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Background: The incidence of papillary thyroid cancer has been reported to be increasing during the past three
decades, with a 65–126% increase between 1975 and 2004. The reason for the increase is currently unknown. This
study examined the incidence pattern of papillary thyroid cancer in the United States, and evaluated the
components of birth cohort (defined based on year of birth), time period, and age as determinants of the
observed time trend of the disease.
Methods: Using the data from the National Cancer Institute’s Surveillance, Epidemiology, and End Results
program for 1973–2004, we conducted both univariate analysis and age–period–cohort modeling to evaluate
birth cohort patterns and evaluate age, period, and cohort effects on incidence trends over time.
Results: The increasing incidence showed a clear birth cohort pattern for both men and women. The results from
age–period–cohort modeling showed that, while period effect appeared to have had an impact on the observed
incidence trends, birth cohort effect may also explain part of the increasing trend in papillary thyroid carcinoma
during the study period, especially among women.
Conclusion: While a period effect that is likely due to advancements in diagnostic techniques and increased
medical detection of small thyroid nodules may explain some of the observed increase in the incidence, we
speculate that birth cohort–related changes in environmental exposures (such as increased exposure to diag-
nostic X-rays and polybrominated diphenyl ethers) have also contributed to the observed increase in papillary
thyroid cancer during the past decades.

Introduction

Papillary thyroid cancer is the most common type of
thyroid cancer, and the age-adjusted incidence rate for the

disease has been reported to be increasing during the past
decades (1–4). It is currently unknown whether the increase in
papillary thyroid cancer is real or an artifact of improved di-
agnostic techniques or increased screening for small nodules.

Two studies have examined the time-trends of thyroid
cancer incidence using the Surveillance, Epidemiology, and
End Results (SEER) data (1,2); however, the studies have not
examined the incidence pattern by birth cohort. Birth cohort
examination could help to reveal birth cohort patterns; iden-
tify components of birth cohort, time period, and age as de-
terminants of the observed incidence patterns; and generate
hypotheses for eventually identifying the risk factors re-
sponsible for increasing incidence. Here, we report the results

from a birth cohort analysis of papillary thyroid cancer using
the National Cancer Institute’s SEER data collected between
1973 and 2004.

Methods

Data source

The thyroid cancer incidence data for years 1973–2004 were
obtained from the SEER program. The SEER 9 data included
nine cancer registries in the United States (five states, Con-
necticut, Hawaii, Iowa, New Mexico, and Utah, and four
metropolitan cities, Atlanta, Detroit, San Francisco, and
Seattle), which accounts for approximately 12% of the U.S.
population.

A total of 43,870 thyroid cancer cases were reported to these
nine registries between January 1, 1973, and December 31,
2004. The SEER registries report patient demographic data
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such as age at diagnosis, race=ethnicity, and sex, as well as
tumor information such as histological subtype, and tumor
size (available between 1988 and 2003) for each patient found
to have thyroid cancer. Thyroid cancer was classified ac-
cording to histological subtype: papillary (International
Classification of Diseases for Oncology, 3rd ed. [ICD-O-3]
8050, 8052, 8130, 8260, 8340–8344, 8450, and 8452), follicular
(ICD-O-3 8290, 8330–8332, and 8335), medullary (ICD-O-3
8345, 8346, and 8510), or anaplastic (ICD-O-3 8021). Of all the
thyroid cancer patients reported between 1973 and 2004 to
these nine cancer registries, 34,490 (78.6%) had papillary
thyroid cancer. The study was limited to papillary thyroid
cancer incidence patterns where the vast majority of the in-
crease in incidence was observed.

Data analysis

Sex-specific, age-adjusted incidence rates were calculated
using SEER*Stat (6.3.6). The age-adjusted rates were adjusted
to the 2000 U.S. standard population. The data were presented
by calendar year and by cohort year of birth to examine the
secular trends and the potential birth cohort patterns. The
age–period–cohort (APC) analysis was conducted using a log-
linear Poisson regression model, fitted to the age-specific in-
cidence rates. This facilitates the assessment of the effects of
period and birth cohort on the observed trends. Age, period,
and cohort models were based on sixteen 5-year age intervals
beginning at age 10, and six time period intervals (1973–1979,
1980–1984, 1985–1989, 1990–1994, 1995–1999, and 2000–2004).
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FIG. 1. (a) Papillary thyroid cancer incidence rates for the U.S. women by age. (b) Papillary thyroid cancer incidence rates
for the U.S. men by age. Solid lines, cross-sectional age curve; broken lines, birth cohort age curve.
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An age effect refers to disease rates that change with age in-
dependent of birth cohort and calendar time. Period effect
refers to an artificial change in the disease rate due to a change
in factors such as methods of diagnosis, access to the medical
services, completeness of the reporting, and ascertaining
systems. Cohort effect refers to the change in the risk factors of
the disease that causes a real change in disease rate. Since it
was unclear whether the period slope was actually increasing
or decreasing or showing no overall trend during the study
period, we set three bp parameter values (bp¼ 0, �0.02, or
0.02) to represent that there was no overall period slope
(bp¼ 0), the period slope was decreasing (bp¼�0.02), or
the period slope was actually increasing (bp¼ 0.02) during the
study period. The cohort effect can be evaluated under the
different assumptions regarding the period effect. Because of
the nonidentifiability problem, the linear APC relationship
(cohort¼ year–age) does not allow for the evaluation of the

independent effects of age, period, and cohort (5). As such, we
estimated drifts, which represent the sum of the overall slopes
for period and cohort, and thus the overall direction of the
trends (5). Models were fit using SAS (9.1). The significance
level was set at 0.05 for a two-sided test.

Results

The cross-sectional age curves (solid lines) and the birth
cohort age curves (dotted lines) for the incidence of papillary
thyroid cancer are presented in Figure 1a (women) and Figure
1b (men). While the cross-sectional age curves showed a
plateau between ages 40 and 60 among women, and peak at
ages 65 and 69 among men, the birth cohort age curves,
however, showed no such plateau or peak, but a continuing
increase in incidence with increasing age among both men
and women.
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FIG. 2. (a) Incidence rate of papillary thyroid cancer in the U.S. women presented by age and year of birth. (b) Incidence
rate of papillary thyroid cancer in the U.S. men presented by age and year of birth.
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Figures 2a and 2b present the age-specific incidence rates of
papillary cancer by year of birth. Figures 2a and 2b were con-
structed to show the effect of birth cohort on the age-specific
rates. In both women (Fig. 2a) and men (Fig. 2b) at each age
group greater than 20 years, the recent birth cohorts generally
have much higher incidence rates than the earlier ones.

Figure 3 presents three sets of age, period, and cohort pa-
rameters for women using three different assumptions for the
period slope (bp¼ 0,�0.02, or 0.02). The solid line is based on
an assumption of no overall period slope. This assumption
results in a steady increasing trend for the birth cohort effect
shown by the corresponding solid cohort line. In fact, no
matter what kind of assumption regarding period effect is

made, the increasing birth cohort trend from papillary thyroid
cancer persists in women. In men (Fig. 4), birth cohort slope
also showed a continual increase until the 1970 birth cohort
where the rates started to level off.

The net drift for papillary thyroid cancer based on the pe-
riods since 1995 and cohorts since 1910 is 0.27=5-years for men
(95% confidence interval: 0.20, 0.35), and 0.33=5-years for
women (95% confidence interval: 0.29, 0.37). This translates
into a net increase of 7.8% per year for women and 6.2% per
year for men (data not shown).

Table 1 presents the results for the time trend of papillary
thyroid cancer by tumor size for both men and women.
It shows that the age-adjusted incidence rates of papillary
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FIG. 3. Age, period, and cohort effects on the incidence of thyroid cancer in the U.S. women, under different assumptions
for the period slope: bp¼ 0 (solid line), �0.02 (broken line), 0.02 (dotted line).
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FIG. 4. Age, period, and cohort effects on the incidence of thyroid cancer in the U.S. men, under different assumptions for
the period slope: bp¼ 0 (solid line), �0.02 (broken line), 0.02 (dotted line).
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cancer of the thyroid have been increasing for all tumor sizes
among both men and women during the past decades. The
female-to-male incidence rate ratio has ranged from 2.07 to
3.07 during the past three decades (data not shown)

Discussion

Our results suggested that the period and birth cohort ef-
fects played an important role in the observed increasing in-
cidence of papillary thyroid cancer in the United States during
the past three decades. Birth cohort analyses and the APC
modeling demonstrated a strong birth cohort effect on the
observed incidence patterns. The results by tumor size also
showed that the age-adjusted incidence rates of papillary
cancer of the thyroid have been increasing for all tumor sizes
among both men and women during the past decades. As
stated previously, the time trend by tumor size is interesting
because if increasing detection of small-sized tumors from
screening is the only explanation for the observed increase of
papillary thyroid cancer, we may find a corresponding de-
creasing or leveling off for larger-sized tumors. Thus, the
observed increasing trends for all tumor sizes argue against
the notion that the ultrasound and fine-needle aspiration fa-
cilitated overdiagnosis for small thyroid cancer as the only
explanation for the observed increase in the incidence rate of
papillary thyroid carcinoma. Change of histological classifi-
cation for thyroid cancer also cannot be used as the explana-
tion for the observed increase in the incidence of papillary
carcinoma since the SEER data showed no corresponding
decrease in the incidence of follicular thyroid carcinoma
during the past decades.

Based on the SEER data, the mortality for thyroid cancer
has not changed materially during the past two decades
(0.47=100,000 and 0.40=100,000 in 1985–1989 and 0.47=100,000
and 0.46=100,000 in 2000–2004 for women and men, respec-
tively). During the same time period, however, the incidence
of papillary thyroid cancer experienced a rapid increase from
7.3=100,000 in 1985–1989 to 13.0=100,000 in 2000–2004 for
women and from 3.0=100,000 in 1985–1989 to 4.6=100,000 in
2000–2004 for men. A relatively stable mortality against a
background of rapid increase in incidence of papillary thyroid
cancer has been argued by some as the evidence that the ob-
served increase in the incidence of thyroid cancer in the
United States is due to overdiagnosis from increased detection
of small papillary carcinoma. However, if the increased de-
tection of small papillary carcinoma was the only explanation

for the observed increase of papillary thyroid cancer, we
would anticipate a corresponding decrease in thyroid cancer
mortality and a decrease in large-sized papillary thyroid can-
cers, but as observed in this study, there is no corresponding
decrease in larger-sized tumors and also no decrease in thy-
roid cancer mortality (2) in the United States.

Thus, it is likely that increased detection is not the only
explanation for the observed increase in thyroid cancer inci-
dence, and that additional factor(s) may have been at least
partly responsible for the observed long-term increase in
papillary carcinoma of the thyroid and the strong cohort
effects. Radiation exposure during childhood is the only es-
tablished risk factor for thyroid cancer, and papillary carci-
noma of the thyroid is the form that has been suggested
to be related to radiation exposure (6). One would wonder
whether there has been an increase in exposure to radiation
among general population during the past several decades.
It has been reported that the per capita use of X-rays in med-
ical examination and dental care has increased significantly
in the United States due to wider availability of services,
new equipment, and increases in sophisticated diagnostic
examinations since 1960s (7). While many medical or dental
diagnostic examination or treatment procedures now may
produce less exposure per film to ionizing radiation, the in-
creased exposure opportunities from increasing use of medi-
cal or dental diagnostic or treatment procedures would
increase the opportunity of population exposure to ionizing
radiation. Epidemiological studies have linked medical and
dental X-rays exposure to an increased risk of thyroid cancer
(8–11). Thus, it is quite possible that increased exposure to
diagnostic X-rays may explain part of the increase in the in-
cidence of papillary thyroid cancer. In our opinion, the elu-
cidation of the relationship between diagnostic X-rays and
risk of thyroid cancer should be pursued, as it may provide
important insights into etiology and potential opportunities
for prevention interventions.

Thyroid cancer is one of few cancers that show a female
dominance, with a fairly consistent female:male ratio of 3:1,
suggesting that female hormones may play an important role
in thyroid pathogenesis (12). This hormonal hypothesis points
out the potential importance of endogenous hormones and
endocrine disruptors on the development of papillary thyroid
cancer. The recent emerging evidence support that poly-
halogenated aromatic hydrocarbons (PHAHs), particularly
polybrominated diphenyl ethers (PBDEs), may be associated
with the risk of thyroid cancer, and thus, may be responsible

Table 1. The Age-Adjusted Incidence Rates of Papillary Thyroid Cancer

by Tumor Size and Sex in the United States (1988–2003)

Female (per 100,000) Male (per 100,000)

Year of diagnosis 0.0–1.0 cm 1.1–2.0 cm 2.1–5.0 cm >5.0 cm 0.0–1.0 cm 1.1–2.0 cm 2.1–5.0 cm >5.0 cm

1988–1989 1.42 1.80 1.44 0.06 0.44 0.45 0.59 0.09
1990–1991 1.78 1.87 1.60 0.12 0.54 0.45 0.64 0.09
1992–1993 1.84 1.78 1.62 0.12 0.64 0.49 0.68 0.12
1994–1995 2.33 2.00 1.77 0.16 0.61 0.52 0.62 0.19
1996–1997 2.45 2.19 2.10 0.19 0.70 0.56 0.67 0.18
1998–1999 3.08 2.37 2.10 0.21 0.76 0.60 0.87 0.21
2000–2001 3.58 2.71 2.37 0.22 0.97 0.69 0.94 0.22
2002–2003 4.51 3.30 2.97 0.28 1.18 0.92 1.12 0.24
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for part of the observed increases in the incidence of papillary
thyroid cancer, particularly in more recent cohorts (13).
Both animal and human studies have shown that PBDEs and
other PHAHs, such as polychlorinated biphenyls (PCBs), di-
chlorodiphenyldichloroethylene (DDE), and hexachlorobenzene
(HCB), are potential thyroid carcinogens (14–17). The studies,
however, did not provide information on thyroid cancer
subtypes. In addition, human exposure to PBDEs and other
PHAHs has been increasing during the past decades (18),
which is parallel with the recent dramatic increase in thyroid
cancer incidence.

In summary, in this descriptive epidemiological study, we
found that the increased age-adjusted incidence rate of papillary
thyroid carcinoma might be explained by the period and birth
cohort effects. Our study was limited by the usual concerns re-
lated to analyses of registry data: nonstandardization of histo-
pathologic diagnosis and incomplete data collection; however,
our descriptive results are consistent with other population-
based studies. Although advancements in diagnostic techniques
and increased medical attention to small thyroid nodules may
explain some of the observed increase in the incidence, in-
creasing exposure to diagnostic X-rays and environmental hor-
mone disruptors such as PBDEs and other PHAHs may also
explain part of the observed increase. Population-based studies
are urgently needed to clarify the role of environmental expo-
sures on the risk of papillary thyroid cancer.
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