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Abstract
Background—Overall, the incidence of papillary thyroid cancer in Hispanic women residing in
the United States (US) is similar to that of non-Hispanic white women. However, little is known
as to whether rates in Hispanic women vary by nativity, which may influence exposure to
important risk factors.

Methods—Nativity-specific incidence rates among Hispanic women were calculated for
papillary thyroid cancer using data from the California Cancer Registry (CCR) for the period
1988–2004. For the 35% of cases for whom birthplace information was not available from the
CCR, nativity was statistically imputed based on age at Social Security number issuance.
Population estimates were extracted based on US Census data. Incidence rate ratios (IRR) and
95% confidence intervals (CI) were also estimated.

Results—In young (age <55 years) Hispanic women, the incidence of papillary thyroid cancer
among US-born (10.65 per 100,000) was significantly greater than that for foreign-born (6.67 per
100,000; IRR=1.60, 95% CI: 1.44–1.77). The opposite pattern was observed in older women. The
age-specific patterns showed marked differences by nativity: among foreign-born, rates increased
slowly until age 70 years, whereas, among US-born, incidence rates peaked during the
reproductive years. Incidence rates increased over the study period in all subgroups.

Conclusion—Incidence rates of papillary thyroid cancer vary by nativity and age among
Hispanic women residing in California. These patterns can provide insight for future etiologic
investigations of modifiable risk factors for this increasingly common and understudied cancer.
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INTRODUCTION
About fifteen percent of the US population identifies themselves as Hispanic, a US federal
designation for persons whose ancestral origin is a Spanish-speaking country 1, 2. In
California, 35% of the population is Hispanic, among whom 77% are of Mexican heritage
and 9% Central American; 40% are born outside the US 3. The US Hispanic population is
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substantially younger (median age=25.9 years) than the general US population (median
age=35.3 years) and growing substantially faster (58% population increase from 1990 to
2000 among Hispanics, compared to 23% for the total US population) 2. Thus, cancers that
disproportionately affect young people, such as thyroid cancer in women, are of potential
concern for this rapidly growing segment of the US population.

Risk factors differ by histologic type of thyroid cancer. Papillary carcinoma (including its
variant mixed papillary/follicular carcinoma) is the most common type of thyroid cancer,
accounting for about 85% of all thyroid cancers in areas that do not experience iodine
deficiency, such as the US4. In the US, papillary thyroid cancer is about three times more
common in women than men and, among women, peaks in incidence at about age 45
years 4. Age-adjusted thyroid cancer incidence rates in Hispanic women in the US and
Canada are about 10% lower than in non-Hispanic (NH) white women 2, 5. The
GLOBOCAN project estimates that thyroid cancer incidence rates among women in Mexico
are about 75% lower than those in the total US population 6. Across Central and South
America (excluding Brazil), thyroid cancer incidence rates vary five-fold, from 1.9 per
100,000 women in Argentina to 10.2 per 100,000 in Ecuador (for the period 1998–2002 and
standardized to the 1960 world population) 7; comparable rates for California Hispanics and
NH whites are 8.3 and 9.0 per 100,000 women, respectively. Understanding how cancer
rates vary by nativity, particularly in an ethnic group with a large immigrant population,
such as US Hispanics, can provide valuable insights into the etiology and prevention of that
cancer. Differences in rates by nativity may point to readily modifiable risk factors (e.g.,
diet, physical activity, goitrogenic exposures, and factors associated with immigration and
acculturation), whereas similar rates may suggest genetic and stable environmental causes.
The only prior report of differences in thyroid cancer incidence by birthplace in Hispanic
women was conducted in the early 1970s in Los Angeles County, California 8. These
investigators found that Spanish-surnamed women who were not born in Mexico were about
45% more likely to develop thyroid cancer than Mexico-born women and hypothesized that
these differences were due to environmental factors. However, their “not Mexico-born”
group included not only women born in the US, but also those born in Spanish-speaking
countries other than Mexico and presumably those with unknown birthplace, although the
proportion of the population with unknown birthplace was not specified. Using updated,
statewide California Cancer Registry (CCR) data with enhanced nativity information, the
present analysis examines variation in papillary thyroid cancer incidence rates by nativity
among Hispanic women in California, the US state with the largest Hispanic population 9.

METHODS
Cancer incidence data for this analysis were obtained from the 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 sharing agreements with
13 states yields an estimated completeness rate of 99 percent 10. Hispanic women with
thyroid cancer (International Classification of Diseases for Oncology version 3 (ICD-O-3)
site code C73.9) were included in the present analysis if they were diagnosed between
January 1, 1988 and December 31, 2004, were residents of California at the time of
diagnosis, and were diagnosed with a papillary thyroid carcinoma or its variant mixed
papillary-follicular carcinoma (ICD-O-3 histology codes 8050, 8260, or 8340–8344).
Comparable NH white and black women were also included in the analyses as a reference.
The North American Association of Central Cancer Registries (NAACCR) Hispanic
Identification Algorithm (NHIA), which is based on surname, maiden name, and/or
birthplace, was used to improve classification of Hispanic ethnicity 11.
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Information on birthplace is routinely collected by the CCR from hospital medical records
and death certificates. Our prior research shows that these data, when available, are highly
accurate at the level of US- and foreign-born 12, 13. Among Hispanic women in the present
analysis, medical record information on birthplace was available for 64% of women and
death certificate information was available for an additional 1%. For women whose
birthplace was not available from these two sources, we used the first five digits of the
Social Security number (SSN) to impute nativity, as described previously 14; these first five
digits correspond with the year of issuance. Women whose SSN was issued prior to age 20
were assumed to be US-born, while women who were age 20 or older at issuance were
assumed to be born outside the US 15, 16. This age cut-point was determined based on self-
reported birthplace data derived from a series of epidemiologic studies in which cancer
patients participated 13. This approach maximizes predictive value and minimizes
misclassification as determined by examining receiver operating characteristic curves
(which plots sensitivity versus (1-specificity) and determines the point at which sensitivity
and specificity are at their maximum) and resulted in a sensitivity of 81% and specificity of
80% for detecting foreign-born status among Hispanics in this population. The optimal
positive predictive value of this single age cut-point was also confirmed by using a logistic
regression model with age at SSN issue (the independent variable) as a continuous predictor
of the log odds of foreign-born status (the dependent variable). When the log odds of being
foreign born is greater than zero, we classified an individual as foreign born. The cutoff was
then set to the minimum age (here age 20) at which the log odds is greater than zero. This
model was highly statistically significant. Thirty-one percent of the nativity data were
determined by this method. For the remaining 4% of women for whom SSN information
was not available, nativity was randomly assigned based on the age-, sex-, and ethnicity-
specific distributions of nativity among all cancer cases reported to the registry.

Hispanic population estimates by sex and five-year age groups were obtained from the 1990
and 2000 Census Summary Files 3 for the state of California. Data from the 20% Integrated
Public-Use Microdata Sample of the censuses were used to estimate the age distribution of
foreign-born persons; estimates were smoothed using the smooth spline function in the R
statistical software package 17–20. For intercensal years, the percent of foreign-born persons
was estimated using linear interpolation and extrapolation methods. Estimates were adjusted
to match total Hispanic population estimates, by age and year, as provided by the California
Department of Finance (for years 1988–1989) and the US Census (for years 1990–2004).

SEER*Stat software 21 was used to compute age-adjusted and age-specific incidence rates
per 100,000 women, standardized to the 2000 US standard million population, and 95%
confidence intervals (CI). Incidence rate ratios (IRR) and corresponding CIs were calculated
to estimate the magnitude of the difference between rates for US- and foreign-born women,
with the latter being the reference group. Time trends in incidence rates between 1988 and
2004 were examined using Joinpoint Regression software 22, 23 to calculate the annual
percent change (APC). This software calculates APCs 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 represent
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
Of 4,884 Hispanic women with incident papillary thyroid cancer, 2,306 (47%) were US-
born, compared to 57% of the female Hispanic population in California. The age-adjusted
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papillary thyroid cancer incidence rate for US-born Hispanic women (8.53 per 100,000) was
significantly higher than the rate for foreign-born Hispanic women (7.38 per 100,000)
(IRR=1.16, 95% CI: 1.09–1.23; Table 1). Both rates were significantly greater than those
experienced by NH black women. Age-adjusted rates for NH white women fell
approximately mid-way between those for foreign-born and US-born Hispanics.

A significant annual increase in papillary thyroid cancer rates was evident in all the groups
investigated, ranging from 3.9% to 4.8% per year (for the period 1988 to 2004) among
foreign-born and US-born Hispanic women, respectively, to 5.3% per year (for the period
1993 to 2004) among NH white women (Figure 1; Table 2). When examined by age group
(Table 3), the rate of increase did not differ significantly for younger (age<55 years) and
older women. The difference in incidence between US-born and foreign-born Hispanic
women was greatest in the most recent time period (IRR=1.25, 95% CI: 1.14–1.37 for 2000–
2004; Table 2). However, the US-born excess was evident only among young (age <55
years) women (US- vs foreign-born IRR=1.60, 95% CI: 1.44–1.77 for 2000–2004), whereas
among older Hispanic women, those who are foreign-born experienced a higher incidence of
thyroid cancer (US- vs foreign-born IRR=0.74, 95% CI: 0.61–0.91 for 2000–2004; Table 3).
The highest incidence rates observed (16.68 per 100,000) were for foreign-born Hispanic
women during the most recent time period. Figure 2 illustrates age-specific incidence rates
for US- and foreign-born Hispanic women and compares them to those rates among NH
white and black women. Overall, age-specific patterns were similar for US-born Hispanics
and NH whites. In these groups, incidence rates peaked near the end of the reproductive
period (at age 40–44 years) and declined thereafter. In contrast, incidence among foreign-
born Hispanic women and NH black women increased steadily with age, peaking at age 70–
74 years, with significantly higher rates among foreign-born Hispanics than NH blacks from
age 25 years onward. The incidence rates in US-born Hispanic women between ages 15 and
44 years were significantly greater than those observed for foreign-born Hispanic women.
Among older women, incidence rates for foreign-born women were only statistically greater
than for US-born women for those age 70–74 years.

DISCUSSION
In the present study, we found marked differences in the age-adjusted and age-specific
incidence rates of papillary thyroid cancer according to nativity among Hispanic women
residing in California. The higher age-adjusted incidence rates among US-born Hispanic
women compared to their foreign-born counterparts is consistent with the only previous
evaluation of this issue conducted in the early 1970s 8. We further observed that the higher
incidence in US-born Hispanics is limited to young women (age<55 years), with the
opposite – higher rates in those who were foreign-born - being observed among older
women. We found that these nativity differences, overall as well as in younger women, have
increased with calendar time. Finally, we observed that among foreign-born Hispanic
women, the age-specific incidence rates increased until about age 70 years and declined
thereafter, mirroring the pattern seen in NH black women (although the absolute rates in
Hispanic women were substantially higher). Whereas, in US-born Hispanic women, a
pattern similar to that seen in NH white women was observed, i.e., an increase in rates
peaking during the reproductive years and declining after the menopausal period. These
nativity differences among Hispanic women are similar to those seen in Chinese, Korean,
Filipina, and Vietnamese women 24.

Unlike many adult cancers where the age-specific rates increase with age into the 70’s or
80’s, thyroid cancer rates in white women, and as observed here, in US-born Hispanic
women, peak during the reproductive years and declines thereafter 4. This finding is
consistent with the thyroid cancer literature showing that pregnancy confers a transient
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(approximately 5-year) increased risk 25–28. However, it is not clear why foreign-born
Hispanic women, and black women, do not experience the same pattern. Thyroid cancer risk
factors in black women have not been evaluated, most likely due to the rarity of the disease
in this population. However, the finding that foreign-born Hispanic women have a similar
pattern of age-specific rates opens up new possibilities for further examining the differences
in risk factors for these two distinct rate patterns.

The highest age-adjusted rates we observed in this study were among older (age ≥ 55 years)
foreign-born Hispanic women. The fact that these rates were significantly higher than those
among older US-born Hispanic women suggests that lifestyle and environmental factors that
change with migration, such as diet or iodine status, may be acting on a background of
earlier life exposures that differ between US and Mexican and Latin American residents,
such as the presence of endemic goiter or the timing of pubertal development. This
hypothesis is consistent with findings from a previous study of Asian women residing in
California, where we found that a greater prevalence of prior proliferative benign thyroid
disease (i.e., goiter or thyroid nodules), more recent migration (85% of women were foreign-
born), and lower phytonutrient intake accounted for a substantial proportion of the
difference in incidence between older ethnic groups experiencing high and low rates of
thyroid cancer 29. It is also consistent with the observation that later age at menarche, a risk
factor for thyroid cancer that may be more important for women age 45 and older than
younger women 25, 28, 30, is more prevalent among foreign-born Hispanic women than those
who are US-born 31.

Finally of note is the rapid increase in thyroid cancer rates in all subgroups, regardless of
ethnicity, nativity, and age. It has been suggested by some authors that the increase in
thyroid cancer incidence in some populations is predominantly the result of improvements in
diagnostic technology rather than a “true” increase in incidence 32. However, thyroid cancer
has been increasing in a substantial number of populations worldwide 33, 34, and those
findings, along with ours, demonstrating similar increases in populations that are unlikely to
have similar access to or utilization of diagnostic technologies, provides increasing evidence
that there are likely additional causes for the increasing rates of thyroid cancer.

While most Hispanic patients in our study had medical record-based information on
birthplace, which has been shown to be highly accurate 12, 13, 35% were missing this
information. Our research has shown that cancer cases with missing birthplace data are more
likely to be alive, of younger age, and US-born than those with known data, and thus,
random imputation of birthplace will underestimate rates in US-born and overestimate them
in foreign-born persons 12, 13, 35, 36. The SSN-based imputation method used in the present
study minimizes this misclassification enabling more accurate estimation of incidence rates
by nativity. Thus, we were able to study of the impact of nativity on thyroid cancer rates
taking full advantage of cancer registry data by including all patients rather than excluding
those with unknown birthplace or randomly assigning birthplace to those with missing
information, approaches that likely yield biased estimates. However, if patients use SSNs
other than their own, there is the possibility of inaccurate imputation of birthplace. We could
not find any information on how often this takes place among Hispanic populations in the
context of health care. In addition, the sensitivity and specificity of our method is only
~80%, thus, some misclassification remains. Nonetheless, given that our best imputation is
based on a single age cut-point, these inaccuracies are likely to be limited.

We also have some limitations with respect to the classification of women as Hispanic in the
cancer registry records. Using self-reports as a “gold standard,” registry classification of
Hispanics has been shown to have moderate sensitivity (69%–79%) and positive predictive
value (72%–82%) 37, 38. However, the relative bias when calculating age-adjusted cancer
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incidence rates is minimal (<1%) because the misclassification of true Hispanics as non-
Hispanics and true non-Hispanics as Hispanics is essentially equal in magnitude 38.
Although the impact of such misclassification on age-specific rates has not been evaluated,
the accuracy of reporting Hispanic ethnicity in registry data has improved over time 37,
assisted in part by the use of the NAACCR NHIA algorithm.

In summary, we observed that the pattern of age-specific papillary thyroid cancer incidence
rates is strongly influenced by nativity, with US-born Hispanic women having a
substantially increased incidence of this cancer during early- and mid-adult life and foreign-
born experiencing a greater burden during later life, possibly suggesting different etiologic
factors or variation in the time-dependent influence of acculturation factors. In addition, we
showed that the incidence of this cancer is increasing significantly over time in both nativity
groups and among both younger and older women. Further research is needed to elucidate
how immigration and acculturation influence other life events and exposures that may
account for these elevated rates. In particular, examination of behavioral and cultural
differences between US-born and foreign-born Hispanic women, as well as similarities and
differences between US-born Hispanic women and foreign-born Hispanic and NH black
women, may yield insight into the identification of modifiable risk factors that is critical for
the prevention of this cancer.
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Figure 1.
Age-adjusted papillary thyroid cancer incidence rates (per 100,000) in Hispanic women, by
calendar year, California.
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Figure 2.
Age-specific papillary thyroid cancer incidence rates (per 100,000) in NH white (solid grey
line), black (dashed grey line), and Hispanic women by birthplace (US-born, solid black
line; foreign-born, dashed black line), California 1988–2004.
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