (82) 1

Hyperprolactinemia (n= 60) 9 (42) 20 (51) 0.6

GH deficiency n= 42 11 (58) 14 (61) 1

≥3 Anterior Pituitary Deficiencies
(n= 78)

23 (77) 32 (67) 0.4

GH deficiency, not on replacement at last
follow-up, N (%) n= 27

6 (46) 5 (36) 0.7

Diabetes insipidus at last follow-up,
N (%) (n= 85)

20 (63) 34 (64) 1

Metabolic parameters last follow-up,
N (%)

Hypertension 8 (26) 26 (48) 0.43

Glycemic disturbance 5 (15) 24 (44) 0.0063

Dyslipidemia 12 (38) 26 (48) 0.33

ACTH adrenocorticotrophic hormone BMI body mass index, GH growth hormone, TSH thyroid-stimulating
hormone, SD standard deviation

^Fischer’s exact test
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and obesity were not associated with the type or number of
pituitary hormonal deficiencies in our study. However, similar
to the published literature, we noted a low testing rate for GH
deficiency and GH replacement [25, 26]. Adult-onset GH
deficiency is associated with alteration in body composition,
hyperlipidemia, and hyperinsulinemia, thereby predisposing
to metabolic syndrome and increased risk for cardiovascular
disease [41]. GH replacement positively influences body
composition, lipid profile, and insulin sensitivity [42]; how-
ever, limited data suggest that patients with craniophar-
yngioma are less likely to experience these beneficial effects
[43, 44]. Additionally, the role of oxytocin and thereof dys-
regulation is not possible to assess currently in routine clinical
practice, but some data suggest that it might play an important
role in appetite and weight regulation [45, 46].

There was a trend toward the increased prevalence of
hypertension, glycemic disturbances, and dyslipidemia by the
last follow-up; however, the difference was significant only
for glycemic disturbances. Whether this increase in glycemic
disturbances is related to the natural aging process or a
consequence of excessive weight gain is unclear. Only in a
small subset of patients we were able to evaluate for the
presence of NAFLD, and in those tested, the prevalence was
52%. A growing body of literature suggests an association
between NAFLD and growth hormone deficiency [47–50],
with limited data reporting on the effects of GH replacement
[51]. Our results, however, should be interpreted with caution
as this prevalence is representative of a highly select group of
patients. Additionally, NAFLD based on imaging (CT, MRI
or US) may not be the optimal diagnostic modality.

Current literature on the mortality rate in patients with
AOC is limited to a handful of studies reporting on mixed
cohorts of AOC and COC[18, 52]. Karavitaki et al. reported
no difference in the overall survival between patients with
COC and AOC [18], while Lehrich et al., in their
population-based study, observed a better survival in those
with COC [52]. Our study’s 88% overall survival at 8-years
of is similar to that reported by Karavitaki et al. (91% at 5-
year; 90% at 10-year) [18] but much higher than Lehrich
et al. (77.9% at 5-year; 64.4% at 10-year) [52].

The strengths of our study include a large cohort and a
long duration of follow-up. Limitations include the retro-
spective design of the study and information bias. However,
considering the rarity of craniopharyngiomas, a prospective
study with an adequate sample size may not be practically
feasible. As weight was not recorded at established time
intervals, this consequently limited our ability to assess the
trajectory of weight gain. Furthermore, we could not assess
for changes in satiety, daily activity, or the degree of
hyperphagia as these symptoms were not consistently
recorded. Additionally, in patients with diabetes insipidus,
significant changes in fluid status can occur which can
impact weight and therefore BMI.Ta
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In conclusion, after treatment, patients with AOC experi-
ence significant weight gain and increased prevalence of
obesity, predisposing them to increased risk of metabolic
complications. Though weight gain occurs regardless of
preoperative weight status, the percentage increase in weight
is higher in those with lower preoperative BMI. From a
practical perspective, we propose that all patients with AOC
be seen by a nutritionist preoperatively, and regularly there-
after for counselling regarding dietary and lifestyle inter-
ventions given the propensity for continued weight gain.
Future studies would be of interest to assess the role of
appetite suppressants and weight loss medications during
early postoperative periods. Additionally, increased aware-
ness about growth hormone deficiency and replacement is
needed. Physicians caring for patients with AOC should
periodically and frequently test for metabolic abnormalities,
including the presence of NAFLD.
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