
Influence of Socioeconomic Status on Incident Medical
Conditions in Two-Year Survivors of Adolescent

or Young Adult Differentiated Thyroid Cancer

Thomas J. Semrad, MD, MAS,1,2 Qian Li, MS,2 Melanie Goldfarb, MD,3 Alison Semrad, DO,4,5

Michael Campbell, MD,6 D. Gregory Farwell, MD,7 and Theresa H.M. Keegan, PhD, MS2

Purpose: We sought to enumerate secondary medical conditions from hospitalization records in adolescent and
young adult (AYA) differentiated thyroid cancer (DTC) survivors and identify characteristics of patients with
increased likelihood of subsequent medical diagnoses.
Methods: Using data from the California Cancer Registry and statewide hospitalization data, we examined
incident oncologic, endocrine, pulmonary, hematologic, and cardiovascular diagnoses in 12,312 AYA (aged
15–39) patients diagnosed with DTC in 1996–2012 and surviving >2 years after diagnosis with follow-up
through 2014. We calculated the cumulative incidence of each condition accounting for the competing risk of
death and used multivariable Cox proportional hazards regression to evaluate sociodemographic and clinical
characteristics associated with each incident condition.
Results: The 10-year cumulative incidences of multiple medical conditions were particularly high in blacks and
Hispanics. Asian/Pacific Islander survivors were most likely to develop subsequent cancers. Men had higher
rates of cardiovascular and diabetes diagnoses than women, but lower rates of asthma and cytopenias. Low
socioeconomic status and/or public or no insurance were associated with a higher risk of several diagnoses.
More extensive disease stage and thyroid surgery increased the risk of calcium and phosphorus metabolism
disorders. Neck reoperation associated with the risk of cytopenias, as well as subsequent endocrine, cardio-
vascular, and respiratory diagnoses.
Conclusion: The incidence of medical conditions after thyroid cancer diagnosis and treatment differ among
racial/ethnic groups and sexes. Those residing in lower socioeconomic neighborhoods, those with public or no
insurance, and those who require further neck surgery have substantially higher burdens of subsequent medical
diagnoses.
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Introduction

S ince about 2000, the number of differentiated thyroid
cancers (DTCs) diagnosed across the world has risen

dramatically in adult and pediatric populations.1–5 This thy-
roid cancer epidemic is a result, at least partially, of the di-
agnosis of a significant number of lower risk papillary thyroid
carcinomas.3 Nonetheless, within this worldwide tidal wave

of thyroid cancer diagnoses, the number of larger and higher
risk DTCs has also been on the rise.2 Moreover, the mortality
rates from thyroid cancer have been rising on average 0.7%
each year from 2006 to 2015.6 Thus, significant effort is being
expended to appropriately target interventions that reduce
the morbidity and mortality associated with the diagnosis
and treatment of DTC as well as to avoid overtreatment of a
lower risk DTC patient population.
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Due to the young average age of diagnosis of DTC, the
adolescent and young adult (AYA) population diagnosed
between 15 and 39 years of age is disproportionately im-
pacted by the thyroid cancer epidemic. The primary initial
treatment of DTC is surgical removal of the thyroid gland.7

Known consequences of surgical thyroid removal include
laryngeal nerve injury and hypoparathyroidism along with
hypothyroidism necessitating thyroid hormone replace-
ment.8–10 Depending on recurrence risk, surgery is followed
by treatment with radioiodine in *54.5% of the AYA pop-
ulation,11 and differing degrees of thyroid stimulating hor-
mone (TSH) suppression. Radioiodine may lead to salivary
gland dysfunction and pulmonary fibrosis while TSH sup-
pression has been associated with an increased risk of car-
diovascular disease.12–15 Thyroid cancer survivors experience
higher risks of second cancers, aging-related diseases, and
hospitalizations than AYAs without cancer.16–20

We previously documented that the initial treatment of
AYA diagnosed with DTC is more intense than in older
adults, with an increased use of complete thyroid surgery and
increased rates of initial treatment with radioiodine,11 po-
tentially resulting in higher risks of adverse medical condi-
tions among AYAs than older adults diagnosed with DTC.19

Moreover, we demonstrated worse survival outcomes after
diagnoses of DTC in certain AYA sociodemographic groups,
namely men, including those residing in low socioeconomic
status (SES) neighborhoods, and AYAs of African American
or Hispanic race/ethnicity.21 Young men and those with
public or no health insurance were more likely to die from
other, noncancer causes of death,21 but no study to our knowl-
edge has considered whether these sociodemographic factors
are associated with subsequent medical conditions in AYA
DTC survivors.

Thyroid cancer survivors may develop subsequent medical
conditions that are direct consequences of thyroid cancer
treatment, disorders that are plausibly linked to the disease or
its treatment, and/or experience subsequent diagnoses that
are not specifically related to thyroid cancer diagnosis or its
treatment. Strategies to improve survivorship among cancer
survivors need to address medical problems that develop by
all of these mechanisms. Given the rapidly increasing inci-
dence of DTC and its disproportionate impact on the AYA
population, we sought to identify secondary medical condi-
tions from hospitalization records in AYA thyroid cancer
survivors and understand sociodemographic and clinical
characteristics of patients with increased likelihood of these
serious late effects. The results of this inquiry could have
implications on shared decision-making on the initial treat-
ment of DTC in AYA populations and for medical surveil-
lance after initial treatment is complete.

Materials and Methods

Setting and subjects

Eligible subjects were diagnosed with a first primary
DTC between 15 and 39 years of age in California between
January 1, 1996 and December 31, 2012. Subjects were
identified from the California Cancer Registry (CCR) using
the International Classification of Diseases for Oncology,
Third Edition (ICD-O-3), histology codes 8050, 8260, and
8340–8344 to define papillary thyroid cancers and histology

codes 8290, 8330–8332, and 8335 to define follicular can-
cers. The CCR is the largest population-based cancer registry
in the United States, with records from the cancer diagnosis
of all state residents diagnosed with cancer except those from
military or Veterans Administration facilities. Using an en-
crypted form of the social security number and gender, we
linked new DTC cases to hospital discharges from the State
of California Office of Statewide Health Planning and
Development (OSHPD). This database contains detailed di-
agnosis and procedure data from each discharge from any
non-Federal hospital in California.

Tumor, sociodemographic, and treatment variables

From the CCR, we obtained information from the time of
diagnosis, including age, sex, race/ethnicity, summary stage,
and census-block group of residence. We obtained neigh-
borhood SES from the CCR, which is a multicomponent
index of United States. Census characteristics (education,
occupation, unemployment, household income, poverty, rent,
and house values) based on residential census-block group at
diagnosis.22 The index is grouped into quintiles, which we
grouped into two categories—lower SES (quintiles 1–3) and
higher SES (quintiles 4, 5). We categorized insurance cate-
gories of public (MediCal and other government-assisted
programs), private/military (health maintenance organiza-
tions, preferred provider organizations, and managed care
not otherwise specified), none (self-pay), and unknown from
CCR information on the primary source of payment at diag-
nosis. Follow-up time and vital status was obtained through
December 2014.

Extent of thyroid surgery was defined using International
Classification of Diseases, 9th Revision, Clinical Modifica-
tions (ICD-9-CM) for total or near total thyroidectomy
in OSHPD or most extensive surgery at initial treatment
from CCR. Patients with two lobectomies within 90 days in
OSHPD were classified as having total or near total thy-
roidectomy. The date of thyroid surgery was identified as the
OSHPD procedure date or the recorded CCR date. Registry
data on the administration of radioiodine as part of initial
treatment were obtained from the CCR. Due to the potential
for increased morbidity and mortality in patients requiring
subsequent neck surgery, we defined neck reoperation from
OSHPD as a neck lymph node surgery 91 days to 5 years after
the initial thyroid surgery as previously reported.23 Tobacco
use disorder and overweight/obesity were captured from
OSPHD up to 2 years before the DTC diagnosis.

Incident medical conditions

From OSHPD, we obtained information for hospitaliza-
tions that occurred at least 2 years after diagnosis, including
the principal diagnosis and up to 24 other diagnoses, as well
as up to 20 procedures and their corresponding dates for
hospitalizations. These records are coded using the ICD-9-
CM. To separate incidental medical conditions by clinically
relevant categories, we grouped relevant hospital discharge
diagnoses present q2 years after diagnosis into five systems
that included oncologic, endocrine, pulmonary, hematologic,
and cardiovascular diagnoses. Second cancers were identified
by the CCR. We further categorized endocrine diagnoses as
disorders of calcium and phosphorus metabolism or diabetes
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mellitus, as the former can be causally attributed to para-
thyroid injury during initial thyroid cancer treatment. We
divided pulmonary diagnoses into asthma and other specified
infections/inflammatory respiratory disease, the latter includ-
ing pulmonary fibrosis that may be the direct result of
radioiodine treatment and aspiration that may plausibly be
linked to subsequent salivary and swallowing disorders. We
grouped hematologic effects into cytopenias (leukopenia,
anemia, and/or thrombocytopenia) and leukocytosis as op-
posites, and separated hypertension from other disease of the
heart based on prior studies that have specifically linked these
disorders to DTC diagnosis and treatment (Table 1).19,24 To
focus on medical conditions emerging after thyroid cancer
diagnosis and treatment, we excluded medical conditions
present before DTC diagnosis as outcomes.

Statistical analyses

The cumulative incidence and associated 95% confidence
intervals (CIs) of developing a medical condition q2 years
after diagnosis was calculated using nonparametric methods
that account for death as a competing risk.25 Person-years of
observation were compiled from 2 years after DTC diagnosis
to date of first hospitalization with a specified medical con-
dition (multiple incident medical conditions were possible),
the date of last known contact, date of death, or the study
cutoff date (December 31, 2014), whichever occurred first.
Gray’s K-sample test statistic was used to determine whether

cumulative incidence of a medical condition differed by
sociodemographic or clinical factors.26

To evaluate sociodemographic and clinical characteristics
associated with the occurrence of each medical condition q2
years after diagnosis, we used multivariable Cox proportional
hazards regression to calculate adjusted hazard ratios and
95% CIs. Event time was measured in days from 2 years after
diagnosis to the date of first identification of each medical
condition. Patients without a medical condition at the study
end date (December 31, 2014) were censored at this date
or at the date of last known contact; deaths from any cause
were considered as competing risks in these analyses. The
regression models included age at cancer diagnosis, stage at
diagnosis, histology, sex, race/ethnicity, year of diagnosis,
health insurance status, neighborhood SES, overweight/
obesity, tobacco use disorder, and treatment. In all models,
the proportional hazards assumption was assessed numeri-
cally based on cumulative sums of Martingale residuals and
visually based on inspection of the survival curves [log (-log)
of the survival distribution function by log (months)]; no
variables violated this assumption. Multicollinearity was
assessed by examining variance inflation factors (VIF). All
models met our criteria of nonmulticollinearity with VIF <10.
Analyses were conducted using SAS version 9.4 software
(SAS Institute, Inc., Cary, NC). All study protocols were
overseen by the Institutional Review Board of the University
of California, Davis and by the California Committee for the
Protection of Human Subjects.

Table 1. Incident Medical Condition Codes Using International Classification of Diseases,

Ninth Edition Nomenclature

Class ICD-9 code Name Count

Endocrine—Disorders of calcium and phosphorus metabolism
252.1 Hypoparathyroidism 101
275.41 Hypocalcemia 135
275.42 Hypercalcemia 21
275.3 Disorders of phosphorus metabolism 39

Endocrine—Diabetes
250 Diabetes mellitus 245

Respiratory—Asthma
493 Asthma 272

Respiratory—Other infectious/inflammatory respiratory diseases
460–466 Acute upper respiratory infections 61
480–488 Pneumonia and influenza 117
490–492 Bronchitis and emphysema 33
507 Pneumonitis due to solids and liquids 35
515 Postinflammatory pulmonary fibrosis 8

Hematologic—Cytopenias
288.0, 288.5 Hematologic cytopenia (neutropenia + decreased white blood cells) 37

280–285 Anemia 686
287.3–287.5 Thrombocytopenia 85

Hematologic—Leukocytosis
288.3 Eosinophilia 3
288.6 Elevated white blood cell count 81
288.8 Other specified disease of white blood cells 9

Cardiovascular—Hypertension
401–405 Hypertension 562

Cardiovascular—Diseases of the heart
393–398 Chronic rheumatic heart disease 13
410–414 Ischemic heart disease 71
420–429 Other forms of heart disease 237

ICD-9, International Classification of Diseases, Ninth Edition.
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Results

Study population

A total of 14,246 DTC cases arising in AYA were identi-
fied from the CCR from 1996 to 2012. After exclusion of
those who died within 2 years (n = 64), those with <2 years of
follow-up (n = 451), those with an unknown/invalid linkage
to hospitalization data (n = 1296), those with missing or in-
valid survival time (n = 140), and those with a subsequent,
second primary thyroid cancer (n = 40), a total of 12,255
AYAs were included in these analyses (Fig. 1).

The majority of AYA DTC survivors in California were
women (83.8%) and diagnosed with localized/regional dis-
ease (96.0%). The study population was 50.0% non-Hispanic
white, 30.5% Hispanic, 15.3% Asian, and 2.9% black
(Table 2). Hispanics were more frequently younger than
other racial/ethnic groups and even less likely to be male.
Follicular carcinoma was more common in black AYA DTC
survivors than among other racial/ethnic groups. Non-
Hispanic whites and Asian/Pacific Islanders were more likely
than black or Hispanics to have private health insurance and
reside in high SES neighborhoods. The most common initial
treatment included total thyroidectomy followed by radio-
iodine (in 51.1% overall), with blacks more likely to undergo
partial or no thyroidectomy (20.7%) than AYAs of other
race/ethnicities (compared to 17.3% of the non-Hispanic
white, 17.4% of the Hispanic, and 15.8% of the Asian
populations).

Cumulative incidence

The median follow-up was 8.8 years (Interquartile range
5.13–13.24 years). Male DTC survivors had a higher 10-year
cumulative incidence of diabetes mellitus and cardiovascular
disease, but lower cumulative incidence of asthma and he-
matologic disorders (Table 3). Within this AYA population,
the cumulative incidence of subsequent cancers, diabetes
mellitus, leukocytosis, and cardiovascular diagnoses increa-
sed with age at diagnosis. For disorders of calcium and
phosphorus metabolism, hypertension, and other diseases
of the heart—disorders that prior studies have identified as
consequences of the diagnosis and treatment of DTC—we

observed that the incidence rose continuously between 2 and
10 years from diagnosis, but at different rates based on age
and sex (Table 3; Fig. 2). Black DTC survivors had the
highest 10-year cumulative incidence of diabetes mellitus,
asthma, other infections/inflammatory respiratory disorders,
cytopenias, hypertension, and other disease of the heart, but
the lowest incidence of subsequent cancers. Hispanics had
the highest incidence of disorders of calcium and phosphorus
metabolism and a higher incidence of diabetes and cytope-
nias than non-Hispanic whites and Asian/Pacific Islanders.

There was no difference in the 10-year cumulative inci-
dence of late effects by DTC histology. Those with more
advanced disease at diagnosis were more likely to develop a
disorder of calcium and phosphorus metabolism and an in-
flammatory/infectious respiratory disease. Incidence was
generally higher among those residing in low SES neigh-
borhoods and those with public or no insurance.

More extensive initial surgery was associated with a higher
10-year cumulative incidence of calcium and phosphorus
metabolism disorders. The 10-year cumulative incidence of
an incident hematologic cytopenia diagnosis was highest in
the group treated with total thyroidectomy without radio-
iodine, while leukocytosis was lowest in those treated with
total thyroidectomy followed by radioiodine. Neck reopera-
tion among AYA DTC survivors was associated with a higher
10-year cumulative incidence of multiple diagnoses, in-
cluding disorders of calcium and phosphorus metabolism,
diabetes mellitus, cytopenias, hypertension, and each cate-
gory of respiratory diagnoses.

Risk of medical conditions

In multivariable models, women were more likely to
develop asthma and cytopenias, but less likely to develop
diabetes, other respiratory disorders, and cardiovascular late
effects (Table 4). The most common incident diagnoses noted
in admissions for labor or delivery were cytopenias (in
11.2%) and asthma (in 4.5%). However, we did not observe
significant changes in the differences between males and
females after excluding outcomes that only arose in a labor/
delivery admission in a sensitivity analysis (data not shown).
Older AYA survivors were more likely to develop disease

FIG. 1. Derivation of analysis cohort of
adolescent and young adult differentiated
thyroid cancer patients, California, 1996–
2012.
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associated with aging such as subsequent cancers, diabetes
mellitus, and cardiovascular diseases. Asian/Pacific Islander
survivors were over 50% more likely to develop subsequent
cancers than non-Hispanic whites. The risk of developing
calcium and phosphorus metabolism disorders, 80% of which
were hypoparathyroidism or hypocalcemia, was increased in
AYAs diagnosed between 2005 and 2008, with advanced
disease stage, more extensive surgery, and among those un-
dergoing a neck reoperation. Diabetes mellitus developed
more commonly among Hispanic, black, and male AYA
DTC survivors. Asian/Pacific Islanders were less likely
than non-Hispanic whites to develop a respiratory late effect,
while blacks were more likely to develop a cardiovascu-
lar diagnosis. Public insurance and low neighborhood SES
were associated with emergence of a number of subsequent

medical conditions. AYAs undergoing a neck reoperation
experienced a higher risk of endocrine disorders, respira-
tory conditions, hematologic cytopenia, and cardiovascular
diagnoses.

Discussion

In this study of over 12,000 AYA DTC survivors in
California, we observed that the development of medical
conditions was associated with both sociodemographic and
clinical factors. Men, AYAs of black or Hispanic race/
ethnicity and those residing in low SES neighborhoods were
at an increased risk of a number of medical conditions,
consistent with findings of poorer outcomes in these pa-
tients.21 Having public or no health insurance at diagnosis or

Table 2. Selected Characteristics of Two-Year Survivors of Adolescent and Young Adult

Differentiated Thyroid Cancer by Race/Ethnicity, California, 1996–2012

Total
Non-Hispanic

White Black Hispanic
Asian/Pacific

Islander

p ValueBaseline characteristic [No. (%)] (n = 12,255) (n = 6122) (n = 357) (n = 3735) (n = 1870)

Age at diagnosis
15–29 4597 (37.5) 2211 (36.1) 134 (37.5) 1563 (41.8) 623 (33.3) <0.01
30–34 3420 (27.9) 1713 (28.0) 98 (27.5) 1031 (27.6) 532 (28.4)
35–39 4238 (34.6) 2198 (35.9) 125 (35.0) 1141 (30.5) 715 (38.2)

Sex
Female 10,269 (83.8) 5019 (82.0) 304 (85.2) 3229 (86.5) 1563 (83.6) <0.01
Male 1986 (16.2) 1103 (18.0) 53 (14.8) 506 (13.5) 307 (16.4)

Year of diagnosis
1996–2000 2881 (23.5) 1608 (26.3) 81 (22.7) 793 (21.2) 367 (19.6) <0.01
2001–2004 2676 (21.8) 1396 (22.8) 83 (23.2) 759 (20.3) 408 (21.8)
2005–2008 3101 (25.3) 1495 (24.4) 85 (23.8) 957 (25.6) 511 (27.3)
2009–2012 3597 (29.4) 1623 (26.5) 108 (30.3) 1226 (32.8) 584 (31.2)

Histology
Follicular 920 (7.5) 478 (7.8) 53 (14.8) 236 (6.3) 133 (7.1) <0.01
Papillary 11,335 (92.5) 5644 (92.2) 304 (85.2) 3499 (93.7) 1737 (92.9)

Stage at diagnosis
Localized/regional 11,769 (96.0) 5915 (96.6) 343 (96.1) 3559 (95.3) 1792 (95.8) <0.01
Advanced 365 (3.0) 145 (2.4) 10 (2.8) 144 (3.9) 62 (3.3)
Missing 121 (1.0) 62 (1.0) 4 (1.1) 32 (0.9) 16 (0.9)

Neighborhood socioeconomic status
Low 6417 (52.4) 2503 (40.9) 256 (71.7) 2782 (74.5) 777 (41.6) <0.01
High 5838 (47.6) 3619 (59.1) 101 (28.3) 953 (25.5) 1093 (58.4)

Health insurance
Private/military 10,444 (85.2) 5489 (89.7) 274 (76.8) 2892 (77.4) 1658 (88.7) <0.01
Public/none 1627 (13.3) 568 (9.3) 77 (21.6) 772 (20.7) 185 (9.9)
Unknown 184 (1.5) 65 (1.1) 6 (1.7) 71 (1.9) 27 (1.4)

Initial treatment
Total thyroidectomy and radioiodine 6262 (51.1) 3120 (51.0) 156 (43.7) 1954 (52.3) 955 (51.1) 0.03
Total thyroidectomy without radioiodine 3883 (31.7) 1944 (31.8) 127 (35.6) 1132 (30.3) 619 (33.1)
Partial/no thyroidectomy 2110 (17.2) 1058 (17.3) 74 (20.7) 649 (17.4) 296 (15.8)

Neck reoperation
Yes 754 (6.2) 357 (5.8) 17 (4.8) 249 (6.7) 125 (6.7) 0.14
No 11,501 (93.8) 5765 (94.2) 340 (95.2) 3486 (93.3) 1745 (93.3)

Tobacco use
Yes 252 (2.1) 151 (2.5) 10 (2.8) 77 (2.1) 10 (0.5) <0.01
No 12,003 (97.9) 5971 (97.5) 347 (97.2) 3658 (98.0) 1860 (99.5)

Obesity
Yes 430 (3.5) 176 (2.9) 25 (7.0) 198 (5.3) 25 (1.3) <0.01
No 11,825 (96.5) 5946 (97.1) 332 (93.0) 3537 (94.7) 1845 (98.7)
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initial treatment was strongly associated with all subsequent
medical conditions considered, except second cancers. Fur-
thermore, patients who required neck reoperation, a factor
associated with increased mortality,23 were more likely to
be diagnosed with endocrine, respiratory, hematologic, and
cardiovascular conditions. Our findings confirm prior studies
that documented an increased burden of subsequent medical
conditions after thyroid cancer diagnosis and expand on them
by identifying the higher burden of medical conditions in
specific subgroups of DTC survivors, subgroups that should
be the focus of survivorship programs to reduce the burden
of subsequent disease.

Elevated rates in the diagnosis of medical conditions after
a cancer diagnosis may result from factors that include closer
surveillance, cancer-associated comorbidities, and treatment-
associated adverse effects. Prior studies have established that
parathyroid disorders, hypertension, heart disease, and nu-
tritional deficiencies are increased in thyroid cancer survivors
compared to matched populations without thyroid can-
cer.15,19,24 Our study was not designed to assess causality and
not limited to disorders directly related to thyroid cancer
diagnosis or treatment, but we nonetheless observed variable
rates of subsequent endocrine and hematologic diagnoses
based on initial treatment. Moreover, neck reoperation was
associated with multiple subsequent medical diagnoses.
While these diagnoses may have resulted from enhanced
contact with hospital care due to subsequent surgery, we
previously showed that neck reoperation was associated with
a higher risk of thyroid cancer mortality.23

The rate of permanent hypoparathyroidism resulting from
total thyroid surgery has been quoted as about 1.7%,9 slightly
less than the 10-year cumulative incidence of calcium and
phosphorus disorders observed in patients treated with initial
total thyroidectomy in this study. A prior study using out-
patient claims data identified that the rates of postoperative
hypoparathyroidism parallel the intensity of screening for
and diagnosis of thyroid cancer.24 Additional factors, such as
the extent of central neck dissection, previously associated
with increasing rates of associated hypoparathyroidism,27

may account for subgroups with higher rates. Those diag-
nosed with DTC between 2005 and 2008 had a higher risk
of calcium and phosphorus disorders, a period during which
routine central neck dissection was recommended for all
papillary thyroid cancers.28 Consistent with this association
between more extensive neck surgery and incident parathy-
roid disorders, we observed that more advanced initial stage
and neck reoperation were strong predictors of subsequent
calcium and phosphorus disorders. We did not observe an
impact of the extent of initial treatment on the prespecified
respiratory or cardiovascular disorders, despite potential
impact of the extent of surgery on vocal cord dysfunction and
radioiodine on pulmonary fibrosis.10,12

Long-term use of levothyroxine has pleiotropic effects
on the cardiovascular system, including increasing the heart
rate, cardiac contractility, and blood pressure.29 In patients
with a suppressed TSH, this is associated with an increased
risk of cardiovascular disease.30,31 We confirmed a high
cumulative incidence of subsequent hypertension and other

FIG. 2. Cumulative incidence of disorders of calcium and phosphorus metabolism, hypertension, and other disease of the
heart from 2 to 10 years after diagnosis of differentiated thyroid cancer, by age category and sex.
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cardiovascular diseases seen in a prior study of DTC pa-
tients from Utah.15 We also demonstrate that these rates are
particularly high in the black population, which has more
than twice the risk of hypertension than the non-Hispanic
white population adjusting for other demographic and treat-
ment factors, reaching a cumulative incidence of 11.3% at
10 years.

On average, survivors of AYA cancer report higher rates of
health care utilization compared to their peers,32 potentially
resulting in an increase in the number of health conditions
being diagnosed in this study. Nonetheless, AYA cancer
survivors with no insurance are more likely to forego sub-
sequent medical care than those with insurance.33,34 We did
not have access to data regarding changes in insurance cov-
erage over time. However, prior studies suggest that the rate
of the uninsured or publicly insured increases in cancer sur-
vivors over time,33,35,36 suggesting that insurance-related
barriers to care may increase over time. Indeed, among a
subset of patients from our study (n = 4527) with insurance
information after 2 years, we observed that 22% had public or
no insurance, somewhat higher than the 15% within this
subgroup at diagnosis. Despite established barriers to care
that may increase during survivorship, we found that AYA
DTC survivors with public or no insurance at diagnosis were
more likely to have an incident medical diagnosis recorded
from a hospitalization in this study. Therefore, this group
is particularly amenable to policy-based interventions to re-
duce the burden of subsequent medical conditions.

An important finding in our study is that living in a low
SES neighborhood is associated with higher rates of multiple
subsequent diagnoses. With our study design, we cannot
specify the relative contribution of differential initial treat-
ment factors or administration of subsequent care on the
overall disparities in the development of subsequent diag-
noses among SES groups. An impact of low SES on multi-
ple health outcomes exists absent a cancer diagnosis.37,38

Nonetheless, the impact of cancer diagnosis on subsequent
financial, psychological, and emotional well-being has been
extensively studied.34,39–44 Our results are consistent with
prior work supporting the hypothesis that lower SES AYA
survivors of cancer are more susceptible to conditions that
are the result of reduced routine preventative care, providing
a target for interventions to reduce the burden of subsequent
disease.

A major advantage of this study is the inclusion of a large
population of AYA DTC survivors that reflects a degree of
racial/ethnic diversity not available in population-based
studies from other states. Indeed, one of the important
findings of this study is that the rates of incident medical
conditions vary markedly by race/ethnicity. We focused on
medical conditions that were obtained from hospital dis-
charge records such that differences between sociodemo-
graphic and treatment groups may have resulted from
nonrandom rates of hospitalization. In addition, we were
unable to assess medical conditions that were not captured
in hospital discharge records due to care being received in
the outpatient setting. Moreover, we were limited by the
inability to fully assess the extent of nodal dissection with
initial surgery, the activity of radioiodine administered, and
the extent of TSH suppression. Finally, because our ob-
servational cohort exists entirely of patients with a DTC
diagnosis and no similar population without a cancer di-

agnosis is available, we are unable to quantify the attrib-
utable risk of thyroid cancer diagnosis and treatment on the
resultant incident medical conditions. Nonetheless, the
findings of our study are fully applicable to large popula-
tions of AYA DTC survivors and identify those who are at
risk for medical conditions that result in subsequent inpa-
tient care.

In conclusion, the diagnosis of new serious medical
conditions occurs frequently after AYA DTC identification
and treatment. The risk of specific diagnoses vary by race/
ethnicity and sex. Asian/Pacific Islanders are more likely to
develop subsequent cancers, while Hispanics and blacks
were more likely to develop diabetes and hematologic
cytopenia. Male and black AYAs had a higher risk of
cardiovascular diagnoses. Disorders of calcium and phos-
phorus metabolism diagnoses are particularly common
after more intensive initial surgery or after subsequent neck
surgery. Low SES and public or no medical insurance are
strong predictors for developing subsequent medical con-
ditions and these groups should be a focus for survivorship
programs to reduce the burden of disease in AYA DTC
survivors.
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