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Purpose: Adult growth hormone deficiency (AGHD) is often underdiagnosed and undertreated, leading to costly comorbidities. 
Previously, we developed an algorithm to identify individuals in a commercially insured US population with high, moderate, or low 
likelihood of having AGHD. Here, we estimate and compare direct medical costs by likelihood level.
Patients and Methods: Retrospective, observational analysis using the Truven Health MarketScan database to analyze direct 
medical costs relating to inpatient and outpatient claims, outpatient prescription claims, medication usage, clinical utilization records, 
and healthcare expenditures. Patients were categorized into groups based on algorithmically determined likelihoods of AGHD. 
Likelihood groups were further stratified by age and sex. Trajectories of annual costs (USD) by likelihood level were also investigated.
Results: The study cohort comprised 135 million US adults (aged ≥18 years). Individuals ranked as high-likelihood AGHD had a 
greater burden of comorbid illness, including cardiovascular disease and diabetes, than those ranked moderate- or low-likelihood. 
Those in the high-likelihood group had greater mean total direct medical monthly costs ($1844.51 [95% confidence interval (CI): 
1841.24;1847.78]) than those in the moderate- ($945.65 [95% CI: 945.26;946.04]) and low-likelihood groups ($459.10 [95% CI: 
458.95;459.25]). Outpatient visits accounted for the majority of costs overall, although cost per visit was substantially lower than for 
inpatient services. Costs tended to increase with age and peaked around the time that individuals were assigned a level of AGHD 
likelihood. Total direct medical costs in individuals with a high likelihood of AGHD exceeded those for individuals with moderate or 
low likelihood.
Conclusion: Understanding the trajectory of healthcare costs in AGHD may help rationalize allocation of healthcare resources.

Plain Language Summary: Growth hormone is an important substance found in the body. Adult growth hormone deficiency 
(AGHD) is the reduced production of growth hormone unrelated to the normal reduction seen with aging. Untreated AGHD can result 
in the development of other conditions, known as comorbidities, which can be expensive to manage. 

Previously, 135 million privately insured people in the US, aged 18–64 years, were categorized into groups by their likelihood 
(high, medium, or low) of having AGHD. This study compared the estimated direct medical costs (eg hospital care and medication) 
across the different likelihood levels. People with a high likelihood of AGHD had more comorbidities than people with a medium/low 
likelihood, and an average total direct medical monthly cost of $1844.51, nearly twice as much as those with a medium likelihood 
($945.65), and four times as much as those with a low likelihood ($459.10). These costs tended to increase with age, with the highest 
costs associated with people aged 50–59 years and 60–64 years. Outpatient costs (for treatments not requiring an overnight hospital 
stay) accounted for the greatest proportion of total medical costs, ahead of inpatient costs (for treatments requiring an overnight 
hospital stay) and medication costs. 
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These findings suggest that diagnosing and treating AGHD earlier may help to reduce medical costs over time. Increased testing and 
treatment will cause an initial increase in the use of healthcare resources, but could improve overall cost effectiveness by reducing the 
long-term impact of the disease and avoiding unnecessary healthcare use. 

Keywords: AGHD, cost of comorbidities, cost of disease, likelihood of AGHD, medical costs, Truven Health MarketScan database

Introduction
Adult growth hormone deficiency (AGHD) is characterized by decreased secretion of growth hormone (GH) not 
associated with aging. It may persist from childhood or be acquired in adulthood.1,2 Causes of AGHD are broad, 
including brain/pituitary tumors, genetic defects, brain surgery and irradiation, traumatic brain injury, and rare infections, 
such as tuberculosis.2–4 AGHD is associated with a reduced quality of life, impaired sense of wellbeing, and a range of 
comorbidities, including increased cardiovascular morbidity and mortality, neuropsychiatric–cognitive deficits, adverse 
body composition, and metabolic and bone abnormalities.1,5–11 Despite the fact that these comorbidities have been well 
known and well documented over the past three decades, AGHD still remains underdiagnosed and undertreated.12–14 A 
lack of validated biomarkers and easily performed diagnostic tests, and the overlap of symptoms with normal aging and 
metabolic syndrome, means that the true incidence rate of AGHD is likely to be underestimated.1,12,14–17 A lack of 
awareness of AGHD among clinicians, particularly non-endocrinologists, is another obstacle in referring potential 
patients for diagnostic work-up.16,17

Studies designed to determine the incidence and prevalence of AGHD are limited.18 In the US, an estimated 6000 
people are diagnosed with AGHD annually,14 an incidence rate of ~1 per 50,000. In Denmark, combined analysis of three 
nationwide registries estimated the annual incidence rate of AGHD to be 1–2 per 100,000 people,12 with a higher 
incidence rate in males compared with females, and in those aged above 45 years.12
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Patients diagnosed with AGHD should be treated with GH replacement therapy to correct metabolic abnormalities 
and impaired quality of life.1,2,19 GH replacement therapy can reduce the societal impact of AGHD, such as healthcare 
resource consumption (physician visits, days in hospital) and non-medical burden (sick leave duration).1,20–22 However, 
GH therapy may not completely reverse the burden of AGHD to patients, healthcare systems (including payers and 
insurance providers), and employers.23

Although there are few detailed evaluations of healthcare costs linked to AGHD, the economic burden of AGHD is 
substantial.24 This is driven largely by costly medical conditions associated with AGHD, although the direct connection 
between costs per condition appears to lack definition. For example, the lifetime direct and indirect costs associated with 
traumatic brain injury are estimated to be (USD) $0.6–1.9 million per person.14 Patients with Cushing’s syndrome (CS), 
who have or may develop AGHD, can accrue annual healthcare costs of almost $35,000, of which ~40% are directly due 
to CS,25 and, among patients undergoing trans-sphenoidal pituitary surgery, direct medical costs have been estimated to 
be ~$20,000 per case.26 In addition, productivity losses are associated with the condition; most patients with AGHD are 
of working age and untreated AGHD can severely impair their ability to work.24

While patients with AGHD consume more healthcare resources than those without,24 we do not know the direct 
medical costs associated with AGHD, its consequences, and its management. While drug costs are the major driver of 
treatment-related health expenditures,27 GH replacement therapy can help to reduce the societal and economic burden of 
AGHD.2,21,22,24,28 Given the likely under-recognition and under-treatment of AGHD and the consequent lack of under-
standing of its overall economic burden, methods for identifying individuals who are likely to have or to develop AGHD 
are needed. To fill this gap, we previously developed an algorithm using patient information (eg, diagnoses, medication) 
to identify people with a high, moderate, or low likelihood of having AGHD in a commercially insured population in the 
US.18 This algorithm may be used by healthcare providers to identify patients who would potentially benefit from 
diagnostic tests and subsequent treatment.18 Understanding of the economic burden of having AGHD would help 
healthcare professionals and payers to allocate funds for patients who do not yet have a formal diagnosis of AGHD, 
thereby potentially reducing the future burden of AGHD.

To gain insight into medical costs possibly associated with AGHD, we have extended our research to estimate direct 
medical costs associated with the high, moderate and low likelihood of having AGHD in the same patient population. 
Our aim was to indicate the level of possible costs that may be avoided by better diagnostic testing and treatment of 
individuals with an identified higher likelihood of having AGHD.

Materials and Methods
Study Design
We performed a retrospective, observational analysis using health and cost data from the Truven Health MarketScan 
Commercial Claims and Encounters Database and the Medicare Supplemental and Coordination of Benefits Database 
(hereafter referred to as the Truven database). The Truven database comprises de-identified patient-level data organized 
in a manner that ensures data privacy and only contains fully paid health claims. All cost data in the Truven database 
were adjusted to January 2020 values.

The study cohort in the Truven database consisted of 135 million US adults aged ≥18 years as of 31 December 2017 
(the index date) and with medical records listed for at least 6 months prior to this date. Using an algorithm (described in 
detail previously18 and summarized in Supplementary Table S1), we categorized the cohort into groups by their 
likelihood of having AGHD. Individuals of between 18 and 65 years of age were identified as being at high, moderate, 
or low likelihood of having AGHD based on assessment of diagnostic codes in the International Classification of 
Diseases, as well as current procedural terminology codes for diagnostic test and anatomical therapeutic chemical codes 
for medications.18 It should be noted that information on actual diagnoses of AGHD was not available. The high- 
likelihood group will have included some patients with diagnosed AGHD, but most of those in the high-likelihood group 
did not meet all of the criteria for a diagnosis of AGHD.
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Analyses
Data for baseline demographics and clinical characteristics contained in the Truven database were analyzed by level of 
likelihood of having AGHD. This included a detailed analysis of overall health status using comorbidity scores and 
associated specific illnesses and treatments. In addition, because the investigated population included women of child-
bearing age, we included an analysis of costs associated with pregnancy care (routine care and procedures). The primary 
analysis was an estimation of direct medical costs associated with likelihood of having AGHD, both overall costs and 
those associated with accessing inpatient and outpatient healthcare services, as well as those arising from prescription of 
medications. In addition, we estimated the costs among the differing likelihood groups (defined below) according to age 
(≥18–<30, ≥30–<40, ≥40–<50, ≥50–<60, or ≥60–<65 years) and sex (male versus female).

We then estimated total direct medical costs associated with likelihood of having AGHD, reported as values per 
patient per month (USD, $), averaged over the entire analysis period, relating to inpatient and outpatient claims, 
outpatient prescription claims, medication usage, laboratory tests, clinical utilization records, and healthcare expenditures 
(including pregnancy where relevant). The average drug cost per patient per month in each category was calculated by 
summing the total cost and dividing by the total observational time.

Preliminary analyses indicated that GH therapy was prescribed to 2.2% of the high-likelihood group.18 The cost of 
GH therapy was included in the total cost analysis, but the low prescription rate meant that it was not considered to be a 
major cost element in the specific analysis of this cohort and was not reported separately.

As well as averaged costs, we investigated annual cost trajectories. For the low-likelihood group, which was the 
default group for all patients entering the database, trajectories were derived for the 10 years starting from the index date. 
For the moderate- and high-likelihood groups, trajectories were analyzed for up to 10 years before and after year 0 (a date 
that is individual for each patient, corresponding to the time of diagnosis of a condition re-categorizing them from the 
low-likelihood group into the high- or moderate-likelihood groups).

For inpatient and outpatient visits, further analyses were performed to determine the average visits per patient overall 
and by sex, as well as trajectories for patients requiring healthcare access and the costs per visit.

Statistical Analysis
The average cost values (USD, $, per month per patient) were calculated as an ordinary average with a Gaussian 
distribution. Confidence intervals (CIs) were calculated using the usual Z-value expressions, and comparisons were made 
using t-tests. Effect size was calculated for the standardized mean difference (SMD) between the different levels of 
likelihood. For comorbidity variables, a standardized difference of ≤0.2 was considered negligible due to the binary 
variables analyzed in this study.29

Ethics
This was a retrospective database study without prospectively enrolled participants. All database records are de-identified 
and fully compliant with US patient confidentiality requirements, including the Health Insurance Portability and 
Accountability Act of 1996. The data used for this study did not involve the interaction or interview with any subjects, 
and the data does not include any individually identifiable data; as such, this is not research involving human subjects. 
Accordingly, ethical approval was not required for this study.

Results
Study Cohort Characteristics and Health Status by AGHD Likelihood
Most individuals included in the Truven database were considered to be at low likelihood of having AGHD (93.6%), with 
6.0% considered at moderate and 0.5% at high likelihood of having AGHD.18 The baseline and clinical characteristics 
are summarized in Table 1 and Supplementary Tables S2 and S3.

There were marked differences between groups in health status, with those in the high-likelihood group having a 
higher frequency of comorbid conditions and requirement for medications than in the other-likelihood groups (Table 2 
and Supplementary Tables S2 and S3). The 10-year mortality risk, as calculated using the Charlson Comorbidity Index 
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(CCI), revealed a difference between individuals in the high- (mean CCI score 1.4) and moderate-likelihood (mean CCI 
score 0.4) groups (SMD −0.37) but not between those in the moderate- and low-likelihood groups (mean CCI score 0.4 
versus 0.2, respectively; SMD −0.06) (Table 2). Both the CHA2DS2-VASc score (risk of stroke in people with atrial 
fibrillation) and the Diabetes Complications Severity Index (DCSI) score indicated worse health in the high-likelihood 
group compared with the moderate-likelihood group, although the between-group differences were smaller than for the 
CCI (SMD <0.20) (Table 2).

The incidences of comorbidities observed in the high- and moderate-likelihood AGHD groups were similar overall 
(SMD <0.2), with the exception of hyperlipidemia, hypertension, heart disease, hematologic neoplasm, and malignant 

Table 1 Clinical Characteristics Within 1 Year Prior of Individuals Being Categorized into Either the 
High-, Moderate-, or Low-Likelihood Groupa

Characteristic Likelihood of Having AGHD (%) Standardized Mean Difference

High Moderate Low High  
Versus Moderate

High  
Versus Low

Moderate  
Versus Low

Age category, years

≥18–<30 14.1 18.9 33.2 0.09 0.33 0.23

≥30–<40 16.8 24.5 21.5 0.13 0.08 −0.05

≥40–<50 25.1 32.9 21.5 0.12 −0.06 −0.18

≥50–<60 32.0 20.6 18.9 −0.18 −0.22 −0.03

≥60–<65 12.0 3.1 4.9 −0.24 −0.18 0.06

Sex

Female 60.8 71.5 50.7 0.23 −0.20 −0.44

Notes: aFor the low-likelihood group, data are based on the first year of observation after the subject turned 18 years of age. 
Abbreviations: %, percentage of people from the study cohort; AGHD, adult growth hormone deficiency.

Table 2 Comorbidity Risk Scores Within 1 Year Prior to Individuals Being Categorized into Either the 
High-, Moderate-, or Low-Likelihood Group

Characteristic Likelihood of Having AGHD Standardized Mean Difference

High Moderate Low High  
Versus Moderate

High  
Versus Low

Moderate  
Versus Low

CCI

Mean ± SD 1.4 ± 2.5 0.4 ± 1.3 0.2 ± 1.3 −0.37 −0.41 −0.06

Range 0.0–26.0 0.0–20.0 0.0–26.0 − − −

CHA2DS2-VASc

Mean ± SD 1.2 ± 1.0 1.0 ± 0.6 0.7 ± 0.7 −0.17 −0.36 −0.23

Range 0.0–8.0 0.0–8.0 0.0–8.0 − − −

DCSI

Mean 0.7 ± 2.1 0.3 ± 1.9 0.2 ± 1.8 −0.16 −0.19 −0.03

Range 0.0–13.0 0.0–13.0 0.0–13.0 − − −

Abbreviations: AGHD, adult growth hormone deficiency; CCI, Charlson Comorbidity Index; CHA2DS2VASc, score for atrial fibrillation 
stroke risk; DSCI, Diabetes Complications Severity Index; SD, standard deviation.
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tumor of breast (Supplementary Table S2). No differences in the incidence of comorbidities were evident when 
comparing the moderate- and low-likelihood AGHD groups.

Medication use was similar overall between the high- and moderate-likelihood groups (SMD <0.2), apart from 
antithrombotic agents, antineoplastic agents, opioids, and psycholeptics (Supplementary Table S3). There were no 
differences in medication use between the moderate- and low-likelihood AGHD groups (SMD <0.2).

Regarding pituitary conditions, there were no clear differences between the groups overall, except for pituitary tumors 
(5.0% of patients in the high-likelihood group versus 0.1% and 0.0% in the other groups; SMD of −0.31 and −0.32 for 
high- versus moderate- and low-likelihood groups, respectively). Likewise, 4.1% of patients in the high-likelihood group 
received radiation therapy versus 0.1% and 0.0% in the other groups (SMD −0.29 in both cases), but there were no other 
notable differences (Supplementary Table S2).

Only small differences were observed between groups in duration of observation period (Supplementary Figure S1) 
and in the start and end dates relative to the categorization date (Supplementary Figure S2).

Primary Analyses: Direct Medical Costs Associated with Likelihood of Having AGHD
Total direct medical monthly costs were approximately two-fold higher for individuals in the high-likelihood group 
($1844.51) compared with the moderate-likelihood group ($945.65), which were two-fold higher compared with the low- 
likelihood group ($459.10) (Figure 1a).

The mean monthly cost of healthcare resources utilized during outpatient visits was greater for all likelihood groups 
than the associated cost for inpatient visits (Figure 1b).

Specifically for inpatient-related costs, the population mean monthly values of healthcare resources were largest in the 
high-likelihood group ($477.31) compared with those for the moderate- and low-likelihood groups ($197.33 and $111.89, 
respectively). Likewise, costs associated with outpatient visits were highest among individuals in the high-likelihood 
group ($866.89, compared with $518.52 for the moderate-likelihood and $247.39 for the low-likelihood groups).

When comparing the population mean costs related to medications, the high-likelihood group had the greatest 
monthly cost: $497.14 versus $227.28 and $98.84 for the moderate- and low-likelihood groups, respectively 
(Figure 1c). When costs associated with inpatient and outpatient visits and medications were expressed as a percentage 
of total direct medical costs, inpatient visits, and prescribed medications accounted for a greater proportion of the total in 
the high-likelihood group than among either moderate- or low-likelihood individuals (Figure 1d).

Direct Medical Costs Among AGHD Risk-Stratified Groups by Age and Sex
In each of the likelihood groups, there was a trend towards higher annual costs with increasing age (Supplementary 
Figure S3a). For example, among individuals with a high likelihood of having AGHD, total costs were lowest for those 
in the youngest age category (≥18–<30 years; $1503.50 [95% CI: 1487.90; 1519.10]), compared with the oldest age 
category (≥60–<65 years; $1887.34 [95% CI: 1880.22; 1894.47]). This trend to high direct medical costs per patient 
associated with likelihood of AGHD was observed for inpatient and outpatient resource consumption and drug 
prescriptions (Supplementary Figure S3b and S3c). Numerically, the highest per-patient costs in the high-likelihood 
group were for outpatient visits, from a low of $675.12 per patient per month among those aged ≥18–<30 years, to 
$962.84 in those aged ≥50–<60 years (Supplementary Figure S3b).

Medications accounted for a higher proportion of total medical costs in the high-likelihood group versus moderate- and low- 
likelihood groups, and with a tendency to account for more of the total costs as age increased (Supplementary Figure S3d).

There was a trend towards higher total annual costs per patient for males versus females for the high- and moderate- 
likelihood group (Supplementary Figure S4a). In both sexes, there was an approximate doubling of costs from low to 
moderate, and from moderate to high, likelihood of having AGHD (Supplementary Figure S4a); this pattern was also 
observed for outpatient visits (Supplementary Figure S4b), which accounted for the majority (approximately 60%) of the 
non-medication-related costs, as well as inpatient and medication-related costs (Supplementary Figure S4c and S4d). 
Overall, the cost of outpatient visits tended to be slightly higher for females, while the cost of inpatient visits tended to be 
higher for males (Supplementary Table S4).
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Additionally, we estimated the costs associated with pregnancy in each AGHD likelihood group. These costs were a 
composite of those associated with routine visits and procedures recorded for pregnancies in women in the population 
being studied. Given the high mean age in all likelihood groups, the average monthly costs per patient related to 

Figure 1 Mean monthly direct medical costs for people in the groups identified as having a high, moderate, or low likelihood of AGHD. Data are presented as the average 
cost over the analysis period in USD ($) per patient per month for each level of likelihood as follows: (a) Total medical costs, (b) Inpatient and outpatient costs, (c) 
Medications, and (d) Costs per healthcare element expressed as a percentage of the total direct medical costs (error bars/values in parentheses indicate 95% confidence 
intervals). 
Abbreviation: AGHD, adult growth hormone deficiency.
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pregnancy were low overall, between $10 and $25 per month, which is less than one-twentieth of the costs for inpatients 
and outpatients for non-pregnancy health matters.

Medication-associated costs were higher among males than females in elevated AGHD likelihood groups: $575.64 
[95% CI: 574.10; 577.17] and $448.09 [95% CI: 447.15; 449.04], respectively, in the high-likelihood group, and $293.62 
[95% CI: 293.40; 293.85] and $200.86 [95% CI: 200.74; 200.97], respectively in the moderate-likelihood group. 
However, in the low-likelihood group, medication-related costs were marginally higher among females ($110.32 [95% 
CI: 110.29; 110.35]) than males ($87.23 [95% CI: 87.20; 87.26]) (Supplementary Figure S4c, Supplementary Table S4). 
The trend to higher costs in individuals with a high or moderate likelihood of AGHD for males versus females was also 
noted for inpatient costs, as well as the proportion of costs related to medications (Supplementary Figure S4d, 
Supplementary Table S4).

Comorbidities in the year prior to individuals being categorized into the high- or moderate-likelihood groups were 
analyzed by sex (Supplementary Table S5). It was observed that rates of cardiovascular and metabolic comorbidities 
were higher among males versus females in these groups, with the exception of stroke (Supplementary Table S5). This 
was also associated with increased use of prescribed medications.

Annual Cost Trajectories by Likelihood of Having AGHD
We analyzed trends over time of healthcare expenditure with reference to year 0 (Figure 2).

Throughout the periods evaluated, direct medical costs per year in the high-likelihood group exceeded those in the 
moderate-likelihood group; costs in the moderate-likelihood group in the pre-year 0 period were only marginally higher 
than those in the low-likelihood group (Figure 2). Overall, total direct medical costs associated with likelihood of AGHD 
per patient per year gradually increased over the 20-year period, from $5428 to $13,551, with a peak of $23,287 at year 0 
in the high-likelihood group, and from $1804 to $10,563 in the moderate-likelihood group (Figure 2a). Over 10 years, 
costs in the low-likelihood group increased modestly (from $3898 to $5174). Similar trajectories were observed for 
inpatient and outpatient costs and for medication-related costs (Figure 2b and c), although the annual rate of medication- 
related costs increased more in the moderate- compared with the high-likelihood group.

Although the costs increased over the whole period, we observed peak in costs per year between years −2 and +2 for total 
inpatient and outpatient costs among patients with a high likelihood of having AGHD, followed by a levelling of annual costs 
for the remainder of the analysis period (Figure 2a and b). Costs per year among the moderate-likelihood group tended to 
increase year on year, with no clearly defined peak (Figure 2a and b); the rate of increase was greatest in the years −2 and −1.

Regarding medication-related costs, a steep increase was seen during the 3 years preceding year 0 in the high- 
likelihood group, but there was no peak (Figure 2c).

Inpatient- and Outpatient-Associated Medical Costs: Further Analyses of Likelihood 
Groups
Additional data analyses were undertaken to understand the differences in costs per month per patient in each likelihood 
group for inpatient and outpatient visits. We excluded medication costs, as they were rarely associated with individual 
visits. Overall, patients had substantially more outpatient than inpatient visits over the period of the analysis 
(Supplementary Figure S5a). Visits by male and female patients are shown in Supplementary Figure S5b. The propor-
tions of individuals requiring visits are shown in Figure 3a. These observations were reflected in the trajectory over time 
for the number of visits per patient (Figure 3b). However, the records showed that costs per visit were much higher for 
accessing inpatient compared with outpatient services. Consequently, the cost per visit was found to be around 50 times 
higher for inpatient versus outpatient visits (Figure 3c).

Discussion
Using the Truven database of healthcare records, we characterized the total direct medical costs of healthcare for people 
with high likelihood versus moderate and low likelihood of having AGHD, investigated the relative contributions of 
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inpatient and outpatient visits and prescribed medications, and mapped out the annual cost trajectory in these patients 
over time.

We found that the high-likelihood group incurred significantly greater overall mean direct medical costs ($1844.51 
per patient per month) compared with the moderate- and low-likelihood groups ($945.65 and $459.10, respectively). As 

Figure 2 Annual mean cost trajectory for each level of likelihood of AGHD. Data per year are presented for high- and moderate-likelihood groups for the period of 
10 years before (−10 years) and after (+10 years) year 0, and for the low-likelihood group over 10 years from the index date for (a) Total direct medical costs in the previous 
year, (b) Inpatient and outpatient visit costs in the previous year, and (c) Medication-related costs in the previous year. 
Abbreviation: AGHD, adult growth hormone deficiency.
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those in the high-likelihood group had the greatest rates of comorbidities, poorest levels of health, and highest rates of 
medication use, the impact of AGHD likelihood on direct medical costs is to be expected. However, we found that the 
occurrence of pituitary conditions and associated clinical procedures did not differ substantially between the groups, 
except for a higher rate of pituitary tumors in the high-likelihood group.

Figure 3 Cost and health visits over time by level of AGHD likelihood. Data per year are presented for high- and moderate-likelihood groups for the period of 10 years 
before (−10 years) and after (+10 years) year 0, and for the low-likelihood group over 10 years from the index date for (a) The percentage of each likelihood group having a 
visit at some time in the previous year, (b) The average number of visits per patient in the previous year in each likelihood group and (c) The cost (USD, $) of each visit per 
patient per year. 
Abbreviation: AGHD, adult growth hormone deficiency.
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Overall, outpatient visits accounted for the largest proportion of direct medical costs in the likelihood groups (around 
54% for the low- and moderate-likelihood groups and 47% in the high-likelihood group). Between one-fifth and one- 
quarter of total costs were due to accessing inpatient services or receiving medications in all groups.

Costs overall and by source increased year on year in all likelihood groups, although there was a pronounced peak in 
the total medical costs, as well as healthcare visits, in the high-likelihood group, occurring in the 4 years centered around 
year 0. Increasing costs over time are reflective of the growing burden of age-related health problems typically observed 
in the general population. Our results suggest that, during the period around year 0, elevated rates of physician visits, 
hospitalizations, and associated care and procedures were required for this group of patients. Because the rates of 
comorbidities were higher and the level of health was generally worse in the high- versus lower-likelihood groups, these 
costs are probably driven by healthcare resource use not directly related to AGHD. Indeed, studies have shown that the 
costs of individual diseases were substantially higher in patients with comorbidities, demonstrating that the interaction of 
different diseases leads to overall cost increases.30 Furthermore, chronic conditions such as cardiovascular disease and 
diabetes, which occurred at substantially higher rates in the high-likelihood group, are among the most expensive health 
conditions to treat in the US.31 To determine the exact drivers of costs during the period of peak costs and their 
relationship to the diagnostic process for AGHD, additional studies using patient-level data would be required. As part of 
improving AGHD care through increased awareness and management with defined clinical endpoints,1,2,16,17 under-
standing the use of and implications for elevated healthcare resource consumption will be important in improving 
patients’ access to health assessments and appropriate care in this context. Although GH replacement therapy was not 
reported separately in this assessment, drug-related costs were greatest among those with a high likelihood of AGHD, 
with high proportions of costs due to medications found across the age range, including the youngest patients. This 
accords with the observation that patients in the high-likelihood group tended to have worse overall health than those in 
the other groups.

Our results show that the burden of pituitary conditions and associated procedures was mostly similar between those 
with low and moderate likelihood of having AGHD, indicating that the major drivers of the overall cost differences found 
may not be directly due to AGHD per se in these cases. However, in the high-likelihood group, rates of pituitary tumor 
and requirements for neurosurgery and radiotherapy versus the other groups, may account for some of the cost burden in 
this cohort. These observations need to be studied in prospective trials involving people diagnosed with AGHD to fully 
understand the implications of disease and its consequences on cost burden.

There were more females than males in the groups likely to have AGHD. The per-patient costs were higher for males 
than females in the high- and moderate-likelihood groups. This finding was unexpected, given that women typically use 
more healthcare services and accrue greater healthcare costs than men.32 This may partly by explained by the absence of 
data from government-funded healthcare programs such as Medicaid in the Truven database, as women tend to be the 
largest beneficiaries of these programs.32–34 The observed difference may be related to the higher likelihood of males to 
receive medications, particularly for diabetes management, in line with higher rates of cardiovascular comorbidities seen 
among males than females. Also, males in the moderate-likelihood group tended to be older than the females 
(Supplementary Table S5) and may therefore have experienced higher costs as a consequence.

In the primary analysis, the costs associated with pregnancy were not included. However, AGHD can adversely 
impact upon fertility,35 and hormonal biochemical evaluation might be more often requested for women rather than men, 
and therefore impact upon healthcare resource use. In a separate analysis, we found that costs per month due to 
pregnancy-related visits and procedures were very low compared with those for other health issues, probably because 
of the age of the people in the study, and would not account for the sex-based differences observed. Consequently, 
pregnancy itself is unlikely to have contributed to the observations made in this study regarding cost differences for men 
versus women, as might be expected from this cohort in which the majority of patients were ≥40 years of age.

The outpatient costs per patient per month were observed to be greater than inpatient costs for both moderate- and 
high-likelihood groups. However, hospitalization is known to be a major driver in healthcare resource use in general,36,37 

so this finding appeared counterintuitive. To address this, we performed further analyses to understand the role played by 
the number of visits, the proportion of patients accessing healthcare services, and the medical cost per visit to explain 
why outpatient costs per patient per month were higher than inpatient costs. We found that costs for hospitalization were 
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more than 50 times greater than those for outpatient visits; however, outpatient services were accessed far more 
frequently than hospitalization occurred (ie, approximately 20 outpatient visits annually compared with fewer than one 
hospitalization per year per individual). As previously mentioned, identification of exact drivers of costs for patient visits 
would require patient-level data, which are not available from the database. The contribution of different factors to the 
cost of outpatient visits is therefore difficult to ascertain. Other possible limitations of outpatient treatment that are 
difficult to identify in the database include issues with monitoring adherence, difficulty in accounting for prescription 
costs in different geographical regions and whether some patients were eligible for discounts or free refills, or whether 
some individuals had access to certain treatments that were not available to others.

When considering the trajectories of costs over time, it is noteworthy that there was a distinct peak in annual costs 
around the index data for the high-likelihood group, and that a similar, if less pronounced, effect was observed for the 
number of health visits. This is to be expected in an event-driven analysis around the time of a qualifying event. The 
steep increase in costs indicates that this period around the index event is often dominated by expensive multiple 
comorbidities, the economic consequences of which then stabilize over time. Distinct from this, the moderate-likelihood 
group was associated with progressively increasing annual costs and health visits year on year, with a disproportionately 
large annual increment in the year before the index date and continuing increases for the next 2 years. Given that 
individuals in the high-likelihood group tended to be categorized as such sooner than those in the moderate-likelihood 
group, and that the latter group tended to be observed for longer after the index date, it might be deduced that people with 
a high likelihood of having AGHD are more likely to be directed into appropriate diagnostic and care pathways sooner 
than others.

A major strength of this study is the size of the established Truven database, which includes data from 135 million US 
citizens and offers a holistic picture of health status and healthcare resource use per patient. Nevertheless, the sample of 
patients with pituitary disorders was comparatively small, with 0.5% of individuals classified as highly likely to have 
AGHD according to the algorithm.18 Extending our investigations to other data sources, such as the NordiNet 
International Outcome Study38 and KIMS39 databases of GH-related disorders, could provide additional insights into 
costs in a focused group of individuals such as those with diagnosed AGHD. The use of artificial intelligence may also 
prove useful in applying our algorithm to a wider patient population with known or suspected AGHD.

Some limitations of this study should be acknowledged. Incomplete or inconsistent data collection is a feature of all 
healthcare databases. A particular limitation of the Truven database is that it predominantly covers individuals who have 
some form of employer-based health insurance, and is therefore not representative of the entire population, for example 
those receiving Medicaid insurance.40 We would expect that emergency room visits and inpatient medication use data to 
be subject to some of these limitations, although we cannot quantify their impact. In addition, the cohort is likely to be 
representative of the managed-healthcare population but may not be fully representative of the full, general, US 
population, nor of patients in other countries with different healthcare systems, such as nationally funded health services. 
Further investigation into direct costs associated with specific types of diagnostic testing and treatment for patients at a 
higher likelihood of having AGHD, including those in different geographical regions, is warranted, with the aim of 
determining which method carries most burden versus which is most appropriate in these individuals.

As mentioned above, the study did not identify patients with confirmed AGHD in the database. The algorithm used to 
assign patients in the Truven database with a likelihood of having AGHD used criteria such as diagnoses, diagnostic 
tests, and prescribed medications.18 A limitation of this algorithm is that it could not be validated against actual diagnoses 
of AGHD, as this information is not available in the Truven database, thus only correlation, and not causation, can be 
demonstrated for AGHD and its associated costs. This may explain why the percentage of patients categorized as having 
a high likelihood of having AGHD is higher than the estimated population average (prevalence of 2–3 per 10,000 
population [0.02% to 0.03%]). Additionally, the cost trajectory of those with a high likelihood of AGHD may at least 
partly reflect the increased medical needs of an older population (Supplementary Figure S3). Ultimately, prospective 
studies are needed to demonstrate the social, economic, and medical cost impact of GH replacement in patients diagnosed 
with AGHD.
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Conclusions
The total cost of care for patients with a high likelihood of AGHD is significantly higher than those for patients with 
moderate or low likelihood. Furthermore, the long-term cost trajectory for patients actually decreased upon diagnosis of a 
condition that moved them into the moderate- or high-likelihood groups. Future studies to investigate the benefit of 
identifying patients with AGHD early on are warranted, as the diagnosis and appropriate treatment could potentially alter 
the cost trajectory. Although increased testing and treatment (including GH therapy) will increase healthcare resource 
use, it may help people with an elevated likelihood of having AGHD to obtain appropriate diagnosis, support, and 
treatment, as well as offering potential cost efficiencies by directly reducing the burden of disease and associated 
avoidable healthcare resource utilization.
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