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Abstract

Context: It is not known how underlying subclinical papillary thyroid cancer (PTC) differs by age. This meta-analysis of autopsy studies investi-
gates how subclinical PTC prevalence changes over the lifetime.

Methods: We searched PubMed, Embase, and Web of Science databases from inception to May 2021 for studies that reported the prevalence
of PTC found at autopsy. Two investigators extracted the number of subclinical PTCs detected in selected age groups and extent of examination.
A quality assessment tool was used to assess bias. Logistic regression models with random intercepts were used to pool the age-specific sub-
clinical PTC prevalence estimates.

Results: Of 1773 studies screened, 16 studies with age-specific data met the inclusion criteria (n = 6286 autopsies). The pooled subclinical PTC
prevalence was 12.9% (95% CI 7.8-16.8) in whole gland and 4.6% (2.5- 6.6) in partial gland examination. Age-specific prevalence estimates were
<40 years, 11.56% (6.8-16.1); 41-60 years, 12.1% (7.6-16.5); 61-80 years, 12.7% (8-175); and 81+ years, 13.4% (79-18.9). Sex did not affect age-
specific prevalence and there was no difference in prevalence between men and women in any age group. In the regression model, the OR of
prevalence increasing by age group was 1.06 (0.92-1.2, P = .37).

Conclusion: This meta-analysis shows the prevalence of subclinical PTC is stable across the lifespan. There is not a higher subclinical PTC
prevalence in middle age, in contrast to higher observed incidence rates in this age group. These findings offer unique insights into the preva-
lence of subclinical PTC and its relationship to age.
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Abbreviation: PTC, papillary thyroid cancer.

Solid tumors are typically diagnosed in adults 65 years and
older in the United States and other high-income coun-
tries. For instance, the median age at diagnosis of lung,
colorectal, prostate, and breast cancer in the United States
ranged from 63 to 71 years during 2014-2018 (1). A number
of biological mechanisms may explain the association of
age with increased risk of cancer development including
cumulative environmental exposures, accumulation of
damage to DNA, genome instability, immunosenescence,
and other changes to the tissue microenvironment
(2-5). Age-restricted cancer screening programs may also
contribute (6).

Rates of thyroid cancer diagnosis also change with
increasing age, but not in the same way as these other common
cancers (7-12). Papillary thyroid cancer (PTC), in particular,
is more often diagnosed in middle-aged adults (45-64 years)

(1). It is unknown why there is a peak in middle age. Two
hypotheses have been advanced to explain this observation:
(1) increased diagnostic scrutiny resulting in the detection of
subclinical cancers, and (2) a true increase in cancer incidence
in middle age. A body of evidence suggests that the large rise
in PTCs in recent decades is attributable to detection of sub-
clinical cancers from greater exposure to diagnostic testing
(diagnostic scrutiny) (9, 10). How that may differentially af-
fect the middle-aged group, and especially women (who are
disproportionately diagnosed with PTC), is an active investi-
gation. The pooled prevalence of thyroid cancer at autopsy
is 11% among people who died of other causes (13); it is
plausible that the reservoir of subclinical cancer grows and
peaks in middle-aged individuals. It is also possible that there
is a biological explanation for higher PTC detection rates in
middle age (8).
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Recognizing the plausibility of these hypotheses, we sought
to investigate whether the prevalence of subclinical PTC
differs by age group. The pooled prevalence of subclinical
thyroid cancer at autopsy is known; however, age-specific
prevalence is not. Herein we performed a meta-analysis of
autopsy studies to investigate whether the prevalence of
subclinical thyroid cancer changes by age group, and, if so,
whether its peak corresponds to the increased incidence ob-
served in middle age.

Materials and Methods

Study Selection

We updated the published systematic review protocol cre-
ated by Furuya-Kanamori et al (13). We searched PubMed,
Embase, and Web of Science databases for autopsy studies
that reported the prevalence of thyroid cancer from database
inception through May 2021. Conference abstracts and pro-
ceedings were also reviewed for relevant studies. Excluded
were studies examining patients with a history of thyroid
disease or thyroid cancer treatment, studies of populations
with known radiation exposure (ie, Hiroshima and Nagasaki
atomic bombings, Chernobyl nuclear power plant accident),
studies with incomplete information about the method of

thyroid examination, studies that did not report age at death,
and studies that did not provide age-specific data. After per-
forming the updated search, independent investigators (N.A.
and V.H.) screened and reviewed all abstracts for inclusion
and exclusion, and subsequently evaluated selected full texts
for inclusion in data extraction (Fig. 1).

Data Extraction

Two investigators (N.A. and V.H.) extracted the number of
PTCs within age groups and by sex, if reported. Other data
extracted included authors, publication year, study popula-
tion characteristics (age, sex, and country), years autopsy was
performed, whether the whole or partial thyroid gland was
examined, and cause of death. Uncertainties about study in-
clusion or data extraction were resolved by a senior investi-
gator (D.O.F.).

Quality Assessment

Rigorous risk of bias assessment was performed using a modi-
fied validated quality assessment tool specific to prevalence
studies (14), as used in the published protocol (13). Using this
tool, studies were evaluated for the presence of 9 external and
internal validity safeguards to minimize bias in reporting of
subclinical thyroid cancer prevalence. Examples of the risk

Identification of studies via databases and registers

Figure 1. PRISMA flow diagram.
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of bias items include population representativeness (Was the
study’s target population a close representation of the na-
tional population in relation to relevant variables?), random-
ization (Was some form of random selection used to select the
sample?), data collected directly from histopathology reports
(Were data collected directly from the subjects? [as opposed
to a proxy]), and reliability of gland examination method
(Was the same mode of data collection used for all subjects?).

Statistical Analysis

A subclinical PTC was defined as PTC detected at autopsy.
The primary outcome measure was the prevalence of PTC
in autopsied people by age. If other thyroid cancer subtypes
(eg, medullary, follicular) were identified during autopsy, they
were excluded from final analysis, as these were not the sub-
ject of the study. The number of autopsies and detected PTCs
were divided into 4 age groups (ie, <40, 41-60, 61-80, 81+
years). The age groups were created to include at least 500
individuals in each age group to ensure stable coefficient es-
timates. Logistic regression models with random intercepts
were fit to estimate the pooled subclinical PTC prevalence
using a nonlinear mixed effects model (NLMIXED pro-
cedure, SAS version 9.4; Cary, NC). As used in previous meta-
analyses (15-17), this validated approach is recommended
and accounts for heterogeneous age-specific prevalence esti-
mates across the studies (18). We first fitted models where age
and extent of examination (partial vs whole thyroid) were
included separately as covariates and then were included to-
gether in the model. Finally, we estimated the age-specific
prevalence, with an upward adjustment if studies examined
partial rather than whole glands. The upward adjustment
was made by including the model parameter for the extent of
examination in age-specific ESTIMATE statements in PROC
NLMIXED. All statistical analyses were performed using SAS
version 9.4 (Cary, NC)).

Results

Of 1773 studies screened, 99 full-text articles were reviewed,
and 16 studies met the inclusion criteria (ranges: year of aut-
opsy 1975-2005, age of decedents 16-75 years, 20-85% fe-
male; Fig. 1) (19-34). All but 3 studies analyzed consecutive
autopsies, and across all included studies, only 6 decedents
were excluded from original analyses due to history of thy-
roid cancer treatment. Table 1 describes characteristics of
included studies, which included 6286 autopsies, 7 studies
examining whole glands, and 9 examining partial glands.
Included studies originated from 8 countries across 4 con-
tinents (Europe, North and South America, and Asia). The
nonthyroid cause of death of decedents was not reported in
any study.

The overall, reported prevalence rates ranged from 1.5%
to 35.6%. One study identified other thyroid cancer subtypes
and these cancers were excluded from final analysis (n = 4).
Age-specific prevalence of subclinical PTC estimates varied
across included studies (Table 1). Pooled analyses across the
16 studies found overall prevalence of subclinical PTC was
12.9% (95% CI 7.8-16.8) in whole gland and 4.6% (2.5-6.6)
with partial gland examination. Age-specific prevalence of
subclinical PTC estimates adjusted for partial vs whole gland
examination were <40 years, 11.5% (6.8-16.1); 41-60 years:,
12.1% (7.6-16.5); 61-80 years, 12.7% (8-17.5); and 81+

years, 13.4% (7.9-18.9) (Fig. 2). Thirteen of 16 included
studies reported the number of PTCs by both sex and age
group. Prevalence of subclinical PTC estimates did not differ
across the lifespan in females (10.8-13.9%) or in males (11.1-
13.2%), or between sexes. In the regression model, the OR
for prevalence by increasing age was 1.06 (0.92-1.2, P = .37).
In other words, there was no change by increasing age group.
All studies had deficiencies in 1 to 3 risk of bias domains,
most commonly lack of assurance of representativeness of the
target population (n=12) and nonsystematic cancer detec-
tion method (ie, partial gland examination; n = 9) (Table 2).

Discussion

Our meta-analysis of autopsy studies found no association
between the prevalence of subclinical PTC and age across
the adult lifespan. Specifically, subclinical PTC prevalence of
among autopsied individuals did not increase with age and
did not peak in the middle-aged group, which is when PTC
is most often diagnosed. These findings are surprising. They
contrast with autopsy studies of other common solid tumors,
like prostate (15), whose known subclinical reservoir peaks
later in life, the time period when most of these cancers are
diagnosed. Thyroid cancer incidence peaks in middle-aged
individuals (45-64 years) globally (35-38); however, our re-
sults do not show a corresponding peak and suggest that
prevalence of subclinical PTC remains relatively flat across
all ages. Two potential explanations may contribute to this
phenomenon in thyroid cancer: (1) variability in clinical de-
tection patterns, and/or (2) biological factors. Although not
definitive, these findings do suggest support for variability in
clinical detection patterns.

Clinical Detection Patterns

PTCs are present in greater than 10% of autopsies in pa-
tients who died from other causes (13) and our findings show
that the prevalence of subclinical PTCs is stable over the life-
span. The dramatic increase in thyroid cancer rates over the
last 30 years has been largely due to the increased diagnosis
of small PTCs (<2 cm) (10, 39-41). Small PTCs are usually
too small to cause symptoms and therefore likely represent
tumors identified from the subclinical reservoir through in-
creased diagnostic imaging and testing. Recognizing the
existence of the subclinical reservoir and the potential risk
of identifying indolent cancers, the US Preventive Services
Taskforce (USPSTF) recommends against screening for thy-
roid cancer. The USPSTF cited that the risks of subclinical
disease detection outweighed the potential benefits (42,
43). This recommendation was supported by epidemiologic
studies from South Korea showing a strong positive correl-
ation between the use of screening ultrasound examinations
and thyroid cancer incidence, without a mortality benefit
(44, 45).

It is less clear how, in the setting of stable prevalence of
subclinical PTC, detection patterns explain PTC incidence
being highest in middle-aged individuals. This apparent dis-
parity may be related to timing. SEER data show that an
incidence peak in middle age was not present in the 1980s
(1), which was prior to the rise of widespread imaging and
ultrasound technology. Thus, higher observed incidence in
middle-aged individuals since the 1990s could be a conse-
quence of increased diagnostic scrutiny and, in particular,
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Figure 2. Age group-specific prevalence in logistic regression model;
error bars represent 95% Cl.

ultrasound detecting small PTCs previously attributed to the
subclinical reservoir. Diagnostic scrutiny refers to the path-
ways through which thyroid cancer may be detected in add-
ition to imaging. Other pathways include (1) presenting with
constitutional (eg, fatigue) and/or compressive symptoms
(eg, globus, dysphagia) or for a routine health maintenance
visit, (2) having a palpable neck mass or enlarged thyroid (by
patient or physician), (3) having thyroid cancer risk factors
(eg, family history), or (4) having metabolic thyroid disease
(46). Additionally, there are circumstances in middle age
during which healthcare utilization may systematically differ
between men and women; the latter having higher utiliza-
tion and higher incidence during this period (eg, perimeno-
pause) (47). Consequently, the likelihood of detecting smaller
cancers (<1 cm) via thyroid ultrasound may be greater in
middle-aged adults (45-54 years) and in women (48). It is
also possible there has been a different birth cohort effect,
with people who were born between about 1930 and 1960
disproportionately affected. The United States performed nu-
clear bomb testing in Nevada in the 1950s and 1960s, and
this could affect thyroid cancer rates for those in the highest
risk age groups at that time. These represent potential ex-
planations; the reasons why middle-aged individuals are dis-
proportionately affected by thyroid cancer remains an active
investigation.

Biological Factors

Biology could also explain the discrepancy between a stable
prevalence of subclinical PTC and observed peak in PTC inci-
dence in the middle-aged individuals. It is possible that PTCs
in this age group become more active and thus more likely to
present and be treated surgically. “Treated” cancers would, by
definition, be removed from the subclinical reservoir and aut-
opsy studies and their omission may flatten the curve in this
age group. Thus, it is possible there is a true increase in clinic-
ally relevant PTC among middle-aged individuals, despite the
stable prevalence of subclinical disease over the lifespan. It is
important to reiterate the PTC incidence peak in middle-aged
individuals was first observed in the 1990s after the included
autopsy studies were published. As such, newer risk factors
affecting thyroid carcinogenesis overall and by age would not
be captured in these studies.

There are a number of reasons why thyroid cancer be-
havior and prognosis may change with age. Specifically,

age affects thyroid architecture, nodularity, and cancer
behavior. Multiple epidemiologic studies demonstrate a
positive association between thyroid nodule prevalence (ie,
precursors to thyroid cancer) and advancing age (49-52).
Thus, the likelihood of detecting thyroid disease increases
with age due to greater nodularity. Moreover, studies
examining the relationship of advancing age and thyroid
cancer prognosis find that symptomatic thyroid cancers in
older individuals (>60 years of age) tend to be more ag-
gressive (eg, aggressive papillary histology variants, medul-
lary, anaplastic, poorly differentiated, distant metastatic)
(53) and have higher associated mortality (54-56). Yet, the
incremental risk of malignancy of each individual nodule
decreases with advancing age, even as suspicious features
of nodules (eg, larger size, solid) become more common.
Thus, malignancy risk differences exist between older and
middle-aged adults.

Thyroid cancer incidence differs by sex, while thyroid
cancer mortality and subclinical PTC do not (38, 57). Our
current study shows that there are also no differences in
age-specific prevalence of subclinical PTC between men and
women. While women have higher incidence rates during
life, the data do not support a larger reservoir of subclinical
thyroid cancer. Studies have reported sex disparity in thyroid
cancer detection, observing that sex amplified differences in
age-specific incidence rates; however, more lethal cancers
tend be detected at similar rates in both men and women
(12, 57). Nonetheless, sex-based risk factors for developing
thyroid cancer (eg, dietary, environmental, molecular) are
poorly characterized and would benefit from further eluci-
dation (58).

Limitations

This study has limitations related to autopsy study represen-
tativeness, sample sizes, and study period. First, those who die
in younger age groups may not be representative of the popu-
lation under 40 years of age, whereas autopsy data are more
likely to representative in the older-aged population. Other
risk factors for death at younger ages (eg, obesity, smoking)
may also affect representativeness and present differences in
the deceased and living populations of younger age groups.
Also, there is greater uncertainty in the estimates for younger
age groups as fewer young individuals undergo autopsies.
The use of consecutive autopsies in all but 3 studies does
mitigate but does not eliminate the risk of selection bias, but
does improve representativeness of included data. Second,
we may not have sufficient data to detect small differences
in subclinical PTC prevalence across the lifespan. Third, it
is important to note that autopsy studies were conducted
between 1975 and 2005 and data may not represent more
recent trends in observed incidence. We used all available
autopsy data to evaluate the prevalence of subclinical PTC.
Most studies (13 of 16) were performed prior to the advent
of widespread ultrasound availability and the observed rising
incidence (ie, mid to late 1990s). Nonetheless, the findings
remain relevant since there has not been any known change
in underlying biological risk of thyroid cancer since these
data were published. The Furuya-Kanamori meta-analysis
did examine 10 studies published after 1990, including 6
studies published in 2001-2011, and found no evidence that
the prevalence of subclinical thyroid cancer had changed sig-
nificantly since the 1970s (13).
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Conclusions

This meta-analysis shows the prevalence of subclinical PTC
is stable across the lifespan. There is not a higher subclinical
PTC prevalence in middle age, in contrast to higher observed
incidence rates in this age group. These findings offer unique
insights into the prevalence of subclinical PTC and its rela-
tionship to age.
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