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Background: The increasing incidence of thyroid cancer has resulted in the rate tripling over the past 30 years.
Reasons for this increase have not been established. Geostatistics and geographic information system (GIS)
tools have emerged as powerful geospatial technologies to identify disease clusters, map patterns and trends,
and assess the impact of ecological and socioeconomic factors (SES) on the spatial distribution of diseases. In
this study, these tools were used to analyze thyroid cancer incidence in a rural population.
Methods: Thyroid cancer incidence and socio-demographic factors in Vermont (VT), United States, between
1994 and 2007 were analyzed by logistic regression and geospatial and temporal analyses.
Results: The thyroid cancer age-adjusted incidence in Vermont (8.0 per 100,000) was comparable to the
national level (8.4 per 100,000), as were the ratio of the incidence of females to males (3.1:1) and the mortality
rate (0.5 per 100,000). However, the estimated annual percentage change was higher (8.3 VT; 5.7 U.S.).
Incidence among females peaked at 30–59 years of age, reflecting a significant rise from 1994 to 2007, while
incidence trends for males did not vary significantly by age. For both females and males, the distribution of
tumors by size did not vary over time; £1.0 cm, 1.1–2.0 cm, and >2.0 cm represented 38%, 22%, and 40%,
respectively. In females, papillary thyroid cancer (PTC) accounted for 89% of cases, follicular (FTC) 8%,
medullary (MTC) 2%, and anaplastic (ATC) 0.6%, while in males PTC accounted for 77% of cases, FTC 15%,
MTC 1%, and ATC 3%. Geospatial analysis revealed locations and spatial patterns that, when combined with
multivariate incidence analyses, indicated that factors other than increased surveillance and access to healthcare
(physician density or insurance) contributed to the increased thyroid cancer incidence. Nine thyroid cancer
incidence hot spots, areas with very high normalized incidence, were identified based on zip code data. Those
locations did not correlate with urban areas or healthcare centers.
Conclusions: These data provide evidence of increased thyroid cancer incidence in a rural population likely due
to environmental drivers and SES. Geospatial modeling can provide an important framework for evaluation of
additional associative risk factors.

Introduction

Thyroid cancer incidence is increasing at an annual
rate of 3–5%, resulting in the rate tripling over the past

30 years in the United States as well as in other countries
(1–5). In the United States, the number of cases has risen
from 4.3 cases per 100,000 in 1980 to 12.9 cases per
100,000 individuals in 2008. Mortality rates have slightly
increased (+0.8% annual percent change [APC]) (6–8). A
recent study noted a disproportional increase in women (9).
The basis for the increase in thyroid cancer incidence is not
known. Some studies suggest enhanced diagnostic scrutiny

and better detection of subclinical cancers result in wide-
spread overdiagnosis and thus not a true increase in inci-
dence (4,8,10–15). Other studies note that an increase in
both large tumors and microcarcinomas as well as a change
in relative frequencies of histological types implicate other
contributing factors (1,16–19). Of note, recent reports of
aggressive, metastatic microcarcinomas of the thyroid
that correlate with the risk of second cancers (20) suggest
that microcarcinomas once considered subclinical might
emerge as important new healthcare concerns and reflect
an important dimension of the increase in thyroid cancer
incidence.
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Environmental and demographic factors may be critical
determinants in the increase in thyroid cancer incidence
(3,21–23). A recognized risk factor for thyroid cancer is
ionizing radiation exposure through medical procedures, in-
cluding x-rays, as well as radioactive fallout (24–26). A study
of the overall geographic distribution of thyroid cancer in the
United States revealed a higher incidence in areas proximate
to nuclear power reactors (27). High levels of nitrate in public
drinking water supplies have been linked to increased thyroid
cancer incidence (28), and environmental endocrine dis-
ruptors including polyhalogenated aromatic hydrocarbons
(PHAHs), notably polybrominated diphenyl ethers (PBDEs)
and organochlorine insecticides, are postulated factors
(21,29–31). Leux and Guenel (21) noted that many environ-
mental chemicals interfere with thyroid function and increase
the risk of goiters, nodules, and possibly neoplasia. Additional
known risk factors include family history, sex, and age (3).
Socioeconomic factors (SES) may also indicate that access to
healthcare affects incidence (4,32). Thus, novel analyses are
needed to elucidate both incidence and contributing factors.

With the capability to visualize, analyze, interpret, and map
geo-located data, the field of geostatistics, notably the geo-
graphic information system (GIS) tool, has emerged as a
powerful geospatial technology that is gaining prominence in
healthcare applications (33). GIS-based cancer mortality maps
produced by the National Cancer Institute and Centers for
Disease Control and Prevention (CDC) are widely used by
public health officials to guide disease surveillance and control
activities throughout the United States (34). Beyond traditional
GIS mapping capabilities, more sophisticated spatial statistical
analyses have been utilized to identify spatial disease clusters
(i.e., nonrandom spatial distributions of disease cases, inci-
dence, or prevalence), map and monitor disease patterns and
trends over time and space, and assess the impact of ecological
and SES on the spatial distribution of diseases. Although there
are still many technical (e.g., knowledgeable users, data quality
control) and organizational (e.g., access and sharing) barriers
to the wide-scale adoption of geospatial technologies in the
healthcare sector (35), recent advances in the understanding of
disease dynamics, healthcare management has demonstrated
the power of geospatial technologies to identify new drivers of
public health concerns and advance the field of public health
research. The present objective was to examine the character-
istics of thyroid cancer incidence and determine the geospatial
distribution in the state of Vermont, United States.

This study postulated that geospatial analyses would reveal
important risk factors of thyroid cancer incidence in a rural
population that would provide the framework for investiga-
tion of potential drivers of disease patterns. It was determined
that the characteristics of thyroid cancer incidence, including
significant nonrandom clusters, are most likely due to envi-
ronmental and lifestyle factors. Spatial statistical analyses
revealed that the overall distribution of thyroid cancer inci-
dence and higher APC in these rural regions provide the
framework for evaluating demographic and environmental
drivers that may contribute to thyroid cancer incidence.

Methods

Data sources

Data on thyroid cancer (1994–2007) were obtained from
the Vermont Department of Health, and U.S. data on thyroid

cancer were obtained from the National Cancer Institute at
the United States National Institutes of Health Surveillance,
Epidemiology, and End Results (SEER) Program. State
mandated data collection began in 1994 and included year of
initial diagnosis, age at diagnosis, sex, primary site of disease
at diagnosis, histology code, histological grade, behavior
code, size of tumor, postal code at diagnosis, year last con-
tacted, vital status, and death place code. Data exchange
agreements between neighboring states minimize under-
reporting in border counties. Data pertaining to residents of
neighboring states were not included in this study. Thyroid
cancers were grouped based on histology codes, including
papillary (8050, 8052, 8130, 8260, 8340–8344, 8450, 8452),
follicular (8290, 8330–8332, 8335), medullary (8345, 8346),
anaplastic (8021), and other/indeterminate/not specified
(8012, 8032, 8046, 8070, 8140, 8190, 8335, 8337, 8347,
8350) (36).

Population data, used to calculate incidence, were obtained
from the Vermont Department of Health’s intercensal pop-
ulation estimates (37). The Vermont population in 1994,
2000, and 2007 was 585,544, 608,827, and 623,481, re-
spectively. Incidence and mortality rates were age adjusted to
the U.S. 2000 Standard Population (as per SEER practice
(38)) and normalized per 100,000 person-years (39). For the
geospatial analyses, zip code boundaries were downloaded
from the U.S. Census Bureau, and all map layers projected to
the Vermont State Plane Coordinate System North American
Datum 1983. Information regarding SES was obtained from
the 2000 U.S. Census variables, which included percent of
the population by age, length of household occupancy, me-
dian household income, and post–high school education. The
percent of the population with health insurance was obtained
from Vermont Household Health Insurance Survey, Depart-
ment of Financial Regulation, State of Vermont (40).

The study was approved by the Institutional Review Board
of the University of Vermont Committee on Human Research
and the Vermont Cancer Center.

Statistical analyses

Age-adjusted incidence (also known as age-standardized
rate) was calculated as described by Boyle and Parkin (41).
This method adjusts each age group’s contribution to the
overall population incidence so that incidence is based on the
same age structure. Proportional age-adjusted incidence was
also calculated that quantified the contribution of various age
strata (e.g., 30–39 year olds) to the age-adjusted incidence.
The proportional age-adjusted incidence for each age group
of interest was calculated by summing the product of the
crude incidence and the respective frequency of the standard
population for each single year of age within the age group of
interest (e.g., for age group 30–39, sum product for ages 30,
31,.,39). The standard errors of the overall age-adjusted
incidence and proportional age-adjusted incidence were
calculated using the Poisson approximation method (41).

The estimated APC is a summary statistic used to measure
trends over time by taking the average rate of change in
incidence over several years (39). The values were calculated
by fitting a regression line to the natural logarithm of the
incidence using the calendar year as the independent variable
(42). The estimated APC is equal to 100 · (eslope - 1). The
statistical significance ( p < 0.05) of the linear slope was
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compared to zero, and confidence intervals (CI) were calcu-
lated from the standard error of the slope. The time period
was split into 1994–2000 and 2001–2007 in order to compare
trends from the first half of the study period to the second half
of the study period, and the estimated APC was calculated for
incidence for time periods 1994–2007, 1994–2000, and
2001–2007 for males, females, and both sexes combined,
respectively.

The age-adjusted incidence for each county was compared
to the overall age-adjusted incidence of Vermont by creating
a standardized rate ratio (SRR) (41). To determine whether
national incidence was significantly different from the inci-
dence in Vermont, the confidence interval of each SRR was
approximated as described by Smith (43). There was a sig-
nificant difference between incidences if the confidence in-
terval did not include SRR 1.0, indicating equal incidence.
All statistical analysis, including estimation of the APC and
age-adjusted incidence, were performed using Excel 2013
(Microsoft Corp., Redmond, WA), JMP� Pro v10.0.0 (SAS
Institute, Cary, NC), ArcGIS� v10.2 (esri�, Redlands, CA),
and MATLAB� 2014a (MathWorks, Natick, MA). All in-
cidence data were age adjusted to the U.S. 2000 Standard
Population baseline.

Trend analyses

Significant ( p < 0.05) annual trends in the age-adjusted
incidence for Vermont females, males, and the total popu-
lation of Vermont were performed using the Ljung-Box Q
analysis in JMP� Pro. The same analysis was used to test for
significant annual trends for sex-specific proportional age-
adjusted incidence for three age groups (<30 years old, 30–59
years old, and >59 years old). In addition, the study tested for
significant proportional annual trends in thyroid cancer tu-
mors £1.0 cm, 1.1–2.0 cm, and >2.0 cm in size.

Socioeconomic analyses

Socioeconomic data from the 2000 U.S. census was ana-
lyzed at both the zip code and county scale. As a result, the
study used both logistic and linear regression analysis to test
for significance between the annual age-adjusted incidence of
thyroid cancer and with socioeconomic variables related to
income, education, length of residency, and access to
healthcare at both the zip code and county scales.

Geospatial analyses

ArcGIS� v10.2 software was used to perform geospatial
analyses and map visualization. The number of thyroid can-
cer cases in each zip code was mapped to show their spatial
locations in Vermont. The cases were normalized per
100,000 to the population for each zip code based on the
Vermont Department of Health’s intercensal population es-
timates. Due to the nature of zip code data and incon-
sistencies between the 2010 census zip code boundaries and
zip code census data, some zip codes were combined. For two
zip codes with recorded thyroid cancer cases and no zip code
associated with those zip codes, the cases were added to the
zip code that shared the greatest area of the zip code. Cal-
culated normalized incidence was mapped to illustrate the
effect of population on incidence distribution. The cases and
incidence distributions for each image were classified based

on Jenks Natural Breaks. This method of classification par-
titions data into the specified number of classes based on
natural groups or clusters of data values.

Spatial statistics use inferential statistics to test a null hy-
pothesis that the features are randomly distributed in space. In
this case, the feature tested is the average annual age-adjusted
incidence of thyroid cancer for each zip code. A p-value and
z-score are computed to determine the statistical significance
of observed spatial patterns. A p-value calculates the proba-
bility that the observed patterns were due to random chance;
statistically significant clustering is evident at a p-value
of < 0.05. The z-score is the standard deviation of the result,
which is calculated using the logistic regression model. Very
high (>1.96) and very low (<–1.96) z-scores correspond to
low p-values (0.05) and indicate the spatial distribution of
age-adjusted incidence is not random.

The Getis-Ord Gi* statistic was calculated for each age-
adjusted incidence in a weighted set of zip codes using the
Hot Spot Analyses tool. Although a particular zip code may
have high incidence, Hot Spot Analysis identifies those zip
codes with statistically higher incidence of cancer cases, that
is, those zip codes that have significantly higher values than
can be expected by chance. The Gi* local statistic identifies
individual members (zip codes) of local clusters by looking
at each target zip code compared to neighboring zip codes
within a specified ‘‘Zone of Indifference.’’ This distance met-
ric calculation enables each age-adjusted incidence within
the critical distance to be equally weighted and the age-
adjusted incidence of each zip code outside the specified
distance with diminishing weights as distance increases. A
significant Hot Spot ( p < 0.05) is identified if the sum of a zip
code’s value and the values of all its neighboring zip codes is
proportionally higher than expected when compared to the
sum of all zip codes in the state. Likewise, a zip code is a
significant Cold Spot ( p < 0.05) if the sum of its value and the
values of its neighboring zip codes is proportionally lower
than expected.

The Hot Spot Analysis tool requires the input of a specified
distance, which determines the scale of the analysis. This
value was calculated using the ‘‘Calculate Distance Band
from Neighbor Count’’ geoprocessing tool to determine the
distance between every zip code and, in this work, its eight
nearest neighbors, and returns the minimum, maximum, and
average distance. The minimum value is the distance (in
meters) one would travel away from a zip code to ensure that
at least one zip code has eight neighbors, the maximum value
is the distance one would travel away from a zip code to
ensure that each zip code has at least eight neighbors, and the
average value is the average distance between each zip code
and its eight nearest neighbors. Maximum and average dis-
tances were chosen to test for clustering at multiple scales
across the state (Supplementary Fig. S1; Supplementary Data
are available online at www.liebertpub.com/thy).

Results

Incidence trends

The age-adjusted thyroid cancer incidence in Vermont
rose significantly 2.4-fold from 5.3 in 1994 to 12.6 in 2007
with a significant estimated APC of 8.3% [CI 5.7–11.0]
compared to the national estimated APC of 5.7% [CI 5.2–6.3]
(Table 1 and Supplementary Fig. S2). Although the overall
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average annual aged-adjusted incidence for females in Ver-
mont was similar to that in the United States (11.8 and 12.3,
respectively), the estimated APC was higher at 9.9 for Ver-
mont and 5.9 for the United States. For males, both the av-
erage annual age-adjusted incidence and the estimated APC
were similar to national trends, with both significantly in-
creased over time (Table 1 and Supplementary Fig. S1). The
thyroid cancer age-adjusted incidence in Vermont (8.0 per
100,000) was comparable to the national incidence (8.4 per
100,000). Also, the overall mortality rate was 0.5 per 100,000
for males and females, which is similar to the national
rate (6).

Trends by sex and age

Using the Ljung-Box Q analysis, increasing trends for
annual age-adjusted thyroid cancer incidence in Vermont
were significant between 1994 and 2000 and 2002 and 2007
for the total population, and between 1994 and 1999 and 2002
and 2007 for females, reflecting changes within the overall
increase (Fig. 1). While the overall ratio of age-adjusted in-
cidence for females to males is 3.1 to 1, the rate of change

differed during the time frame. The estimated APC among
females was a little more than double that of males: 9.9 versus
4.9, respectively. The estimated APC for both females and
males was higher for more recent years (2001–2007) at
13.2% for females [CI 7.3–19.1] and 11% for males [CI 0.7–
21.2]. The proportional age-adjusted incidence was higher
among females than males for all ages except those younger
than 10 years of age (Fig. 2). From 1994–2000, the peak age
of diagnosis was between 30 and 49 years for females and
between 40 and 49 years for males. However, from 2001 to
2007, the peak age of diagnosis was between 40 and 49 years
for females and between 30 and 69 years for males. Overall,
29.8% of the cases were diagnosed below the age of 40 years,
and 57.7% of the cases below the age of 50 years. The overall
increase in incidence for females was in the 30–59 year age
group for females, while no overall change in incidence by
age was noted for males (Fig. 3). There is no significant
difference in the statewide distribution of the population by
age or sex.

Incidence by tumor size and type

In Vermont, during 1994–2007, 86% of thyroid cancer
cases were papillary, 9% follicular, 2% medullary, and <2%
anaplastic comparable to national data. Of particular note, the
findings reveal that sex is a factor in the distribution of cases
by histological type (Fig. 4). In females, papillary thyroid
cancer (PTC) incidence was 89%, follicular (FTC) 8%,
medullary (MTC) 2%, and anaplastic (ATC) 0.6%, while in
males, PTC was 77%, FTC 15%, MTC 1%, and ATC 3%,
respectively. The increase in females encompasses primarily
PTCs with a small increase in follicular cancer types, but in
males the increase is primarily in differentiated follicular
cancers (Table 2). National data (18) indicate that PTC and
FTC increased for both males and females, whereas data from
the present study indicate an increase in PTC for females and
FTC and ATC for males.

Although some studies have indicated that the increase in
thyroid cancer could be attributed to an increase in detection

Table 1. Age-Adjusted Incidence of Thyroid Cancer

per 100,000 People for the United States (U.S.)

and Vermont (VT), 1994–2007

Age-adjusted
incidence

1994–2007

Annual
percent
change

Confidence
interval t-Test

VT 8.0 8.3 [5.7–11.0] p < 0.001
U.S. 8.4 5.7 [5.2–6.1] p < 0.001
VT females 11.8 9.9 [5.9–14.0] p < 0.001
U.S. females 12.3 5.9 [5.4–6.3] p < 0.001
VT males 4.1 4.9 [0.2–9.9] p < 0.05
U.S. males 4.4 5.1 [4.4–5.7] p < 0.001

Annual percent changes were significant at p < 0.001 (df =12) or
p < 0.05 (df =12) as indicated.

FIG. 1. Annual age-
adjusted thyroid cancer inci-
dence significantly increased
in Vermont, 1994–2007.
Significant annual trends are
noted for Vermont (1994–
2000, 2002–2007) and Ver-
mont females (1994–1999,
2002–2007). Significance is
p < 0.05, n = 14, using Ljung-
Box Q analysis in JMP�

Pro v10.0.0.
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FIG. 2. Average annual
proportional age-adjusted
incidence (1994–2007) for
Vermont overall, Vermont
females, and Vermont males.
For Vermont females, the
age groups with the three
highest annual average age-
adjusted incidence are ages
30–39 years, 40–49 years,
and 50–59 years.

FIG. 3. Proportional age-
adjusted incidence of thyroid
cancer differed by age and
sex in Vermont, 1994–2007.
Significant trends were
identified for females (A)
younger than 30 years of age
(1994–1996), females aged
30–59 years old (1994–
2007), females older than 59
years old (2006–2007), and
males (B) younger than 30
years of age (1997–2007) by
Ljung-Box Q analysis
in JMP� Pro v10.0.0
( p < 0.05, n = 14).
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of small tumors and microcarcinomas, using the Ljung-Box Q
analysis, the present data for Vermont indicate no significant
difference in tumor size over time (Fig. 5). For both females
and males, the distribution of tumors by size did not vary over
time; £1.0 cm, 1.1–2.0 cm, and >2.0 cm represented 38%,
22%, and 40%, respectively. While the distribution of tumors
£1.0 cm, 1.1–2.0 cm, and >2.0 cm varies from year to year, the
increase in thyroid cancer incidence is not due to a significant
increase in small tumors but to an overall increase in cases
diagnosed with tumors.

Geospatial distribution of thyroid cancer incidence

Between 1994 and 2007, thyroid cancer age-adjusted in-
cidence varied widely throughout Vermont, ranging from no
incidence to >30 per 100,000. The wide variability in inci-
dence is striking as noted across adjacent zip codes (Fig. 6).
This was further supported by no spatial autocorrelation be-
ing detected between the annual age-adjusted thyroid cancer
incidence at the zip code scale, indicating the high spatial
heterogeneity of incidence across the state. Even with the

FIG. 4. The percent of
thyroid cancer types between
females and males in VT dif-
fer significantly. Females (A)
have proportionally more
cases of papillary cancer and
fewer cases of follicular and
anaplastic cancer than males
(B). (Pearson chi square test;
p < 0.001, n = 702, df = 4).
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high spatial variability of incidence, nine zip code Hot Spots
were identified, highlighting specific focus areas that could
provide insight into future research regarding SES and en-
vironmental drivers of thyroid cancer. No other significant
relationships between thyroid cancer incidence and other
U.S. census variables were found.

At the county scale, Vermont health data showed a sig-
nificant (df = 13, F = 12.82, p = 0.004, R2

adj = 0.48) negative
linear relationship between thyroid cancer incidence and the
number of medical practices per 100,000 people. In addition,
no significant linear relationship was found between thyroid
cancer incidence and the percent insured or the number of
primary care physicians per 100,000 people at the county
scale. Several nonrandom clusters of high thyroid cancer

incidence were revealed by Getis-Ord Gi* analyses. These
clusters are located in 8 of 14 counties, and include northern
and central regions of the state. The geographic distribution
of the clusters occurred predominantly in the regions of
highest elevation along the north–south axis of the state,
which encompasses the Green Mountain Range.

When SES and demographic factors and measures of health
care access were analyzed, thyroid cancer incidence was not
correlated with mean family income, education at more than
high school level, mean travel time to work, and long-term
residents (in residence prior to 1979). At the county scale, the
high thyroid cancer incidence was negatively correlated with
access to healthcare, as measured by location and concen-
tration of primary care physicians compared to the population

Table 2. Thyroid Cancer Histological Type Varies by Age and Sex

Age group

< 30 years,
n

< 30 years,
%

30–59 years,
n

30–59 years,
%

> 59 years,
n

> 59 years,
%

Both sexes:
Papillary 60 92.3 415 88.7 127 75.1
Follicular 2 3.1 41 8.8 26 15.4
Medullary 3 4.6 6 1.3 3 1.8
Anaplastic 0 0 1 0.2 7 4.1
Indeterminate 0 0 5 1.1 6 3.6
Total 65 100 468 100 169 100

Males:
Papillary 10 90.9 87 83.7 36 63.2
Follicular 1 9.1 14 13.5 11 19.3
Medullary 0 0 1 1 1 1.8
Anaplastic 0 0 1 1 4 7
Indeterminate 0 0 1 1 5 8.8
Total 11 100 104 100 57 100

Females:
Papillary 50 92.6 328 90.1 91 81.3
Follicular 1 1.9 27 7.4 15 13.4
Medullary 3 5.6 5 1.4 2 1.8
Anaplastic 0 0 0 0 3 2.7
Indeterminate 0 0 4 1.1 1 0.9
Total 54 100 364 100 112 100

FIG. 5. Thyroid cancer
incidence classified by tumor
size in Vermont, 1994–2007.
The minimum number of
tumors measured in any
given year was 14 (1995);
the maximum was 79 (2006).
Using Ljung-Box Q analysis,
the only significant trend
occurred for tumors 1.1–
2.0 cm in size in 2001–2004.
When the 1.1–2.0 cm cate-
gory was combined with
either of the other two cate-
gories, there were no signif-
icant trends.
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(HISA-VT 2008). No Hot Spots were identified in the highest
income counties whether by per capita or median household
income. According to Vermont Health Insurance Survey,
>92% of the population has health insurance coverage (ref-
erence BISHCA) since 1990 when the surveys were initiated.

Discussion

Between 1994 and 2007, the incidence of thyroid cancer
more than doubled in Vermont. The present findings suggest

that during 1994–2007, the thyroid cancer incidence in
Vermont (8.0%) was comparable to the national trend
(8.4%). However, the estimated APC for women was higher
in Vermont (9.9%) compared with the national APC (5.9%)
as also reflected in the total estimated APC in Vermont and
the United States (8.3% and 5.7%, respectively). Strikingly,
the estimated APC for females in Vermont was double that
for males (9.9% and 4.9%, respectively). When categorized
by age groups, the thyroid cancer incidence more than dou-
bled for females aged between 30 and 59 years over the study

FIG. 6. Geospatial distri-
bution of thyroid cancer in-
cidence. Average annual age-
adjusted incidence for Ver-
mont (1994–2007) mapped
to the U.S. 2010 Census zip
code tabulation areas (zip
codes). Jenks Natural Breaks
was used to create the four
classification categories of
cancer incidence.
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period, while all other categories increased but less dramat-
ically. The total incidence increased for males, but there was
no significant difference among age groups. Various studies
have indicated a relation between reproductive factors and
hormone use that may partially explain the increasing thyroid
cancer incidence in younger women (44). Although the
overall health insurance rate in Vermont (>92%) is near
complete, it is unclear in this study whether female access to
healthcare is greater than for males, which might contribute
to the sex difference in estimated APC.

Overall, PTC accounts for more than 85% and FTC 10% of
the tumors detected, as anticipated. However, the distribution
varies by age (Table 2); PTC represents >92% of the tumors
in those younger than 30 years of age, but only 75% in pa-
tients older than 59 years of age. The incidence of FTC and
ATC increases for those older than 59 years of ages for both
men and women. For men, PTC is most common in those
younger than 59 years of age (>90%), but in those older than
59 years of age, PTC drops to <63%, and FTC and ATC
increase to 19% and 7%, respectively. For females, the
change in distribution of thyroid cancer type is less pro-
nounced such that in those aged 59 years and older, PTC
accounts for >81% of cases, while FTC and ATC increase to
13.4% and 2.7%, respectively. Aschebrook–Kilfoy et al. re-
cently reported an increase in age-adjusted FTC in women
and men, with an increase in aggressive tumors as well as
small tumors particularly in women (18). Unfortunately, the
grade of tumor and metastatic lesions were not reported in the
Vermont registry in >80% of cases, so a comparison of ag-
gressive tumors is not possible.

While previous studies have reported a significant increase
in small (£1.0 cm) tumors (4,10,22,45), the present findings
did not reveal a significant selective increase in these tumors.
An increase in small tumors and a decrease in larger tumors
(>2.0 cm) would be predicted if increased diagnostic scrutiny
accounted for the increase in thyroid cancer incidence. An
incidence of £1.0 cm tumor size that does not significantly
increase over time would argue against an increased detec-
tion due to improved diagnosis.

The present findings for the entire state do not show con-
cordance with higher SES and increase in thyroid cancer
incidence as has been previously shown (4,23,32). Un-
expectedly, the higher thyroid cancer incidence by county
was not located in the counties with the highest per capita
income, family income, and education as would have been
predicted from previous studies. No correlation was observed
between zip codes with high incidence of thyroid cancers and
SES or access to enhanced medical diagnostics. Data on tu-
mor characteristics by zip code would be necessary to de-
termine a potential correlation between SES and tumor size
and stage at diagnosis. Nevertheless, the distribution of
higher incidence of thyroid cancer incidence is not consonant
with higher diagnostic scrutiny that would be expected with
higher SES and access to healthcare. Aside from healthcare
access, variation in healthcare provider culture and practices
could contribute to the geospatial and temporal patterns that
were observed in thyroid cancer incidence, but this could not
be addressed in this study. Future studies could examine
variation across healthcare provider networks.

This study was unable to determine causal relations be-
tween healthcare access, diagnostic approaches, environ-
mental factors, and thyroid cancer incidence based on the

geospatial analyses, but regions were identified where an
assessment of possible environmental and demographic
drivers may be focused. Although the geostatistical analysis
did not identify a spatial autocorrelation at the zip code scale,
the possibility of autocorrelation cannot be ruled out. As with
any geo-referenced data set, there is always the possibility
that the scale or range of autocorrelation will be missed if the
spacing between observations is too large (46). As a result, it
is suggested that a database geo-referenced at the household
scale is needed to identify spatial correlations better between
environmental factors and risk of thyroid cancer. Future
studies are necessary to evaluate the role of diagnostic
evaluation, environmental factors directly in thyroid cancer
incidence trends.

This study may also be limited by the usual concerns of
population-based studies, including nonreview of histopath-
ological diagnoses, incomplete data collection, and varia-
tions in tumor classifications related to analyses of registry
data. The 1994–2007 data collection time frame is subse-
quent to the World Health Organization recommended
change in thyroid tumor classification that occurred in 1988
(47). Further, the population of Vermont is generally racially
homogenous (>95% white Caucasian), and thus caution must
be taken in generalizing the results to other populations with
greater representation of racial groups. The finding that var-
iation in access to healthcare does not fully explain temporal
and spatial trends in thyroid cancer incidence in Vermont
warrants further investigation in other study populations,
particularly those with increased racial diversity. Healthcare
insurance coverage is high (>92%) in Vermont and should be
taken into consideration when generalizing to other states or
population groups.

In summary, in rural Vermont with nearly complete
healthcare coverage and a relatively stable population, the
incidence of thyroid cancer is increasing among both women
and men. The increase is most profound for women between
the ages of 30 and 59 years. The increase in thyroid cancer is
reflected in both small and large tumors; there is no signifi-
cant difference in tumor size detected over the time period
studied. Furthermore, geospatial analysis revealed a distri-
bution of thyroid cancer incidence across the state that did not
correlate with proximity to tertiary healthcare centers or SES.
Similarly, the data did not support the often-reported hy-
pothesis of increased incidence over time due to improved
diagnostic scrutiny. These findings strongly suggest that
other SES and environmental factors may likely contribute to
the increase in thyroid cancer incidence. Investigation into
naturally occurring and man-made environmental factors as
well as lifestyle impact on thyroid cancer development is
clearly warranted.
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