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Abstract

Background—Thyroid cancer is the most rapidly increasing cancer in the U.S., affects a young
population, has high survival, and is one of the most common cancers in people under age 40. The
aim of this study was to examine the risks of aging-related diseases in a statewide sample of
thyroid cancer survivors who were diagnosed <40 years compared to those diagnosed =40 and a
cancer-free sample.

Methods—Thyroid cancer survivors diagnosed 1997-2012 were matched to up to 5 cancer-free
individuals on birth year, sex, birth state, using the statewide Utah Population Database. Medical

records were used to identify disease diagnoses stratified over three time periods: 1-5, >5-10, and
10+ years after cancer diagnosis. Cox proportional hazards models were used to estimate hazard

ratios (HR) with adjustment on matching factors, race, BMI, and Charlson Comorbidity Index.

Corresponding Author: Mia Hashibe, Ph.D., Division of Public Health, Department of Family and Preventive Medicine, Huntsman
Cancer Institute, 2000 Circle of Hope, Salt Lake City, UT, 84108, Phone: 801-587-3034, Fax: 801-587-3353, mia.hashibe@utah.edu.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Blackburn et al.

Page 2

Results—There were 3,706 thyroid cancer survivors and 15,587 matched cancer-free individuals
(1,365 cases diagnosed <40 years old). Both age groups had increased risks for multiple
circulatory health conditions 1-5 years after cancer diagnosis compared to cancer-free individuals.
Survivors <40 had a higher risk of hypertension, cardiomyopathy, and nutritional deficiencies.

Conclusions—Increased risks for diseases associated with aging were observed for both age
groups, with younger thyroid cancer survivors having higher risks for select diseases.

Impact—As thyroid cancer survivors in this study were found to have increased risks for aging-
related diseases, future studies are needed to assess what can be done to reduce the increased risks
of these long-term health effects.
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Introduction

Thyroid cancer is the most rapidly increasing cancer in the United States with an estimated
64,300 new cases diagnosed in 2016 and more than 800,000 thyroid cancer survivors
currently live in the U.S. [1, 2]. The 5-year relative survival rate of thyroid cancer is 98.1%
[3]. In the United States, thyroid cancer affects women more than men [4]. Thyroid cancer
tends to present at an earlier age than other cancers, with the median age of thyroid cancer
diagnosis in the US in 2014 was 54 for men and 49 for women [5, 6]. Little is known about
whether thyroid cancer survivors experience aging-related conditions, such as myocardial
infarction, arthritis, osteoporosis, glaucoma, and hypertension, at a higher rate than
individuals without cancer, as many of these conditions have been reported as late effects of
cancer treatment [7, 8]. As cancer treatment has been associated with accelerated aging,
understanding the health risks for thyroid cancer survivors is extremely important to manage
their health conditions as they age [9].

Thyroid cancer is one of the most common cancers in adolescent and young adults [10].
Increasing age of thyroid cancer diagnosis has been associated with increased mortality, both
overall and cancer specific, starting with diagnosis at age 40 [11]. Young thyroid cancer
patients have increased overall survival and cancer specific survival compared to older
patients, but may receive more aggressive treatment. The primary treatment for thyroid
cancer is thyroidectomy surgery to remove all or part of the thyroid. A significant proportion
of patients also receive adjuvant radioactive iodine (RAI) and thyroid stimulating hormone
(TSH) suppression therapy. It is rare for thyroid cancer patients to be treated with
chemotherapy except in the case of advanced metastatic disease. More recent guidelines
have called for less treatment, which will hopefully reduce the long-term health effects that
have been found in thyroid cancer survivors [12]. There has been a significant increase in the
use of RAI over time [13]. However, it is unclear yet if the most recent guidelines will affect
this trend or how long it will take to change the trend.

The younger thyroid cancer population is living many decades after treatment and may have
increased risks for long-term health effects due to more aggressive treatment. Younger
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patients (<45 years old at diagnosis) are more likely to undergo a total thyroidectomy and to
receive RAI [14]. RAI has been associated with increased risks for gastrointestinal
symptoms, pulmonary fibrosis, and salivary gland conditions [15-17]. TSH suppressive
therapy can lead to bone mineral density loss as well as cardiac outcomes such as increased
heart rate and decreased stroke volume [18-20]. Other commonly reported conditions among
thyroid cancer survivors include migraine headaches, arthritis, cataracts, and hearing loss
[21, 22].

Previous studies on the long-term effects of thyroid cancer survivors have been largely based
on small study populations and/or used self-reported data [20-22]. Overall, few studies have
investigated multiple disease risks among a large population of both young and elderly
thyroid cancer survivors. The aim of this study was to examine the risk of aging-related
diseases and health conditions for thyroid cancer survivors who were diagnosed before age
40 and those who were diagnosed at age 40 or later. We use a statewide sample of thyroid
cancer survivors and matched cancer-free individuals who were linked to medical records,
cancer registry data, and demographic data from the Utah Department of Health to examine
these risks.

Materials and Methods

This cohort was established within the Utah Population Database (UPDB), which links data
from the Utah Cancer Registry (UCR) (one of the original NCI SEER cancer registries),
electronic medical records (EMR), statewide healthcare data, voter registration records,
residential histories, family history records, and birth and death certificates [23]. The
healthcare data from UPDB includes ambulatory surgery and inpatient discharge data from
the entire state of Utah (1996-2012) as well as linkage to EMR data from two of the biggest
healthcare providers in Utah, the University of Utah Healthcare (1994-2015) and
Intermountain Healthcare (1995-2015). Nearly 97% of the study population had medical
records in at least one of these healthcare data sources with 85.6% having statewide
ambulatory surgery and/or inpatient discharge data and 90.4% having University of Utah
Healthcare and/or Intermountain Healthcare EMR data. This study was approved by the
University of Utah Institutional Review Board.

Primary thyroid cancer cases were identified through UCR between 1997-2012. A general
population cohort of up to five cancer-free individuals were matched to each thyroid cancer
patient at the time of thyroid cancer diagnosis by birth year, sex, and birth state (Utah/not
Utah). The last follow-up date is determined by UPDB through last contact with a number of
data sources including Driver’s License division, Utah birth certificate, death certificate,
voter registration, and the Utah Health Department. Death dates are also captured
nationwide using genealogy, the Social Security Death Index (nationwide), and UCR
records.

Participants with thyroid cancer were excluded if the cancer was in situ (n=18) or the cancer
stage was unknown/missing (n=101), if they were not living in Utah when they were
diagnosed with cancer (n=128), if they had less than one year of follow-up time from cancer
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diagnosis including dying within one year (n=243), or an eligible cancer-free individual
could not be matched to them (n=217).

All participants were linked to the available healthcare data in the UPDB. The Clinical
Classification (CCS) for International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) created by the Healthcare Cost and Utilization Project (HCUP)
was used to group the ICD-9 codes into clinically meaningful categories [24]. The CCS
categorizes ICD-9 codes into four levels, with level 1 being the broadest (e.g. disease of the
circulatory system) down to level 4 being the most specific (e.g. atrial fibrillation). A total of
39 aging associated diagnoses were chosen for the current investigation. Of these diagnoses,
20 are associated with the circulatory system. The remaining 19 are associated with the
musculoskeletal system (n=9), the nervous system (n=6), and the endocrine system (n=4).
Counts for the total number of unique health conditions of the circulatory system and unique
health conditions within the other 19 diagnoses were created for each time frame.

Follow-up time was calculated separately for each diagnosis. If the participant had an event
for a particular condition, their follow-up time was calculated from thyroid cancer diagnosis
date (date of matching for the cancer-free individuals) to the date of diagnosis for that
condition. If they were never diagnosed with that condition, their follow-up time was
calculated from thyroid cancer diagnosis date to their last date known to be alive and
residing in Utah.

Statistical Methods

Chi-squared tests were used to assess differences in the demographic characteristics between
thyroid cancer survivors and the general population cohort, as well as within the thyroid
cancer survivors by age of diagnosis. For analyses of disease risks, the aging related
diagnosis was categorized over time: one to five years, greater than five to ten years, and
more than ten years from cancer diagnosis. Univariate and multivariate Cox proportional
hazards models were used to estimate hazard ratios (HR) and 99% confidence intervals (CIs)
for all diagnoses across all three time periods. We adjusted for matched variables, race,
Charlson Comorbidity Index (CCI) at baseline, and baseline body mass index (BMI). The
Charlson Comorbidity Index was calculated using all medical record data prior to the date of
cancer diagnosis. Hazard ratios between age groups within follow-up periods were tested for
statistically significant differences with an alpha of 0.01. Proportional hazards assumptions
were tested for all Cox proportional hazards models. If the proportional hazard assumption
was not met, a flexible cubic spline model was used. Cumulative incidence curves were
calculated for selected outcomes.

The closest BMI measurement prior to cancer diagnosis and at least one year before cancer
diagnosis was calculated to assess baseline BMI. We limited the BMI measurements to at
least one before cancer diagnosis to try to ensure that the baseline BMI measurement was
not affected by the cancer. The median time from cancer diagnosis was 3.7 years with 67%
having a BMI measurement within 5 years prior to cancer diagnosis. Approximately 20% of
all participants were missing BMI, thus we imputed BMI for the 20% who were missing it
using cancer status, age at diagnosis, sex, race, and CClI as predictors using multiple
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imputation. We compared Cox regression models including only those who had BMI in the
data and with the full study population, including those who had imputed BMI, to assure that
our inferences did not change due to the imputed BMI.

Since the CCS Level 3 and 4 conditions were specific, they were analyzed as incident cases
only; if a participant had been diagnosed with one of the conditions before the time frame
for that analyses, they were excluded from that analysis as a prevalent case. Analyses were
run separately by thyroid cancer diagnosis age: < 40 years and > 40 years. Using the counts
of health problems for the circulatory system and other health problems (musculoskeletal,
nervous, and endocrine systems), risk factor analyses were run for the 1-5 year time frame
for the thyroid cancer survivors. The risk factor assessment included treatment (surgery only
and surgery with RAI), hormone therapy, cancer stage, age at diagnosis, diagnosis year, sex,
BMI at baseline, CCI at baseline, and number of cancers. All cases included were primary
thyroid cancer cases with no previous cancers, however some had other cancers after the
thyroid cancer diagnosis. We included this is as a risk factor to account for other types of
treatments that may have been used for those cancers. Based on the risk factor analyses,
attributable fractions were calculated. All analyses were conducted using SAS (version 9.4).

The final cohort included 3,706 thyroid cancer survivors and 15,587 cancer-free individuals
(Table 1). The thyroid cancer patients had significantly higher mortality (p-value < 0.0001)
and higher BMI (p-value < 0.0001). Male thyroid cancer survivors were significantly more
likely to be obese than female thyroid cancer survivors. This pattern also held true in the
general population cohort, with males having significantly higher BMI. The median age for
diagnosis was 46 years old. Thyroid cancers were diagnosed mostly at localized stage
(73.7%) and had a predominant histology of papillary carcinoma (91.9%).

Nearly 37% (1,365) of the thyroid cancer survivors were diagnosed before the age of 40.
Compared to thyroid cancer survivors diagnosed at age 40 or older, those diagnosed before
the age of 40 were more likely to be female (83.3% vs 74.7%, p-value <0.0001) and be
diagnosed before 2000 (12.3% vs 8.9%, p-value <0.0001) (Supplemental Table S1). There
was also a significant difference in histology (93.9% vs 90.7% papillary carcinoma, p-
value=0.0091) and treatment (54.4% vs 49.1% receiving surgery and RAI, p-value=0.0068)
between the two groups. The proportion of thyroid cancer survivors diagnosed with each of
the diseases investigated by age group and follow-up time are shown in Supplemental Table
S2. Figure 1 shows incidence curves for hypertension, heart disease, and nutritional
deficiencies by age at cancer diagnosis. A sensitivity analysis was performed limiting the
sample to only papillary and follicular thyroid cancers and the results were nearly identical.

Thyroid cancer survivors diagnosed at <40 years have an increased risk for several
circulatory conditions (Table 2) when compared to the matched cancer-free population. The
hypertension risks were significantly higher for thyroid cancer survivors diagnosed at <40
years in the adjusted HR 1-5 years after diagnosis (HR=2.03, 99% CI=1.75, 2.32 vs
HR=1.58, 99% CI1=1.48, 1.68). Both age groups had increased risks for heart disease 1-5
years after cancer diagnosis (HR=1.76, 99% CI1=1.40, 2.21 vs HR=1.49, 99% CI=1.38,
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1.60). Only hypertension remained significant across all three time periods in both age
groups, while diseases of the circulatory system, heart, and veins and lymphatics remained
significantly increased across all three time periods for the older age group.

Overall, thyroid cancer survivors had increased risks for other aging-related diseases (Table
3). Younger thyroid cancer patients had a statistically significantly increased risk of
nutritional deficiencies in both the 1-5 year and >5-10 year follow-up periods. Increased
risks of diabetes, disorders of lipid metabolism, eye disorders, ear conditions, diseases of the
musculoskeletal system and connective tissue were observed for both age groups,
throughout most of the follow-up periods.

The risk for multiple circulatory health conditions significantly increased with older age at
cancer diagnosis, male gender, obese BMI at baseline, and a Charlson Comorbidity Index
measure of at least one at baseline (Tables 4 and 5). Age at diagnosis (0.29 for younger
survivors and 0.41 older survivors) and baseline Charlson Comorbidity Index (0.26 for
younger survivors and 0.32 for older survivors) were the highest contributors for multiple
circulatory health conditions in the attributable risk fraction. The findings were similar for
risk factors for multiple other health conditions; however treatment was a slightly larger
contributor, especially for older thyroid cancer survivors where hormone therapy was
associated with a significantly increased risk.

Discussion

We conducted the first statewide assessment of age-related health conditions among thyroid
cancer survivors and demonstrated the increased risks for multiple health conditions, both
within the circulatory system and other health conditions associated with aging. Thyroid
cancer survivors diagnosed at <40 years had increased risks for diseases associated with
aging such as hypertension, cardiomyopathy, and nutritional deficiencies compared to age
matched controls. Increased age at diagnosis and worse baseline health appeared to be
significant contributors to the increased risk of multiple health problems.

There are several explanations for the elevated risks in younger survivors. We observed that
younger thyroid cancer patients were more likely to receive RAI treatment, which has been
previously associated with long-term health effects [15-17, 25]. TSH suppression therapy
has been reported to be associated with adverse effects including osteoporosis, atrial
fibrillation, and increased heart rate [26]. In a study population with a mean age of 61.6
years, Flynn et al. reported that long-term thyroxine therapy increased risks for
cardiovascular disease and osteoporotic fractures, with adjusted hazard ratios of 1.37 (1.17-
1.60) and 2.02 (1.55-2.62) respectively [27]. These risk increases are similar to what we
observed for diseases of the heart and osteoporosis in the population diagnosed with thyroid
cancer ages 40 and older where hormone therapy was associated with an increased risk in
multiple health conditions. In our study, we did not observe increased risks due to these
treatments in the younger population, but perhaps due to the smaller sample size of the
younger patients, we did not have adequate power to detect risks. A possible explanation for
young thyroid cancer survivors developing hypertension may be linked to anxiety and worry.
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Thyroid cancer survivors have been reported to have increased rates of distress and worry,
especially in younger survivors [28, 29].

In general cancer survivors have higher healthcare utilization than cancer-free individuals in
the first few years after diagnosis, which may lead to more health conditions being
diagnosed than in the cancer-free population [30, 31]. This increase in surveillance may help
explain why the risk for osteoporosis was significantly increased for both age groups,
however the risk pathological fractures was not. There may be a surveillance bias in
survivors, which could lead to increased rates of osteoporosis. At the same time, younger
cancer survivors have a disproportionately higher amount of cancer-related financial
problems, which have been linked to delaying or forgoing medical care [32-34]. Further, if
cancer survivors are delaying medical care, they may not be getting preventive healthcare,
which may lead to health problems that could be prevented.

Many of the elevated risks we found in this study are not health conditions typically
associated with patients less than 40 years of age, therefore it is even more crucial that
healthcare providers are aware of these risks and are proactive about thyroid cancer
survivors having regular follow-up as well as helping these patients lead a healthier lifestyle.
It is important to address that age and baseline health were the driving factors for multiple
circulatory health conditions and multiple other health conditions, which further increases
the importance of a healthier lifestyle for thyroid cancer patients. However, it is also
important to note that there was risk attributed to various treatments and this is also
something that healthcare providers need to be aware of when looking at the long-term
health of thyroid cancer survivors.

As the diseases we studied are diseases of aging, they were more common for both cases and
controls in the older group. The difference between the younger thyroid cancer survivors and
the cancer-free individuals may be larger because the diseases are relatively rare in the
control group. Due to this, it is possible to infer that the thyroid cancer survivors may have
accelerated rates of aging in the context of diseases associated with aging. A large effect is
more difficult to find in the older thyroid cancer survivors because these diseases are more
common in the cancer-free population. The majority of the risks decrease over time. This is
likely due to the general population cohort being diagnosed with these diseases and health
conditions as they age and catching up to the thyroid cancer survivors, not necessarily due a
decrease in frequency of these diseases in the thyroid cancer survivors over time. Also, for
the more specific diseases (CCS level 3 and 4), all prevalent cases were removed from
analyses for each time period.

There are several limitations to this study. First, the study population of Utah is less diverse
with low rates of alcohol consumption and smoking. However, this allowed for a more
homogenous study population to try to assess treatment effects rather than the impact of
lifestyle factors for long-term health effects. Another limitation is the use of ICD-9 codes
from medical record data that are likely to contain coding errors. However, we would not
expect these errors to be different between the thyroid cancer survivors compared to the
cancer-free population. Another limitation is the broad treatment categories. The dose of
RAI and type of hormone therapy was not given. Hormone therapy could include hormone
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replacement or hormone suppression, which likely have different effects on long-term
health. Future studies to further assess the role of more specific treatments would be of
interest.

The major strength of this study is the population based design with approximately 4000
thyroid cancer survivors, nearly 1000 of who have over 10 years of follow-up data available.
This large study population allows us to study both common and rare diseases diagnosed
over several time periods. Another strength is the amount of medical record data. By having
complete EMR data from two of the biggest medical care providers in the state of Utah as
well as complete statewide ambulatory surgery and inpatient data, we were able to capture
the majority of aging-related diagnosis data available for the study population. This study
also does not rely on self-reported data as many previous studies on the long-term health
effects of thyroid cancer have [21, 22, 35-38], which gives the advantage of minimizing
survival bias as well as recall errors in a cancer survivors cohort.

We may be more likely to capture the healthcare of the cancer survivors than the cancer-free
population as the major cancer treatment centers in Utah are within Intermountain
Healthcare and UUHSC (including the Huntsman Cancer Institute). Additionally, the cancer
survivors are under increased medical surveillance due to their cancer diagnosis and may be
diagnosed earlier or more frequently with various diseases. However, we would expect this
surveillance to be less intense more than five years after cancer diagnosis when cancer
survivors are generally recommended to return to annual physical exams. We observed
increases in risk in these later follow-up times, suggesting that the associations observed in
our study are not just due to increased medical surveillance in cancer patients.

While both age groups appear to have significantly increased risk for many diseases
associated with aging, thyroid cancer survivors diagnosed before 40 years of age had higher
risks that those diagnosed after 40. Some of the biggest risks were within the cardiovascular,
endocrine, and musculoskeletal systems. There are multiple potential explanations for the
elevated risks including surveillance bias, associated comorbidities, and treatment-associated
side-effects. This study shows that there is likely a combination of these impacting the long-
term health of thyroid cancer survivors. As we used population-level data in this study;, it is
good to identify these potential explanations for the long-term health effects, but it does not
provide the in-depth data needed to speculate with regards to causality. Further studies are
needed to examine how specific cancer treatments play a role in these increased disease risks
as well as the interaction between treatment and the risk factors identified in this paper.
Future studies are also needed to assess what can be done to reduce the increased risks of
these long-term health effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cumulative incidence curves for selected outcomes by age at thyroid cancer diagnosis for
thyroid cancer survivors and the matched general population cohort
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