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Abstract

Context: The consequences of untreated adult growth hormone deficiency (aGHD) among 

childhood cancer survivors are not well defined. The lack of evidence and socioeconomic factors 

may contribute to underutilization of growth hormone therapy (GHT) among survivors with 

aGHD.

Objectives: This work aimed to examine the association of GHT use with socioeconomic factors 

and to assess the effect of untreated aGHD in survivors using insulin-like growth factor-1 (IGF1) 

as a marker of GH action.
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Methods: A total of 3902 five-year survivors of childhood cancer aged 18 years and older 

were included. The associations between GHT use and socioeconomic factors (health insurance 

coverage, income, area deprivation index), and associations between IGF1 levels and prevalences 

of adverse physical, neurocognitive, and psychosocial outcomes were assessed cross-sectionally 

by multivariable logistic regression adjusting for potential confounders.

Results: Among 354 survivors with severe aGHD, 9.0% were on GHT. Socioeconomic 

disadvantages were independently associated with less use of GHT (eg, odds ratio [OR] of GHT 

use 0.27; 95% CI, 0.08–0.84 for annual household income <$40 000 vs ≥$80 000). The low IGF1 

group (z score ≤ −2) experienced significantly higher prevalences of various adverse outcomes 

compared to the normal IGF1 group (z score >0), including various neurocognitive impairment 

(eg, verbal reasoning [OR 2.79; 95% CI, 1.95–3.98]), diminished health-related quality of life 

(eg, physical functioning [1.97; 1.35–2.86]), abnormal glucose metabolism (1.82; 1.21–2.71), and 

abnormal fat percentage (3.16; 1.98–5.26).

Conclusion: Untreated aGHD potentially contributes to multidimensional adverse outcomes, 

and GHT may provide health benefits among survivors, though socioeconomic disadvantage may 

limit their access to GHT.
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Introduction

Adult growth hormone deficiency (aGHD) includes adulthood-onset GHD and childhood-

onset GHD that persists into adulthood (1, 2). While GHD is most commonly associated 

with growth impairment in childhood, GH also plays an important role in maintaining 

systemic health in adulthood (1–4). The negative health effects of aGHD that can be 

reversed by GH therapy (GHT) include abnormal body composition, metabolic and 

cardiovascular risks, and impaired quality of life (QOL) (1–4).

Childhood cancer survivors (survivors) are a growing population attributable to advancement 

in cancer therapy and supportive care (5). However, cancer treatments place survivors at risk 

for various late effects (5, 6). Survivors are at risk for early, potentially severe comorbidities 

of chronic health conditions as they age, including decreased bone mineral density (BMD), 

obesity, diabetes mellitus, and cardiometabolic diseases (5, 6). In addition, they are at higher 

risk for psychosocial and neurocognitive impairment compared to nonsurvivor populations 

(5). Survivors are also known to be more likely to have socioeconomic disadvantages 

compared to their peers, such as inadequate insurance coverage and lower income, resulting 

in financial hardship (7–10).

aGHD is one of the most common endocrine late effects among survivors, especially 

those with suprasellar tumors and those treated with radiation exposure to the hypothalamic-

pituitary (HP) region (11, 12). It is possible that survivors may be affected more by 

untreated aGHD compared to other populations due to their preexisting or coexisting 

cancer treatment-related chronic health conditions, some of which may be worsened by 
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co-occurrence of aGHD. In addition, aGHD among survivors is often childhood-onset, 

increasing the likelihood of adverse effects compared to adulthood-onset aGHD due to the 

longer duration of GH deficiency, if untreated, including developmental years (4). Clinical 

guidelines recommend GHT for adult survivors with confirmed aGHD based on its safety 

(1, 2, 11, 13), though the majority of survivors with aGHD receive GHT during childhood 

only for linear growth and stop taking it after completion of growth (14). Comprehensive 

clinical data on outcomes of untreated aGHD specifically in the survivor population are 

scarce, which may contribute to undertreatment of aGHD among survivors. Additionally, 

lower socioeconomic status, including lack of health insurance coverage, is suggested to be 

a potential hindrance to accessing GHT in the general population (15–18). This may also 

be true among survivors, who are at high risk for having financial hardship and inadequate 

health insurance coverage (7–10). However, this potential health disparity has never been 

assessed in the survivor population. Because aGHD is a condition that can be modified by 

GHT, it is a potential target for interventions to improve QOL of adult survivors. Therefore, 

assessing the outcomes of, as well as potential barriers to, GHT administration in survivors 

is warranted.

In this study, we aimed to assess undertreatment of aGHD, using a large clinical cohort 

of childhood cancer survivors in the United States. First, we estimated the proportion of 

survivors with severe aGHD who were on GHT. Then, we examined the associations of 

GHT use with socioeconomic factors. Last, we assessed the clinical effect of untreated 

aGHD and potential benefits of GHT on physical, psychosocial, and neurocognitive 

outcomes through associations between these outcomes and levels of insulin-like growth 

factor-1 (IGF1), a marker of GH action that is commonly lower in severe aGHD and higher 

with replacement therapy or in milder/absence of aGHD (2, 11, 19, 20).

Materials and Methods

Study design and population

This is a cross-sectional analysis of participants in the St. Jude Lifetime Cohort 

Study (SJLIFE), a retrospective cohort with prospective longitudinal clinical follow-up 

of 5-year childhood cancer survivors treated at St. Jude Children’s Research Hospital 

(SJCRH, Memphis, Tennessee, USA) between 1962 and 2012 (21, 22). SJLIFE 

participants are invited to campus periodically (approximately every 5 years) and undergo 

routine comprehensive clinical assessments including laboratory (eg, IGF1 measurements, 

described later) and diagnostic evaluations of organ function, physical performance 

testing, neurocognitive assessment examined by certified psychological examiners, and 

questionnaires of patient-reported outcomes such as demographic/socioeconomic factors, 

health behaviors, and QOL. Participants who were age 18 years or older at the time of 

campus visit were included, and the information from the survivors’ latest campus visit 

was used to maximize follow-up time between cancer diagnosis/treatment and assessment 

of health conditions. Survivors with genetic or neurodevelopmental syndromes unrelated to 

cancer diagnosis or survivors on GHT for renal failure were excluded. The SJLIFE study 

protocol was approved by the institutional review board at SJCRH, and all participants 

provided written informed consent.
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Growth hormone deficiency-related information

In SJLIFE, GH dynamic testing was not part of the routine assessments. However, if a 

survivor was diagnosed as having GHD through dynamic testing in either the retrospective 

or prospective parts of the SJLIFE study, the information was recorded in the data set 

as a clinical history of GHD diagnosis. The details of dynamic testing such as the peak 

serum GH value in response to stimulation and occasionally the exact date of the testing 

were unavailable from our data set. IGF1 and self-reported data regarding GHT use 

were routinely assessed as part of the comprehensive assessment at every campus visit, 

together with assessment of other health conditions. Thus, in this study, we used IGF1 as 

a surrogate marker of GH status at the time of the latest campus visit, in the absence of 

dynamic testing. IGF1 was measured using a fasting blood sample collected at 8 Am by 

electrochemiluminescent immunometric assays (Immulite 2000, Siemens Medical Solutions 

before 2014 and Liaison, DiaSorin after 2014). Although the assay changed in 2014, and 

reference ranges vary by age and sex across the lifespan, we used z scores in this study that 

were calculated using the normative ranges for each assay in the general population based on 

age and sex, so it was unlikely that the change affected the results across the time frame of 

this study. The self-reported questionnaires asked about previous and/or current use of GHT, 

and affirmative answers were confirmed by reviewing SJCRH medical records. Details of 

GHT such as dosing or duration of GHT were not recorded in the dataset and were therefore 

unavailable.

Data collection

Demographic/socioeconomic information, cancer information (diagnosis, age at diagnosis, 

and radiotherapy [site and dose]), GHD-related information, and other endocrine conditions 

(hypogonadism, hypothyroidism, adrenal insufficiency) were abstracted from the SJLIFE 

dataset. Tumor in the HP region was defined when the tumor involved the thalamus, 

hypothalamus, optic chiasm, third ventricle, and sellar or parasellar region. Socioeconomic 

information such as annual household income and health insurance coverage was abstracted 

from a self-reported questionnaire. Each survivor’s self-reported home address was 

geocoded and linked to the area deprivation index (ADI), which measures the neighborhood 

socioeconomic status (23). ADI comprises 17 socioeconomic status indicators at the census-

track level including employment status from the American Community Survey, with scores 

ranging from the first percentile (indicating the least deprived neighborhood) to the 100th 

percentile (indicating the most deprived neighborhood).

Analysis Procedures

Demographic/socioeconomic analysis: Survivors were categorized into 4 groups 

based on their aGHD/GHT status (Fig. 1A). aGHD was considered present if the survivor 

met at least one of the following criteria: (i) clinical history of GHD based on dynamic 

testing; (ii) age- and sex-adjusted IGF1 z score ≤ −2 at the time of the latest SJLIFE 

visit; and/or (iii) self-reported history of GHT use. Severity of aGHD was estimated by 

age- and sex-adjusted IGF1 z scores, which are known to be typically low in patients with 

severe GHD (z score ≤ −2), while they are higher (typically z score <0 and > −2) with 

milder partial forms of GHD (19, 20). Based on this information, survivors with aGHD 
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were divided into 3 groups: aGHD on GHT group, untreated severe aGHD group (aGHD 

with IGF1 z score ≤ −2 without GHT), and untreated mild aGHD group (aGHD with 

IGF1 z score > −2 without GHT; Fig. 1A). Survivors in the aGHD on GHT group and 

untreated severe aGHD group were regarded as having severe aGHD, based on the general 

understanding that GHT is prescribed to patients with severe aGHD. Survivors with missing 

IGF1 values and/or with unreliable IGF1 values due to liver fibrosis/cirrhosis (conditions 

known to reduce IGF1 synthesis) were excluded from this analysis unless they were on 

GHT, whose grouping does not require IGF1 information.

We described demographic/cancer-related/socioeconomic/clinical information across the 4 

groups. Then, focusing on survivors with severe aGHD (see Fig. 1A), the association 

between GHT use and socioeconomic factors (annual household income, health insurance 

coverage, ADI) among survivors with severe aGHD was assessed by multivariable logistic 

regression analysis, adjusting for sex, age at cancer diagnosis, and age at campus visit. We 

also examined the dose-response relationship of ordinal categories of socioeconomic factors 

and GHT use by trend test.

Insulin-like growth factor-1 analysis: Excluding survivors with missing/unreliable 

IGF1 (Fig 1B), we assessed the association between outcomes and IGF1 levels to determine 

the effect of untreated aGHD, using IGF1 as a surrogate for GH activity. Based on the 

known systemic effects of GH (1–4), multidimensional outcomes were assessed. Details 

of definitions and measurements are shown in Table 1. We assessed body composition/

physical outcomes: obesity (body mass index [BMI] ≥ 30 kg/m2) (24), abdominal obesity 

(waist-to-height ratio >0.5) (25), abnormal fat percentage (fat percentage ≥25% [males] or 

≥35% [females] measured by dual-energy x-ray absorptiometry [DXA]) (26), low BMD 

(age- and sex-adjusted z scores <−2 for lumbar vertebrae L1 and L2 by DXA) (27), 

low lean muscle mass (age- and sex-adjusted z scores ≤ −1.5 by DXA) (30), weak 

hand grip strength (28), slow walking speed (29), and presence of frailty from physical 

performance testing (28–31, 41). As metabolic/cardiometabolic outcomes, presence of 

hypertension, hypercholesterolemia, hypertriglyceridemia, abnormal glucose metabolism, 

coronary artery disease, left ventricular systolic dysfunction, and cerebrovascular accident 

were assessed based on clinically validated grading using a modified version of the Common 

Terminology Criteria for Adverse Events, which is routinely used across survivor cohorts 

(32). Neurocognitive outcomes included global intelligence (verbal reasoning, nonverbal 

reasoning) (34) and 5 domains focusing on specific cognitive processes: academics (reading, 

mathematics) (35), attention (sustained attention, attention variability, focused attention, 

attention span) (36–38), processing speed (visual processing speed, visual-motor processing 

speed, motor processing speed) (36–38), memory (new learning, short-term/long-term verbal 

memory, visual memory) (39, 40), and executive function (working memory, cognitive 

flexibility, verbal fluency, perseveration, self-monitoring) (34, 36, 37). Impairment on each 

test was defined as age- and sex-adjusted z scores less than −1.3 (33). Health-related 

QOL was measured by the Medical Outcomes Study 36-Item Short Form Health Survey, 

including 8 domains of health status or functioning within the past 4 weeks (physical 

functioning, role limitation due to physical problems, general health perception, bodily 

pain, vitality, role limitation due to emotional problems, social functioning, mental health), 
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and 2 summary scores (physical component summary and mental component summary); 

age- and sex-adjusted T scores of 40 or less were defined as impairment (41, 42). 

We also assessed self-reported levels of psychological distress within the previous week 

(depression, somatization, anxiety) using the Brief Symptom Inventory-18, and a symptom 

was considered present when age- and sex-adjusted T scores were 63 or greater (43, 44).

IGF1 z scores were categorized into low (z score ≤ −2), low-normal (z score −2< to ≤0), 

and normal (z score >0) groups, based on reports in the general population that IGF1 z 
scores greater than 0 indicate a high probability of normal results on GH dynamic testing, 

and IGF1 z scores less than −2 are highly associated with a diagnosis of GHD (19, 45). 

Associations between the IGF1 groups and the prevalence of the outcomes were assessed by 

multivariable logistic regression adjusting for potential confounders (sex, race/ethnicity, age 

at cancer diagnosis, years since cancer diagnosis, tumor in the HP region, HP radiation 

dose, childhood GHT, history of hypogonadism/hypothyroidism/adrenal insufficiency, 

and socioeconomic variables [educational attainment, annual household income, health 

insurance coverage, ADI]). Socioeconomic variables were not adjusted for neurocognitive 

outcomes since these variables are downstream of neurocognitive impairment (46). Dose-

response relationships between the ordinal IGF1 z score categories and the prevalence 

of outcomes were examined by trend test. While there were a multitude of outcomes, 

no adjustment for multiple testing was performed because each distinct outcome was 

hypothesized and tested separately.

Considering the possibility that low IGF1 was due to high BMI in some participants, as 

suggested in some literature (47, 48), we conducted a supplementary analysis excluding 

survivors with obesity (BMI ≥ 30 kg/m2) using the same methods as in the main IGF1 

analysis, without testing BMI-related outcomes: obesity, abdominal obesity, and abnormal 

fat percentage.

All tests were 2-sided, with P less than .05 considered statistically significant. Data were 

analyzed using R version 4.3.1 (R Core Team, 2023).

Results

Among 5229 participants with a campus visit, 4364 survivors were eligible for this study. Of 

this population, 3902 survivors were included in the demographic/socioeconomic analysis, 

excluding survivors with missing/unreliable IGF1 (n = 462; see Fig. 1A). Characteristics of 

the 4 groups are shown in Table 2. Among 354 survivors with severe aGHD, 9.0% (32 in the 

aGHD on GHT group) were on GHT. There were 286 survivors in the untreated mild aGHD 

group and 3262 survivors in the non-aGHD group. Demographic and cancer-related factors 

such as sex, age at campus visit, and age at primary cancer diagnosis were comparable 

across the 4 groups. However, the aGHD on GHT group included more survivors with a 

central nervous system (CNS) tumor (23/32, 71.9%) specifically in the HP region (11/32, 

34.4%), compared to other groups. Relatedly, among survivors with severe aGHD, CNS 

tumor survivors were more likely to be on GHT (23/158, 15.2%) compared to other types 

of primary cancer (7/152, 4.6% in any hematological malignancy; 2/51, 3.9% in any solid 

tumor). The majority of survivors with severe aGHD had HP radiation greater than or 
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equal to 18 Gy (24/32, 75.0% in the aGHD on GHT group; 234/322, 72.7% in untreated 

severe aGHD group). The median IGF1 z score in the GHD on GHT group was −0.1 

(25th-75th percentile, −1.1 to 1.0), whereas that in the untreated severe aGHD group was 

−2.6 (25th-75th percentile, −3.2 to −2.2). The onset of GHD was mostly during childhood 

among survivors with aGHD in all GHD groups whose historical information was available. 

Compared to the other 3 groups, the aGHD on GHT group was characterized by higher 

socioeconomic status. They had the highest proportion of annual household income of $80 

000 or greater (11/32, 34.4%), no one reported the absence of health insurance, and lived in 

less deprived neighborhoods (a median ADI score at the 43rd percentile). The proportion of 

never smoking was highest in this group (29/32, 90.6%). In contrast, the most disadvantaged 

socioeconomic status among the 4 groups was seen in the untreated severe aGHD group. 

This group included the lowest prevalence of survivors with an annual household income 

of $80 000 or greater (35/322, 10.9%), the highest proportion of uninsured status (42/322, 

13.0%), and living in more deprived neighborhoods (a median ADI score at the 63rd 

percentile).

In the socioeconomic analysis of 354 survivors with severe aGHD (Table 3), lower annual 

household income was independently associated with less use of GHT compared to higher 

annual household income of $80 000 or greater with a dose-response relationship (odds 

ratio [OR] of GHT use 0.32; 95% CI, 0.10–0.99 in $40 000-$79 999; OR 0.28; 95% CI, 

0.08–0.84 in <$40 000; P-trend .025). Lack of health insurance was also associated with less 

use of GHT (OR of GHT use 0.00; 95% CI, 0.00–0.59 vs insured; P = .013). Higher (more 

deprived) ADI had a significant trend with less use of GHT (OR of GHT use 0.31; 95% CI, 

0.07–1.06 in the highest quartile; OR 0.63; 95% CI, 0.22–1.64 in the second highest quartile 

vs ADI below median value; P-trend .045).

Next, we performed the IGF1 analysis including 3899 survivors with available IGF1 

information (see Fig. 1B). Statistically significant dose-response associations between 

higher prevalence of outcomes and IGF1 level categories (P-trend <.05) are shown in 

Fig. 2 (results of all outcomes are shown in Supplementary Table S1 (49)). Lower IGF1 

was associated with higher prevalence of abnormal body composition (obesity, abdominal 

obesity, abnormal fat percentage, and low BMD) and weak handgrip strength with dose-

response relationships. Among these outcomes, abnormal fat percentage had the highest 

OR of 3.16 (95% CI, 1.98–5.26) in the low IGF1 group vs normal IGF1 group. Similar 

dose-response relationships were observed between lower IGF1 and higher prevalence 

of metabolic/cardiovascular outcomes (hypertension, hypertriglyceridemia, and abnormal 

glucose metabolism). All tested neurocognitive outcomes were associated with lower IGF1 

with a significant dose-response relationship. Of these, impairment in verbal reasoning, a 

measure of general cognitive function, showed the highest OR of 2.79 (95% CI, 1.95–3.98) 

in the low IGF1 group vs normal IGF1 group (P-trend <.0001). Statistically significant 

associations between lower IGF1 and impaired health-related QOL were mainly identified 

in physical-related domains, such as impairment in physical functioning (OR 1.97; 95% CI, 

1.35–2.86 in the low IGF1 group vs normal IGF1 group; P-trend = .0014). Lower IGF1 was 

also associated with higher prevalence of depression (OR 1.58; 95% CI, 1.06–2.33 in the 

low IGF1 group vs normal IGF1 group; P-trend = .0041).
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In the supplementary analysis limited to survivors without obesity, the sample size decreased 

from 3899 to 2367. Still, the statistically significant dose-response associations between 

higher prevalence of impairment and lower IGF1 levels were observed in most of the 

outcomes that showed significance in the main analysis (low BMD, weak handgrip 

strength, neurocognitive and health-related QOL outcomes; Supplementary Table S2 

(50)), with additional significant associations between lower IGF1 and low lean muscle 

mass and frailty. There were no outcomes showing statistically significant dose-response 

relationships with IGF1 in metabolic/cardiovascular outcomes or psychological distress in 

this supplementary analysis.

Discussion

Childhood cancer survivors are a unique population characterized by substantial underlying 

medical vulnerability and whose overall health and QOL can be severely affected by 

untreated aGHD. Using SJLIFE, a large cohort of childhood cancer survivors, this is the 

first large study to comprehensively assess outcomes of untreated aGHD and potential 

socioeconomic barriers to GHT focusing on this population. The results of this study 

highlight the deleterious effects of untreated aGHD on a wide range of outcomes that 

may be potentially mitigated by GHT. However, our data also revealed that only 9% of 

survivors with severe aGHD in our cohort were on GHT, and that not being on treatment was 

associated with lower socioeconomic status measures in this United States–based cohort.

To our knowledge, this is the first study to find associations between IGF1 and 

neurocognitive outcomes in childhood cancer survivors. Neurocognitive impairment is 

known to be highly prevalent among survivors compared to the general population 

and adversely affects their daily productivity and overall well-being (46, 51, 52). The 

relationship between aGHD and neurocognitive impairment in the general population has 

been unclear (46, 53). However, our results identified a dose-response relationship between 

lower IGF1 and higher prevalence of neurocognitive impairments not only in general 

intelligence (verbal reasoning), but also in all other outcomes in various specific domains in 

survivors. Because neurocognitive impairment affects the QOL of survivors and can affect 

their education level or even employment status, it is important to examine this more closely, 

as GHT may be an intervention to improve survivors’ QOL through potentially improving 

neurocognitive functioning.

We also observed associations between lower IGF1 and higher prevalence of depression 

and various health-related QOL outcomes. Associations among health-related QOL were 

mainly observed in physical outcomes, such as physical functioning. Relatedly, lower IGF1 

was associated with a higher prevalence of weak handgrip strength, a reliable objective 

marker of physical functioning and longevity (54). In addition, in alignment with the general 

understanding of the benefits of GHT to achieve optimal body composition and bone health 

(1–4), we observed a clear dose-response relationship between IGF1 and abnormal body 

composition (obesity, abdominal obesity, abdominal fat percentage) and lower BMD in 

survivors.
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Because of the existing evidence that high BMI can cause low serum IGF1 levels (47, 

48), which is one of the limitations of using IGF-1 as a surrogate for GH status, we 

conducted a supplementary analysis limited to nonobese participants and outcomes not 

directly assessing BMI or fat mass. Despite the dramatic decrease in sample size from 3899 

to 2367, we still observed dose-response relationships in most outcomes across domains, 

suggesting that in those outcomes, associations with IGF1 are not modified by high BMI 

and the observed associations are due to GHD, rather than obesity causing low IGF1. 

A minority of neurocognitive outcomes, mental health outcome in health-related QOL, 

and depression were not statistically significant in this supplementary analysis. Yet, the 

trend of decreased functioning with lower IGF1 remained consistent with the possibility 

that with the reduced sample size, there was insufficient power to detect a statistically 

significant trend. Furthermore, by limiting to nonobese participants, there were additional 

outcomes significantly associated with IGF1, such as low lean muscle mass and frailty. 

This suggests that these physical outcomes may be associated with IGF1 in the context of 

GHD, but not among survivors with low IGF1 caused by obesity. The association between 

lower IGF1 and these measures may also play a role in the effect of untreated aGHD 

on reduced physical performance, which can contribute to decreased physical function–

related QOL among survivors. The main exception to the consistent findings between 

the main and supplementary analyses were metabolic/cardiovascular outcomes. Although 

there were significant dose-response relationships between lower IGF1 and hypertension, 

hypertriglyceridemia, and abnormal glucose metabolism in the main analysis, once obese 

participants were excluded, there was no significant association. Based on the well-known 

effect of obesity both on IGF-1 and metabolic/cardiovascular outcomes (47, 48, 55, 56), we 

speculate that the association between low IGF1 and these factors in the main analysis was 

likely driven by obesity. However, with the cross-sectional design of this study, we cannot 

comment on whether GHD (low IGF1) contributed to obesity leading to abnormalities in 

these metabolic/cardiovascular outcomes, or obesity caused both these abnormalities and 

lower IGF1. Future prospective research is needed to assess if GHT, which increases serum 

IGF1, can improve these metabolic/cardiovascular outcomes that can contribute to severe 

consequences such as coronary heart disease (56) among survivors regardless of BMI.

Overall, we observed substantial associations between untreated aGHD not only in clinical 

outcomes but also in neurocognitive functioning and self-reported outcomes. Our findings 

support the need for future studies evaluating the effect of increasing IGF1 through 

treatment of aGHD among survivors, who often have multiple comorbid conditions 

contributing to impaired QOL.

Despite these findings suggesting the potential benefits of GHT, we also demonstrated low 

treatment rates in real-world practice in the United States. Although the limitations are 

noteworthy, in the United States, socioeconomic factors appear to be important barriers 

for GHT access, which is quite costly. In our study, untreated aGHD was associated with 

lack of health insurance coverage. All GHT users were insured, suggesting health insurance 

coverage was used to access GHT. However, even with health insurance coverage, survivors 

may experience financial difficulty in accessing GHT due to high copayment requirements 

(2, 17, 18), as shown in the association between annual household income and GHT use. 

The observed association between untreated aGHD and higher ADI also suggests that 
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socioeconomic factors within disadvantaged neighborhoods such as education and access 

to medical providers may affect GHT use. Identifying survivors living in disadvantaged 

neighborhoods who need socioeconomic support and health policy interventions to assist 

these at-risk individuals may also be important, together with proper education regarding 

risks and benefits when considering GHT in adult survivors. An important caveat to this 

aspect of our study is that our cohort resides only within the United States. The contribution 

of socioeconomic factors may differ by countries with different health policies and financial 

resources. Still, our results highlight the importance of the socioeconomic framework to 

support survivors to properly receive GHT when needed, and further research is needed in 

each country/region to assess more specific socioeconomic barriers to accessing GHT.

In addition to the findings regarding socioeconomic status, the proportion of survivors with 

severe aGHD receiving GHT was lower in those with hematological malignancies (4.6%) 

and solid tumors (3.9%), compared to those with CNS tumors (15.2%). In this study, 

the definition of severe aGHD was made not only by clinical history of GHD based on 

diagnostic dynamic testing but also by low IGF1 z score at the last campus visit in those 

without evidence of dynamic testing, and data were unavailable regarding whether survivors 

with severe aGHD were aware of their risk for aGHD and/or underwent diagnostic testing. 

There might have been higher GHD screening rates among CNS tumor survivors due to 

known GHD risks related to tumor location, that is, a subset of survivors of hematological 

malignancies and solid tumors in the untreated severe aGHD groups were never formally 

screened with diagnostic dynamic testing and thus may have been underdiagnosed for GHD 

in this group. If this is true, these populations await further attention to be appropriately 

screened for GHD, particularly among those with low IGF1 screening test results.

This study has several limitations that should be noted, in addition to the geographical 

considerations. There was limited available information on GHD-related diagnostic 

information. Thus, acknowledging that IGF1 is not a definitive diagnostic test for GHD, we 

used IGF1 values, which are systematically and prospectively measured in SJLIFE, to define 

the most recent GHD status of survivors as a surrogate for gold-standard dynamic testing 

for aGHD. There might be survivors who were misclassified by using IGF1, especially those 

with obesity or who received cranial radiation, which are factors that may affect serum 

IGF1 levels (19, 47, 48, 57). However, we did account for low IGF1 due to obesity in the 

supplementary analysis, and analyses were adjusted for cranial radiation dose. Relatedly, 

it was uncertain if survivors categorized in the untreated severe aGHD group were aware 

of their possible diagnosis of severe aGHD, which could affect the proportion of survivors 

offered GHT. We did not assess the degree of knowledge and practical experience with 

screening for aGHD among health care professionals or the frequency of referrals to 

endocrinologists, and these factors may also affect the portion of survivors who were on 

GHT in this study (16–18). There are additional potential barriers to accessing GHT that 

were not assessed in this study, such as requirement of daily injections or fear of side effects. 

Further research is required to examine how these factors influence access to GHT among 

survivors with aGHD. In the IGF1 analysis, historical information about the actual timing 

of onset of GHD, duration/dose of GHT, or interval between onset of GHD to start of GHT 

was unavailable in this cohort, and we could not account for this information in the analysis. 

Also, because of the cross-sectional nature of this study, we could assess associations only 
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between the current IGF1 level and the presence of health outcomes, and not the effect of 

IGF1 on future incidence of chronic health conditions, including mortality.

In summary, our data highlight the wide range of adverse outcomes of untreated 

aGHD among adult survivors of childhood cancer. The potential deleterious effects of 

untreated aGHD in this population included abnormalities in body composition, metabolic, 

cardiovascular, neurocognitive, and health-related QOL outcomes. It is important that 

medical providers screen for aGHD in at-risk survivors and discuss aGHD-associated 

benefits, risks, and harms with survivors to implement personalized treatment plans. 

A collaborative approach between oncologists, pediatric and adult endocrinologists, and 

primary care providers is needed in this regard, with resources provided to assist with access 

to this costly medication when needed. Since personal socioeconomic status may also affect 

survivors’ access to GHT in the United States, this and other potential barriers should be 

considered in future interventions to improve long-term health outcomes in survivors with 

aGHD.
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OR odds ratio

QOL quality of life

SJCRH St. Jude Children’s Research Hospital

SJLIFE St. Jude Lifetime Cohort Study
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Figure 1. Study participants
A, Demographic/socioeconomic analysis; B, IGF1 analysis. The shaded square in A shows 

individuals with severe aGHD, who were included in the socioeconomic analysis.

Abbreviations: aGHD, adult growth hormone deficiency; GHT, growth hormone therapy; 

IGF1, insulin-like growth factor-1; SJLIFE, St. Jude Lifetime Cohort Study.
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Figure 2. Insulin-like growth factor-1 (IGF1) levels and prevalence of adverse outcomes.
Associations between IGF1 levels and prevalence of outcomes were assessed in 3899 

survivors. The dots and error bars show adjusted odds ratios (ORs) and 95% CIs for 

the risk of having each outcome. The black square and triangle indicate IGF1 z score 

category of low (≤−2) and low-normal (>−2 to ≤0), respectively. The black circle and broken 

line represent the null reference association (OR = 1, normal IGF1, z score >0). P-trend 

indicates the P value from the trend test, treating 3 IGF1 z score categories as an ordinal 

variable to examine the dose-dependent relationship. All analyses were adjusted for potential 

confounders (sex, race/ethnicity, age at cancer diagnosis, years since cancer diagnosis, 

tumor in the hypothalamic-pituitary [HP] region, HP radiation dose, use of growth hormone 

therapy in childhood, hypogonadism, hypothyroidism, adrenal insufficiency). Analyses 

exclusive of neurocognitive outcomes were also adjusted for educational attainment, annual 

household income, health insurance coverage, and area deprivation index.
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Table 1.
Definitions and measurements of outcomes in IGF1 analysis

Outcome Measurement/Data source Definition

Body composition/physical outcome 
a

 Obesity Height and weight measurement BMI ≥ 30kg/m (24)

 Abdominal obesity Height and waist circumference 
measurement

Waist-to-height ratio of more than 0.5 (25)

 Abnormal fat percentage Dual x-ray absorptiometry Fat percentage of ≥25% (males) or ≥35% (females) (26)

 Low BMD Dual x-ray absorptiometry Average BMD of lumbar vertebrae L1 and L2 being Z-

score < -2 (27)b

 Weak hand grip strength Hand grip strength Sitting hand grip strength in less than BMI-specific cut-
point (29)

 Slowness in walking speed Walking speed test Seven or more seconds to walk 15 feet (women < 159 
cm tall and men < 173cm tall), or six or more seconds 
to complete the distance (women ≥ 159cm tall and men ≥ 
173cm tall) (30)

 Low lean muscle mass Dual x-ray absorptiometry Lean muscle mass being Z-score ≤-1.5 compared to data 

from national samples (28)b

 Frailty Hand grip strength
Walking speed test
Dual x-ray absorptiometry
SF-36
NHNES Physical Activity 
Questionnaire

Three or more among the following criteria (30,31):
(i) Weak hand grip test, (ii) Slowness in walking speed, 
(iii) Low lean muscle mass, (iv) Decreased vitality (scores 
< -1.3SD on the vitality subscale of SF-36), (v) Poor 
physical activity [expending < 383 kcal/week (men) and 
< 270 kcal/week (women) in NHANES questionnaire]

Metabolic/cardiovascular outcome a

 Hypertension

Modified version of CTCAE (33)c

Resting blood pressure >140 mmHg (systolic) or >90 
mmHg (diastolic); recurrent or persistent for 24+ hours; 
medical intervention indicated or initiated (Grade ≥2)

 Hypercholesterolemia Fasting total cholesterol level >200 mg/dL and/or on 

medication (Grade ≥1)d

 Hypertriglyceridemia Fasting triglyceride level of >150 mg/dL and/or on 

medication (Grade ≥1)d

 Abnormal glucose metabolism Fasting blood glucose ≥100 mg/dL in isolation and/or 
hemoglobin A1c ≥5.7% and/or meets criteria for diagnosis 
of diabetes mellitus and medication indicated or initiated 

(Grade ≥2)d

 Coronary artery disease Mild symptoms of cardiac ischemia and cardiac enzymes 
minimally abnormal and no evidence of ischemic 

electrocardiogram changese (Grade ≥2)

 Left ventricular systolic dysfunction Resting ejection fraction <50% and >10% absolute drop 
from baseline and/or medication (Grade ≥2)

 Cerebrovascular accident Moderate neurologic deficite (Grade ≥2)

Neurocognitive outcome a

Domain: Global intelligence
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Outcome Measurement/Data source Definition

 Verbal reasoning Wechsler Abbreviated Scale of 
Intelligence (vocabulary) (34)

 Non-verbal reasoning Wechsler Abbreviated Scale of 
Intelligence (matrix reasoning) (34)

Domain: Academics

 Reading Woodcock-Johnson III NU Tests 
of Achievement (letter-Word 
Identification) (35)

 Mathematics Woodcock-Johnson III NU Tests of 
Achievement (calculation) (35)

Domain: Attention

Z-scores < -1.3 in each assessment was defined as 

impairment (41)b

 Sustained attention Conners Continuous Performance Test 
(omissions) (36)

 Attention variability Conners Continuous Performance Test 
(variability) (36)

 Focused attention Trail Making Test Part A (37)

 Attention span Wechsler Adult Intelligence Scale 
(digit span forward) (38)

Domain: Processing speed

 Visual processing speed Conners Continuous Performance Test 
(hit reaction time) (36)

 Visual-motor processing speed Wechsler Adult Intelligence Scale 
(coding) (38)

 Motor processing speed Grooved pegboard (dominant hand) 
(37)

Domain: Memory

 New learning California Verbal Learning Test (total 
learning 1–5) (39)

 Short-term verbal recall California Verbal Learning Test (short 
delay free recall) (39)

 Long-term verbal recall California Verbal Learning Test (long 
delay free recall) (39)

 Visual memory Test of Memory and Learning (visual 
selective reminding) (40)

Domain: Executive function

 Working memory Wechsler Abbreviated Scale of 
Intelligence (digit span backwards) 
(34)

 Cognitive flexibility Trail Making Test Part B (37)

 Verbal fluency Controlled Oral Word Association 
Test (37)

 Perseveration Conners Continuous Performance Test 
(Perseverations) (36)

 Self-monitoring Conners Continuous Performance Test 
(commissions) (36)

Health-related quality of lifef

 Physical component summary
SF-36 (32)g

T-scores ≤40 in each subscale was defined as impairment 

(42)b
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Outcome Measurement/Data source Definition

 Physical functioning

 Role limitation due to physical 
problems

 General health perception

 Bodily pain

 Mental component summary

 Mental health

 Role limitation due to emotional 
problems

 Social functioning

 Vitality

Psychological distress f

 Depression

Brief Symptom Inventory-18 (43)h
T-scores ≥63 in each subscale was defined as having 

symptom (44)b
 Somatization

 Anxiety

a
Assessed on campus.

b
Z-scores and T-scores were calculated adjusting for age and sex.

c
Utilized for all metabolic/cardiovascular outcomes.

d
Measurement used morning fasting blood samples.

e
Conditions more severe than the definition listed are treated as positive for the condition.

f
Participants completed SF-36 and Brief Symptom Inventory-18 surveys in alignment with campus visits.

g
Applied for all the health-related quality of life outcomes.

h
Appliedfor all the psychological outcomes.

BMD, bone mineral density; BMI, body mass index; CTCAE, the modified National Cancer Institute Common Terminology Criteria for Adverse 
Events; NHANES, National Health and Nutrition Examination Study; SD, standard deviation; SF-36, the Medical Outcomes Survey Short Form 
36.
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Table 2.
Characteristics of study participants in demographic/socioeconomic analysis

aGHD on GHT 
group
N=32

Untreated severe 
aGHD group

N=322

Untreated mild 
aGHD group

N=286

Non-aGHD group
N=3262

N % N % N % N %

Demographic factors

 Sex

  Female 13 40.6 166 51.6 92 32.2 1586 48.6

  Male 19 59.4 156 48.4 194 67.8 1676 51.4

 Race

  Non-Hispanic White 29 90.6 270 83.9 226 79.0 2559 78.4

  Non-Hispanic Black 1 3.1 40 12.4 37 12.9 552 16.9

  Hispanic 1 3.1 8 2.5 20 7.0 96 2.9

  Other 1 3.1 4 1.2 3 1.0 55 1.7

 Age at the campus visit, median years 
old (25th-75th percentile)

27.8 (21.4–32.4) 31.9 (26.0–40.3) 29.1 (23.6–34.4) 32.1 (25.3–40.6)

Cancer information

 Age at primary cancer diagnosis (years 
old)

  0–4 11 34.4 128 39.8 136 47.6 1102 33.8

  5–9 16 50.0 93 28.9 91 31.8 683 20.9

  10–14 4 12.5 67 20.8 44 15.4 828 25.4

  15–19 1 3.1 33 10.2 12 4.2 613 18.8

  20–24 0 0.0 1 0.3 3 1.0 36 1.1

 Age at primary cancer diagnosis, 
median years old (25th-75th percentile)

6.5 (4.1–8.7) 6.2 (3.5–11.3) 5.3 (2.8–9.0) 8.8 (3.6–14.1)

 Primary cancer diagnosis

  Any hematological malignancies 7 21.9 145 45.0 124 43.4 1814 55.6

   Acute lymphoblastic leukemia 6 18.8 128 39.8 85 29.7 969 29.7

   Acute myeloblastic leukemia 0 0.0 2 0.6 17 5.9 124 3.8

   Lymphoma 1 3.1 15 4.7 11 3.8 655 20.1

   Other hematological malignancies 0 0.0 0 0.0 11 3.8 66 2.0

  Any CNS tumor 23 71.9 128 39.8 132 46.2 301 9.2

   Astrocytoma 5 15.6 19 5.9 24 8.4 120 3.7

   Craniopharyngioma 7 21.9 32 9.9 6 2.1 1 0.0

   Ependymoma 2 6.3 9 2.8 12 4.2 39 1.2

   Medulloblastoma 8 25.0 37 11.5 65 22.7 40 1.2

   Other CNS tumor 1 3.1 31 9.6 25 8.7 101 3.1

  Any solid tumor 2 6.3 49 15.2 29 10.1 1140 34.9

   Ewing Sarcoma 0 0.0 6 1.9 0 0.0 97 3.0

   Osteosarcoma 0 0.0 4 1.2 5 1.7 144 4.4

   Neuroblastoma 0 0.0 2 0.6 3 1.0 156 4.8

   Rhabdomyosarcoma 2 6.3 15 4.7 9 3.1 106 3.2
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aGHD on GHT 
group
N=32

Untreated severe 
aGHD group

N=322

Untreated mild 
aGHD group

N=286

Non-aGHD group
N=3262

N % N % N % N %

   Wilms tumor 0 0.0 3 0.9 4 1.4 213 6.5

   Other solid tumor 0 0.0 19 5.9 8 2.8 424 13.0

  Othersa 0 0.0 0 0.0 1 0.3 7 0.2

 Tumor in the hypothalamic-pituitary 
region

  Yes 11 34.4 65 20.2 26 9.1 26 0.8

  No 21 65.6 257 79.8 260 90.9 3236 99.2

 Radiation dose to the hypothalamic-
pituitary region

  ≤2 Gy 5 15.6 74 23.0 73 25.5 2562 78.5

  2< to <18 Gy 0 0.0 1 0.3 24 8.4 99 3.0

  ≥18 Gy 24 75.0 234 72.7 177 61.9 526 16.1

  Missing 3 9.4 13 4.0 12 4.2 75 2.3

Clinical information

 IGF1 z-score, median (25th-75th 
percentile)

−0.1 (−1.1 – 1.0) −2.6 (−3.2 – −2.2) −0.5 (−1.3 – 0.3) 0.2 (−0.6 – 0.9)

 Onset of GHD

  Childhood-onset 30 93.7 130 40.3 240 83.9

  Adulthood-onset 2 6.3 16 5.0 19 6.6

  Unknown 0 0.0 176 54.7 27 9.4

Socioeconomic status

 Annual household income

  <$40,000 6 18.8 124 38.5 92 32.2 964 29.6

  $40,000-$79,999 6 18.8 79 24.5 60 21.0 814 25.0

  ≥$80,000 11 34.4 35 10.9 60 21.0 817 25.0

  Missing 9 28.1 84 26.1 74 25.9 667 20.4

 Health insurance

  Private 18 56.3 129 40.1 147 51.4 1844 56.5

  Public 10 31.3 93 28.9 64 22.4 511 15.7

  Private and public 2 6.3 16 5.0 12 4.2 78 2.4

  Uninsured 0 0.0 42 13.0 25 8.7 394 12.1

  Others 1 3.1 10 3.1 12 4.2 113 3.5

  Missing 1 3.1 32 9.9 26 9.1 322 9.9

 Area deprivation index, median 
(25th-75th percentile)

43 (36–67) 63 (41–82) 50 (33–72) 57 (36–78)

 Educational attainment

  Below high school 3 9.4 41 12.7 34 11.9 243 7.4

  High school graduate/General 
Educational Development

5 15.6 75 23.3 60 21.0 487 14.9

  Some college/training after high 
school

8 25.0 87 27.0 71 24.8 970 29.7
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aGHD on GHT 
group
N=32

Untreated severe 
aGHD group

N=322

Untreated mild 
aGHD group

N=286

Non-aGHD group
N=3262

N % N % N % N %

  College graduate and above 11 34.4 74 23.0 85 29.7 1159 35.5

  Missing Smoking 5 15.6 45 14.0 36 12.6 403 12.4

 Smoking

  Current 1 3.1 41 12.7 30 10.5 548 16.8

  Past 1 3.1 14 4.3 19 6.6 375 11.5

  Never 29 90.6 239 74.2 215 75.2 2021 62.0

  Missing 1 3.1 28 8.7 22 7.7 318 9.7

a
Included desmoid tumor, malignant hydatidiform mole, solid pseudopapillary tumor.

aGHD, adult growth hormone deficiency; GHT, growth hormone therapy; IGF1, insulin-like growth factor-1.
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Table 3.
The association between the use of GHT and socioeconomic factors among survivors with severe aGHDa

Socioeconomic factor Odds ratio 95% confidence interval p-value

Household income in US dollars (Reference: ≥$80,000)

 $40,000-$79,999 0.32 0.10–0.99
0.025b

 <$40,000 0.27 0.08–0.84

Health insurance coverage (Reference: insured)

 Uninsured 0.00 0.00–0.59 0.013

Area deprivation index (Reference: 1–50)

 51–75 0.63 0.22–1.64
0.045b

 76–100 0.31 0.07–1.06

a
This analysis was adjusted for sex, age at campus visit, and age at primary cancer diagnosis.

b
P-value from a trend test, setting each category as ordinal variable.

Categories for missing/other values of the three socioeconomic factors were included to maximize the modelling population but are not shown.

aGHD, adult growth hormone deficiency; GHT, growth hormone therapy.
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