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ABSTRACT

Introduction: Adult growth hormone defi-
ciency (GHD) is an endocrine disorder associ-
ated with increased morbidity and poor quality
of life. The purpose of this study was to describe
the clinical characteristics, treatment patterns,
and prevalence of individuals at risk for adult
GHD and individuals with confirmed adult GHD
in the United States (US).
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Methods: Using Veradigm Network electronic
health records linked to claims, this study iden-
tified adults with a high likelihood of adult GHD
based on having > 1 of the following between
January 1, 2017 and December 31, 2021: diagno-
sis of hypopituitarism or > 1 related condition,
such as Cushing disease, > 3 pituitary hormone
deficiencies other than GHD, 2 3 pituitary hor-
mone treatments other than growth hormone
(GH), or 2 1 prescription for GH. Index date was
the earliest qualifying event. Individuals were
stratified by GH level on or before index date:
confirmed adult GHD (< 3 ng/mL), at risk for
adult GHD (no test result), ruled-out (= 3 ng/
mL).

Results: US prevalence of adult GHD was esti-
mated to be between 0.2 (confirmed) and 37.0
(confirmed + at-risk) per 100,000. Among 268
individuals with confirmed adult GHD and
54,310 at risk for adult GHD, mean age was
50 years old, and a majority were female. GH
treatment was initiated in 9.7% of confirmed
individuals and 3.1% of those at risk for adult
GHD. Among confirmed and at-risk individu-
als, prevalence of endocrine-related conditions
was higher in treated individuals, whereas prev-
alence of several metabolic and cardiovascular
comorbidities was higher in those untreated.
Only 32.2% of individuals who initiated treat-
ment during the follow-up period were persis-
tent until the end of follow-up.
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Conclusions: Our findings report US preva-
lence of adult GHD and suggest that adult GHD
is commonly underdiagnosed in the US. Factors
contributing to low rates of adult GHD diagnosis
and treatment warrant further research.

Keywords: Adult GHD; Prevalence; Adherence;
Persistence; Comorbidities

Key Summary Points

Why carry out this study?

Adult growth hormone deficiency (GHD) is
a rare endocrine disorder that may be under-
diagnosed and undertreated in the United
States (US)

The purpose of this study was to improve
upon an existing algorithm for identitying
patients with adult GHD in real-world data
by adding laboratory testing data and then
to describe the clinical characteristics, treat-
ment patterns, and prevalence of individuals
at risk for adult GHD and individuals with
confirmed adult GHD in the US

What was learned from the study?

This study estimated the prevalence of adult
GHD to be between 0.2 and 37.0 cases per
100,000 individuals.

Less than 10% of individuals with confirmed
adult GHD were treated with growth hor-
mone, while adherence to and persistence
on medication was low. In a multivariable
analysis, comorbid cardiovascular disease,
endocrine disease, and pituitary tumors were
among the factors associated with a lower
likelihood of receiving growth hormone
treatment.

INTRODUCTION

Adult growth hormone deficiency (GHD) is a
rare endocrine disorder characterized by inad-
equate growth hormone (GH) secretion during

adulthood [1]. Adult GHD manifests with a
range of clinical symptoms, including fatigue,
decreased muscle mass, increased body fat, and
alterations in bone remodeling and lipid metab-
olism [1-3]. These symptoms can result in com-
plications such as fractures, cardiovascular dis-
ease, development of non-alcoholic fatty liver
disease, and poor quality of life [4-7].

While some cases of adult GHD stem from
the persistence of GHD that initially presented
during childhood, most cases are newly acquired
during adulthood as a result of damage to the
pituitary gland or the hypothalamus [1]. Regard-
less of etiology, the primary treatment for GHD
is replacement therapy using subcutaneous
injections of recombinant human GH [8, 9].
Consistent use of GH therapy is associated with
lower rates of fracture along with improvements
in cardiovascular risk factors, non-alcoholic fatty
liver disease progression, and quality of life [3, 5,
10-12]. However, most adults with GHD are not
treated with GH for a variety of reasons, includ-
ing the complexity of making the diagnosis, the
cost of treatment, insurance coverage, and the
historical need for daily injections [13]. Recently
developed long-acting GH therapies may help
improve patient adherence by reducing injec-
tion frequency to once weekly and by addressing
issues of needle avoidance and needle fatigue
[14].

Unlike childhood-onset GHD, which is char-
acterized by a flattening of the growth curve,
clinical features of adult GHD are nonspecific
and can resemble aspects of normal aging and
other conditions, such as metabolic syndrome,
obscuring recognition and subsequent diagnosis
[2]. As a result, many cases of adult GHD are
never diagnosed at all or are not correctly diag-
nosed [15]. While the true prevalence has been
difficult to estimate with certainty, the preva-
lence of adult GHD is generally suspected to
be 2-3 per 10,000 based on the prevalence of
pituitary adenomas and childhood-onset GHD
persisting into adulthood [16-18].

While a few registry studies describe adults
with GHD [3, 10], data from other real-world
sources are limited due to the challenges in iden-
tifying patients, as there is no diagnosis code
in use in the United States that is specific to
adult GHD. This study aimed to fill that gap by
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using a modified, published algorithm to iden-
tify treated and untreated individuals with bio-
chemically confirmed adult GHD or individuals
who are at risk for adult GHD and to describe
their demographic and clinical characteristics
and compare these to controls without GHD
[19]. The treatment patterns of GH therapy and
estimates of the prevalence of adult GHD in the
United States (US) are also described.

METHODS

Data Source

This study leveraged electronic health record
(EHR) data sourced from the Veradigm Network
EHR linked to healthcare claims data from inpa-
tient, outpatient, and pharmacy encounters in
the US between January 1, 2016, and December
31, 2022. The linked dataset captures detailed
healthcare information for over 170 million
unique patients across the US during the study
period. The dataset includes individuals insured
through commercial, Medicaid, and Medicare
Advantage plans. The dataset was licensed for
use in this publication.

The EHR data provided insights into care
received at contributing outpatient facilities,
such as data recorded during a primary care
visit with a participating physician. This may
have included current diagnoses, medical his-
tory, vital signs, laboratory results, procedures,
and vaccination records. The claims data were
sourced from insurance claims and provided
insights into the healthcare services provided,
the diagnoses supporting the use of those ser-
vices, and the cost of those services. Because care
received in inpatient, outpatient, and pharmacy
settings was captured, the claims data provided
a thorough view of the care received during a
period of continuous enrollment in a health
insurance plan. Both EHR and claims data cap-
tured demographic data as part of routine data
collection.

The linked dataset only contained de-identi-
fied data as per the de-identification standard
defined in Section §164.514(a) of the Health
Insurance Portability and Accountability Act

of 1996 (HIPAA) Privacy Rule. The process by
which the data were de-identified is attested to
through a formal determination by a qualified
expert as defined in Section §164.514(b) (1) of
the HIPAA Privacy Rule. Because this study used
only de-identified patient records, it was no
longer subject to the HIPAA Privacy Rule and
was therefore exempt from institutional review
board approval and obtaining informed consent
according to US law. This study was conducted
in compliance with the Declaration of Helsinki
and only used de-identified data.

Study Cohort Construction

The initial study population was selected by
adapting an algorithm developed by Yuen et al.
to identify individuals with a high likelihood
of adult GHD in a claims dataset [19]. Specifi-
cally, Yuen et al. defined individuals who met at
least one of the following four criteria during the
patient selection window to have a high-likeli-
hood of adult GHD: (1) at least one diagnosis
code for hypopituitarism or related condition,
such as Cushing disease, (2) at least 3 diagnosis
codes for unique pituitary hormone deficiencies
other than GHD, (3) at least 3 types of treatment
with pituitary (or target gland) hormones other
than GH and no diagnosis codes from exclusion
list A, or (4) a record of GH treatment and no
diagnosis codes from exclusion list B. Because
Yuen et al. were not able to validate their algo-
rithm due to the limitations of the data source
used in their study, we modified their algorithm
to include laboratory values to confirm adult
GHD. Based on additional clinical considera-
tions, we made a few other changes to the algo-
rithm, particularly the inclusion of certain clini-
cal codes to identify conditions, all of which are
noted in Supplementary Table 1. The code sets
and medication lists used in patient selection
are listed in Table 1 and Supplementary Table 2,
respectively.

For this study, we used a patient selection
window of January 1, 2017, to December 31,
2021. We defined the index date as the earliest
date in the patient selection window on which
an individual qualified for study inclusion. Indi-
viduals with a high likelihood of adult GHD
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Table 1 Diagnosis codes used in patient selection

Category Conditions ICD-10-CM ICD-9-CM
Hypopituitarism Hypopituitarism E230 2532,2533
Adult GHD-related Malignant neoplasm of pineal gland C753 1944
condition Multifocal and multisystemic (disseminated) Langerhans-cell ~ C960 2025
histiocytosis
Benign neoplasm of pineal gland D354 2274
Neoplasm of uncertain behavior of craniopharyngeal duct D444 2370
Neoplasm of uncertain behavior of pineal gland D445 2371
Acromegaly and pituitary gigantism E220 2530
Druginduced hypopituitarism E231 2537
Hypothalamic dysfunction, not elsewhere classified E233 2539
Other disorders of pituitary gland E236 2534,2538
Disorder of pituitary gland, unspecified E237
Pituitary dependent Cushing disease E240
Other Cushing syndrome E248
Cushing syndrome, unspecified E249 2550
Septo-optic dysplasia of brain Q044
Other specified congenital anomalies of brain 7424
Personal history of irradiation, presenting hazards to health V153
Pituitary hormone defi-  Diabetes insipidus E232 2535
ciencies Secondary amenorrhea N911
Secondary oligomenorrhea N914
Benign neoplasm of pituitary gland D352 2273
Galactorrhea not associated with childbirth N643
Unspecified adrenocortical insufficiency E2740
Glucocorticoid deficiency 25,541
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Table 1 continued

Category Conditions ICD-10-CM ICD-9-CM
Exclusion list A Dermatitis and eczema L20-L30

Psoriasis L40

Lichen planus L43

Bullous pemphigoid L120

Other hypothyroidism E03 243

Primary adrenocortical insufficiency E271

Adrenogenital disorder, unspecified E259 2552

Autoimmune hepatitis K754 57,142

Inflammatory polyarthropathies MO05-M14

Noninfective enteritis and colitis K50-K52

Atrophy of vulva N90.5 6241

Other inflammatory conditions of skin and subcutancous 690-698

tissue

Arthropathies and related disorder 710-719
Exclusion list B Acromegaly and pituitary gigantism E220 2530

Pituitary-dependent Cushing’s discase E240

Drug-induced Cushing’s syndrome E242

Ectopic adrenocorticotropic hormone syndrome E243

Alcohol-induced pseudo-Cushing’s syndrome E244

Other Cushing’s syndrome E248

Cushing’s syndrome, unspecified E249 2550

GHD growth hormone deficiency, ICD-9-CM International Classification of Disease, Ninth Edition, Clinical Modification,
ICD-10-CM International Classification of Disease, Tenth Edition, Clinical Modification

were required to be 18 years old on the index
date and have at least 12 months of continu-
ous enrollment in claims data and EHR activ-
ity prior to and following the index date. The
baseline period was defined as the 12 months
preceding the index date, and the follow-up
period was defined as the 12 months follow-
ing and inclusive of the index date. The use of
continuous enrollment ensured that we were
capturing all inpatient, outpatient, and phar-
macy healthcare encounters that were billed
to insurance during the baseline and follow-up
periods, and a 12-month baseline and follow-
up period were used so that the study reflected

annualized healthcare usage by individuals. The
study design is outlined in Fig. 1.

Adult GHD Cohort Stratification

Adults who met the above criteria for a high
likelihood of adult GHD were then stratified
into 2 groups, confirmed adult GHD or at risk
for adult GHD, depending on the availability
and results of GH laboratory test results in the
EHR. Individuals with a confirmatory GH labo-
ratory result (< 3 ng/mL) anytime on or before
the index date were assigned to the confirmed
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Patient Identification Period
1/1/2017 — 12/31/2021

End of data
Start of data
1/1/2016 { A 12/31/2(i22

Index Date Measures:
» Demographic characteristics

\

A J

|

12-month baseline
period measures:

I

12-month follow-up
period measures:

+ Clinical characteristics « GH treatment patterns

* Medication use
* Lab testing

Fig.1 Study design. GH growth hormone

adult GHD cohort. Individuals without a GH
laboratory result were included in the at-risk-
for adult GHD cohort, and individuals with a
GH test result that ruled out a diagnosis of GHD
were excluded from the confirmed adult GHD
or at-risk-for adult GHD cohorts. The confirmed
and at-risk cohorts were further stratified by
receipt of GH treatment. Individuals with any
record of GH treatment in the baseline or fol-
low-up period were considered treated, while
the remaining individuals were considered
untreated. Descriptive comparisons were made
between these groups to better understand the
differentiating characteristics of each subgroup.

Control Cohort

We constructed a control cohort by identifying
all individuals with any EHR activity or claims
enrollment during the patient selection win-
dow who did not meet any criteria of having a
high likelihood of adult GHD. These individuals
were then assigned a random index date during
the patient selection window using a random

number generator that generated a uniform
distribution of dates between January 1, 2017,
and December 31, 2021 [20]. It was required
that individuals were 18 years old or older on
the index date and had at least 12 months of
continuous enrollment in claims data and EHR
activity prior to and following the index date.
Individuals with any evidence of a diagnosis of
hypopituitarism or related conditions, a diagno-
sis of any pituitary hormone deficiency, treat-
ment with GH, treatment with other pituitary
(or target gland) hormones or vasopressin, or
GH testing during the baseline or follow-up
period were excluded. The final control cohort
was identified by direct matching (3:1) on age
and gender to individuals with a high likelihood
of adult GHD.

Demographic Characteristics

We analyzed demographic characteristics,
including age, sex, race, and US geographic
region, on the index date.
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Clinical Characteristics

Body mass index (BMI) was captured from the
EHR using the value captured closest to the
index date. The following clinical characteris-
tics were analyzed during the 12-month base-
line period: Deyo-Charlson comorbidity index
(CCI) [21], endocrine-related conditions (adre-
nal insufficiency, diabetes insipidus, hypog-
onadism, hypopituitarism, hypothyroidism,
and pituitary tumor), other conditions of inter-
est [acromegaly, cardiovascular disease, Cushing
syndrome, endocrine/metabolic disorders (dia-
betes mellitus, hyperlipidemia, and obesity),
fractures, kidney disease, liver disease, mental
health conditions, osteoarthritis, osteoporosis,
respiratory disease, and sleep disorders]. Medi-
cation usage was also captured in the baseline
period and included antidiabetic medications,
attention-deficit/hyperactivity disorder medica-
tions, systemic corticosteroids, medications for
mental health, and hormones.

Treatment Patterns

The use of GH therapies (daily injections and/
or long-acting GH products) was measured in
the baseline and follow-up periods. GH treat-
ment patterns were assessed among the subset
of treated individuals (across the confirmed and
at-risk groups) who initiated treatment in the
follow-up period and whose treatment was cap-
tured in claims, as claims data indicate that a
prescription was filled, not just that the treat-
ment was prescribed. Among these individuals,
adherence was defined as the proportion of days
covered (PDC) during the 12-month follow-up
period. PDC was calculated as days’ supply (with
days’ supply truncated upon refill) divided by
the number of days between the start of GH
therapy and the end of the follow-up period.
An individual was considered adherent if their
PDC was > 0.8, meaning they had medication
on hand for at least 80% of the days between
their first prescription and the end of follow-up.
Discontinuation was defined as having a gap in
therapy of at least 60 days. Treated individuals
who did not discontinue during follow-up were
defined as persistent. Treatment patterns were

measured from the initiation of treatment to the
end of the follow-up period.

Laboratory Testing

Laboratory results in EHR during the baseline
and follow-up periods were documented among
individuals with confirmed adult GHD. GH test
results in the baseline period, along with insu-
lin-like growth factor-1 (IGF-1) results in the
baseline and follow-up periods, were reported.

Prevalence Estimates

In order to estimate the US prevalence rate of
adult GHD, 5-year weights were calculated for
individuals with EHR activity during the study
timeframe (1/1/2017-12/31/2021) [22]. Weights
were calculated based on the 2021 Census popu-
lation estimates using the following weighting
factors: sex (male/female), age group (in S-year
increments), and US geography (by state) [23].
Race was excluded as a factor due to the large
population of unknown race in the data source.
Weights were applied to all individuals in the
at-risk and confirmed adult GHD cohorts. Prev-
alence rates were estimated by summing these
weights for each category of interest, then divid-
ing by the corresponding categorical US adult
population count.

Data Analysis

Patient characteristics are reported descriptively.
For continuous variables, mean and standard
deviation (SD) are reported, and for categorical
variables, counts and percentages are reported.
For laboratory tests with results reported as con-
tinuous measures, the median and interquartile
range (IQR) are also reported.

Two multivariable models were developed
to better understand this population. The first
model used logistic regression to examine the
likelihood of receiving GH treatment during
the follow-up period among individuals with
confirmed adult GHD or at risk for adult GHD
who were not treated during the baseline period.
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A) Selection of individuals with confirmed or at risk for adult GHD

s

Any EHR activity or any claims enrollment between 1/1/2017 and 12/31/2021
N =173,813,132

v

High-likelihood of adult GHD: Evidence in the claims or EHR between 1/1/2017 and
12/31/2021 meeting at least one of the following criteria?:

1. =2 1 diagnosis code for hypopituitarism (ICD-10: E230) or related condition

2. 2 3 diagnosis codes for unique pituitary hormone deficiencies

3. 2 3 types of treatment with pituitary hormones or vasopressin and no diagnosis codes
from exclusion list A

4. Growth hormone treatment and no diagnosis codes from exclusion list B

The date of the earliest event was set as the index date

N = 586,616
\ J
( l )
> 18 years old on the index date
N = 513,683
\ ¢ J
-
= 12 months of continuous enrollment in claims data and EHR activity prior to and
following the index date
L High-likelihood of adult GHD: N = 54,680 )
|
( )
Confirmed adult GHD At Risk for adult GHD
N = 268 N = 54,310 )
\

| |

p v v v L 4 N
Treated Untreated Treated Untreated

L N =26 (9.7%) N =242 (90.3%) N = 1689 (3.1%) N = 52,621 (96.9%))

B) Selection of Individuals without adult GHD

r

Any EHR activity or any claims enrollment between 1/1/2017 and 12/31/2021
N =173,813,132
v
Did not meet the criteria of a high-likelihood of adult GHD
N = 173,226,516
v

Meets all the following criteria (index date randomly assigned)

1. 2 18 years old on the index date

2. 212 months of continuous enroliment in claims data and EHR activity prior to and
following the index dateaa

3. No evidence in claims or EHR during the baseline or follow-up period for diagnosis for
hypopituitarism, adult GHD-related conditions, pituitary hormone deficiency, treatment
with growth hormone or non-growth hormone medication classes, or somatotropin testing

N = 2,314,624
\ J
p v
Direct matched (1:3) by age & gender to those with a high likelihood of adult GHD
L N = 164,040 )

A\ Adis



Adyv Ther (2025) 42:2853-2873

2861

«Fig. 2 Selection of (A) individuals with confirmed or at
risk for adult growth hormone deficiency (GHD) and
(B) controls without adult GHD. EHR electronic health
records; ICD-10 International Classification of Disease,
Tenth Edition. *Code sets and medication lists used to
assess these criteria are listed in Table 1 and Supplementary
Table 2. *102 individuals who had a laboratory result that
ruled out a diagnosis of adult GHD were excluded from
the analysis

The second model used logistic regression to
examine the likelihood of being in the con-
firmed adult GHD cohort versus the at-risk-for
adult GHD cohort. Both models included the
demographic, clinical, and baseline medication
variables listed in the study measures subsec-
tion as model covariates. The first model also
used cohort as the primary predictor of interest.
Results are reported as odds ratios (OR) and 95%
confidence intervals (CI).

All data analysis was conducted using SAS
v.9.4 (Cary, NC, USA).

RESULTS

From a population of 54,680 individuals who
met the modified Yuen et al. criteria for a high
likelihood of adult GHD and had 12 months
of baseline and follow-up data, 268 individu-
als with laboratory-confirmed adult GHD and
54,310 individuals at risk for adult GHD were
identified, while 102 individuals were excluded
due to a test result that ruled out a diagnosis of
adult GHD (Fig. 2). Among these 54,578 indi-
viduals, 26 (9.7% of 268) individuals with con-
firmed adult GHD and 1689 (3.1% of 54,310)
individuals at risk for adult GHD received GH
treatment.

Over 90% of individuals with confirmed adult
GHD or at risk for adult GHD qualified for study
inclusion due to a diagnosis code for hypopi-
tuitarism or related conditions (Table 2). While
adults with > 3 pituitary deficiencies (not includ-
ing GH) have a high likelihood of also having
GH deficiency [24], only 2.1% of individuals
with > 3 diagnosis codes for unique pituitary
hormone deficiencies other than GHD in the
dataset received GH treatment. When restricted

to individuals with confirmed adult GHD, this
rose to 21.4%.

Baseline Characteristics

Individuals with confirmed adult GHD or at
risk for adult GHD had a mean age of ~ 50 years
old, and the majority were female and white
(Table 3). Treated individuals tended to be
younger than untreated individuals [confirmed,
mean (SD): 46.7 (15.9) years vs. 48.9 (14.5) years;
at-risk: 45.9 (14.3) years vs. 50.6 (15.0) years]
although the effect size is small. Among indi-
viduals with confirmed adult GHD, the gender
distribution was similar between the treated and
untreated subgroups. However, among individu-
als at risk for adult GHD, a majority of treated
individuals were male, whereas a majority of
untreated individuals were female. The mean
BMI was > 28 in all subgroups.

Overall, 60.1% of confirmed adult GHD indi-
viduals and 44.2% of individuals at risk for
adult GHD had a diagnosis of an endocrine-
related condition in the baseline period, and
endocrine-related conditions were more com-
mon among treated individuals than among
untreated individuals (Fig. 3). Pituitary tumors
were most common among untreated individu-
als with confirmed adult GHD compared to
treated confirmed, treated at-risk, or untreated
at-risk individuals (36.4% vs. 10.1-26.9%). In
contrast, other investigated endocrine-related
conditions were most common among treated
individuals with confirmed adult GHD com-
pared to other subgroups: adrenal insufficiency
(38.5% vs. 4.9-11.8%), diabetes insipidus
(19.2% vs. 1.3-4.9%), hypogonadism (30.8%
vs. 17.0-26.2%), hypopituitarism (73.1% vs.
6.0-36.8%), and hypothyroidism (61.5% vs.
28.4-36.8%).

Confirmed and at-risk adult GHD individuals
had higher baseline rates of conditions associ-
ated with adult GHD compared to controls with-
out adult GHD (Table 4). For example, 45.1%
of individuals with confirmed adult GHD and
52.1% of individuals at risk for adult GHD had
a diagnosis of cardiovascular disease compared
to 34.2% of the control cohort. Similar trends
were observed in other conditions, such as
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Table 2 Selection criteria

Confirmed adult GHD At risk for adult GHD
All individuals Treated Untreated  All individuals Treated Untreated
n=268 n=26 n=242 n=54,310 n=1689 n=52,621

Criteria #1: > 1 diagnosis 246 (91.8%)
code for hypopituitarism or

related condition

Criteria #2: > 3 diagnosis 14 (5.2%) 3(11.5%)
codes for unique pituitary

hormone deficiencies

Criteria #3: > 3 types of 2 (0.7%) 1(3.8%)
treatment with other
pituitary (or target gland)
hormones or vasopressin
and no diagnosis codes
from exclusion list A*

Criteria #4: Growth hor-

mone treatment and no

12 (4.5%)

diagnosis codes from exclu-

sion list B*

13 (50.0%) 233(96.3%) 50,212 (92.5%) 521 (30.8%)

11 (4.5%)

1(0.4%)

12 (46.2%) 0 (0.0%)

49,691 (94.4%)

911 (1.7%) 16 (0.9%) 895 (1.7%)

2174 (4.0%) 13 (0.8%) 2161 (4.1%)

1177 (22%) 1177 (69.7%) 0 (0.0%)

GHD growth hormone deficiency

*Code sets and medication lists used to assess these criteria are listed in Supplementary Table 2

hyperlipidemia, diabetes, and fractures. Cardio-
vascular disease, hyperlipidemia, obesity, men-
tal health conditions, and several other adult
GHD-associated conditions were more com-
mon among untreated cohorts than among the
respective treated cohorts.

Overall, 69.2% of treated individuals with
confirmed adult GHD and 43.8% of treated indi-
viduals at risk for adult GHD had evidence of
GH treatment during the baseline period (Fig. 4).
Baseline use of other pituitary (or target gland)
hormones, such as estrogen, was more common
among GH-treated individuals than individuals
not treated with GH, whereas baseline use of
anti-diabetic medications was more common
among untreated individuals among both con-
firmed and at-risk adult GHD individuals.

GH Testing and IGF-1 Values

In order to qualify for the confirmed adult
GHD cohort, individuals were required to have
a GH level < 3 ng/mlL, confirming the diagno-
sis of adult GHD, at some point on or prior to
the index date; however, only 39.9% of those
test results were captured during the 12-month
baseline period. For those with test results dur-
ing the 12-month baseline period, the mean
(SD) GH value was 0.60 (0.99) ng/mL (Table 5).
IGF-1 test results in the baseline and follow-
up period were available for a subset of indi-
viduals, and their results tended to fall within
the reference range for healthy individuals.
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Table 3 Demographic and physical characteristics
Confirmed adult GHD At risk for adult GHD Controls
All individuals  Treated Untreated All individuals Treated Untreated All individuals
n=268 n=26 n=242 n="54,310 n=1689 n=52,621 n = 164,040
Age.mean (SD)  48.6 (14.6) 467(159)  489(145)  50.4(15.0) 45.9 (14.3) 50.6 (15.0) 50.4 (15.0)
Female Sex, 2 (%) 166 (61.9%)  1661.5%)  15062.0%)  31,915(58.8%) 786 (46.5%)  31.129(59.2%) 96405 (58.8%)
Race, 7 (%)
White 177 (66.0%)  16(615%)  161(665%) 31978 (58.9%) 1098 (65.0%) 30,880 (58.7%) 86,765 (52.9%)
Black 15 (5.6%) 1(3.8%) 14 (5.8%) 5432 (10.0%) 89 (5.3%) 5343 (10.2%) 18,977 (11.6%)
Asian 13 (4.9%) 0(0.0%) 13 (5.4%) 2835 (5.2%) 91 (5.4%) 2744 (5.2%) 12,127 (7.4%)
Other 45 (16.8%) 5(19.2%)  40(165%) 8490 (15.6%) 220 (13.0%) 8270 (15.7%) 26,189 (16.0%)
Unknown/not 18 (6.7%) 4(154%)  14(5.8%) 5575 (10.3%) 191 (11.3%) 5384 (10.2%) 19,982 (12.2%)
reported
US geographic region, 7 (%)
Northeast 41 (15.3%) 3(115%)  38(157%) 8074 (14.9%) 195 (11.6%) 7879 (15.0%) 26,298 (16.0%)
Midwest 40 (14.9%) 2(7.7%) 38(157%) 10,813 (199%)  330(19.5%) 10483 (19.9%) 36,245 (22.1%)
South 92 (34.3%) 13(50.0%)  79(32.6%) 18,520 (341%)  510(302%) 18,010 (342%) 47,727 (29.1%)
Wiest 95 35.4%) 8(30.8%)  87(360%) 16107 (297%)  653(387%) 15454 (294%) 53308 (32.5%)
Other/unknown 0 (0.0%) 0 (0.0%) 0 (0.0%) 796 (1.5%) 1(0.1%) 795 (1.5%) 462 (0.3%)
Body massindex, 299 (6.8) 295(57)  300(69) 304 (6.3) 28.4 (6.4) 305 (6.3) 28.9 (6.0)

kg/m?

GHD growth hormone deficiency, SD standard deviation, US United States

GH Treatment Patterns

Adherence to daily injections of GH was low
among individuals with confirmed adult GHD
or at risk for adult GHD who initiated treatment
during the follow-up period (Table 6). A majority
of individuals had a PDC < 0.5, and only 25.9%
met the criteria for “adherent” (PDC 2 0.8). Only
32.2% of individuals who initiated treatment
during the follow-up period were persistent until
the end of the follow-up period. Among those
who were non-persistent, the mean (SD) time
to discontinuation was 75.5 (85.1) days. While
a long-acting GH formulation (approved by the
US Food and Drug Administration for pediatric
GHD) was included in the treatment patterns
analysis in case it was prescribed off-label, no
individuals in this dataset received a long-acting
formulation during the study period.

Results of Multivariable Analysis

In the analysis of the likelihood of receiving
GH treatment, the OR (95% CI) of receiving
treatment was 2.11 (1.02-4.36) for individu-
als with confirmed adult GHD relative to indi-
viduals at risk for adult GHD (Supplementary
Table 3). Other baseline factors significantly
associated with higher odds [OR (95% CI)] of
receiving GH treatment were residing in the
Western (relative to the Southern) part of the
US [1.29 (1.10-1.51)], BMI < 25 kg/m? (relative
to a BMI of 30-39.9 kg/m?) [BMI < 18.5: 2.43
(1.52-3.87); BMI 18.5-24.9: 1.70 (1.35-2.13)],
higher baseline CCI [1.19 (1.15-1.23)], dia-
betes insipidus [1.65 (1.03-2.66)], receipt
of other pituitary (or target gland) hormone
replacement therapies [2.53 (2.19-2.94)], and
concomitant adult GHD medications [1.53
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Fig. 3 Bascline prevalence of endocrine-related conditions. GHD growth hormone deficiency

(1.22-1.92)]. Baseline factors significantly
associated with a lower likelihood of receiv-
ing GH treatment were Black race (relative to
white) [0.70 (0.52-0.94)] and comorbidities
of pituitary tumors [0.44 (0.32-0.60)], cardio-
vascular disease [0.63 (0.54-0.75)], endocrine/
metabolic disorders [0.62 (0.54-0.75)], kidney
disease [0.51 (0.37-0.81)], liver disease [0.79
(0.64-0.98)], osteoporosis [0.55 (0.37-0.81)],
or respiratory disorders [0.76 (0.61-0.96)].

In an analysis of the likelihood of having con-
firmed adult GHD rather than being at risk for
adult GHD, baseline diagnoses associated with a
higher likelihood of confirmed AGHD included
adrenal insufficiency [1.74 (1.15-2.63)], hypo-
pituitarism [1.70 (1.17-2.46)], pituitary tumors
[3.73 (2.84-4.90)], acromegaly [8.64 (5.53-13.49)],
and osteoporosis [1.60 (1.03-2.50]; Supplemen-
tary Table 4). Factors associated with a lower like-
lihood of confirmed adult GHD included Black
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Table 4 Baseline clinical characteristics
Confirmed adult GHD At risk for adult GHD Controls
All individuals Treated Untreated All individuals Treated Untreated All individuals
n=268 n=26 n=242 n=54,310 n=1689 n=52,621 n = 164,040
Charlson Comor-  1.3(1.9) 0.8(1.2) 1.4 (2.0) 1.7 (2.3) 1.7 (2.6) 1.7 (2.3) 0.8(1.6)
bidity Index
(Mean, SD)
Conditions associated with adult GHD (1, %)
Acromegaly 27 (10.1%) 0(0.0%) 27 (11.2%) 389 (0.7%) 4(0.2%) 385 (0.7%) 0/(0.0%)
Cardiovascular 121 (45.1%) 9 (34.6%) 112 (463%)  28317(52.1%)  611(362%)  27.706(52.7%) 56,080 (34.2%)
disease®
Cushing syn- 9 (3.4%) 2(7.7%) 7 (2.9%) 879 (1.6%) 21 (1.2%) 858 (1.6%) 2(0.0%)
drome
Endocrine/meta- 171 (63.8%) 14(53.8%) 157 (64.9%) 34948 (643%) 843 (49.9%) 34105 (64.8%)  69.255 (42.2%)
bolic disorders®
Diabetes mel- 63 (23.5%) 6(23.1%) 57 (23.6%) 14323 (264%) 258 (15.3%) 14,065 (267%)  27.064 (16.5%)
litus
Hyperlipidemia 124 (46.3%) 9 (34.6%) 115 (475%) 25619 (472%) 615 (364%) 25004 (47.5%) 50,031 (30.5%)
Obesity 84 (31.3%) 5 (19.2%) 79 (32.6%) 18,802 (34.6%)  338(20.0%) 18464 (35.1%) 30,265 (18:4%)
Fractures 19 (7.1%) 3 (11.5%) 16 (6.6%) 3089 (5.7%) 105 (6.2%) 2984 (5.7%) 4532 (2.8%)
Kidney disease 17 (6.3%) 3 (11.5%) 14 (5.8%) 4843 (8.9%) 77 (4.6%) 4766 (9.1%) 7808 (4.8%)
Liver disease 43 (16.0%) 1(3.8%) 42 (17.4%) 7860 (14.5%) 191(113%) 7669 (14.6%) 10,908 (6.6%)
Mencal health 120 (44.8%) 8 (30.8%) 112 (463%) 23483 (432%) 701 (415%) 22,782 (433%) 37,031 (22.6%)
conditions®
Ostcoarthriis 35 (13.1%) 3 (11.5%) 32 (13.2%) 7531 (13.9%) 184(10.9%) 7347 (14.0%) 8445 (5.1%)
Osteoporosis 26(9.7%) 2(7.7%) 24 (9.9%) 3440 (6.3%) 94 (5.6%) 3346 (6.4%) 4113 (2.5%)
Respiratory 30 (11.2%) 2(7.7%) 28 (11.6%) 7961 (14.7%) 180 (10.7%) 7781 (14.8%) 9500 (5.8%)
disorders?
Sleep disorders 73 (27.2%) 6(23.1%) 67 (27.7%) 16,021 (29.5%) 451 (26.7%) 15,570 (29.6%) 17,239 (10.5%)

GHD growth hormone deficiency, SD standard deviation

*Atrial fibrillation, cerebrovascular disease, heart failure, hypertensive disorder, ischemic heart disease, peripheral vascular

disease, pulmonary embolism, or venous thrombosis

bDiabetes mellitus, eating disorders, hyperlipidemia, metabolic syndrome X, or obesity

“Anxiety, attention-deficit/hyperactivity disorder, bipolar disorder, or depression

4 Acute respiratory disease, chronic obstructive lung disease, or pneumonia

race (relative to white) [0.55 (0.32-0.95)] and BMI
not reported (relative to a BMI of 30-39.9 kg/m?)

[0.24 (0.16-0.35)].

US Prevalence Estimates

We estimated the US prevalence of confirmed
adult GHD to be 0.2 per 100,000 and the com-
bined prevalence of confirmed adult GHD and at
risk for adult GHD to be 37 per 100,000 (Table 7).
The combined prevalence was higher among
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Fig. 4 Bascline medications®. GHD growth hormone deficiency. *Among patients with confirmed adult GHD or at-risk of
adult GHD who did or did not receive growth hormone treatment at some point during the baseline or follow-up period

temales than males (40.1 vs. 33.7 per 100,000
individuals) and peaked among those aged
45-54 years (60.2 per 100,000) (Fig. 5).

DISCUSSION

This study of 54,310 individuals at risk for adult
GHD and 268 individuals with biochemically
confirmed adult GHD presents a broad picture
of the US population who could benefit from
a thorough endocrine evaluation and, poten-
tially, GH replacement therapy. During the study
period, only 3.1% of individuals at risk for adult
GHD and 9.7% of individuals with confirmed
adult GHD received GH treatment. At baseline,
untreated confirmed and at-risk individuals
had a higher prevalence of many comorbidities

compared to the respective treated individu-
als, including a higher prevalence of cardiovas-
cular disease (confirmed: A11.7%, and at risk:
A16.5%), obesity (A13.4% and A15.1%), diabe-
tes mellitus (A0.5% and A11.5%), and hyperlipi-
demia (A12.9% and A11.1%). In contrast, treated
individuals with confirmed AGHD had the
highest prevalence of many endocrine-related
conditions, suggesting that this subset of indi-
viduals received a full endocrine work-up. In the
multivariable analysis, individuals with comor-
bidities such as pituitary tumors, cardiovascular
disease, kidney disease, and liver disease had sig-
nificantly lower odds of receiving GH treatment.
Taken together, these findings suggest that in
some individuals, competing comorbidities may
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Table 5 Somatotropin and insulin-like growth factor-1 (IGF-1) testing results
Confirmed adult GHD
All individuals Treated Untreated
n =268 n=26 n=242
Laboratory testing in the baseline period
Growth hormone, ng/mL (1, %) 107 (39.9%) 15 (57.7%) 92 (38.0%)
Mean, SD 0.60 (0.99) 0.32 (0.64) 0.64 (1.03)
Median, IQR 0.2 (0.00-0.85) 0.1 (0.00-0.25) 0.2 (0.00-0.93)
Insulin-like growth factor-1, ng/ml (n, %) 98 (36.6%) 14 (53.8%) 84 (34.7%)
Mean, SD 165.5 (121.7) 117.7 (61.6) 1734 (127.5)
Median, IQR 131 (93.5-227.8) 101 (84.3-141.3) 141 (95.8-231.3)
Insulin-like growth factor-I, SDS (7, %) 33 (12.3%) 6(23.1%) 27 (11.2%)
Absolute value < 2 25 (75.8%) 5 (83.3%) 20 (74.1%)
Absolute value > 2 8 (24.2%) 1(16.7%) 7 (25.9%)
Laboratory testing in the follow-up period
Insulin-like growth factor-1, ng/ml (, %) 72 (26.9%) 13 (50.0%) 59 (24.4%)
Mean, SD 138.8 (103.1) 135.6 (74.8) 139.5 (108.9)
Median, IQR 124 (65.0-181.8) 126 (98.0-153.0) 123 (60.1-185.0)
Insulin-like growth factor-1, SDS (1, %) 22 (8.2%) 6(23.1%) 16 (6.6%)
Absolute value < 2 17 (77.3%) 5 (83.3%) 12 (75.0%)
Absolute value > 2 5 (22.7%) 1(16.7%) 4(25.0%)

GHD growth hormone deficiency, IQR interquartile range, SD standard deviation, SDS standard deviation score

take priority in terms of treatment compared to
treatment of adult GHD.

Before applying continuous enrollment crite-
ria, 513,683 individuals who met the criteria for
a high likelihood of adult GHD were identified.
This represented roughly 0.3% of the population
of the Veradigm Linked Claims data source with
activity during the study period, and is consist-
ent with the 0.5% of the Marketscan data source
reported by Yuen et al. [19]. After applying the
enrollment restrictions and weighted adjust-
ments based on age, sex, and geography, preva-
lence estimates in this study ranged from 0.2
per 100,000 for confirmed adult GHD up to 37.0
per 100,000 for confirmed or at-risk adult GHD.
These estimates potentially represent lower and
upper bounds for the true prevalence of adult

GHD in the US. The rate using confirmed indi-
viduals is likely an underestimate because labo-
ratory results are only available for a subset of
the suspected population, whereas the rate using
confirmed and at-risk individuals is likely an
overestimate because it is unlikely that everyone
identified as at-risk for adult GHD actually has
adult GHD. The prevalence range identified in
this study is consistent with prior publications
on European populations, which have reported
incidence estimates of 1 to 4 per 100,000 and
prevalence estimates of 29 to 45.5 per 100,000
(25, 26].

GH therapy has been FDA-approved for adult
GHD since 1996 in the US [27, 28]. Despite rec-
ommendations from major society guidelines for
GH treatment in adult GHD individuals without

A\ Adis



2868

Adyv Ther (2025) 42:2853-2873

Table 6 Recombinant human growth hormone treatment patterns among those who initiated treatment during the follow-

up period
Confirmed or
at risk for adult
GHD
7n=509
Adherence
Proportion of days covered (PDC), mean (SD) 0.42 (0.36)
Median 0.32
PDC categories, 7 (%)
0-0.49 300 (58.9%)
0.50-0.59 20 (3.9%)
0.60—0.69 30 (5.9%)
0.70-0.79 27 (5.3%)
0.80-0.89 49 (9.6%)
0.90-1.00 83 (16.3%)
Persistence
Persistent on treatment, 7 (%) 164 (32.2%)
Days to discontinuation® mean (SD) 75.5 (85.1)

GHD growth hormone deficiency, SD standard deviation
*Among those who discontinued (7 = 345)

Table 7 Estimated United States prevalence of adult
growth hormone deficiency (GHD)

Preva-
lence (per
100,000)
Confirmed adult GHD 0.2
At risk for adult GHD 36.8
Combined (confirmed + at risk) 37.0
Combined adult GHD prevalence by sex
Female 40.1
Male 33.7

contra-indications [8, 9, 29], only 9.7% of indi-
viduals with confirmed adult GHD received GH
treatment during the study period in this anal-
ysis. For additional context, we evaluated the
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Fig.5 Estimated US prevalence of adult growth hormone
disorder (GHD) across age groups
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incidence of GH treatment among individuals
at risk for adult GHD and among those with > 3
pituitary deficiencies and found them to be 3.1%
and 2.1%, respectively. This is despite 7.0% of
individuals at risk for adult GHD having a diag-
nosis of hypopituitarism and previous research
demonstrating that patients with > 3 pituitary
deficiencies have a very high likelihood of adult
GHD with an accuracy of 95% [24]. The mul-
tivariable analysis found that males were more
likely to receive treatment, whereas Black indi-
viduals were less likely to receive treatment.
Interestingly, these sex and race differences are
consistent with those observed in an earlier
study of individuals with childhood-onset GHD
[30].

Finally, adherence to and persistence of GH
treatment were low, with only 25% of individu-
als remaining adherent (PDC > 0.8) and a large
proportion (68%) discontinuing GH treatment
during follow-up. The average time to discon-
tinuation was 75.5 days. Compared to a prior
retrospective analysis of individuals with child-
hood-onset GHD, adherence and persistence
were lower among adults than among those
under 18 years of age [30]. Lower adherence
among adults compared to children has also
been observed in studies of daily injections of
GH administered via the Easypod device, which
enables objective measurement of adherence
[31].

One challenge of studying adult GHD using
EHR and claims data is that there is no diagno-
sis code used in the US that is specific to the
condition. While adult GHD may fit under the
broader category of hypopituitarism, which
has a specific diagnosis code, hypopituitarism
encompasses a spectrum of pituitary deficien-
cies that may or may not include GHD [32].
Notably, only 18.7% of individuals with bio-
chemically confirmed adult GHD in this study
had a baseline diagnosis of hypopituitarism,
but this increased to 73.1% when restricted to
the subset of confirmed adult GHD individu-
als who received GH treatment. Similarly, 7.0%
of the overall at-risk population and 36.8% of
the treated at-risk population had a diagnosis
of hypopituitarism. However, they did not have
GH test results, so a diagnosis of adult GHD
could not be confirmed. Without a definitive

diagnosis code for adult GHD, laboratory results
provide essential confirmation of the diagnosis
to facilitate building a small but clean study
cohort from the larger population of individu-
als with a likelihood of adult GHD according to
the modified claims-based algorithm.

Future work should focus on refining the
patient selection algorithm and understanding
the root cause of underdiagnosis, undertreat-
ment, low adherence, high discontinuation,
and any relationship between these factors.
Possible reasons for undertreatment include the
complexity of the diagnostic process, prioritiza-
tion of treating other comorbidities, difficulty
in measuring the quality-of-life benefits of treat-
ment over time, and varying physician perspec-
tives around the role of GH replacement therapy
in the treatment of adult GHD [12, 33]. Physi-
cians may also have concerns related to tumor
recurrence among individuals with a history of
cancer [34].

Strengths and Limitations

The strengths of this study include the use of a
large geographically distributed US population
that is sampled from all 50 states. In addition,
the use of a linked database containing both
EHR and claims data ensures that both the clini-
cal richness from EHR sources and the compre-
hensive view of patient care provided by claims
data during a period of continuous enrollment
is available. In particular, as the algorithm
developed by Yuen et al. has not been validated
against a gold standard [19], the availability of
laboratory results data allowed us to confirm the
adult GHD diagnosis in a subset of individuals.
Furthermore, the stratification of patient cohorts
into at-risk versus confirmed and treated versus
untreated gives a more complete understanding
of adult GHD and treatment management.
This study has limitations which should be
considered when interpreting the results, includ-
ing considerations common to all studies using
routinely collected healthcare data, such as data
entry errors, missing data, and coding issues.
Limitations include the fact that the adult GHD
diagnosis could not be confirmed in a majority
of individuals due to low rates of GH testing and
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low availability of test results. For this reason,
our estimation of the prevalence of confirmed
adult GHD is likely an underestimate, and we
included the prevalence of at-risk adult GHD to
provide potential upper and lower bounds for
the prevalence estimates.

In addition, less than 5% of reported GH test
results were documented with Logical Observa-
tion Identifiers Names and Codes (LOINC) spe-
cific to a GH stimulation test. The vast majority
were documented using the nonspecific LOINC
code 2963-7 [somatotropin (mass/volume) in
serum or plasma], which can be used for both
stimulation tests and random sample tests. The
overreliance in real-world clinical practice on
less specific codes, even when more specific
codes are available, has been documented in
a range of clinical specialties [35-37]. In this
study, the impact would be misclassification of
at-risk individuals as confirmed individuals and
a narrowing of the difference between the two
groups.

Another limitation is that treatment patterns
could only be measured for the subset of indi-
viduals with claims records of GH treatment, as
EHR data capture the initial prescribing event
but do not capture prescription fills and refills
as those take place at the pharmacy. The treat-
ment pattern results were based on formula-
tions requiring daily injections. The availability
of new long-acting formulations may impact
patient adherence and persistence. Furthermore,
the results may not be applicable to countries
other than the US and may not extend to the
tull US population because the dataset included
only insured individuals, whether through com-
mercial, Medicaid, or Medicare Advantage plans;
however, 92% of people in the US had health
insurance in 2022 [38]. As the dataset captured a
convenience sample of the US population, there
may be unobserved selection bias.

There are also limitations to the prevalence
analysis. Specifically, as race is poorly captured
in the EHR, race was not included as a weighting
factor, and this may impact the accuracy of the
weights. Second, state of residence was used as
the geographic factor rather than the 5-digit zip
code as this level of granularity is not available
due to de-identification standards. Finally, fac-
tors such as educational attainment and income

level could not be included in the weighting as
these variables were not available in the dataset.

CONCLUSIONS

This analysis of a large, insured population in
the US found that most individuals with con-
firmed adult GHD remain untreated, and that
adherence and persistence were low among
treated individuals. Furthermore, substantially
higher proportions of clinical conditions related
to metabolic and cardiovascular function were
observed among the untreated cohort (across
the confirmed and at-risk groups), supporting
the need for improved diagnosis and manage-
ment of this disease. Future research should
explore the factors driving underdiagnosis and
undertreatment, including whether adherence
and persistence measures are influenced by the
availability of long-acting GH formulations.
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