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Abstract

Context: Patients with adult-onset craniopharyngioma (CP) show metabolic dysfunction and panhypopituitarism. Growth hormone (GH)
deficiency is often left unaddressed despite the benefits of GH replacement on body composition and lipoprotein metabolism in the general
population.

Objective: The aim was to analyze data from Hypopituitary Control and Complications Study (HypoCCS), a global prospective surveillance study
of adult GH replacement, and assess the impact of GH replacement on metabolic outcomes in adult-onset CP.

Methods: Primary outcome was a composite endpoint of adverse hepatic outcomes including metabolic dysfunction-associated steatotic liver
disease; secondary outcomes included body composition, lipids, blood pressure, glycemic measures, mortality, bone density, and cardiovascular
endpoints.

Results: In total, 592 patients with adult-onset CP were identified; 544 received GH for a median of 4.03 years (IQR 2.28-7.82). The 3972 patients
with pituitary adenoma (3346 receiving GH) were analyzed for context. GH replacement did not impact hepatic outcomes in either cohort. In adult-
onset CP, bone mineral content was significantly lower with GH replacement (estimated mean [est]: 324.90 g; 95% Cl| -574.49, -75.31;
P =.034); lower waist-hip ratio and less dyslipidemia medication use were also seen. In pituitary adenomas, fasting blood glucose (est 6.45;
95% Cl 3.24, 9.66; P<.001), diastolic blood pressure (est 1.44; 95% Cl 0.45, 2.43; P=.005), and mean arterial pressure (est 1.20; 95% ClI
0.14, 2.26; P=.027) were significantly higher.

Conclusion: GH led to decreased waist-hip ratio and lipid medication use but adversely impacted bone mineral content in adult-onset CP.
Prospective studies of GH replacement in adult-onset CP can further define the benefits on metabolic outcomes in these patients.
Key Words: craniopharyngioma, growth hormone deficiency, metabolic dysfunction-associated steatotic liver disease, glucose metabolism

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; CP, craniopharyngioma; DBP, diastolic blood pressure; DXA, dual-energy x-ray
absorptiometry; est, estimated mean; GH, growth hormone; GHD, growth hormone deficiency; HTN, hypertension; IGF, insulin-like growth factor; MAP,
mean arterial pressure; MASLD, metabolic dysfunction—associated steatotic liver disease; NFPA, nonfunctioning pituitary adenoma; SBP, systolic blood
pressure; T2DM, type 2 diabetes mellitus.

Craniopharyngioma (CP), a rare parasellar tumor of embry-
onic origin, confers significant morbidity from pituitary and
hypothalamic failure and mass effects. CP incidence has a bi-
modal distribution, with a first peak in children aged 0-19
years and a second in adults aged 40-79 [1]. Patients with
adult-onset CP show rapid weight gain in the first 6 to 12
months after surgery [2], and half develop metabolic syn-
drome [3], with a 9-fold increase in development of type 2 dia-
betes mellitus (T2DM) over time [4, 5]. Rates of metabolic
dysfunction—associated steatotic liver disease (MASLD) and
its advanced form metabolic dysfunction—-associated steatohe-
patitis are also increased, and further progression to cirrhosis,
hepatocellular carcinoma, liver transplantation, and liver-
related death have all been reported [6, 7]. There is no current
therapy known to prevent or halt progression of serious meta-
bolic dysfunction in these patients.

Up to 80% of patients with adult-onset CP show panhypo-
pituitarism [8], further increasing the risk for metabolic seque-
lae [9]. Yet, effects of growth hormone deficiency (GHD) in
adult-onset CP are not well-appreciated, as delayed growth
is not a concern in adults. Indeed, GHD in adult-onset-CP typ-
ically remains untreated, and growth hormone (GH) replace-
ment may first be initiated many years after surgery [10] or not
at all. Some of this clinical inertia may be due, at least in part,
to concerns surrounding potential growth of residual tumor
and of the risk for new-onset T2DM with GH replacement,
even though evidence for both risks are conflicting [11-14].

In the general population, GH replacement in adults with
GHD has confirmed benefits for improving metabolic out-
comes commonly impaired in CP, specifically body compos-
ition and lipoprotein metabolism [10, 15-22], and may also
influence hepatic outcomes, particularly MASLD [23].

Received: 3 January 2025. Editorial Decision: 22 April 2025. Corrected and Typeset: 14 May 2025
© The Author(s) 2025. Published by Oxford University Press on behalf of the Endocrine Society.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https:/creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered
or transformed in any way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for
reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information
please contact journals.permissions@oup.com. See the journal About page for additional terms.


https://orcid.org/0000-0001-5955-8242
https://orcid.org/0000-0002-1150-703X
mailto:odelia.cooper@cshs.org
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1210/jendso/bvaf072

The few studies of GH replacement in patients with
adult-onset CP have shown mixed effects on metabolic out-
comes, including body mass index (BMI), fat mass, choles-
terol, and glucose homeostasis [10, 24, 25]. The effect of
GH replacement on hepatic enzymes, steatosis, and fibrosis
is similarly unclear [23, 26-28]. Whether untested confound-
ing factors are impeding accurate assessment of GH effect
on these measures is unknown.

We sought to assess the impact of GH replacement on meta-
bolic outcomes in patients with adult-onset CP using data
from the Hypopituitary Control and Complications Study
(HypoCCS), an open-label, global prospective surveillance
study of GH replacement in patients with GHD [17]. We
also analyzed HypoCCS data on patients with pituitary aden-
omas to provide additional context to our findings.

Materials and Methods

Data Source

HypoCCS was an observational research surveillance program
that collected information on day to day management and clin-
ical experience of adult patients with GHD due to adult-onset
hypothalamic or pituitary disease or persistent childhood-onset
GHD (registered with ClinicalTrials.gov, NCT01088399).
Worldwide, 10 673 patients from 18 countries were enrolled.
Patients were recruited from Austria, Belgium, Canada, Czech
Republic, Denmark, France, Germany, Hungary, Iceland, Italy,
Japan, Norway, Slovakia, Spain, Sweden, The Netherlands, the
United Kingdom, and the United States. Of 6840 patients in
the database with GHD, the distribution was as follows: 3165
from the United States, 833 from Italy, 462 from the United
Kingdom, 439 from The Netherlands, 435 from Germany,
348 from Sweden, 151 from Denmark, and 1007 from other
countries. Patients had 1 or 2 study visits per year with a typical
interval of 6 to 12 months between visits. No form of interven-
tion was imposed on enrolled patients. All treatment decisions
for GH replacement were at the discretion of the site investigator,
as was the starting dose and method of dose titration.

The primary objective of HypoCCS was to determine the
safety of GH replacement as used in clinical practice in adults
with GHD.

Study Cohorts

We extracted data from HypoCCS on patients with adult-onset
CP and adult-onset pituitary adenoma and at least 6 months of
follow-up on GH replacement. The GH-treated group com-
prised patients who received GH at any time during participa-
tion in HypoCCS, including those who were untreated at
enrollment and then started GH replacement while on the study,
as well as those who were receiving GH replacement at enroll-
ment and stopped during the study. Patients who did not receive
GH at any time during the study were defined as untreated.

Study Endpoints
The primary outcome of our study was a composite hepatic
outcome based on adverse event reporting per the Medical
Dictionary of Regulatory Activities (MedDRA) version 14.0
[29] for incidence of MASLD, defined as steatosis on imaging
or biopsy and >1 cardiometabolic criteria [30], hepatitis, cir-
rhosis, any liver abnormality, or abnormal liver enzymes.
Secondary outcomes included changes in fasting glucose
from baseline to the last visit; development of new-onset
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T2DM; change in percentage fat and lean body mass on bio-
electrical impedance analysis and dual-energy x-ray absorpti-
ometry (DXA); change in BMI, waist—hip ratio, bone mineral
content on DXA, systolic blood pressure (SBP) and diastolic
blood pressure (DBP), mean arterial pressure (MAP), and lipid
profiles; development or worsening of hypertension (HTN),
hyperlipidemia, stroke, and heart attack; and mortality.

Baseline variables considered included patient demographics
(age and sex), metabolic characteristics (BMI, percent body
fat, fat mass index, lean BMI, waist-hip ratio, HbA1C, and fast-
ing blood glucose), endocrine characteristics (insulin-like
growth factor [IGF]-I level and number of hormone deficits), co-
morbidities (T2DM, HTN, hyperlipidemia, coronary artery dis-
ease, and stroke), current therapies (insulin, oral antidiabetics,
dyslipidemia medications, antihypertensives, weight loss medi-
cations, estrogen and/or progesterone, and androgen), and ther-
apy prior to enrollment (GH replacement and radiotherapy).

The study was determined to be exempt from institutional
review board regulation.

Statistical Analyses

Analyses were performed separately for CP and pituitary aden-
oma cohorts. Data are presented as frequency (percentage, %)
for categorical variables and mean (+ SD) or median (inter-
quartile range [IQR]) for continuous variables. Spearman
rank correlation coefficient was used to examine associations
between GH dose at study end and body composition out-
comes. Baseline characteristics and the primary and secondary
outcomes were compared between GH treated and untreated
groups using analysis of variance (ANOVA) or Wilcoxon
rank-sum test for continuous variables and the chi-square
test or the Fisher exact test for categorical variables as appro-
priate. Outcomes that were significantly or marginally signifi-
cantly different between GH treated and untreated groups
with P values less than .1 were further examined.

To examine associations between change in continuous out-
comes from baseline to study end and GH replacement, a gener-
alized additive model for location, scale and shape (GAMLSS)
[31] was employed using Box—Cox Cole and Green (BCCG),
Box—Cox-t (BCT), t-family (TF) or log-normal distribution
with an identity link function, including each outcome at the
study end as a response variable and its baseline measurement
and GH treated vs untreated as covariates after adjusting for pri-
or GH replacement, age, sex, BMI, duration of GHD, and time
in study. The goodness of fit of each model was examined using
residuals [32] and generalized Akaike information criterion such
that the most adequate response distribution was chosen. Binary
outcomes were examined using a logistic regression model in-
cluding GH treated vs untreated as a covariate after adjusting
for prior GH replacement, age, sex, BMI, pituitary adenoma
subtype, and duration of GHD. Missing data on categorical var-
iables were summarized as “unknown” and excluded from ana-
lyses for continuous variables.

All analyses were performed using R package version 4.3.2
[33] with 2-sided tests at a significant level of .05. Significance
was not adjusted for multiple tests.

Results

A total of 4564 patients were identified, including 592 pa-
tients with adult-onset CP and 3972 patients with pituitary
adenoma.
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Craniopharyngiomas

Of 592 patients with adult-onset CP identified, 544 were
treated with GH replacement and 48 were untreated.

Baseline Characteristics

The GH-treated group had a longer median duration of GH
replacement and follow-up vs the untreated group (4.03
[IQR 2.28-7.82] vs 3.13 [IQR 1.63-4.99] years, respectively;
P =.016), more females (47% vs 38%), younger median age
at enrollment (42.9 [IQR 33.6-52.4] vs 53.6 [IQR
43.4-61.3] years; P <.001), and earlier median age of GHD
diagnosis (37.5 [IQR 27.3-48.6) vs 49.8 [IQR 36.2-59.5]
years; P <.001) although duration of GHD was similar in
the 2 groups (median 1.86 [IQR 0.31-7.01] vs 3.26 [IQR
0.33-7.5] years, respectively; P=.739) (Table 1).

Metabolic measures of BMI, waist-hip ratio, and lean body
mass were similar at baseline between the GH-treated and un-
treated groups, while fasting blood glucose levels were lower
in the GH-treated group (median 84.7 [IQR 75.7-94] vs 92
[IQR 83-104] mg/dL; P =.025) (Table 1).

Comorbidity rates were also similar between the groups at
baseline, except that the GH-treated group had lower rates of
HTN (3% vs 15%; P = .009). GH-treated patients had more hor-
mone deficits than untreated patients (P <.001), with 58% and
29%, respectively, showing 4 hormone deficits. Rates of hypo-
gonadism (91% vs 78%, P =.019), adrenal insufficiency (88%
vs 74%, P=.011), and arginine vasopressin deficiency (68% vs
46%, P =.008) were all higher in GH-treated vs untreated pa-
tients (data not shown). In addition, 21% of GH-treated patients
were on estrogen and/or progesterone replacement compared
with 6% in untreated patients (P =.013) (Table 1).

Prior use of radiotherapy was similar in the 2 groups (26 %
vs 38%) and approximately 85% were naive to GH replace-
ment at baseline in both the GH-treated and untreated groups
(84% vs 85%).

Outcomes

The composite hepatic outcome was not different between
GH-treated and untreated patients, with 19% showing ad-
verse hepatic events with GH replacement compared with
27% without treatment (P =.219). On univariate analysis,
treatment of GH was not associated with hepatic outcomes
(odds ratio [OR] 0.65; 95% CI 0.32, 1.30; P=.222)
(Table 2 and Table 3).

Examination of metabolic and body composition outcomes
showed only a few outcomes were significantly different from
baseline with GH treatment. Lean mass on DXA increased by
mean 2047.27 (+4209.61) g in GH-treated patients compared
with —4247.33 (+4438.79) g in untreated patients (P =.032).
Rates of osteoporosis on DXA did not differ with and without
GH use (8.8% vs 11.1%, respectively; P =.173), and no frac-
tures were recorded in untreated patients (0% vs 5.5%;
P =.087). Waist-hip ratio decreased by 0.01 (IQR
—0.03-0.03) in GH-treated patients but increased by 0.03
(IQR 0-0.06) in untreated patients (P =.006). SBP remained
unchanged with GH replacement but increased in untreated
patients (0 [IQR —10-10] vs 5.5 [IQR 0-17] mmHg, respect-
ively; P=.036). Similarly, MAP was unchanged (0 [IQR
—6.67-6.67] mmHg in treated patients but increased in un-
treated patients (3.33 [IQR —0.67-8.33] mmHg; P =.056).

GH replacement did not impact other metabolic and body
composition outcomes, or any cardiovascular outcomes

(Table 2). Mortality was similar in GH-treated and untreated
patients during the surveillance period (5.9% vs 3.5%;
P =.367). GH dose at study end was not associated with
body composition outcomes (Table 4).

On univariate analysis (Table 3), GH replacement was
associated with decreased waist-hip ratio (P=.010), de-
creased SBP (P =.032), and lower rates of new-onset HTN
(P=.031). GH replacement was associated with decreased
bone mineral content on DXA P =.018), but too few cases
of osteoporosis and fracture were reported to determine cor-
relation with GH replacement use. The increase in lean body
mass on bioelectrical impedance analysis (P =.054) and on
DXA (P =.065) as well as the decrease in MAP (P =.064) in
GH-treated patients were not significant.

On multivariable analysis, GH replacement remained asso-
ciated with decreased bone mineral content (estimated mean
[est] —=324.90 g; 95% CI —574.49, —75.31; P = .034) after ad-
justing for baseline bone mineral content, or potential con-
founders, including prior GH replacement, age, sex, BMI,
duration of GHD, and time in study (Table 3). Waist-hip ratio
(est —0.02595% CI —0.05, 0.00; P =.067) and rate of dyslipi-
demia medication use (OR 0.48;95% CI 0.20-1.14; P =.097)
were lower in GH-treated vs untreated patients although these
associations were not statistically significant. All other out-
come measures were not associated with GH use.

Pituitary Adenomas

Of 3972 patients with pituitary adenomas included, 3346
were treated with GH replacement and 626 untreated.

Baseline Characteristics
GH-treated patients with pituitary adenomas had a longer me-
dian follow-up (4.3 [IQR 2.1-7.9] years) (3.0 [IQR 1.8-5.0]
years; P <.001) and shorter median duration of GHD (1.47
[IQR 0.23-6.02] vs 2.28 [IQR 0.28-7.36] years; P=.012)
than untreated patients (Table 5). GH-treated patients were
also younger both at enrollment (median 52.3 [IQR
43.4-60.9] vs 59.6 [IQR 50.1-69.9] years; P <.001) and at
GHD diagnosis (median 48.1 [IQR 38.2-57.3] vs 55 [IQR
44.3-65.2] years; P <.001). Fifteen percent of GH-treated pa-
tients with pituitary adenoma had prior use of GH replacement
compared with only 7% of untreated patients (P <.001).
Patients with pituitary adenoma treated with GH had lower
median waist=hip ratio (0.9 [IQR 0.0-0.99] vs 0.9 [IQR
0.9-0.99]; P =0.04), lower median fasting blood glucose (86
[IQR 78-95) vs 90 [IQR 82-103.5] mg/dL; P < 0.001), and
lower median HbA1C levels (5.6 [IQR 5.3-6.1] vs 5.8
[5.4-6.4]; P<.001) at baseline than untreated patients
(Table 5). GH-treated patients also had lower rates of
T2DM (3% vs 8%; P<.001), HIN (11% vs 19%,
P <.001), hyperlipidemia (16% vs 26%, P <.001), coronary
artery disease (1% vs 4%, P <.001), and stroke (1% vs 2%,
P <.001). Fewer GH-treated patients were on oral antidiabetic
(P<.001) and dyslipidemia medications (P=.015), while
more GH-treated patients were on androgens (P =.02). Prior
use of radiotherapy rates was more common in GH-treated
than untreated patients (34% vs 26 %, P <.001).

Outcomes

Rates of hepatic adverse events were similar in GH-treated
and untreated patients with pituitary adenomas (17.3% vs



Table 1. Baseline characteristics in GH-treated and untreated patients with adult-onset CP
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Variable No GH replacement (n = 48) GH replacement (n = 544) P value
Demographics
Follow-up, median years (IQR) 3.13 (1.63-4.99) 4,03 (2.28-7.82) .016
Age at enrollment, median years (IQR) 53.64 (43.42-61.33) 42.87 (33.55-52.39) <.001
Age at GHD diagnosis, mean years (IQR) 49.82 (36.21-59.46) 37.49 (27.27-48.64) <.001
Duration of GHD, median years (IQR) 3.26 (.33-7.5) 1.86 (.31-7.01) 739
Duration of GH replacement, median years (IQR) 4.03 (2.28-7.82)
GH dose at study end, median mg/d (IQR) 0 (0-0) 4(.21-0.7) <.001
Female sex, n (%) 18 (37.5) 256 (47.06) .203
Caucasian race, n (%) 29 (60.42) 362 (66.67) 409
Metabolic
BMI, median kg/m2 (IQR) 29.61 (26.53-34.67) 30.09 (26.3-35.16) .853
Body fat, median % (IQR) 35.26 (32.6-36.22) 35.25 (28.73-40.08) .552
Fat mass index, median kg/m2 (IQR) 11.14 (10.43-14.19) 9.83 (7.85-12.52) 226
Lean body mass, median kg/m2 (IQR) 20.18 (16.41-26.98) 17.03 (14.58-19.78) .208
Waist-hip ratio, median (IQR) 0.94 (0.88-1.01) 0.94 (0.88-0.99) .603
HbA1C, median % (IQR) 5.8 (5.6-7.7) 5.5(5.2-6) .145
Fasting blood glucose, median mg/dL (IQR) 92 (83-104) 84.67 (75.66-94) .025
Endocrine
IGF-1, median ng/mL (IQR) 71.5 (52-112) 85 (55.2-135) .085
No. of hormone deficits, n (%) <.001
0 2 (4.17) 10 (1.84)
1 4 (8.33) 23 (4.23)
2 10 (20.83) 38 (6.99)
3 18 (37.5) 160 (29.41)
4 14 (29.17) 313 (57.54)
Current comorbidities, n (%)
T2DM 2(4.17) 17 (3.13) 779
Hypertension 7 (14.58) 17 (3.13) .009
Hyperlipidemia 10 (20.83) 85 (15.63) 711
Coronary artery disease 1(2.08) 3(0.55) 115
Stroke 1(2.08) 2(0.37) 382
Osteoporosis 2 (4.17) 26 (4.78) 1.000
Fracture 1(2.08) 2(0.37) 241
Current therapy, n (%)
Insulin 0 (0) 15 (2.76) 0.614
Oral antidiabetics 4(8.33) 34 (6.25) 525
Dyslipidemia medications 10 (20.83) 74 (13.6) 174
Antihypertensives 12 (25) 55 (10.11) .004
Weight loss medications 0 (0) 2(0.37) 1.00
Estrogen and/or progesterone 3(6.25) 115 (21.22) 013
Androgen 16 (33.33) 146 (26.94) 341
Prior therapy, n (%)
GH replacement 7 (14.58) 87 (15.99) 798
Radiotherapy 18 (37.5) 143 (26.29) .094

Abbreviations: BMI, body mass index; CP, craniopharyngioma; GH, growth hormone; GHD, growth hormone deficiency; IGF, insulin-like growth factor; IQR,

interquartile range; T2DM, type 2 diabetes mellitus.

Palue is calculated by analysis of variance or Wilcoxon rank-sum test for continuous and ordinal variables; and the hi-square test or the Fisher exact test for categorical

variables.

18%, respectively). On univariate analysis, GH treatment
was not associated with the composite hepatic outcome
(OR 0.97; 95% CI 0.77, 1.23; P=.807) (Table 6 and

Table 7).

Examination of metabolic and body composition outcomes
showed that fasting blood glucose increased more in
GH-treated patients than in untreated patients (6 [IQR 0-13]

vs 1 [IQR —10-7] mg/dL, respectively; P =.04), while mean
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Table 2. Outcomes in GH-treated and untreated patients with adult-onset CP
Outcome No GH replacement (n = 48) GH replacement (n = 544) P value
Composite hepatic outcome, n (%) 12 (26.67) 93 (19.06) 219
Metabolic and body composition
Change in fasting blood glucose, mean mg/dL (SD) 1.33 (19.66) 5.63 (16.32) 737
Change in HbA1C, mean % (SD) NA 0.15 (0.76) NA
New diagnosis of T2DM, n (%) 0 (0) 19 (5.05) .628
Worsening of T2DM, n (%) 0(0) 14 (3.73) 612
Change in percent body fat, mean (SD) 1.86 (2.15) —2.33 (4.48) 130
Change in fat mass index, mean kg/m2 (SD) 0.38 (0.98) —0.63 (1.82) 362
Change in lean body mass/fat mass, mean kg/kg (SD) —0.15 (0.14) 0.19 (0.43) 197
Diagnosis of osteoporosis on DXA, n (%) 5(11.1) 43 (8.81) 173
Diagnosis of fracture on DXA, n (%) 0 27 (5.53) .087
Change in BMI, median kg/m2 (IQR) 1200.33 (2241.78) —1757.77 (4812.56) 312
Change in total cholesterol, mean mg/dL (SD) NA —18.61 (20.25) NA
Change in high-density lipoproteins, mean mg/dL (SD) 4(0.01) 1.62 (17.07) .895
Change in triglycerides, mean mg/dL (SD) —67.67 (100.17) —20.13 (83.86) 221
Change in diastolic blood pressure, median mmHg (IQR) 0 (-5-10) 0 (-10-5) 231
Cardiovascular
Myocardial infarction, n (%) 0 (0) 2 (0.53) 1.00
Worsening of coronary heart disease, n (%) 0 (0) 5(1.34) 1.000
Stroke, n (%) 1(3.7) 8(2.13) 469
Worsening hypertension, n (%) 2(7.41) 12 (3.22) 242
Peripheral vascular disease, n (%) 0 (0) 9(2.42) 1.000
Mortality, n (%) 2(5.88) 11 (3.49) 367

Abbreviations: BMI, body mass index; CP, craniopharyngioma; DXA, dual-energy x-ray absorptiometry; GH, growth hormone; IQR, interquartile range; T2DM, type 2

diabetes mellitus.

P value is calculated by ANOVA or Wilcoxon rank-sum test for continuous variables, and chi-square test or Fisher’s exact test for categorical variables.

HbA1C decreased less (—0.12% [+£1.94] vs —1.95% [+1.84],
respectively; P=.037) (Table 6). Median BMI increased in
GH-treated patients (0.23 [IQR —0.99-1.56] kg/m?) and re-
mained unchanged in untreated patients (P=.002), while
DBP (80 [IQR 70-84] vs 76 [IQR 70-82] mmHg; P <.001)
and MAP (94.67 [IQR 87.33-101.67) vs 93.33 [IQR
86.67-100] mmHg; P =.007) were both higher in GH treated
patients. Lipid medication use was less frequent (46 % vs 56 %;
P<.001), and mortality was lower (2.85% vs 5.05%;
P =.015) in GH-treated patients vs untreated patients.
Patients in the pituitary adenoma cohort who underwent
DXA showed no significant difference in the change in bone
mineral content, osteoporosis, or fracture in GH-treated vs un-
treated patients (Table 6).

On univariate analysis, GH replacement was associated
with higher BMI at study end (est .33; 95% CI 0.11, 0.55;
P =.004), reduced use of dyslipidemia medication (OR 0.67;
95% CI 0.50, 0.84; P=.031), and increased DBP (est 1.32;
95% CI 0.38, 2.25; P=.006). Mortality was also lower in
GH-treated vs untreated patients (OR 0.55; 95% CI 0.34,
0.90; P =.017) (Table 7). GH dose at study end was not asso-
ciated with any body composition outcome (Table 8).

On multivariable analysis, increased fasting blood glucose
(est 6.45; 95% CI 3.24, 9.66; P <.001), increased DBP (est
1.44; 95% CI 0.45, 2.43; P=.005), increased MAP (est
1.20;95% CI 0.14, 2.26; P =.027), and lower rate of dyslipi-
demia medication use (OR 0.73; 95% CI 0.57, 10.93;
P =.010) were associated with GH replacement after

adjusting for prior GH replacement, age, sex, BMI, duration
of GHD, and pituitary adenoma subtype (Table 7).

Discussion

In a secondary analysis of the HypoCCS registry database, we
found no significant impact of GH replacement on hepatic
outcomes in patients with adult-onset CP, although we did
see lower waist-hip ratio and dyslipidemia medication use.
Of note, we found that GH replacement was associated with
a significant decrease in bone mineral content in patients
with CP. There was no significant difference in rates of osteo-
porosis or fractures between the groups, and few events of
each were recorded. In the comparator cohort of patients
with pituitary adenoma, data from HypoCCS show that GH
replacement had no significant effect on hepatic outcomes,
but fasting blood glucose as well as blood pressure worsened
among those treated with GH replacement (Table 9).

Hepatic Outcomes

The primary aim of our study was to assess whether GH replace-
ment improves a composite hepatic outcome including MASLD,
hepatitis, cirrhosis, and abnormal liver enzymes. GH has been
demonstrated in preclinical and clinical studies to contribute to
the pathogenesis of hepatic steatosis through multiple pathways,
including hepatic lipogenesis and inflammation.
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Table 3. Univariate and multivariable analyses of outcomes in GH-treated and untreated patients with adult-onset CP

Outcome Univariate Multivariable
Estimate (95% CI) Pvalue Estimate (95% CI) P value

Composite hepatic outcome”
GH replacement 0.65 (0.32, 1.30) 222 0.56 (0.27, 1.18) 130
No GH replacement 1 (Reference) 1 (Reference)

Lean body mass index on BIA?
GH replacement 1.14 (1.01, 1.28) .054 1.12 (0.98, 1.28) 144
No GH replacement 1 (Reference) 1 (Reference)

Lean body mass on DXA, g’
GH replacement 1.13 (1.00, 1.28) .065 1.07 (0.94, 1.23) 334
No GH replacement 1 (Reference) 1 (Reference)

Total bone mineral content on DXA, g
GH replacement —323.66 (—561.62, —85.71) .018 —324.90 (—574.49, —75.31) .034
No GH replacement 0 (Reference) 0 (Reference)

Waist-hip ratio”
GH replacement —0.03 (-0.06, —0.01) .010 —0.02 (=0.05, 0.00) .067
No GH replacement 0 (Reference) 0 (Reference)

New onset hypertension”
GH replacement 0.48 (0.25 0.94) .031 0.82 (0.38, 1.73) .597
No GH replacement 1 (Reference) 1 (Reference)

Systolic blood pressure, mmHg*
GH replacement —5.99 (—11.44, —0.54) .032 —3.71 (-9.08, 1.66) 176
No GH replacement 0 (Reference) 0 (Reference)

Mean arterial pressure, mmHg*
GH replacement -3.55(=7.29, 0.19) .064 —1.86 (—=5.55, 1.82) 322
No GH replacement 0 (Reference) 0 (Reference)

Dyslipidemia medication use®
GH replacement 52(0.23, 1.13) 100 0.48 (0.20, 1.14) 097
No GH replacement 1 (Reference) 1 (Reference)

All multivariable models were adjusted for prior GH replacement, age, sex, BMI, and duration of GH deficiency. For continuous outcomes, time in study was additionally
included in the multivariable model.

Abbreviations: BIA, bioelectrical impedance analysis; BMI, body mass index; CP, craniopharyngioma; DXA, dual-energy X-ray absorptiometry; GH, growth hormone.
“Modeled with a logistic regression model; estimate is an odds ratio for GH treated group compared to the untreated group.

“Modeled with GAMLSS using a log-normal distribution with an identity link function; estimate is expressed as the ratio of estimated means of the outcome of interest for
GH treated group compared with the untreated group.

‘Modeled with GAMLSS using a BCCG distribution with an identity link function; estimate is an estimated effect of GH treatment on the outcome of interest compared
to the untreated group.

“Modeled with GAMLSS using a BCT distribution with an identity link function; estimate is an estimated effect of GH treatment on the outcome of interest compared to
the untreated group.

Table 4. Associations between GH dose at study end and change in GH stimulates hpolys]s in white adipose tissue which in-
body composition outcomes in patients with adult-onset CP creases circulating free fatty acids and acts on skeletal muscle

to enhance free fatty acid mobilization and uptake [34]. Free

Outcome Correlation coefficient P value fatty acids are then available for hepatic uptake and storage
Percent body fat —0.144 546 and subsequent intrahepatic lipid accumulation [35].
Fat mass index ~0.156 510 GH and IGF-1 also directly act on the liver by targeting hep-
Lean body mass/fat mass —-0.227 435 i;IOACgE;;’ [r;lg]crcl)_pl)hagtes, and he% atllz Stell(lati C?Hélg) P revint
. . Hepatocyte-specific knockout o receptor
Lean body Tnass index on BIA ~0.006 986 and downstream siI;nals}aAIEZ, STATS) in mice led to develljop—
Body mass index 0.041 452 . . . . . .
ment of hepatic steatosis and insulin resistance [37-39]. Hepatic
Fat mass on DXA —0.065 781 steatosis was observed in a model of adult-onset hepatocyte
Lean body mass on DXA 0.095 747 GHR knockdown, with enhanced hepatic de novo lipogenesis
Total bone mineral content on DXA  0.106 706 and reduced B-oxidation [40] as well as reduced insulin metab-
Waist=hip ratio -0.132 .068 olism and increased gluconeogenesis [41]. Similarly, a GHD rat

model demonstrated hepatic steatosis and fibrosis, with in-
P value is calculated by Spearman rank correlation. d idati + d ab 1 mitochondri h
Abbreviations: BIA, bioelectrical impedance analysis; DXA, dual-energy X-ray creased oxidalive stress and abnormal mitochondria morph-
absorptiometry. ology that reversed with GH and IGF-1 administration [42].
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Table 5. Baseline characteristics GH-treated and untreated patients with pituitary adenoma

Variable

No GH replacement (n = 626)

GH replacement (n = 3346)

P value

Demographics
Follow-up, median years (IQR)
Age at enrollment, median years (IQR)
Age at GHD diagnosis, median years (IQR)
Duration of GHD, median years (IQR)
Duration of GH replacement, median years (IQR)
GH dose at study end, median mg/d (IQR)
Female sex, n (%)
Caucasian race, n (%)
Type of adenoma/diagnosis, n (%)
Nonfunctioning adenoma
Cushing disease
Acromegaly
Prolactinoma
Metabolic
BMI, median kg/m2 (IQR)
Body fat, % (IQR)
Fat mass index, median kg/m2 (IQR)
Lean body mass index, median kg/m2 (IQR)
Waist-hip ratio, median (IQR)
HbA1C, median % (IQR)
Fasting blood glucose, median mg/dL (IQR)
Endocrine
IGF-1, median ng/mL (IQR)
No. of hormonal deficits, n (%)
0
1
2
3
4
Current comorbidities, n (%)
T2DM
Hypertension
Hyperlipidemia
Coronary artery disease
Stroke
Osteoporosis
Fracture
Current therapy, n (%)
Insulin
Oral antidiabetics
Dyslipidemia medications
Antihypertensives
Weight loss medications
Estrogen and/or progesterone
Androgen
Prior therapy, n (%)
GH replacement
Radiotherapy

2.98 (1.75-4.98)
59.56 (50.14-69.92)
55 (44.3-65.23)
2.28 (0.28-7.36)

0 (0-0)
223 (35.62)
381 (60.96)

400 (72.6)
34 (5.43)
23 (3.67)
100 (15.97)

28.86 (26.22-32.92)
30.27 (24.94-37.62)
8.24 (6.87-12.31)
18.03 (16.52-19.4)
0.94 (0.89-0.99)
5.8 (5.4-6.35)

90 (82-103.5)

73 (47-102)

440 (11.08)
686 (17.27)
876 (22.05)
1569 (39.5)
401 (10.1)

48 (7.67)
119 (19.01)
160 (25.56)
26 (4.15)
11 (1.76)
42 (6.71)
14 (2.24)

16 (2.56)
70 (11.18)
165 (26.36)
209 (33.39)
1(0.16)

49 (7.93)
147 (23.79)

41 (6.6)
165 (26.36)

4.26 (2.1-7.89)
52.32 (43.42-60.89)
48.07 (38.15-57.25)
1.47 (0.23-6.02)
4.26 (2.1-7.89)

0.4 (0.2-0.6)

1430 (42.74)

2428 (72.67)

1956 (61.66)
392 (11.72)
165 (4.93)
686 (20.5)

29.05 (25.79-32.76)
32.17 (26.42-39.8)
9.06 (6.91-11.92)
17.63 (15.63-19.36)
0.93 (0.88-0.99)
5.6 (5.3-6.1)

86 (78-95)

94 (63-143)

65 (10.38)
115 (18.37)
149 (23.8)
255 (40.73)
42 (6.71)

111 (3.32)
384 (11.48)
538 (16.08)
43 (1.29)
24 (0.72)
158 (4.72)
34 (1.02)

52 (1.55)
175 (5.23)
579 (17.30)
908 (27.14)
10 (0.3)
507 (15.22)
944 (28.34)

490 (14.6)
1129 (33.74)

<.001
<.001
<.001

.012

<.001
<.001
<.001

<.001
<.001
174
.009

.683
321
.645
.186
.040
<.001
<.001

<.001
213

<.001
<.001
<.001
<.001
<.001

.536

.084

318
<.001
.015
416
701
<.001
.02

<.001
<.001

Pvalue is calculated by analysis of variance or Wilcoxon rank-sum test for continuous and ordinal variables; and chi-square test or Fisher exact test for categorical variables.

Abbreviations: BMI, body mass index; GH, growth hormone; GHD, growth hormone deficiency; IQR, interquartile range; T2DM, type 2 diabetes mellitus.
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Outcome No GH replacement (n = 626) GH replacement (n = 3346) P value
Composite hepatic outcome, n (%) 103 (17.67) 530 (17.25) .808
Metabolic and body composition
New diagnosis of T2DM, n (%) 13 (3.16) 66 (2.82) 702
Worsening of T2DM, n (%) 12 (2.92) 69 (2.96) 963
Change in percent body fat, median (IQR) —1.13 (-3.4-0.57) —1.75 (—4.25-1.49) .847
Change in fat mass index kg/mz, median (IQR) —0.59 (-1.16-0.22) —0.57 (-1.61-0.73) .809
Change in lean body mass index kg/mz, (SD) 0.24 (= 0.99) 0.53 (¢ 1.31) 521
Change in DXA fat mass, median g (IQR) —1183 (—=3451-297) —1655 (—4275-1625) 955
Change in lean mass on DXA, mean g (SD) 420 (+ 2921.37) 1637.8 (= 3855.56) 367
Change in total bone mineral content on DXA, mean g (SD) 100 (+ 110.26) —14.75 (+ 181.2) .105
Diagnosis of osteoporosis on DXA, n (%) 73 (12.52) 316 (10.29) .109
Diagnosis of fracture on DXA, n (%) 30 (5.15) 189 (6.15) .348
Change in waist-hip ratio, median (IQR) 0 (—0.02-0.05) 0 (=0.03-0.04) 584
Change in total cholesterol, mean mg/dL (SD) -3.21 (£ 19.39) —17.69 (= 46.26) .543
Change in high-density lipoproteins, mean mg/dL (SD) -2 (£ 5.57) 4.84 (+ 10.48) 270
Change in triglycerides, median mg/dL (IQR) -5 (—=60-33) —3(=53-35.43) 772
Change in systolic blood pressure, median mmHg (IQR) 0 (-10-12) 0 (-10-12) 485
New onset hypertension, n (%) 235 (40.59) 1213 (39.68) .682
Cardiovascular
Myocardial infarction, n (%) 5(1.22) 24 (1.02) .609
Worsening of coronary heart disease, n (%) 10 (2.44) 43 (1.84) 412
Stroke, n (%) 8 (1.95) 40 (1.71) 732
Peripheral vascular disease, n (%) 7 (1.71) 50 (2.14) .573
Mortality 23 (5.05) 62 (2.85) .015

P value is calculated by ANOVA or Wilcoxon rank-sum test for continuous variables and chi-square test or Fisher’s exact test for categorical variables.
Abbreviations: DXA, dual X-ray absorptiometry; GH, growth hormone; IQR, interquartile range; T2DM, type 2 diabetes mellitus.

GH and IGF-1 regulation of inflammation may also con-
tribute to development of hepatic steatosis. GH treatment of
M1 proinflammatory macrophages switches them to M2 anti-
inflammatory macrophages [43], while knock out of IGF1 re-
ceptors in macrophage precursor cells leads to increased M1
macrophages and metabolic dysfunction in diet-induced obese
mice [44]. Clinically, these shifts manifest in adults with GHD
as increased inflammatory markers [45], which are decreased
in patients with acromegaly [46].

MASLD has been reported in up to 50% of patients with
GHD [47, 48], and IGF-I levels were shown to predict hepatic
steatosis [49]. However, whether GH replacement can reverse
or mitigate progression of MASLD is unclear. In a cohort of
66 patients with GHD, 19 patients who were assessed before
and after 6 to 12 months of GH replacement showed improve-
ments in liver enzymes, while histologic markers of hepatic
steatosis and fibrosis improved in 5 patients who underwent
repeat biopsies [23]. Other studies similarly suggest improve-
ment in liver enzymes and fibrosis markers after more than 24
months of GH replacement [28], as well as increased rates of
MASLD with cessation of GH replacement in adults with
childhood-onset GHD [50]. Even in patients with intact
GH function, 6 months of GH administration led to small
but significant reductions in hepatic fat fraction [51, 52]. By
contrast, in a cohort of 22 patients with GHD, 36% of
whom had steatosis on imaging, 6 months of GH replacement
did not impact standard measures of liver fat quantification on
FibroScan [26].

The mixed findings in published studies and the lack of
benefit in our study in patients with CP could be attributed
to the other factors that drive hepatic steatosis, including
hypothalamic obesity, insulin resistance, dyslipidemia, gluco-
corticoid over-replacement, hypogonadism, and hypothyroid-
ism, all of which are present in many patients with CP [36,
53]. Indeed, patients with CP are observed to have higher rates
of hepatic steatosis on imaging, elevated transaminases, and/
or histologic liver changes consistent with MASLD compared
with patients with GHD and other pituitary lesions [7, 54-57],
suggesting such additional contributors may play a role in
MASLD development in CP. Accordingly, these factors may
dilute the isolated impact of GH replacement on hepatic out-
comes and undermine our ability to detect a significant benefit
with GH treatment.

Further, the design of HypoCCS limited us to analysis of
outcomes based on hepatic adverse event reporting rather
than results of standardized, routine hepatic imaging. Likely
this underestimated the true incidence of MASLD and the im-
pact of GH on this outcome. Rigorous, prospective studies are
needed to confirm benefits of GH replacement on hepatic out-
comes in adult-onset CP.

Metabolic Outcomes and Body Composition

Metabolic syndrome is up to 2-fold more prevalent in patients
with GHD compared with the general population [58]. This
translates to increased cardiovascular mortality if GH is not
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Table 7. Univariate and multivariable analyses of outcomes in GH-treated and untreated patients with pituitary adenoma
Outcome Univariate Multivariable

Estimate (95% CI) P value Estimate (95% CI) P value

Composite hepatic outcome”

GH replacement

No GH replacement
Fasting blood glucose”

GH replacement

No GH replacement
HbA1C’

GH replacement

No GH replacement

Body mass index, kg/m*’

GH replacement
No GH replacement

Lean body mass/fat mass, kg’

GH replacement
No GH replacement

Dyslipidemia medication use

GH replacement
No GH replacement

Worsening of hypertension”

GH replacement
No GH replacement

Diastolic blood pressure, mmHg?

GH replacement
No GH replacement

Mean arterial pressure, mmHgb

GH replacement

No GH replacement
Osteoporosis

GH replacement

No GH replacement
Fracture

GH replacement

No GH replacement
Mortality”

GH replacement

No GH replacement

0.97 (0.77, 1.23)
1 (Reference)

4.05 (-0.86, 8.97)
0 (Reference)

0.26 (—0.39, 0.91)
0 (Reference)

0.33 (0.11, 0.55)
0 (Reference)

0.05 (-0.16, 0.27)
0 (Reference)

0.67 (0.50, 0.84)
1 (Reference)

1.64 (0.94, 2.88)
1 (Reference)

1.32(0.38, 2.25)
0 (Reference)

0.74 (-0.25, 1.74)
0 (Reference)

0.79 (0.60, 1.04)
1 (Reference)

1.19 (0.80, 1.77)
1 (Reference)

0.55 (0.34, 0.90)
1 (Reference)

.807 0.94 (0.73, 1.21) .626
1 (Reference)

.100 6.45 (3.24, 9.66) <.001
0 (Reference)

449 0.20 (—0.09, 0.49) 192
0 (Reference)

.004 0.19 (-0.04, 0.42) .105
0 (Reference)

.630 -0.09 (-0.33, 0.15) 474
0 (Reference)

.031 0.73 (0.57, 0.93) .010
1 (Reference)

.083 1.79 (0.99, 3.26) .055
1 (Reference)

.006 1.44 (0.45, 2.43) .005
0 (Reference)

.103 1.20 (0.14, 2.26) .027
0 (Reference)

.087 0.21 (0.05, 1.00) .0496
1 (Reference)

.39 1.28 (0.84, 1.95) 247
1 (Reference)

.017 0.82 (0.48, 1.42) 485

1 (Reference)

All multivariable models were adjusted for prior GH replacement, age, sex, body mass index, pituitary adenoma subtype, and duration of GH deficiency. For continuous

outcomes, time in study was additionally included in the multivariable model.
Abbreviation: GH, growth hormone.

“Modeled with a logistic regression model; estimate is an odds ratio for the GH treated group compared with the untreated group.
“Modeled with GAMLSS using a BCT distribution with an identity link function; estimate is an estimated effect of GH replacement on the outcome of interest compared

with the untreated group.

replaced [59-61], and a return to normal with GH replacement
[62]. Furthermore, randomized controlled clinical trials of GH
replacement in adults with GHD show reduced fat mass and
increased lean body mass [18, 19, 63-65]. Benefits are seen
as early as 6 months after treatment initiation [19, 63], and
long-term follow-up in both HypoCCS and the observational
Pfizer International Metabolic Database (KIMS) confirm these
benefits [17, 66]. Indeed, meta-analysis of blinded, randomized

placebo-controlled trials showed dose-related changes in body
composition with GH replacement, including increased lean
body mass and reduced total and low-density lipoprotein chol-
esterol, fat mass, fasting blood glucose, and insulin, despite no
change in BMI [67, 68].

However, the effects of GH replacement on body composition
in patients with adult-onset CP is less clear. Studies from other
groups comparing adults with CP vs nonfunctioning pituitary
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Table 8. Associations between GH dose at study end and change in
body composition outcomes in patients with pituitary adenoma
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Table 9. Summary of effects of GH replacement on outcomes in
patients with adult-onset CP and pituitary adenoma

Outcome Correlation coefficient P value
Percent body fat —-0.078 450
Fat mass index -0.135 184
Lean body mass/fat mass 0.079 561
Lean body mass index on BIA 0.007 .960
Body mass index 0.01 646
Fat mass on DXA —-0.137 172
Lean body mass on DXA 0.013 925
Total bone mineral content on DXA 0.121 .360
Waist-hip ratio —-0.04 163

P value is calculated by Spearman rank correlation.
Abbreviations: BIA, bioelectrical impedance analysis; DXA, dual-energy X-ray
absorptiometry; GH, growth hormone.

adenoma (NFPA) suggest small improvements are seen in both
cohorts. In a study of 19 patients with CP and 19 with NFPA
treated with GH, percent body fat and total cholesterol decreased
only in the NFPA cohort after 1 year; after 5 years, patients with
CP still did not experience improved body composition even
though insulin sensitivity decreased [24]. In the KIMS database,
improved fat free mass, lipids, and quality of life measures were
seen in 183 patients with CP and 209 patients with NFPA after
2 years of GH treatment, although decreased body fat was seen
only in NFPA [10]. Finally, a Dutch registry study of 291 patients
with CP and 778 with NFPA showed BMI increased with GH re-
placement in patients with CP and was unchanged in patients
with NEPA [25].

In our study, BMI did not change in patients with
adult-onset CP or pituitary adenoma, possibly because we
controlled for confounders that could impact the body com-
position response to GH including duration of GHD and
GH dose. Hypothalamic obesity and the impact of hypothal-
amic damage on energy expenditure and sympathetic activity
may be countering the impact of GH replacement on body
composition in our cohort [69, 70].

Glucose metabolism was not impacted by GH use in pa-
tients with CP. Although patients with pituitary adenoma ex-
perienced worsening fasting blood glucose, rates of new-onset
T2DM or worsening of prior T2DM did not differ, consistent
with a prior HypoCCS report [12]. In the KIMS database,
while fasting glucose increased with GH, it was not clinically
significant [71]. Furthermore, a meta-analysis confirmed that
while glucose may increase initially with GH replacement,
longer duration of treatment beyond 1 year does not impact
glucose metabolism [72].

Bone Health

The risk of fracture is 2 to 5 times higher in patients with GHD
than in the general population (reviewed in [73]) and fracture
prevalence is considerably higher in untreated vs treated pa-
tients (78.6% vs 53.8%, P =.009) [74]. Furthermore, GH re-
placement was shown to have a beneficial impact on bone
health in adult patients with GHD, including those with CP.
For instance, total bone mineral content and increased lumbar
and/or femoral neck bone mineral density were seen after 4 to
5 years of GH replacement [75, 76], and long-term GH re-
placement up to 15 years led to further improvements,

Outcome Effect of GH replacement vs no replacement
(614 Pituitary
adenoma

No difference

Trend toward
improvement

No difference
No difference

Hepatic outcomes

Wiaist-hip ratio

No difference
Worse
No difference

Lower
No difference

Dyslipidemia medication ~ Trend toward
use improvement

No difference
No difference

Bone mineral content

Fasting blood glucose

Worse
No difference

Blood pressure

Mortality

Abbreviations: CP, craniopharyngioma; GH, growth hormone.

particularly in men [77]. In patients with CP, Z-scores of the
spine and femoral neck increased with GH replacement [78].

However, GH treatment can lead to a decline in bone min-
eral density in the first 12 months after initiation, which is
thought to be due to an increase in bone resorption before
new bone formation starts [79]. Maximum bone mineral
density is then achieved at 5 to 7 years from treatment onset
[77, 79, 80]. We found a decrease in bone mineral content
in patients with CP treated with GH replacement. Although
median duration of GH replacement was 4 years, the lowest
quartile was treated for only 2.8 years. It is possible that lon-
ger durations of treatment would have demonstrated in-
creased bone mineral content.

Interestingly, osteoporosis and fracture rates remained un-
changed with GH replacement in our study. A prior
HypoCCS analysis had reported a lower incidence of fractures
with GH replacement among those without pre-existing
osteoporosis, but GH provided neither protection nor in-
creased fractures among those with pre-existing osteoporosis
[81]. We did not parse out those with pre-existing osteopor-
osis, and few cases of osteoporosis and fracture were re-
corded, precluding an ability to determine whether GH use
correlated with these outcomes. A larger cohort and/or longer
follow-up would be needed to fully assess the effect of GH on
bone health in patients with adult-onset CP.

Blood Pressure

HypoCCS studies of pooled cohorts did not show an impact of
GH on BP [17]. Our study demonstrated worsening BP with
GH replacement among patients with pituitary adenomas,
but unchanged BP outcomes among patients with CP. By con-
trast, in the Dutch registry study comparing outcomes in CP vs
NFPA, DBP was decreased in GH-replaced patients with
NFPA but unchanged in those with CP [25]. Factors driving
these differences in outcomes are difficult to parse as meta-
analyses of randomized controlled trials of GH replacement
show variable results [67, 82].

Lipid Profiles and Dyslipidemia Medication Use

In general, lipid profiles improve with GH replacement. In the
KIMS study, both total and low-density lipoprotein choles-
terol levels improved in patients with NFPAs and CPs [10]
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and others also show increases in levels of high-density lipo-
protein cholesterol [18, 20]. In the Dutch registry study com-
paring outcomes in CP vs NFPA, lipid profiles improved in
both groups with GH [25]. Subsequent meta-analyses con-
firmed these findings [68, 82].

Our study demonstrated that fewer patients with CP on GH
replacement were on dyslipidemia medications. There were
too few reports of lipid levels in patients with CP to analyze
the effect of GH replacement.

Limitations

As is typical of studies that use surveillance data such as
HypoCCS, we recognize that rigorously testing our primary
and secondary outcomes could be challenging. Specifically,
patients on GH replacement had longer follow-up time in
the study, which may have impacted the amount of data avail-
able for analysis. Sample sizes with granular data on labora-
tory and anthropometric measures were small, and not all
outcomes had sufficient data at last follow-up. Data were
not necessarily collected on all metabolic outcomes for each
patient globally. Most important, as data on hepatic effects
were collected to report on adverse events, imaging and
screening for MASLD and metabolic dysfunction—-associated
steatohepatitis were not performed. All of these confounders
may impact interpretation and application of our results to
patients with CP treated with GH replacement and potentially
underestimate the impact of GH replacement on metabolic
and hepatic outcomes. Given these limitations, it is difficult
to establish a clear effect for GH on changes in these out-
comes, and data from more rigorous studies would be needed.
However, this global surveillance study reflects real-world
data and clinical experience, strengthening its value as a re-
source for examination of this important issue. Further, prior
studies conducting univariate analyses to assess the impact of
GH on metabolic outcomes [17-22, 83-90] generally showed
improvements in body composition, lipids, and bone mineral
density. By contrast, studies that performed multivariable
analyses [10, 24, 25] showed similar findings to ours, with
an increase in BMI in patients with CP, limited benefit in
body composition, or no impact on metabolic syndrome.
This suggests further strength to our study given the more
rigorous statistical modeling of a global dataset.

Conclusions

In an analysis of HypoCCS data, we did not demonstrate a sig-
nificant improvement in the composite outcome of hepatic dis-
ease among patients with adult-onset CP treated with GH
replacement compared with untreated patients. Patients
with CP replaced with GH showed decreased bone mineral
content, with no significant increase in osteoporosis and frac-
ture rates noted. Patients with CP replaced with GH also
showed decreased waist-hip ratio; this effect was not seen in
our comparative analysis of patients with pituitary adenomas.
Although glucose metabolism remained unchanged in patients
with CP regardless of GH replacement, it worsened with GH
replacement in patients with pituitary adenoma. Mortality
during this surveillance period was unchanged in both the
CP and pituitary adenoma cohorts. The mechanism under-
lying adverse metabolic outcomes with pituitary adenoma
and not with CP is unclear, but it may relate to the sequelae
of hypothalamic dysfunction observed in patients with CP
that are not adequately addressed with GH replacement.

1"

Our results suggest a favorable impact for GH replacement
on some metabolic outcomes and a potential benefit for rec-
ommending GH replacement in select patients with
adult-onset CP. Prospective studies of GH replacement in
adult-onset CP can further define the benefits on metabolic
outcomes in these patients.
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