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Abstract

Background—Thyroid cancer incidence is increasing worldwide. Incorporating 22 years of
incidence data through 2009, we extend examination of these trends among a wide array of
subgroups defined by patient (age, sex, race/ethnicity, and nativity), tumor (tumor size and stage),
and neighborhood (socioeconomic status and residence in ethnic enclaves) characteristics, to
identify possible reasons for this increase.

Methods—Thyroid cancer incidence data on 10,940 men and 35,147 women were obtained from
the California Cancer Registry for 1988-2009. Population data were obtained from the 1990 and
2000 US Census. Incidence rates and 95% confidence intervals (Cl) were calculated and incidence
trends evaluated using Joinpoint regression to evaluate the timing and magnitude of change
(annual percent change (APC) and rate ratios).

Results—The incidence of papillary thyroid cancer continues to increase in both men (APC=5.4,
95% ClI: 4.5-6.3 for 1998-2009) and women (APC=3.8, 95% CI: 3.4-4.2 for 1998-2001 and
APC=6.3, 95% ClI: 5.7-6.9 for 2001-2009). Increasing incidence was observed in all subgroups
examined.

Conclusions—While some variation in the magnitude or temporality of the increase in thyroid
cancer incidence exists across subgroups, the patterns (1) suggest that changes in diagnostic
technology alone do not account for the observed trends and (2) point to the importance of
modifiable behavioral, lifestyle, or environmental factors in understanding this epidemic.

Impact—Given the dramatic and continued increase in thyroid cancer incidence rates, studies
addressing the causes of these trends are critical.
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Introduction

Substantial increases in the incidence of thyroid cancer over the last 30 years have been
observed in many countries worldwide (1-5). In the US, significant increases in thyroid
cancer incidence rates began in 1980 and the rate of increase has accelerated since 1997 (6).
While thyroid cancer is three times more common in women than men, the rate and
temporality of this increase is similar in men and women (6). In addition, the increase
appears to be largely limited to papillary thyroid cancer (4, 5, 7-10) and most prominent
among small tumors <1 cm (7, 8, 11). While some authors have attributed this increase
solely to improvements in diagnostic technology and imaging (7, 12-14) leading to the over-
diagnosis of occult tumors (14, 15), most have concluded that other factors are also involved
(2,3,8,10, 11, 14, 16-22).

Here we present a comprehensive evaluation of temporal trends in thyroid cancer incidence
by patient, tumor, and selected neighborhood/contextual factors in the diverse California
population. This work extends previous analyses which have examined trends in other
populations through 2005, by several calendar years, to 2009, thus, evaluating current
trends. In addition, it expands the scope of previous work by evaluating variation in thyroid
cancer incidence by previously unexamined individual-level (i.e., nativity) and contextual-
level (i.e., residence in an ethnic enclave among Hispanics and Asian/Pacific Islanders
(APIs)) factors which reflect degree of acculturation (23). The contextual-level acculturation
variable has, to our knowledge, only been compiled for census-regions within California, as
has denominator data specific to the joint distribution of age, ethnicity, and nativity which is
necessary for computing nativity-specific rates and evaluating trends by our individual-level
acculturation measure. Since acculturation has been found to modify the predictive nature of
socioeconomic status (SES) in other cancer studies (24), the evaluation of California data in
this regard may provide additional insight into what is known about thyroid cancer trends.
Finally, we address the impact that improved completeness of tumor size data has on the
observed trends.

Materials and Methods

Cancer incidence data were obtained from the California Cancer Registry (CCR), which is
part of the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER)
Program. Reporting of cancer cases to the CCR is mandated by law, and data quality,
completeness, and timeliness of reporting meet SEER standards (25). Cases were included
in the present analysis if they were residents of California when diagnosed with a first
primary invasive thyroid cancer (International Classification of Diseases for Oncology
version 3 [ICD-0-3] site code C73.9) between January 1, 1988 and December 31, 2009.
Primary analyses focused on papillary thyroid carcinoma including its follicular variant
(ICD-0-3 histology codes 8050, 8260, 8340-8344 and 8350).
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For each cancer case, we obtained the following information from the CCR: age at
diagnosis, date of diagnosis, sex, race/ethnicity, birthplace (when available), census tract of
residence at diagnosis, tumor size, and stage at diagnosis. These data are routinely abstracted
from the medical record. The North American Association of Central Cancer Registries
(NAACCR) Hispanic and Asian Pacific Islander Identification Algorithms (NHIA and
NAPIIA, respectively), which are based on surname, maiden name, and birthplace, were
used to improve classification of Hispanic and specific API ethnicities (26, 27). Birthplace/
nativity data were augmented as described below. Census tract of residence was used to
determine neighborhood SES. For Hispanics and APIs, residence in an ethnic enclave, was
determined as described below. Disease stage was classified according to the SEER
classification system as localized, regional, distant, or unknown. The SEER staging system
for papillary thyroid cancer (and its follicular variant) is independent of tumor size. Local
refers to a tumor confined to the thyroid gland. Regional indicates spread to the lymph nodes
or extranodal tissue in the neck. Distant refers to metastatic spread elsewhere in the body.

General population data was obtained from the 1990 and 2000 Census Summary File 3
(SF-3). Population counts by sex, race/ethnicity, and five-year age group for California were
used. For nativity-specific population estimates, data from the 1990 and 2000 Census’s 5%
Integrated Public-Use Microdata Sample was used to estimate age- and nativity-specific
population counts for each ethnic group by smoothing with a spline-based function (28, 29).
For intercensal years, the foreign-born population was estimated using cohort component
interpolation and extrapolation methods, adjusting the estimates to the age and year
populations provided by the California Department of Finance for years 1988-1989 and by
the National Center for Health Statistics for years 1990-2004. At the time of analysis, 2010
Census data by nativity were not yet available and extrapolation of nativity-stratified
population estimates beyond 2004 would have resulted in unstable estimates..

Analyses by Nativity

Information on birthplace is routinely collected by the CCR from hospital medical records
and augmented with data from death certificates. Our prior research shows that these data,
when available, are highly accurate at the level of US- and foreign-born (30, 31). However,
they are missing on approximately 30% to 35% of Hispanic and API cases. As described
previously, we have developed an optimized system for imputing birthplace with minimal
bias using the first five digits of the Social Security number, which correspond to the state
and year of issuance (24, 32, 33).

Analyses by Neighborhood Characteristics

A neighborhood SES quintile was assigned to each person based on their census tract of
residence at the time of diagnosis and a previously developed index that incorporates Census
data on education, income, occupation, unemployment, and housing costs (34). Census data
from 1990 was used for determining the SES index for the period 1988-1992 and 2000
Census data was used for the period between 1998 and 2002. Quintiles of SES were based
on ranking all California census tracts according to this index within each time period.
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Residence in an ethnic enclave, defined as a geographic unit with a higher concentration of a
foreign-born race/ethnic-specific population and language(s) than other geographic units,
was determined for each Hispanic or API person’s census tract based on a previously
developed index that incorporates 2000 census data on race/ethnicity, nativity, immigration
history, English and native language fluency, and linguistic isolation (24, 35). The census-
tract level index is based on averaging the data at the block group level for each tract. Each
Hispanic and API person was assigned to an enclave quintile based on their census block-
group of residence at diagnosis.

Analyses of neighborhood SES and residence in an ethnic enclave were limited to persons
diagnosed in the five years around the 1990 and 2000 decennial censuses (i.e., 1988-1992
and 1998-2002).

Statistical Analyses

SEER*Stat software (36) was used to compute age-adjusted and age-specific incidence rates
per 100,000 persons, standardized to the 2000 US standard million population, and
corresponding 95% confidence intervals (CI). Incidence rate ratios (IRR) and corresponding
Cls were calculated to estimate the magnitude of the difference between incidence rates for
various time periods, with the earlier time period being the reference group. Time trends in
incidence rates between 1988 and 2009 were also examined using Joinpoint Regression (37,
38). This software calculates the annual percent change (APC) in incidence rates by fitting a
series of least squares regression lines to the natural logarithm of the age-adjusted incidence
rates (the dependent variable), using calendar year as the independent regression variable.
This method allows for the identification of all changes in the slope of the regression (trend)
line that represents statistically significant contributions to the explanatory model based on
the Permutation Test and the Bayesian Information Criterion; the points at which the trend
lines change are termed the “joinpoints.” Results from the Joinpoint analysis are presented
in Table 2 as a given number of “trends” (i.e., joinpoints) of a given magnitude (i.e., the
APC) for a group of years for each subgroup examined.

The potential impact of the set of {kj;} missing or unknown tumor sizes, for years i=1988,
..., 2009 and age groups j=1, ..., 18, on temporal trends in rates by tumor size was assessed
by determining how best to apportion the k;; cases to the seven levels of tumor size, from
<0.1 to 5+ cm, in such a way as to minimize differences in the magnitude of temporal

trends. Specifically, a set of seven non-negative proportions (py, po, ..., p7) that sumto 1,
corresponding to the seven levels of tumor size, was sought such that, when pyk;j cases were
added to the existing case count for year | and age group j, the differences in AAPC for the
resulting rates over time among the seven tumor sizes was minimized. Constrained nonlinear
optimization was used to determine the proportions, where the criterion to be minimized was
deviance between two nested Poisson Generalized Linear Regression models with a log link.
The more general model allowed a separate slope for each tumor size, while the nested
model required a common slope among the seven tumor sizes. (Each model allowed
different intercepts for each tumor size.)
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Between 1988 and 2009, 10,940 men and 35,147 women were diagnosed with thyroid
cancer in California. Among men and women, 80% and 86%, respectively, of all thyroid
cancers were of papillary histology, incidence of which increased significantly during this
time period (Figure 1). Among men, no increase was observed for follicular, medullary or
anaplastic thyroid cancers; however, tumors for which histology was not specified increased
significantly (from 0.09 per 100,000 men in 1988-92 to 0.14 in 2003-2009; IRR=1.66, 95%
Cl: 1.17-2.41). Among women, a significant increase was observed for follicular tumors
(IRR=1.21, 95% ClI: 1.10-1.34), but not for medullary, anaplastic, or tumors of unspecified
histology. The incidence of papillary thyroid cancer increased from 1.99 to 3.31 per 100,000
men (IRR=1.66, 95% CI: 1.57-1.77) and from 5.56 to 11.37 per 100,000 women (IRR=2.04,
95% CI: 1.97-2.12) between 1988-92 and 2003-09 (Table 1). Among men, this increase
began in 1998, while among women, significant annual increases were observed during the
entire study period but accelerated as of 2001 (APC1998-2001=3.8, 95% CI: 3.4-4.2 and
APC2001-2009=6.3, 95% CI: 5.7-6.9; Table 2).

The remainder of the analyses were limited to papillary thyroid cancer. The patterns
observed for men and women for all subgroups were generally similar. Table 1 presents the
incidence rates for the earliest (1988-1992) and latest (2003-2009) time periods examined
and the IRRs comparing rates for these two time periods stratified by several individual and
tumor characteristics. Table 2 presents temporal changes in the APC over the entire time
period studied. For women, significant increases in papillary thyroid cancer are seen across
all subgroups examined (including age, race/ethnicity, birthplace, tumor size, and stage)
with the exception of tumors of unknown size or stage, for which significant decreases are
observed. Overall, for both men and women, the magnitude of the temporal increase in rates
was greater with increasing age and slightly lower among APIs than other racial/ethnic
groups (Table 1), the latter due to the lower IRRs for foreign-born API men and women
compared to their US-born counterparts. However, during the latter part of the study period,
the rate of increase accelerated for men aged 35-49 and women aged 35-64 and white and
API men and women (Table 2). For Hispanic men and women, increases were similar
regardless of nativity, while for APl men and women, the overall rate of increase was
substantially greater among those who were US-born. While we attempted to examine the
effects of nativity within the disaggregated API ethnic groups, the number of cases in many
of the cells became small and the differences were not statistically significant (data not
shown).

Tumors 1.5 cm or smaller increased at a greater rate than larger tumors, although significant
temporal increases were seen for all size tumors, including those =5.0 cm. Indeed, the
greatest increase in incidence occurred among the earliest stage tumors (<2 cm / local stage;
IRR=3.28, 95% CI: 3.07-3.50 for women and IRR=3.20, 95% ClI: 2.76-3.73 for men) but
with a large and statistically significant increase also seen among the latest stage tumors (=2
cm / advanced stage; IRR=2.45, 95% CI: 2.23-2.69 for women and IRR=2.13, 95% CI:
1.84-2.47 for men). There was also a significant acceleration in the rate of increase of small
but advanced tumors (<2 cm / advanced (regional or distant) stage) among women since
2005. While tumors of unknown stage account for only 2% of all papillary thyroid cancers,
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tumors of unknown size account for 10% overall, declining from 27% in 1988-92 to 5% in
2003-09. Thus, we examined whether the increase in tumors of any size might be due to the
decrease in tumors of unknown size. We found that with an optimal choice of proportions of
unknowns allocated to each of the size categories, the differences in category-specific rate
increases over time, as measured by the reduction in deviance in a model with separate
slopes compared to a model restricted to a common slope, can be reduced by approximately
90% in women, and disappear altogether in men (see Figure 2 for women). Hence, while
there does appear to be differences in the rates of increase over time across all of the size
categories, the magnitude of the rate change for specific tumor sizes may not be as dramatic
as what is depicted by analysis of the cases restricted to data with known size categories.

Table 3 presents the incidence rates by neighborhood characteristics for the two five-year
periods around the decennial censuses (1988-1992 and 1998-2002) and the IRRs comparing
rates for these two time periods. The incidence of papillary thyroid cancer increased
similarly across all levels of SES. In addition, the tumor size-specific patterns of increase
were similar for persons of low and high SES. For Hispanics, rates increased similarly
regardless of SES or residence in an ethnic enclave. For APIs, the increase in rates was
slightly, but not statistically significantly, greater among those of higher SES but did not
vary according to residence in an ethic enclave.

Discussion

During the last 20 years in California, there has been a significant, rapid, and continued
increase in thyroid cancer incidence rates in all subgroups defined by patient (age, sex, race/
ethnicity, and nativity), tumor (tumor size and stage), or contextual (SES and, among
Hispanics and APIs, residence in ethnic enclaves) characteristics. While some variation in
the magnitude or temporality of these increases exists across subgroups, these patterns
suggest that changes in diagnostic technology or surveillance patterns alone cannot account
for this epidemic. Other modifiable behavioral, lifestyle, or environmental factors are most
likely to be involved.

Prior concerns that the trends in thyroid cancer incidence were largely related to changes in
diagnostic technology were well founded. The 1980s saw substantial changes in the
technologies used to diagnose thyroid cancer: ultrasound imaging in the early part of the
decade and ultrasound-guided fine needle aspiration (FNA) in the latter part (8). These
technologies achieved widespread use by the mid-1980s and early 1990s, respectively (7).
The greater diagnostic ability of these screening technologies combined with the relatively
slow-growing nature of many thyroid cancers and the presence of “occult”
microcarcinomas, is undoubtedly responsible for a portion of the increased incidence of
thyroid cancer over time, particularly in the 1990s. Indeed, the increase in tumors <1 cm and
1.0-1.4 cm was greater than that of larger tumors. However, as observed here and elsewhere
(8, 11, 19), there has also been a statistically significant temporal increase in larger tumors,
including those >5 cm, and tumors classified as regional or distant SEER stage. But
interpretation of the trends by tumor size is complicated by the consistent improvement in
the completeness of tumor size information in cancer registry data over the course of the last
twenty years. In our sensitivity analysis, we found that optimal allocation of the tumors of
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unknown size into the specific size categories had the largest impact on the smallest tumor
size categories, reducing the magnitude of the increasing trend, particularly for tumors <1
cm. Substantially less impact was seen for the trends in larger tumors. Thus, changing
patterns in the completeness of tumor size data over time accounts for a portion of the
observed tumor size-specific trends, suggesting that analyses that do not account for this
change in reporting, such as the unadjusted tumor size data presented here as well as in
previously published data based on SEER, must be viewed with caution and that the impact
of diagnostic technology on the temporal trends in thyroid cancer is probably less than
previously suggested.

In addition, if screening or diagnostic technology were the sole cause of the temporal
increases, one would expect the increases to occur first and to the greatest extent among
subgroups of the population who have greater medical care utilization and access (e.g.,
women, persons of white race/ethnicity, and persons of higher SES) and later among other
subgroups, similar to what was observed for mammographic screening (39). Some of the
observed temporal patterns for thyroid cancer are consistent with a role of diagnostic
technology or screening, but most are not. While our study and others (2, 8, 11) observed
significant temporal increases in thyroid cancer among both men and women, the magnitude
of the increase in women is greater than in men in our study and others (8) but not in all
studies(11). In addition, the temporality of that increase is earlier in women than men in the
California data presented here but not in the SEER data as a whole (11). When examined by
race/ethnicity and as observed in our population, significant increases of a similar magnitude
and temporality are generally observed within and across all racial/ethnic groups in the
California data (32), whereas within the SEER data, the magnitude of the increase is similar
among whites and blacks but greater in those groups than other racial/ethnic groups (1, 8,
19). The observed patterns also differ by age. Similar to previously reported analyses using
SEER data (8, 11), in our study, the magnitude of the increased incidence was greater
among persons age 50 years and older, compared with younger men and women, although
the temporality was similar. Those persons age 65 years and older, who would be eligible
for Medicare coverage, experience rate increases similar to those age 50-64. Women age
20-34, who may have greater contact with the medical care system due to childbearing,
experience rate increases that are less than women age 35-49 or older. Contrary to a
previous report of SEER data that examined neighborhood SES based on county-level data
and found the increase in thyroid cancer to be greater among those in the highest 75% of
SES compared to the lowest 25% (21), our analysis of neighborhood SES, based on census
tract data (i.e., a more cohesive measure of neighborhood) suggests no differences in the
magnitude of the rate increase by SES, with the exception of a slightly higher rate of
increase of small tumors among those in the lower 60% of SES. Finally, we examined the
impact of acculturation on the trends in papillary thyroid cancer incidence. We observed no
differences by nativity, an individual-level proxy for acculturation. Hispanic and API
women have experienced significantly increased rates of thyroid cancer, regardless of
whether they are US-born or foreign-born; although the rate of increase for foreign-born API
women is small. For men, among whom thyroid cancer is less common, the changes
generally do not reach statistical significance. For Hispanics and APIs, we also examined the
impact of residence in an ethnic enclave, a neighborhood-level proxy for acculturation. This
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composite variable is based on census data at the tract- and block-levels which combines
data on nativity, recent immigration, poverty, language proficiency, and linguistic isolation
(23). Residents of more dense ethnic enclaves would be less acculturated and less likely to
benefit from new diagnostic technology. As with nativity, the incidence of papillary thyroid
cancer increased to a similar degree at all levels of ethnicity density whether examined alone
or in conjunction with SES. Thus, as with patterns examined by tumor characteristics,
patterns by patient and contextual characteristics suggest that factors beyond changes in
diagnostic technology are likely to be responsible for a significant portion of the temporal
increase in thyroid cancer incidence. Such factors may include exposure to various types of
radiation (10, 16, 18, 40) or environmental endocrine disruptors (2, 16), consequences of the
obesity epidemic, or the effects on immune function of the increasingly sterile environment
in which we live today.

Several strengths and limitations of the current analysis should be noted. First, in 1988, the
World Health Organization made modifications to their histologic classification scheme for
thyroid cancer, resulting in tumors which would have previously been classified as follicular
to now be classified as follicular variants of papillary, and thus, be included in our papillary
group (2). While it is not known how long it took for this new standard to diffuse across all
California hospitals, our analyses start with cases diagnosed concurrently with this
classification change and show significant increases in both types of thyroid cancer in
women, where we had sufficient statistical power. Thus, it is unlikely that this change in
classification had a major impact on the trends reported here. Second, the large and diverse
California population, and our ability to look at the effects of SES and acculturation based
on our enhanced surveillance data (23, 40), provides a powerful resource for examining
trends not only at the individual and tumor level but also on the social/contextual level.
Nonetheless, despite our large US- and foreign-born Hispanic and API populations, we did
suffer from imprecision in some of our estimates due to small numbers of cases in some
subgroups, particularly among men. In addition, despite the use of our validated imputation
method for determining nativity, there is the possibility of misclassification (32, 33). We are
also aware that there is misclassification of Hispanic ethnicity in cancer registry records;
however, accuracy of ethnicity-reporting has improved over time and the relative bias when
calculating age-adjusted incidence rates is minimal (<1%) (41, 42). There also may be errors
associated with the inter- and post-censal annual population estimates; this is a particular
concern for the extrapolated post-2000 estimates (43). Finally, a major strength of our
analysis is the conduct of a sensitivity analysis to address the impact that the temporal trends
in unknown tumor size had on the tumor size-specific trends in thyroid cancer rates. This is
particularly important since it impacts the interpretation of the relative contribution of
diagnostic technology, versus other causes, in the observed temporal trends.

In summary, we found that papillary thyroid cancer rates continue to increase and while
there was some variation in the magnitude of the increasing trends, there were statistically
significant increases in just about every subgroup examined. We conclude that while
diagnostic technology may account for a moderate portion of this increase, it is likely that
widespread environmental or common population trends are responsible for a substantial
portion of the continuing increase in thyroid cancer incidence. Furthermore, it is likely that
no one factor alone accounts for the temporal increase but that multiple factors or
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interactions between host and environmental factors are involved. Further research that
directly addresses the causes of these temporal trends is critical.
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Figure 1. Average annual age-adjusted thyroid cancer incidence rates (per 100,000) in

California, by sex and histologic type

Papillary: solid line with diamonds; follicular: dashed line with squares; medullary: small
dashed line with triangles; anaplastic: dotted & dashed line with circles; “not otherwise
specified”: dotted line with squares. Annual percent change, 1988-2009 (unless otherwise
specified), for men and women, respectively: papillary: 1988-98 1.1 and 1998-09 5.4*, and
1988-01 3.8* and 2001-09 6.3*; follicular: 0.0 and 1.2*; medullary 0.4 and 1.0; anaplastic
-0.9 and 1.2; and “not otherwise specified” histology: 3.0* and 0.3. * denotes p<0.05.
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Reduction in differences in average annual percent change by tumor size in females due to

optimal allocation of unknown tumor sizes.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 14

Horn-Ross et al.

(L6'2-50'2) 9v'e
(ze'z-28'1)50°C
(e0z-€L7) 28T
(Tr'2-96'7) LT°C
(Lee-eLT) 0
(L57-€8€) 8T'Y

(tzy-ernere
(ze1-€07) LT'T
(202-02'1) 56T
(58'T-25'7) 89T
(z6'1-86'1) 29'T
(S0'2-9e'7) 29T
(0€'2¢-v6T) TT°C
(992-8.1) 9T°C
(L12-86'T) L0C

(z8'2-622) v5'C
(tLz-0e2) 6Y'C
(8T°2-v6'T) S0°C
(89'1-87'1) /6T
(09'1-80T) 2E'T

(2rz-16T) ¥0'C

(55'0-Lt'0) 150
(20'1-96'0) 20'T
(60z-76'T) 10T
(SS'T-TY'T) 8¥'T
(06'T-5L'T) 28T
(e9e-eve) €5€

(2e'8-¥L7) 9€'9
(92'6-29'8) LT'6
(€0'¥T-T6'0T) OV'2T
(LG°€T-05°2T) €0°€T
(60'6-18'2) €v'8
(eTo1-228) €T'6
(0v'1T-89°0T) £0°'TT
(25'9-61'S) T0'9
(ze'er-s211)E0°2T

(65°2T-L¥'TT) 20°2T
(£9'6T-L¥'8T) 90°6T
(Sv'6T-2¥'8T) £6'8T
(z9'TT-18°01) T2'TT
(TT'7-06'0) 00'T

(95’ TT-6T'TT) LETT

(¥2'0-L1°0) T2°0
(55'0-5t°0) 050
(STT-00T) 80T
(72'0-29'0) 89'0
(99'0-55°0) 09'0
(¢6'0-82°0) ¥8°0

(LT'5-29T1) 00°€
o(vL'8-L0°L) G8'L
(To'0T-€£'9) 66°L
(6v'8-0T°2) LL'L
(66'5-6v'7) 6T'G
(¢5'9-851) 8v'S
(99'5-€8'7) ¥2'S
(te'e-1€2)8L°C
(€0'9-85'5) 08'S

(0z's-0ev) €LY
(rz'8-80°2) ¥9'L
(TL'6-v.'8) 12’6
(0g'2-GL'9) 2T'L
(68'0-790) 920

(r2'5-6€'G) 95°'G

L9E'T
006'C
ovL's
€06'c
08¢y
T.8'L

eTl
L50¢

451
289y
Slve

§1¢e

€89°L
€00'T
9v5'9T

169'¢
GE0'L
682'TT
esy'L
128

G62'0€

(6€2-€r'T) ¥8'T
(LzT-18T) 58T
(erz-€sT1) 081
(9L2-811) 222
(zz'e-502) 95°C
(ov'v—90°€) 99°€

(L2°5-12°0) 00T
(LZ'1-12°0) 66°0
(99'2-06'0) ¥S'T
(LTSt 0V'T
(¥9'1-v2'0) 60'T
(68'1-18°0) €21
(90'2-0v'T) 69'T
(60'€-€€'1) T0'C
(68'T-29T)SL'T

(ze2-0L1) 66'T
(0T'z-€97) 58T
(29'1-0€T) S¥'T
(9 1T-v2'T) EV'T
(99'1-99°0) ¥0'T

(L2T-15T) 99T

(Lz0-12°0 V20
(ov'0-€€°0)9€°0
(65°0-050) ¥5°0
(Tv'0-v€'0) 8€°0
(zv'0-5€'0) 6€°0
(88'0-820) €8°0

(Lrz-19°0) vE'T
(v0'e-€€'2) 99°C
(ee'v—89'2) ev'e
(s8'e-vze) v5e
(z€'2-v5'1) 06'T
(60'€-86'T) 6v'C
(68'2-8'2) 89'C
(102-L£T) 29T
(e0v-1L€) 18°€

(tLre-282) vee
(6T'2-67"9) 18'9
(6S7-T'7) ¥E'Y
(zz-18T) €02
(0z'0-¢10) ST'O

(Tr'e-0z°€) 1€°€

(9T'0-0T'0) ET'0
(ez'0-91°0) 02°0
(se'0-92°0) 0€0
(0z'0-v1°0) LT°0
(8T°0-21°0) ST'0
(Lz0-6T°0) €20

q(£6'1-52°0) 28°0
(eee-812) 0L'C
(ege-LeT) €2
(00'e-01°2) 25°C
(rr'e-10T) SL'T
(s8'z-0r'1) 20°C
(68'1T-2€'T) 65T
(87'1-95°0) €8'0
(se'z-902) 022

(tre-282) vee
(eT'v-8c€) 89E
(Lze-T1L2) 86'C
(65 1T-L2T) 2V'T
(Tz'0-01°0) ST'0

(TT'Z-88'T) 66'T

819
<66
98y'T
568
433
v18'T

€¢

T6Y

T1S

S9Y
829'T
¥9¢
619'S

28S'T
9€9°C
118'C
T0S'T
144

6EL'8

wa 670t

wi6'e-0¢

wa6¢-0¢

wi6'T-GT

w ¥'1-0'7

wo 7>

azIS Jown |

aUBOLIBWY 3ANEN
U_qug.cm_EE
poti09-sn

Japue|s| d1419ed/URISY
;ul0g-ubiaioy
oUl0g-sN

oluedsiH

32e|q d1uedsiH-uou

8)Iym a1uedsiH-uou

Ananeu/Aidtuyia/eoey

ddl

600¢—€00¢

6618861

31e. souspiou]

eN

ddl

600¢—€00¢

6618861

31e. souapiou|

eN

UBLWOAN

NIH-PA Author Manuscript

T alqel

UaIN

"SOIIS1Ia1oR.IRYD JOWN) pUe [enplAIpul Ag ‘elulojljed
ul (4y1) soles ayel 8dUBPIdUI pUR 600Z—E00Z PUR 266T—886T 40) (000°00T 42d) serel asuapioul J13ourd piotAyl Asejjided paisnlpe-abe [enuue sbelony

NIH-PA Author Manuscript

NIH-PA Author Manuscript

PMC 2015 June 01.

in

available

Cancer Epidemiol Biomarkers Prev. Author manuscript



Page 15

Horn-Ross et al.

sabeys Juelsip pue [euoifial sauIquIOd

}

SAIIEN UBSSE]\/UeIpul UeLiawy

suosiad UeISY LINOS pue ‘Uealoy| ‘asaweulsiA ‘ouldifi ‘asaueder ‘asaulyd sepnjoul

p

¥002-866T Pue Z66T-886T spoLiad ‘_Eo

auoje pouad awin Ze6T—886T dU) 104 Salel 3|gelS 31e|NJJe 0 ||eLUS 00) SeM Sased JO Jaquinu /66T—886T

PMC 2015 June 01.

in

available

Cancer Epidemiol Biomarkers Prev. Author manuscript

q
600Z-886T,,
(tro-6z0) 660  (02°0-ST'0) 8T'0 (250-9¥0) 150 TTOT  (8%'0-0€0)8€0  (ST'0-0T'0)2T'0  (LE0-8Z0)Z€0  8SS PALBADE/UMOUUN
(ze'0-vz'0) L2°0 (sz'0-02°0) 22’0 (68'0-GL'00280  SOvT  (82°0-GT'0)TZ’'0 (80'0-G0'0) 900  (v€'0-G2'0) 620  88E [e90]/UmouNuN
(69°¢-€2'2) Sv'e (16'1-28'T) 68T (r8'0-1L002L0 1867  (ve-v8T)eTC (180-9.0)280 (v70-vE0)8E0  880C padueApe / WD 02
(e61v91) LT (222902 v (6zT-2TT)TZT 9089  (€6T-G¥'T) 29T (120-290)990 (Gv'0-SE0)OV'0  €98T [e90] / WY 022
(8v'e-8,2) 1T (€LT-65T)99T  (650-8Y'0)€50  ve6E  (20'6-L07) 6v'2  (LS0-6v°0)e50  (S2'0-8T0) Tz0  €IeT  JPIOUBAPE/UR 0>
(oge-L0€) 8zt  (62°G¥0'S) 9T'G (L91-8r'T) 26T  8S02T  (eL€-922)oze  (2TT-00T) 90T  (8E'0-62°0)EE0  60EC [B90] / WO 0°'Z>
abeys / 8z1s Jown |
(0T'1-99°0) 82°0 (¥1'0-0T°0) ¢T°0 (81'0-21°0) ST'0 009  (S9'1T-69'0) 90'T  (80°0-G0'0) 900  (80°'0-¥0°0) 900 022 umousjun
(L6 T-9¢T)€9T  (OV'0-€€°0) 9€0 (9z0-6T0) 220  ¥92'T (Y8T-YTT)SY'T (820-220)Gc0  (TZ0-¥T0)LT0  60L Jueisip
(Sze-L6T)TT°C (L'e-9z'€) 9g€ (69'T-16T) 09T 299’8 (T8T-L¢T)€9T (82T-9TT) 22T (28°0-89°0)GL0 0S2'E [euoifal
(81°2-00'2) 60°C (89'2-1€'2) ¢5'L (rLe-9v'e) 09c  692'6T (26T-09T)GLT (98T-0LT)8.T  (OT'T-¥6'0) 20T 095V [e20]
abeis y33s
(8€°0-1€°0) ¥€°0 (€5'0-5v°0) 6v°0 (zg1-5eT)ev'T €8¢ (0v'0-620)¥€0 (92°0-020) €20  (€2°0-09'0) 990  STT'T umouun
(TL2-16T) L2 (95'0-8v'0) 250 (Lzo-610)€20  T8E'T (8L2-9LT)0CC (8E'0-T€0)GE0  (BT'O-€T'0)9T0 /88 wo 0'G2
Hl 6002-€002 766T-8861 eN ul 6002-€002 266T-8861T eN
ECIERVETRI ETIERVETJRI]
UBWOAA UaIN

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 16

Horn-Ross et al.

(95-¢€€) vy 60028861 wo 062
(82 9¢ 600¢—-886T wo 670y
(6v-z2)s€ 60028861 wo 6'€-0°€
(6v-1€) 0¥ 60028861 wo 6'2-0°C
(86-59)T'8 600c-€66T  (Ev-TLT-)TL-  £661-8861T wo 6T-G'T
(0-sv) LS 60028861 wd '1-0'T
(8'8-6'9) 8'2 60028861 wo 1>
9ZIs Jown

Ocmu_‘_wc‘_d\ 9AllEN
61-622) 20— e002-886T QEog-cm_m:E
(8-vz-) 6z  er00Z886T qtioa-sn

(5ee-€2) 891 6002-9002 (§2-€09)TT 9002—-886T  Japuels| d1oed/UeISY

(€9-L1-)zz  eV00C-8861 ulog-ubiaioy
(zovo)ge  eb00c8861 ul0g-sn
(zg-s2)6¢ 60028861 SluedsiH
(To-€a)Tv 60028861 »e|q dluedsiH-uou
(€9-97) ¥'s 60025661  (v'z-z'e-) v'0- G66T-886T ajym oluedsiH-uou
Aunnreuyhyoruyiejeoey
(95-9€) 9 60028861 692
(0s-9€) ev 6002-8861T ¥9-05
(§'9-v'€) 6 6002-966T  (8'T-8'G-) T'¢- 96618861 6v-G€
(re-81)9¢ 60028861 v€-02
Trv1-) €T 6002-8861T 0z>
aby
(€951 v's 6002—-866T (Gz€0-)TT 86618861 nv
N
Odv saeak Qdv sieak 2dVv saeak odv saeah odVv sa1eak
G pusai ¥ pual € puai Z puai T pusad L

"SOIISLI1oR.IRYI JOWN) PUB [eNpIAIpUI
AqQ ‘eluiog1jeDd Ul 600Z pue 886T UsamMiaq Saled aousploul Jaoued plotAyl Arejjided paisnipe-abe ul (Ody) abueyod 1usdiad [enuue ay) ul spuall [edodwsa |

¢ ?olgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 17

Horn-Ross et al.

(0'9-€2) TV ©002-886T quiod-sn
(5681 TL 6002-€002 (Te-enee €002—-886T  J9pue|s| dl1oed/ueISy
(5592 0¥ eV00C-8861 ulog-ubiaio}
(co-ze) L'y ©7002-8861 wiog-sn
(cs-¢v)8v 60028861 aluedsiH
(89-8€)€s 600Z-886T »e|q d1uedsiH-uou
(8'5-19) ¥'s 6002-£66T (8'€-2'0-) 9T €66T-886T a)ym oluedsiH-uou
Aoruyle/aoey
(L9-€9) 09 600Z-886T 692
(96-zL) '8 6002-€00¢ (€6-20)9F €002-666T  (SST-S€)€6  6661-G66T  (9°2T-€CT-) 9'0-  S66T-Z66T (Tet-LraeL 26618861 ¥9-0
(L1919 6002-T002 (9v-ze)ee 10028861 6v-G€
(se-92)0¢ 600Z-886T ve-0¢
(Le-90) 1 60028861 0z>
by
(69-L9) €9 60021002 (cv-ve)se T00Z-886T 1\
UBWIOAN
(00T-ve-) T 600¢-000¢ (¢'Z--8'€T-) S0T-  000C—886T pasUEAPE/UMOUNUN
(§2--e21-)6'6-  6002-886T [e90]/umouuN
(95-6€) 8% 6002-886T P3OUBAPE / WD 02
(ev-zeo)ee 60028861 [e90] / WY 022
(99-0'6) 85 60028867 ~ pPIOUBAPE /WO 0'c>
(98-02) 82 6002-886T [B20] / WO 0°Z>
abeys / azis Jown
(8'0-5¥-) 6T 60028861 umouun
(Te-10-)G'T 6002-886T welsip
(9¥7-6'6) 0T 6002—€00C (82-10)ST €00¢-886T [euoiBau
(59-51)§'S 6002-G66T  (Z'€-€'v-) 9°0- G661-886T [e20]
abers y33s
(0oev-)zz- 60022661 (06--0VT-)GTT- 6618861 umouun
Odv saeak Qdv sieak 2dVv saeak odv saeak odVv sa1eak
G puaJL 7 pUSIL € puaJL ZPpuBIL T puaJL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 18

Horn-Ross et al.

sabels Juelsip pue [euoifial sauIquIod

p

SAIIEN UBSE]\/UeIpul UeoLiawy,

suosiad URISY LINOS pue ‘Uealoy| ‘asaweulsiA ‘ouldifi ‘asaueder ‘asauiyd sepnjoul

q

¥002-886T poliad ay) 10} pareInojes aq Ajuo ued erep b_>_umcm

(05--T8-)99-  600¢—-886T PadUBAPE/UMOUNUN
(Te--L's-) Sv—- 6002—¥66T (L'T--T'86-)0CZ- v66T-T66T  (E¥-8'¥1-)8'G-  T66T-886T [e90]/Umou{un
(z9-09) 95 60028861 padueApe / WD 023
(T¥0v-)T0-  6002-500C (rv-€e€)ge G00Z-886T [e30] / WD 0'Z=
(802-2'6)6¥T  6002-5002 (¢1-z9)z9 S00z-886T  pPSOUBAPE /WO 0'c>
(Te-52)82 6002-8861T [e20] / WO 0°Z>
abess / az1s Jown .
(ze--eT1-) €2~ 6002-G66T  (2¥2—€'0-)€TT  G66T-886T umousjun
(T0--96-) 62—  6002-866T (6'€T-617) €6 86618861 Jueisip
(96-8'9) 2’8 60020002 (Tr-9T1) 62 00028867 [euoifal
(9'9-¥'9) 09 6002—-866T (ev-save 86618861 [e20]
abeis y33s
(L'e--G9-) T'S-  6002-G66T  (8'9--¥'2T-) L'6-  S66T—886T umoujun
(0'9-0v) 0'g 60028861 wo 062
(Ts-82)ov 60025661  (¢'9T-T'S) §0T G66T-886T wo 60y
(rv-82) 9°€ 6002—766T (zeT-T7) 58 76618861 wo 6'€-0°€
(zv-ve)se 60028861 wo 6'2-0°C
(6551 zs 6002-886T wo 6 T-G'7
(E¥T-00T) T2T 60027002 (8'9-29) €9 70028861 wd 7'1-0'T
(56-58) 0'6 60028861 wo 1>
9zZ1S Jown |
(0'8-6°0) v 6002-886T oUBOLISWY SABN
Tz-T0) TT ©002-886T quiog-ubtaioy
Odv saeak Qdv sieak 2dVv saeak odv saeak odVv sa1eak
G puaJL 7 pUSIL € puaJL ZPpuBIL T puaJL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 19

Horn-Ross et al.

(6£2-6LT) L0
(622-€LT) 66T

(te'e-vL 1) 00T
(ws'e-LLT) 2Te
(9v'2-65'1) 86'T
(e8'2-TLT)6TC
(682-95'T) TT'C

(zg'0-L£0) ¥0
(15'0-8€°0) ¥¥'0
(88'T-65T) OL'T
(TLT-v7'T) 2871
(zT'z-6LT1) S6'T
(tr'z-z02) 0z'e

(99'T-T¥'1) €91
(S9T-0v'T) 28T
(09'T-v€'T) 9¥'T
(zg1-92T) 8E'T
(SLT-T7'T) 25T

(TT'Z-08'T) S6'T
(L0'5-€€Y) 697

(90'5-€€%) 89
(s8'2-5€2) 65C
(e8'1-€v'T) 291
(ev'1-60'T) S2'T
(ST'1-28°0) L6'0

(T£'0-%5'0) 29°0
(€2'0-85'0) 59'0
(18'€-Gv'€) S9°€
(sz'e-£6'2) 60°E
(55'5-90'S) 0€'S
(To'y-69°€) €8¢

(e5'0T-95'6) ¥0°0T
(09'6-69'8) ¥T'6
(68'8-00'8) ¥¥'8
(06'2-29'9) 80'L
(69'2-929) T2'L

(90'1-€80) ¥6°0
(¥9'2-60'2) 982

(e9z-802) veC
(ev'1-50T) 22T
(86'0-89'0) 28'0
(02'0-9%°0) 250
(65°0-G€°0) 9¥°0

(581-82T) Tv'T
(09'1T-9¢'T) 8Y'T
(ee'z-86T) VT2
(TT'2-€8'7) L6'T
(T6'2-€52) TL'C
(8T-19T) LT

(86'9-€1'9) 55'9
(T¥'9-29'5) 009
(LT'9-L£9) 9L'S
(zg's-9Lv) €T'S
(00'5-0¢'v) 651

ve6  (S9°2-0V'T) 26T
TI0T  (YOZ-L0T) L¥'T
L10'T  (T0Z-90T)S¥'T
929 (0T'Z—96°0) TV'T
60y  (95°€—2ET)ST'C
90e  (S52-G60) ST
90z  (rr9-€v'1)€6C
soluedsiH
09 (8%'0-62°0) LEO
6e6  (05°0-0€0) 6E0
188'T  (/87T-L€£T) 09T
L1e'z (6L'1-62T) ST
Ge9'z (9T2-SST) €8T
1167 (19Z¥LT) ¥TC
o9’z (8Y'1-€TT) 62T
905 (TST-€TT) 0ET
08z'z (ev'1-20T)TCT
226'T  (8€'T-96°0)ST'T
G9S'T (S8'T-6T'T)8Y'T

SoNPIUYRRTE] |1V

(15°0-9€0) €70
(#T'T-8L°0) S6°0

(eT'1-820) ¥6'0
(€9°0-0v'0) 05°0
(05'0-0€°0) 6€°0
(ov'0-¢e0) 0€0
(ze'0-91°0) £2°0

(se'0-€2°0) 62°0
(62'0-6T°0) €2°0
(69'T-2r'T) 55T
(z1'1-26'0) TO'T
(85 T-2€T) ¥¥'T
(68'0-120) 620

(¥8'€-G2'€) v5'€
(6z°e-vL2) T0°E
(ov'z-€6'T) ST'C
(Tz'e-vL1) 16T
(ee'z-8LT) ¥0C

(62°0-LT°0) 220
(28:0-6%°0) ¥9°0

(€8'0-050) 59°0
(8v'0-92°0) 9€°0
(Lz0—zT0)8T°0
(8z°0-€1°0) 6T°0
(¥1'0-¥0'0) 80°0

(88'0-99°0) 2L'0
(89'0-25°0) 65°0
(0T'1-68°0) L6'0
(92°0-65°0) 290
(06'0-69'0) 62°0
(rr'0-1€°0) LEO

(So'e-Lv'e)SLe
(8572-602) 1€C
(e02-95T) 8L'T
(S6'T-6Y'T) TL'T
(€9T-GTT) €T

661
S0¢

80¢
xq
16
6L
Ly

€6¢
8¢E
9LL
¢0L
169
S8y

856
808
685
9¢s
0ov

asuap 1sow / ybiy
asuap Ssa| / MO|

3suap 1soW / Mo|

9NeJOUS / SIS

(asuap 1s0W) 5O
70
€0
20

(asuap 1se3]) TO

9AB|OUS D1UYJS UB Ul 80UBpISaY

S3S ybiy / umouxun
S3S MO| / umouxun
S3subly /0=
SIS MO/ 022

S3s ubiy /wo o>
S3S MO| /WO 0'Z>

S3S / 9z1s Jown |

(1sayby) O
vO
€0
20

(3samol) TO

(S3S) sniels 21WOU0930120S pooyloqybiaN

gl

¢00¢—866T

¢661-886T

31e. aouspiou]

eN

gl

¢002—866T

¢661-886T

a1e. souapiou|

eN

NIH-PA Author Manuscript

UBWOAN

NIH-PA Author Manuscript

€9l|qel

UaIN

"sansLIaloeIeyd pooyloqybiau Ag ‘elulojljed
ul (4¥1) soles ayel 8dUBPIdUI pUR Z00Z—866T PUR Z66T—886T 40) (000°00T 42d) serel aouaploul J13ourd piosAyl Asejjided paisnlpe-abe [enuue sbelony

NIH-PA Author Manuscript

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 June 01.



Page 20

Horn-Ross et al.

“1X81U09 BuIAl| payesn)naoe

aJow ‘s3s ybiy e sarjdwi asuap ssaj/ybiy {1xa1uod BuiAll pareInynade ssa| ‘S3S Moj e satjdwil asusp 1sow/moy (GO) asuap i1sow ‘(#O—-TO) asuap ssa| :aaejoud {(SO-70) ybiy ‘(€O-TO) moj :S3S

q
‘uoleanynaoe ssa| Hunssbbns

‘1) SNSUBD J1UY1® A3suap & Ul BUIAI = 8SUBp 1SOW ‘|aAs]-[eNPIAIPUI 8U) 18 oI} Node Ja1eall Bunsabbns ‘Aloiuyia/eoes swes ay Jo 8|doad Jo ANSUSP JOMO] B UM 0.1} SNSUad e Ul BulAll = asusp 15,

(esz291) 20  (T2T1-660) 20T  (v90-v¥’0) €50 00y  (ST'€-0€T)20C (9e0-2c0) 620 (020-0T0) ¥T'0  SOT asuap ssa| / ybiy

(8e'z-6v'1) 88T  (19€¢-882)9z¢  (TTzzvT)¥v.T 08 (6€2-00T)€ST (L2T-180)20T (¥6'0-9¥'0) 90 9TT asuap jsow / ybiy

(T0z-6¢1T) 79T (€£0-950) %90  (8y0-€€0)Ov0  G.€  (br'2-16'0)L¥'T (6T0-TT'0)STO (¥T'0-L00)0TO 28 asuap ssa| / Mo|

(88T-vc1)eST  (vSe-Gre)ere  (ore-vLT)S0C 618 (2T2680)LET (80T-€900) €80 (€8°0-€¥'0) 190  TOT asuap 1souW / Mmo|
Qm>m_ocw /S3S

(6 T-€r1) 99T  (9e-167) LT (9T2Z-89T)T6T  66L  (66'T-60T)LyT (80'T-920) 160 (8L0-8¥'0) 290 LIC (esuap 1sow) 5O

(Se'z-Lr1)S8T  (89T-0£T)8Y'T  (L6'0-99'0) 080 GS€  (86'260'T)6LT (050-62°0)820 (c€0-¥T'0)220 98 /0]

(Sze-vz1) 29T  (86'0-0L0)€8'0  (€90-6€0) 050 vIz  (Tv'8-68'T)8L€ (8€0-T2'0)620 (FT'0-0°0) 800 95 €0

(SLzze1) 68T  (G20-050) 190  (ev0-vz0)ze0 6¥T (6L T-T0)98°0 (8T'0-90°0)TT0 (TZ'0-80°0)ET0  GE 20

(LL2-180%5T  (ve0-LTO)¥20  (#20-0T'0)9T0 LS - - (TT'0-200) 500 0T (esuap 1se3]) TO
Gw>m_o:m J1Uyla Ue ul adusplisay

Slepuess| oljioedsuesy
(Lgz-08T) 6T (erT-8TT) 0T  (0L°0-250)T90 €29 (€€2-€TT) 29T (S€0-€20)620 (€20-€T'0)8T0 G¥T asuap ss3| / ybiy
PSRl 2002-866T 26678861 eN PSRl 2002-866T 26678861 eN

a1e. souspIoU]

a1ed souspIou|

UBWOAN

NIH-PA Author Manuscript

NIH-PA Author Manuscript

UaIN

NIH-PA Author Manuscript

PMC 2015 June 01.

in

available

Cancer Epidemiol Biomarkers Prev. Author manuscript



