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Abstract 

Background: Adolescent and young adult cancer survivors experience mental health challenges, yet little is known about the evolu-
tion of these difficulties. This study explored mental health symptoms and utilization among long-term adolescent and young adult 
cancer survivors.

Methods: Using 30 432 respondents from the 2019 National Health Interview Survey, this study compared adults with a history of 
adolescent and young adult cancer (diagnosed when patients were between 15 and 39 years of age) to adults without adolescent and 
young adult cancer. Mental health symptom severity was measured using the Patient Health Questionnaire depression scale and 
7-item Generalized Anxiety Disorder questionnaires. Care utilization constituted psychotherapy and mental health medication use. 
Inverse propensity score weights were used to balance demographics and combined with survey weights. Descriptive statistics, 
multivariable generalized linear models, and structural equation modeling with 2-sided tests were used for analysis.

Results: We compared 639 adolescent and young adult survivors with 29 793 controls. Survivors were, on average, 20.5 years 
(SE¼ 0.74) past their cancer diagnosis dates. After adjusting for survey and propensity score weights, adolescent and young adult 
survivors reported more severe depression (incidence rate ratio¼ 1.42, 95% confidence interval [CI]¼ 1.09 to 1.84, P< .01) and anxiety 
(incidence rate ratio¼ 1.85, 95% CI¼ 1.55 to 2.21, P< .001). They were more likely to use psychotherapy (odds ratio¼ 1.91, 95% 
CI¼1.16 to 3.17, P< .05) and mental health medications (odds ratio¼1.89, 95% CI¼1.15 to 3.11, P< .05). Time since diagnosis was 
negatively associated with symptoms and utilization. Structural equation modeling demonstrated mediation of utilization effect by 
symptom severity.

Conclusions: Adolescent and young adult survivors experience worse mental health in late survivorship, despite small 
improvements over time. We highlight the importance of survivorship care that addresses the long-term mental health needs of 
these survivors.

Adolescent and young adult patients with cancer are those diag-
nosed between the ages of 15 and 39 years. They have a unique 
cancer experience, with distinct patterns of incidence, more 
severe biology, and differential treatment outcomes compared 
with pediatric and older adult patients (1-4). They experience 
challenges in receipt of health care, are poorly represented in 
clinical trials, and deal with excess financial toxicity (5,6).

Adolescent and young adult patients experience important 
mental health sequelae of diagnosis and treatment (7). They self- 
identify as having poor mental health and have worse scores on 
distress scales (8,9). Poor perceived mental health has been 
linked to mental health diagnoses, and both are worse for adoles-
cent and young adult patients than cancer-free or older oncology 
patients (10). Many reasons have been cited, including posttrau-
matic stress, fear of cancer recurrence, loss of productivity, 
tobacco and alcohol use, development of late toxicities, chronic 
comorbidities, and poor social support (11-17). Most studies have 
been conducted early in the survivorship experience, despite a 
relative survival rate of 85.5% in this population (18).

The adolescent and young adult mental health literature uses 
disparate assessment tools, restricting comparison, and frequently 
incorporates research rather than clinical metrics. This trend was 
highlighted in 2 recent reviews. Although Osmani and colleagues 
(19) estimated that 24% to 32% of adolescent and young adult survi-
vors experience mental health consequences, Tanner et al. (20) 
reported mixed findings with regard to patient-reported mental 
health. Besides demonstrating that there remains equipoise con-
cerning the effects of adolescent and young adult cancer on mental 
health, both reviews highlighted how few studies used clinically rel-
evant scales.

The 7-item Generalized Anxiety Disorder (GAD-7) and Patient 
Health Questionnaire 9 (PHQ-9) are validated and clinically useful 
scales for assessing generalized anxiety and depressive disorders 
(21,22). Both instruments have been validated in cancer cohorts 
(23,24). An abbreviated version of the PHQ-9—the PHQ-8—is consid-
ered equivalent to the PHQ-9 (25,26). To date, the few studies that 
have used these tools in adolescent and young adult cancer survi-
vors have applied them to small, specific cohorts (27-29).
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The National Health Interview Survey (NHIS) is a cross- 
sectional survey of a representative sample of US households 
(30). In 2019, the NHIS underwent a redesign, incorporating the 
PHQ-8 and GAD-7 on a rotating schedule, thus providing nation-
ally representative mental health data from robustly validated 
questionnaires. By also addressing a history of cancer diagnosis 
and current use of mental health care, the NHIS 2019 offered a 
unique opportunity to examine long-term mental health out-
comes for adolescent and young adult survivors.

We aimed to examine how being a long-term adolescent and 
young adult cancer survivor affects mental health symptom 
severity and care utilization and to evaluate whether time since 
diagnosis affects this relationship. We hypothesized that symp-
tom severity and utilization would be higher for adolescent and 
young adult survivors than for controls, that symptoms would 
mediate the effect of adolescent and young adult survivorship on 
utilization, and that time since diagnosis would decrease symp-
tom severity and utilization for adolescent and young adult 
survivors.

Methods
Study design
This observational, cross-sectional study compared adult survi-
vors of adolescent and young adult cancers with those individu-
als without a history of adolescent and young adult cancer, using 
survey data from the 2019 NHIS published by Integrated Public 
Use Microdata Series Health Surveys (31). The survey included 
31 997 adults, selected using geographically clustered sampling 
techniques based on the decennial census (32).

Patient eligibility
Survivors of adolescent and young adult cancer were identified 
as adults (aged �18 years) who responded “yes” to the survey 
question “Have you ever been told you had cancer?” and reported 
an age at diagnosis of 15 to 39 years when asked, “How old were 
you when you were first told you had [type] cancer?” This group 
was compared with all respondents who did not meet these 
criteria.

Variable specification
We used the embedded PHQ-8 and GAD-7 questions to determine 
mental health symptom severity. Individual question responses 
ranged from “not at all” (0) to “nearly every day” (3), allowing for 
total scores to be calculated for depression (0-24) and anxiety (0- 
21) symptoms. Respondents with missing data for all GAD-7 
questions or all PHQ-8 questions were excluded. Partially missing 
GAD-7 or PHQ-8 questions were counted as 0, though this was 
limited, affecting 100 observations (<0.5%) for both the GAD-7 
and PHQ-8 instruments.

Surveyed adults were asked, “During the past 12 months, did 
you receive counseling or therapy from a mental health professio-
nal such as a psychiatrist, psychologist, psychiatric nurse or clinical 
social worker?” A “yes” response was considered as having used 
psychotherapy, “no” as not, and those who refused or chose “don’t 
know” (<2%) were considered missing. All adults were asked, “Do 
you take prescription medication for depression?” and “Do you take 
prescription medication for these feelings [referencing worried/ 
nervous/anxious feelings]?” If the response to either question was 
“no,” “refused,” or “don’t know,” the adult was then asked, “During 
the past 12 months, did you take prescription medication to help 
with any other emotions or with your concentration, behavior or 
mental health?” Adults who responded “yes” to the original or 

follow-up question were considered as having used medications for 
mental health. If the adult responded “no” to all 3 questions, they 
were not. Other combinations were considered missing data (<2%).

Thorough literature review implicated several survivor char-
acteristics as potential confounders, including age, sex, level of 
education, partner support, children, smoking status, number of 
comorbidities, income, disability status, health insurance cover-
age, and usual source of care (henceforth, “covariates”). Most 
covariates were taken directly from NHIS survey questions, 
though the number of comorbidities was derived from separate 
indicator variables for hypertension, high cholesterol, coronary 
heart disease, angina, heart attack, stroke, asthma, diabetes, 
chronic obstructive pulmonary disease, and arthritis. For each 
variable, unevaluable responses were recategorized to missing 
values. We calculated time since diagnosis by subtracting age at 
diagnosis from age at survey. For those without a cancer diagno-
sis (n¼ 28 108) and those missing age (n¼ 3) or cancer diagnosis 
data (n¼ 64), time since diagnosis was considered to be 0 years.

Statistical weights and missing data
We used survey and propensity score weights to account for the 
survey data-collection mechanism and to balance sociodemo-
graphic characteristics between adolescent and young adult sur-
vivors and the general population. Data were survey weighted 
according to the sampling strategy specific to the 2019 NHIS sur-
vey (33). Inverse propensity score weights were calculated using 
demographic variables that differed between the exposure and 
comparison groups (age, sex, and race/ethnicity). We applied the 
product of survey and propensity score weights to regression 
analyses, as previously described (34). Variables used for propen-
sity score calculation were excluded from statistical models. 
Missing data were minimal (<5% of observations), so observa-
tions with missing data were excluded.

Statistical analysis
Statistical analysis was performed using Stata, version 15.1 
(StataCorp LP, College Station, TX) and SAS, version 3.81 (SAS 
Institute Inc, Cary, NC) statistical software. Double-sided A¼ .05 
was used. Descriptive statistics and t or v2 tests were used to com-
pare outcome variables between adolescent and young adult sur-
vivors and the general population. Independent multivariable 
generalized linear models were used to calculate the effect of ado-
lescent and young adult survivorship on outcomes. We selected 
negative binomial models to address the right-skew of the data 
distributions for the GAD-7 and PHQ-8 totals (Supplementary 
Figures 1 and 2, available online) and logistic regression models for 
the binary mental health-care utilization variables. Among adoles-
cent and young adult cancer survivors, we estimated the effect of 
time since diagnosis on outcomes with the appropriate generalized 
linear models. Both unadjusted and adjusted models, which con-
trolled for covariates not included in propensity score determina-
tion, were estimated for all dependent variables.

Literature review prompted a conceptual model (Figure 1) that 
positioned depression and anxiety symptom severity as media-
tors of the effect of adolescent and young adult survivorship on 
mental health-care utilization. We tested this mediation using 
structural equation modeling. First, simultaneous total effects 
were estimated. Outcome variables were dichotomous and mod-
elled using the Bernoulli family and logit link functions. Next, 
separate direct (residual) and indirect (mediated) effects were 
modelled by adding mediator variables (PHQ-8 and GAD-7). 
Mimicking prior analyses, we used the negative binomial family 
and the log link function for mediator variables. SEs and P values 

2 | JNCI Cancer Spectrum, 2023, Vol. 7, No. 6  

https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkad098#supplementary-data
https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkad098#supplementary-data
https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkad098#supplementary-data


were calculated. Both unadjusted and adjusted models were run, 

controlling for all covariates not included in propensity score 

determination.
As survey questions addressing therapy and medication use 

queried the 12 months before the time of survey, we recognized 

the possibility of utilization preceding cancer diagnosis. An addi-

tional sensitivity analysis was therefore conducted excluding 

adolescent and young adult survivors with time since diagnosis 

less than 1 year (n¼ 15).

Results
Demographic characteristics of the study cohort are shown in  

Table 1. In total, 30 432 adults were included, of whom 639 

reported a history of adolescent and young adult cancer and 

29 793 did not. Adolescent and young adult cancer survivors were 

older (49.8 vs 47.6 years), more likely to be female (71.2% vs 

51.3%), and less ethnically diverse (77.9% vs 63.4% non-Hispanic 

White). Adolescent and young adult cancer survivors reported 3 

or more comorbidities more frequently (23.1% vs 16.5%) and 

were more disabled (14.1% vs 8.7%). There were no large differen-

ces in educational attainment or income between the 2 groups, 

and both groups reported similar rates of partnership and chil-

dren. Adolescent and young adult survivors were more likely to 

be current and former smokers (20.2% vs 13.8% and 25.6% vs 

22.5%, respectively). Adolescent and young adult survivors did 

not demonstrate decreased access to care, with similar levels of 

insurance coverage (10.6% vs 11.5%) and lower rates of being 

without a usual source of care (6.7% vs 10.5%). After application 

of inverse propensity score weighting, the data demonstrated 

standardized differences for age, sex, and race/ethnicity between 
–0.25 and 0.25 (Supplementary Figure 3, available online).

Adolescent and young adult survivors reported a weighted 
average of 20.5 years (SE¼0.74) since their cancer diagnoses, and 
more than 80% were more than 5 years past their diagnosis date 
(Supplementary Figure 4, available online). Average age at first 
cancer diagnosis was 29.31 years (SE¼ 0.35) (Supplementary 
Figure 5, available online). A wide variety of malignancy types 
was self-reported (Supplementary Table 1, available online). 
Gynecologic cancers (179 cases [26.5%]) were most frequent, of 
which cervical cancers were most common (145 cases [81.0%]). 
Distribution of malignancies otherwise represented population 
estimates (18), with slight overrepresentation of nonmelanoma 
(17.6%) and melanoma (11.7%) skin cancers.

Adolescent and young adult cancer survivors reported greater 
severity of anxiety and depression symptoms than those without 
a history of adolescent and young adult cancer. Compared with 
the general population, mean unadjusted GAD-7 score for ado-
lescent and young adult survivors was 2.83 (95% confidence 
interval [CI]¼ 2.12 to 3.54) compared with 2.04 (95% CI¼ 1.97 to 
2.10), and the mean PHQ-8 score was 3.37 (95% CI¼ 2.54 to 4.20) 
compared with 2.46 (95% CI¼2.39 to 2.53). Negative binomial 
incidence rate ratios showed that being an adolescent and young 
adult survivor was associated with 1.37 (95% CI¼1.09 to 1.72) 
and 1.39 (95% CI¼1.11 to 1.75) times higher PHQ-8 and GAD-7 
scores than the general population (Table 2). When the models 
were adjusted for covariates, incidence rate ratios were further 
from the null (1.42 and 1.85 for PHQ-8 and GAD-7, respectively) 
and remained statistically significant (P< .01).

Adolescent and young adult cancer survivors also reported 
greater mental health-care utilization. In total, 20.4% of adolescent 

Adolescent and
young adult cancer

survivorship

Figure 1. Conceptual model combining adolescent and young adult survivorship, mental health symptoms, and mental health-care utilization. 
Adolescent and young adult cancer survivorship is the binary independent variable. The dependent concept is health-care utilization, determined 
using 2 binary variables: medication for mental health (received mental health medication in the past 12 months) and therapy for mental health 
(received psychotherapy for mental health in the past 12 months). Anxiety and depression are mediators along the path from adolescent and young 
adult cancer survivorship to mental health-care utilization, as we hypothesized that these are major contributors to survivors’ intention to seek care. 
Both are used as count variables. Several additional concepts are implicated in adolescent and young adult survivors’ experience with mental health 
and were used here as confounding variables. Age; sex; race/ethnicity; social support, including having a partner or children; smoking status; 
comorbidities; disability; education level; insurance status; and usual source of care have demonstrated links to anxiety, depression, and care 
utilization. Solid line box: independent or dependent variable. Dotted line box: mediator variable. Shaded box: confounder. Dotted line: mediated 
(indirect) pathway. Solid line: residual (direct) pathway. Dashed line: confounding pathway.
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Table 1. Basic characteristics, by survey-weighted frequencies and unweighted counts

No adolescent and young adult cancer  
history

Adolescent and young adult cancer  
survivor

Weighted No. (%)
Unweighted  
sample, No. Weighted No. (%)

Unweighted  
sample, No.

No. — 29 793 — 639
Age, weighted mean (SE), ya 47.6 (0.17) — 49.8 (0.79) —
Female sex 51.3 15 924 71.2 478
Educational attainment

Did not complete high school 12.2 2721 11.4 55
High school graduate or GED 27.2 7646 24 136
Some college 17.9 4885 16.6 108
Associate degree 13.3 3899 17.8 107
Bachelor’s degree 18.5 6535 19.1 142
Master’s degree 8.1 3059 9 72
Doctorate 2.8 1048 2.2 19

Race/ethnicity
Hispanic 16.5 3871 12.7 58
Non-Hispanic Black 11.6 3198 5.2 33
Non-Hispanic White 63.4 20 443 77.9 520
Otherb and multiple 8.5 2281 4.2 28

Married or living with partner 59 15 261 59.6 303
Children in the home 33.3 8031 35.7 187
No. of comorbid conditions

No comorbidities 44.6 11 774 33.5 202
1 comorbidity 24.7 7308 25.5 153
2 comorbidities 14.2 4721 18 117
�3 comorbidities 16.5 5990 23.1 167

Smoking status
Never smoker 63.7 18 138 54.2 328
Former smoker 22.5 7615 25.6 177
Current smoker 13.8 4040 20.2 134

Family income as a percentage above the federal poverty level
0%-99% 10.9 3206 12.6 80
100%-199% 18.4 5319 20.3 127
200%-299% 16.8 4849 16 106
300%-399% 14.2 4123 10.8 70
400%-499% 10.4 3189 13.1 73
�500% 29.2 9107 27.2 183

Positive disability using Washington Group Short Set Composite 8.7 3026 14.1 108
No health insurance coverage 11.5 2662 10.6 59
No usual source of care 10.5 2711 6.7 46
Years since cancer diagnosis,a weighted mean (SE) — — 20.5 (0.74) —
�5 y since cancer diagnosis — — 19.1 107

a Values presented are not weighted frequencies but weighted mean (SE) because these reflect continuous (not categorical) variables.
b Includes non-Hispanic Asian, non-Hispanic American Indian or Alaska Native, and multiple races.

Table 2. Regression model output, with crude and adjusted incidence rate or odds ratios, according to the model used

Model Independent variable Dependent variable No.a Crude Adjustedb

Negative binomial models Incidence rate ratio (95% confidence interval)
1 Adolescent and young adult survivorship PHQ-8 total score 30 432 1.37 (1.09 to 1.72)d 1.42 (1.09 to 1.84)d

2 Adolescent and young adult survivorship GAD-7 total score 30 432 1.39 (1.11 to 1.75)d 1.85 (1.55 to 2.21)e

3 Time since diagnosis PHQ-8 total score 639 1.00 (0.99 to 1.00) 0.99 (0.98 to 0.99)c

4 Time since diagnosis GAD-7 total score 639 0.98 (0.97 to 0.99)d 0.98 (0.97 to 0.99)e

Logistic regression models Odds ratio (95% confidence interval)
5 Adolescent and young adult survivorship Therapy use 30 432 1.25 (0.90 to 1.75) 1.91 (1.16 to 3.17)c

6 Adolescent and young adult survivorship Medication use 30 432 1.37 (1.02 to 1.84)c 1.89 (1.15 to 3.11)c

7 Time since diagnosis Therapy use 639 0.99 (0.97 to 1.01) 0.96 (0.93 to 0.98)d

8 Time since diagnosis Medication use 639 1.00 (0.98 to 1.02) 0.97 (0.94 to 0.99)d

a Models 1, 2, 5, and 6 were run using the entire sample of complete cases. Models 3, 4, 7, and 8 were run using just adolescent and young adult survivors 
(n¼639). GAD-7 ¼ 7-item Generalized Anxiety Disorder; PHQ-8 ¼ Patient Health Questionnaire depression scale.

b Models 1, 2, 5, and 6 were adjusted for income, education level, insurance status, usual source of care, number of comorbidities, disability status, smoking 
status, partner status, children, and time since diagnosis. Models 3, 4, 7, and 8 were adjusted for all the above variables, except time since diagnosis (primary 
regressor for these models).

c P< .05.
d P< .01.
e P< .001.
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and young adult cancer survivors compared with 15.7% of the gen-
eral population reported taking mental health–related medications 
in the past 12 months (P¼ .03). There was no statistically significant 
difference in the use of psychotherapy, however, with 11.6% of ado-
lescent and young adult survivors and 9.5% of the general popula-
tion reporting use (P¼ .18). From logistic regression (Table 2), we 
found that compared with the general population, being an adoles-
cent and young adult survivor was associated with 1.37 (95% 
CI¼ 1.02 to 1.84) times greater odds of taking medication for mental 
health. Adjusting for covariates strengthened this association (odds 
ratio¼1.89) while maintaining statistical significance. Adolescent 
and young adult survivorship did not show a statistically significant 
association with therapy use in our unadjusted model (odds 
ratio¼1.25, 95% CI¼ 0.90 to 1.75), but after adjusting for covariates, 
it was associated with 1.91 times greater odds of using psychother-
apy (95% CI¼ 1.16 to 3.17).

Among adolescent and young adult survivors, time since diag-
nosis had a small, negative, and statistically significant associa-
tion with mental health symptom severity and care utilization. 
Using negative binomial models, we estimated that a 1-year 
increase in time since diagnosis was associated with a 2% 
decrease in GAD-7 score (crude incidence rate ratio¼0.98, 95% 
CI¼0.97 to 0.99). Unadjusted estimates for PHQ-8 score were not 
statistically significantly different from zero, but when adjusted 
for covariates, there was a statistically significant negative asso-
ciation between time since diagnosis for both GAD-7 score (inci-
dence rate ratio¼0.98, 95% CI¼ 0.97 to 0.99) and PHQ-8 score 
(incidence rate ratio¼ 0.99, 95% CI¼ 0.98 to 0.99). Time since 
diagnosis was similarly associated with a small negative effect 
on the use of psychotherapy and medication. Controlling for 
covariates, a 1-year increase in time since diagnosis was associ-
ated with a 4% and a 3% decrease in the odds of using psycho-
therapy or medication, respectively (Table 2).

We then used structural equation modeling to conduct a 
mediation analysis. First, a total effects model was estimated 
that included the independent variable (adolescent and young 

adult survivorship) and 2 dependent variables (therapy and med-
ication use). This simultaneous model, run both unadjusted and 
adjusted for covariates, produced similar estimates to our prior 
individual logistic regressions (Table 2, models 5 and 6).

Next, we estimated a structural equation modeling with GAD-7 
and PHQ-8 as mediators of the effect of adolescent and young 
adult survivorship on mental health utilization (Figure 2). The 
direct (residual) effects of adolescent and young adult survivorship 
on the log odds of taking medication and using therapy were small 
and positive but statistically nonsignificant (b¼ .125, P¼ .469 and 
b¼ .037, P¼ .851, respectively). Indirect (mediated) pathways com-
bine effects of the independent variable on a mediator variable 
with the effects of that mediator on the dependent variable. The 
total effect through this indirect pathway is expressed as the prod-
uct of the 2 regression coefficients. All indirect pathways demon-
strated statistically significant positive coefficients of similar 
magnitudes, except for the path connecting PHQ-8 score to ther-
apy use (b¼ .073, P¼ .075). After adjusting for covariates, however, 
this path demonstrated statistical significance (Figure 2). The 
adjusted model was otherwise similar to the unadjusted model, 
with all indirect (mediated) pathways maintaining statistically sig-
nificant regression coefficients and all direct (residual) pathways 
demonstrating statistically nonsignificant coefficients (b¼ .393, 
P¼ .141 and b¼ .316, P¼ .209 for therapy and medication use, 
respectively). Thus, the effects of adolescent and young adult sur-
vivorship on mental health-care utilization are shown to be medi-
ated by severity of anxiety and depression.

As a sensitivity analysis, all models were then run, excluding 
survey respondents with cancer diagnosis less than 1 year in the 
past (n¼ 15), without meaninful changes in results (Supplementary 
Table 2, Supplementary Figure 6, available online).

Discussion
We used a nationally representative sample to explore mental 
health symptom severity and mental health-care utilization 

Path 1 Path 2 Totala Path 1 Path 2 Totala

Adolescent and young adult Survivor -> PHQ-8 Total -> Received Therapy .282 .073 .021 .282 .088 .025
Adolescent and young adult Survivor -> GAD-7 Total -> Received Therapy .360 .097 .035 .359 .101 .036

s .282 .117 .033 .282 .110 .031
s .360 .095 .034 .359 .108 .039

Crude (Panel A) Adjusted (Panel B)
Regression Coefficients (β) for Mediated Pathways

A B

Adolescent and
young adult

Survivor

GAD 7 Total

PHQ 8 Total

Received
Therapy

Took
Medica!ons

Adolescent and
young adult

Survivor

GAD 7 Total

PHQ 8 Total

Received
Therapy

Took
Medica!ons

Educa!on
Income

Time Since Diagnosis
Usual Care
Insurance

Partner Support
Children

Comorbidi!es
Disability
Smoking

Figure 2. Structural equation models of adolescent and young adult cancer survivorship, symptom severity, and care utilization. A) Unadjusted 
structural equation model with mediated (indirect) and residual (direct) pathways from adolescent and young adult survivor (adolescent and young 
adult cancer survivors [referent is no history of adolescent and young adult cancer]) to health-care utilization variables; received therapy (received 
psychotherapy in the past 12 months [referent is no psychotherapy]); and took medications (received mental health medications in the past 12 months 
[referent is no medication use]). Individual variables are labelled at the top with generalized linear model family (eg, Bernoulli) and labelled at the 
bottom with the link function (eg, logit). b values represent generalized linear model regression coefficients with associated P values. B) Structural 
equation modeling was adjusted for select covariates. The table reflects the total regression coefficients for combined residual pathways. Total 
regression coefficient values were calculated according to path 1 � path 2 ¼ total. GAD-7 ¼ 7-item Generalized Anxiety Disorder; PHQ-8 ¼ Patient 
Health Questionnaire depression scale.
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among long-term adolescent and young adult survivors. Several 
decades into survivorship, these survivors reported more anxiety 
and depression than the general population and were more likely 
to use psychotherapy and mental health medications. These 
findings were robust to the passage of time, which had a statisti-
cally significant but small effect on reducing symptom severity 
and utilization. The effect of adolescent and young adult survi-
vorship on mental health-care utilization was mediated through 
mental health symptom severity.

This study is the first to report ongoing mental health distur-
bances, on average, 20.5 years after an adolescent and young 
adult cancer diagnosis. These cross-sectional analyses took 
advantage of the temporal relationship between a reported his-
tory of adolescent and young adult cancer diagnosis and present- 
day symptom severity and utilization. Although a cross-sectional 
study cannot suggest causation, the analytic strategy we used, 
incorporating time since diagnosis, overcomes the logistical and 
financial challenges associated with conducting a long-term, pro-
spective cohort study. Although the latter would provide stronger 
information about causality, such studies are threatened by par-
ticipant selection bias, lack of a comparative control group, and 
attrition from longitudinal follow-up.

The findings reported here are strengthened by the PHQ-8 and 
GAD-7 assessments, clinically relevant tools that have not been 
previously applied to a US cohort of adolescent and young adult 
survivors. Confirming that mental health is worse for long-term 
adolescent and young adult survivors is novel and can be used as 
a benchmark for future research and clinical practice. Further, 
these analyses are among the first to use structural equation 
modeling to explore mediation between mental health symptoms 
and utilization. With statistically significant mediated and non-
significant residual pathways, we demonstrated that mental 
health-care utilization is tied to symptoms of anxiety and depres-
sion. Although this finding may be expected, it reinforces the 
importance of screening for anxiety and depression to ensure 
that symptomatic individuals are receiving appropriate care.

The findings of this study have important implications for 
health policy. Although guidelines suggest that survivorship care 
continue for the remainder of a cancer patient’s life (35,36), for 
most individuals, survivorship is measured in years, not decades. 
For adolescent and young adult cancer survivors, many of whom 
live a normal lifespan, survivorship can last 50 to 60 years. 
Follow-up care should include regular symptom screening with 
validated tools such as the PHQ-8 and GAD-7, as recommended 
by the recent update on management of anxiety and depression 
in adult cancer survivors (37). Our study demonstrates average 
scores that fall below clinical cutoffs, but averages mask individ-
uals who report much greater symptomatology. We would expect 
some proportion of long-term adolescent and young adult survi-
vors to experience severe symptoms that require attention. 
Given the low cost of mental health screening and its guideline 
recommendations in the general population (38,39), efforts 
should be made to ensure that adolescent and young adult can-
cer survivors are screened and referred for mental health serv-
ices., Our study results underscore the persistence of increased 
symptoms decades after cancer diagnosis.

Despite drawing data from a large national survey, our find-
ings are limited by a small adolescent and young adult survivor 
cohort. This limitation was not unexpected, given that adoles-
cent and young adult cancers make up 4.5% of new cancer cases 
annually (18). Adolescent and young adult cancer survivors 
made up only 2.1% of adults in NHIS 2019 because the survey 
sampling strategy was not designed around cancer incidence. 

Our study was also limited to a single year of data because the 
PHQ-8 and GAD-7 questions are not included in the NHIS survey 
every year. With data from future years of the NHIS, a larger 
sample may allow additional analyses.

The comparison group in these analyses included individuals 
without a history of cancer as well as those who may have had 
cancers diagnosed in older adulthood (�40 years of age). Given 
small numbers (<10% of the comparison group) and the hetero-
geneity of older adult cancer survivors, additional analysis of this 
cohort was not pursued. An additional limitation is the potential 
for selection bias inherent in survey-based research. Although it 
is plausible that increased psychological symptom severity was 
associated with survey nonresponse, the inclusion of data from 
these individuals would have strengthened our findings. Finally, 
the secondary nature of our data sources limits our evaluation of 
mental health symptom severity, diagnoses, or care utilization 
before cancer diagnosis.

Despite these limitations, our findings of excess anxiety and 
depression in adolescent and young adult cancer survivors with 
standardized clinical screening tools decades after a cancer diag-
nosis call out the need for further investigation of this issue in 
this at-risk population. Our findings also validate the association 
between symptom severity and services. Future research should 
work to improve adherence to mental health screening and how 
best to intervene to ensure adequate care for all survivors of ado-
lescent and young adult cancer.
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