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Prevalence of Differentiated Thyroid Cancer in Autopsy
Studies Over Six Decades: A Meta-Analysis
Luis Furuya-Kanamori, Katy J.L. Bell, Justin Clark, Paul Glasziou, and Suhail A.R. Doi

A B S T R A C T

Purpose
Differentiated thyroid cancer (DTC) incidence has been reported to have increased three- to 15-fold
in the past few decades. It is unclear whether this represents overdiagnosis or a true increase in
incidence. Therefore, the current study aimed to estimate the prevalence of incidental DTC in
published autopsy series and determine whether this prevalence has been increasing over time.

Materials and Methods
PubMed, Embase, and Web of Science were searched from inception to December 2015 for
relevant studies. Two authors searched for all autopsy studies that had included patients with no
known history of thyroid pathology and reported the prevalence of incidental DTC (iDTC). Two
authors independently extracted the data, and discrepancies were resolved by another author. The
pooled prevalence of iDTC was assessed using a fixed-effects meta-analysis model with robust
error variance. The time effect was studied using an inverse-variance weighted logit-linear re-
gression model with robust error variance and a time variable.

Results
Thirty-five studies, conducted between 1949 and 2007, met the inclusion criteria and contributed 42
data sets and 12,834 autopsies. The prevalence of iDTC among the partial and whole examination
subgroups was 4.1% (95% CI, 3.0% to 5.4%) and 11.2% (95% CI, 6.7% to 16.1%), respectively.
Once the intensiveness of thyroid examination was accounted for in the regression model, the
prevalence odds ratio stabilized from 1970 onward, and no time effect was observed.

Conclusion
The current study confirms that iDTC is common, but the observed increasing incidence is not
mirrored by prevalence within autopsy studies and, therefore, is unlikely to reflect a true population-
level increase in tumorigenesis. This strongly suggests that the current increasing incidence of iDTC
most likely reflects diagnostic detection increasing over time.

J Clin Oncol 34:3672-3679. © 2016 by American Society of Clinical Oncology

INTRODUCTION

In 2006, Davies and Welch1 first flagged the in-
creasing incidence of differentiated thyroid cancer
(DTC) in the United States and suggested that this
may be predominantly a result of the increased
detection (overdiagnosis) of small papillary can-
cers. They tagged this as possible overdetection
because it was felt that the two prerequisites
(presence of a subclinical thyroid cancer reser-
voir and activities leading to increased detection
of patients from the disease reservoir)2 had been
met. In particular, thyroid cancer is well known
for subclinical cancers that may not progress or
have such a slow progression that the patient is
more likely to die of other causes.

There is evidence of activities leading to in-
creased detection and a possible association with
incidence rates; in one study between 2000 and
2012, a doubling of thyroid cancer incidence was
also associated with a nearlyfive-fold increase in the
use of thyroid ultrasound and a nearly seven-fold
increase in the use of thyroid fine-needle aspira-
tion.3 One contributor to the increased use of fine-
needle aspiration may be the investigation of in-
cidental findings of imaging of the neck (eg, carotid
ultrasound, neck computed tomography) or chest
regions (eg, chest computed tomography).4

Although such data suggest overdiagnosis, one
way to confirm this would be through population-
level trends that document a mismatch in rates
of change between thyroid cancer incidence and
mortality on a large scale. Analyses by Davies and
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Welch5 have demonstrated this; they reported that between 1973
and 2009, mortality from thyroid cancer in the United States
remained stable, but incidence was increasing, particularly in
women. They found that the increased incidence of thyroid
cancer was almost completely attributable to DTC, in particular,
small (# 2 cm) papillary thyroid cancers, with the incidence of
subcentimeter thyroid cancers increasing at the fastest rates.

Although the increased incidence of thyroid cancer and stable
mortality rates point to likely overdiagnosis, the reality is that
thyroid cancer–specific mortality, especially of small papillary
thyroid cancer, is so low anyway that it would be hard to show
a difference.6 This is because smaller thyroid cancers tend to re-
main subclinical and may not progress or will progress so slowly
that the patient is more likely to die of other causes.6,7 Therefore, it
is imperative that we confirm the potential overdiagnosis using
another approach. Given that the increasing incidence is mainly of
subcentimeter tumors, a truly increasing incidence should be
reflected by an expanding incidental thyroid cancer reservoir. The
status of this reservoir can be examined using data from case series
of autopsies performed on patients who were not known to have
thyroid disease at the time of death. There are dozens of published
reports of such studies documenting incidental thyroid cancers on
autopsy, and individual studies confirm that a significant number
of adults harbor occult papillary thyroid cancers.8 Pooling these
data over similar time periods would allow a determination of
whether the incidental thyroid cancer reservoir has changed over
time. If the reservoir has remained stable over time, then the
apparent increases in the incidence of small (especially sub-
centimeter) thyroid cancers may be explained by activities leading
to overdetection, rather than any true change in the underlying
incidence (at least for the smaller cancers that are on the rise).
Therefore, we undertook to combine all published autopsy series
to estimate the time trend in pooled prevalence and to evaluate
possible factors related to the differences in prevalence across
studies.

MATERIALS AND METHODS

Search Strategy and Selection Criteria
A systematic review and meta-analysis was conducted in accordance

with the Meta-Analysis of Observational Studies in Epidemiology
guidelines. A systematic search was run in PubMed, Embase, and Web of
Science from inception to December 2015 for autopsy studies that reported
the prevalence of incidental DTC (iDTC). The complete details of the
search strategies are available in the Appendix (online only).

Inclusion was restricted to autopsy studies that included patients with
no known history of thyroid pathology. No language or date restrictions
were used. Irrespective of the medical indication, data from surgical
thyroid removal or fine-needle aspiration biopsies were excluded. Studies
that reported atomic bomb or Chernobyl nuclear disaster survivors were
excluded. Exclusions were also made for conference presentations, ab-
stracts, and publications with incomplete information about the method
of examination of the thyroid and the age of the patients at death.

Study Selection and Data Extraction
Two authors (L.F.-K. and J.C.) independently assessed the eligi-

bility of studies and collated the data from the qualifying studies. Authors
(L.F.-K. and K.J.L.B.) independently extracted the data, and discrep-
ancies were resolved through discussion and consensus after independent

evaluation by another author (S.A.R.D.). Data from the included studies
were extracted and summarized in a spreadsheet. The recorded fields
included study identifiers (authors, publication year), study population
characteristics (median age, sex proportion, country), autopsy procedure
(years when the autopsies were performed, number of autopsies performed,
thyroid examination methodology), and outcome (thyroid weight, histo-
logic findings [number of iDTCs]).

Quality Assessment
A modification of the validated scale proposed by Hoy et al9 was used

to assess study quality. This assessment of methodologic quality assesses
risk of bias and does not refer to reporting quality, and therefore, the tool
lists common safeguards against which the studies were assessed. The
higher the number of safeguards present, the more assurance there is that
the iDTC prevalence had been measured in a manner that is free from bias.
Nine safeguards were assessed and reported for each study; these included
both internal and external validity items, and although the recommen-
dation has been to focus on internal validity for risk of bias assessments,10

an exception applies to prevalence studies.9

Statistical Analysis
The primary effect measure of interest was the prevalence of iDTC in

autopsies. The double arcsine square root transformed11 (to stabilize the
variance) prevalence of iDTC across studies was pooled using the inverse-
variance heterogeneity model12 (which uses robust error variances) stratified
by method of thyroid examination and median age group at autopsy. For
ease of interpretation, results were reported after back-transformation to
natural proportions. The random-effects model was also used to run the
meta-analysis, and results are reported in the Appendix (online only).
Cochran Q test and I2 were used to assess heterogeneity among studies.
Because I2 tends to increase for the same level of heterogeneity as precision
of study estimates increase,13 we also looked at the clinical relevance of any
heterogeneity present, as well as the between-study heterogeneity measured
through t2.

A linear model was used to gain additional insight into the time trend
of the autopsy-based iDTC prevalence by analysis of the association of logit
prevalence with year and other important variables that were defined
a priori, including period when the autopsies were performed (before
1970, 1970 to 1975, 1976 to 1980, 1981 to 1985, 1986 to 1990, and after
1990), median age at death, and whether the whole thyroid was examined
or only areas where macroscopic anomalies were observed. The linear
model was fit using logit prevalence as the response variable, weighted by
the inverse of each study’s variance to allow the observations with the least
variance to provide the most information to the model, and using robust
error variances. As a sensitivity analysis, two additional models, a random-
effects weighted logit-linear regression model and a mixed-effects linear
model, were run, with intensiveness of thyroid examination as the random
effect. Because these two models provided similar results to the inverse-
variance weighted logit-linear regressionmodel with robust error variance,
we report only the latter model in this analysis.

All tests were two-tailed, and P , .05 was deemed statistically sig-
nificant. Pooled analyses were conducted using MetaXL version 4.0
(EpiGear International, Sunrise Beach, Queensland, Australia), and the
regression models were run using Stata SE version 14 (Stata Corp, College
Station, TX).

RESULTS

Yield of Search Strategies
The search strategies identified 1,745 unique publications, the

titles and abstracts of which were screened for inclusion. The full
texts of 95 articles were retrieved, of which 35 studies8,14-45,47,48

met the inclusion criteria and contributed with 42 data sets.

www.jco.org © 2016 by American Society of Clinical Oncology 3673

Prevalence of Incidental Differentiated Thyroid Cancer

Downloaded from ascopubs.org by 220.238.20.254 on February 10, 2021 from 220.238.020.254
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 

http://www.jco.org


Ta
bl
e
1.

C
ha

ra
ct
er
is
tic

s
of

th
e
In
cl
ud

ed
S
tu
di
es

S
tu
dy

an
d
Y
ea

r
of

P
ub

lic
at
io
n

Lo
ca
tio

n

M
ed

ia
n
Y
ea

r
W

he
n

A
ut
op

si
es

W
er
e

P
er
fo
rm

ed
S
tu
dy

P
op

ul
at
io
n

M
ed

ia
n
A
ge

at
D
ea

th
(y
ea

rs
)

Fe
m
al
e

(%
)

W
ho

le
/P
ar
tia

l
E
xa
m
in
at
io
n
of

th
e

G
la
nd

an
d
N
o.

of
S
lic
es

E
xa

m
in
ed

pe
r
G
la
nd

N
o.

of
A
ut
op

si
es

E
xa

m
in
ed

N
o.

of
iD
TC

s
P
re
va

le
nc

e
of

iD
TC

(%
)

A
re
lla
no

an
d

Ib
ar
ra
,1
4
19

84
S
an

tia
go

de
C
hi
le
,

C
hi
le

19
82

U
ns

el
ec

te
d
au

to
ps

ie
s
at

C
hi
le

M
ed

ic
al

S
ch

oo
lH

os
pi
ta
l

55
47

P
ar
tia

l,
2*

27
4

9
3.
28

A
ut
el
ita

no
et

al
,1
5
19

84
R
om

e,
Ita

ly
19

84
C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

.
60

38
P
ar
tia

l,
4*

20
2

7
3.
47

A
ut
el
ita

no
et

al
,1
6
19

90
R
om

e,
Ita

ly
19

90
C
on

se
cu

tiv
e
au

to
ps

ie
s
w
ith

ou
t

cl
in
ic
al

ev
id
en

ce
of

th
yr
oi
d

ca
nc

er
pe

rf
or
m
ed

ov
er

1
ye

ar

.
60

N
R

W
ho

le
,
N
R

50
7

37
7.
30

B
is
ie

t
al
,1
7
19

89
B
ra
zi
l(
ci
ty

N
R
)

19
89

A
ut
op

si
es

w
ith

no
cl
in
ic
al

ev
id
en

ce
of

th
yr
oi
d
di
se

as
e

49
33

P
ar
tia

l,
3-
4*

30
0

7
2.
33

B
on

de
so

n
et

al
,1
8
19

84
M
al
m
o,

S
w
ed

en
19

84
C
on

se
cu

tiv
e
ho

sp
ita

la
nd

fo
re
ns

ic
au

to
ps

ie
s
in

pa
tie

nt
s
w
ith

ou
t

hi
st
or
y
of

th
yr
oi
d
su

rg
er
y

61
48

P
ar
tia

l,
2*

43
0

34
7.
91

B
rie

rr
e
an

d
D
ic
ks
on

,1
9
19

64
M
ar
yl
an

d,
U
ni
te
d

S
ta
te
s

19
64

C
on

se
cu

tiv
e
au

to
ps

ie
s
in

ad
ul
ts

55
38

P
ar
tia

l,
N
R

10
0

3
3.
00

C
ho

ng
et

al
,2
0
19

94
S
in
ga

po
re

19
84

C
or
on

ia
lc

as
es

w
ith

no
hi
st
or
y

of
th
yr
oi
d
di
se

as
e

54
26

W
ho

le
,
N
R

44
4

43
9.
68

de
M
at
os

et
al
,8

20
06

S
ao

P
au

lo
,
B
ra
zi
l

19
99

R
ou

tin
e
ho

sp
ita

la
ut
op

si
es

in
pa

tie
nt
s
w
ith

a
ca
us

e
of

de
at
h

ot
he

r
th
an

th
yr
oi
d
di
se

as
es

47
35

P
ar
tia

l,
8*

16
6

13
7.
83

D
el
id
es

et
al
,2
1
19

87
A
th
en

s,
G
re
ec

e
19

80
A
ut
op

si
es

w
ith

ou
t
hi
st
or
y
of

th
yr
oi
d
di
se

as
e
or

ex
te
nd

ed
ho

sp
ita

liz
at
io
n

41
85

P
ar
tia

l,
3*

20
0

3
1.
50

Fl
ei
sc

hm
an

n
an

d
H
ar
dm

ei
er
,2
2
19

99
C
an

to
n
of

Th
ur
ga

u,
S
w
itz
er
la
nd

19
95

C
on

se
cu

tiv
e
ad

ul
t
au

to
ps

ie
s

71
44

P
ar
tia

l,
N
R

39
2

8
2.
04

Fr
an

ss
ila

an
d

H
ar
ac

h,
2
3
19

86
H
el
si
nk

i,
Fi
nl
an

d
19

84
20

co
ns

ec
ut
iv
e
au

to
ps

ie
s
fo
r
ea

ch
10

-y
ea

r
ag

e
gr
ou

p
of

pa
tie

nt
s

,
40

ye
ar
s
of

ag
e

16
32

W
ho

le
,
20

57
13

22
.8
1

Fu
ku

na
ga

an
d

Y
at
an

i,2
4
19

75
(1
)

O
nt
ar
io
,
C
an

ad
a

19
75

N
R

63
38

W
ho

le
,
N
R

10
0

6
6.
00

Fu
ku

na
ga

an
d

Y
at
an

i,2
4
19

75
(2
)

S
en

da
i,
Ja

pa
n

19
75

U
ns

el
ec

te
d
th
yr
oi
d
gl
an

ds
w
er
e

re
m
ov

ed
at

au
to
ps

ie
s
pe

rf
or
m
ed

at
th
e
To

ho
ku

U
ni
ve

rs
ity

H
os

pi
ta
l

58
42

W
ho

le
,
N
R

10
2

29
28

.4
3

Fu
ku

na
ga

an
d

Y
at
an

i,2
4
19

75
(3
)

G
liw

ic
e,

P
ol
an

d
19

75
N
R

62
49

W
ho

le
,
N
R

11
0

10
9.
09

Fu
ku

na
ga

an
d

Y
at
an

i,2
4
19

75
(4
)

C
al
ia

nd
M
ed

el
lin
,

C
ol
om

bi
a

19
75

C
on

se
cu

tiv
e
au

to
ps

ie
s
fr
om

H
os

pi
ta
lU

ni
ve

rs
ita

rio
D
el

V
al
le

an
d
C
al
i’s

M
ed

ic
ol
eg

al
O
ffi
ce

39
27

W
ho

le
,
N
R

60
7

34
5.
60

Fu
ku

na
ga

an
d

Y
at
an

i,2
4
19

75
(5
)

H
aw

ai
i,
U
ni
te
d

S
ta
te
s

19
75

N
R

72
44

W
ho

le
,
N
R

24
8

60
24

.1
9

H
ar
ac
h
et

al
,2
5
19

85
H
el
si
nk

i,
Fi
nl
an

d
19

85
C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

67
48

W
ho

le
,
30

10
1

36
35

.6
4

H
az
ar
d
an

d
K
au

fm
an

,2
6
19

52
O
hi
o,

U
ni
te
d
S
ta
te
s

19
50

C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

in
ad

ul
ts

62
34

P
ar
tia

l,
N
R

40
8

2
0.
49

H
ul
l,2

7
19

55
C
ol
or
ad

o,
U
ni
te
d

S
ta
te
s

19
53

C
on

se
cu

tiv
e
ne

cr
op

si
es

;
pa

tie
nt
s

,
10

ye
ar
s
of

ag
e
w
er
e
ex

cl
ud

ed
71

43
P
ar
tia

l,
3*

22
1

3
1.
36

K
om

or
ow

sk
ia

nd
H
an

so
n,

2
8
19

88
W

is
co

ns
in
,
U
ni
te
d

S
ta
te
s

19
88

H
os

pi
ta
la

ut
op

si
es

of
pa

tie
nt
s

20
-4
0
ye

ar
s
of

ag
e
w
ith

cl
in
ic
al

ev
id
en

ce
of

th
yr
oi
d
di
se

as
e

30
38

W
ho

le
,
N
R

13
8

4
2.
90

K
ov

ac
s
et

al
,2
9
20

05
(1
)

B
ud

ap
es

t,
H
un

ga
ry

20
05

C
on

se
cu

tiv
e
au

to
ps

y
se

rie
s
in

an
io
di
ne

-d
efi

ci
en

t
ar
ea

75
51

P
ar
tia

l,
8*

22
2

11
4.
95

K
ov

ac
s
et

al
,2
9
20

05
(2
)

S
zo
ln
ok

,
H
un

ga
ry

20
05

C
on

se
cu

tiv
e
au

to
ps

y
se

rie
s
in

an
io
di
ne

-s
uf
fi
ci
en

t
ar
ea

68
40

P
ar
tia

l,
8*

22
1

10
4.
52

(c
on

tin
ue

d
on

fo
llo
w
in
g
pa

ge
)

3674 © 2016 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Furuya-Kanamori et al

Downloaded from ascopubs.org by 220.238.20.254 on February 10, 2021 from 220.238.020.254
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 



Ta
bl
e
1.

C
ha

ra
ct
er
is
tic

s
of

th
e
In
cl
ud

ed
S
tu
di
es

(c
on

tin
ue

d)

S
tu
dy

an
d
Y
ea

r
of

P
ub

lic
at
io
n

Lo
ca
tio

n

M
ed

ia
n
Y
ea

r
W

he
n

A
ut
op

si
es

W
er
e

P
er
fo
rm

ed
S
tu
dy

P
op

ul
at
io
n

M
ed

ia
n
A
ge

at
D
ea

th
(y
ea

rs
)

Fe
m
al
e

(%
)

W
ho

le
/P
ar
tia

l
E
xa
m
in
at
io
n
of

th
e

G
la
nd

an
d
N
o.

of
S
lic
es

E
xa

m
in
ed

pe
r
G
la
nd

N
o.

of
A
ut
op

si
es

E
xa

m
in
ed

N
o.

of
iD
TC

s
P
re
va

le
nc

e
of

iD
TC

(%
)

La
ng

et
al
,3
0
19

88
H
an

no
ve

r,
G
er
m
an

y
19

87
A
ut
op

si
es

in
pa

tie
nt
s
.

15
ye

ar
s
of

ag
e
w
ith

no
cl
in
ic
al
ly

m
an

ife
st

ca
rc
in
om

a
of

th
e
th
yr
oi
d

61
44

P
ar
tia

l,
N
R

1,
02

0
62

6.
08

M
ar
tin

ez
-T
el
lo

et
al
,3
1
19

93
(1
)

M
ad

rid
,
S
pa

in
19

93
A
ut
op

si
es

pe
rf
or
m
ed

at
th
e

H
os

pi
ta
lC

en
tr
al

de
la

C
ru
z
R
oj
a

68
45

P
ar
tia

l,
2*

62
5

31
4.
96

M
ar
tin

ez
-T
el
lo

et
al
,3
1
19

93
(2
)

M
ad

rid
,
B
ar
ce

lo
na

,
an

d
Za

ra
go

za
,S

pa
in

19
93

C
on

se
cu

tiv
e
au

to
ps

ie
s
w
ith

no
th
yr
oi
d-
re
la
te
d
di
se

as
es

58
34

W
ho

le
,
35

10
0

22
22

.0
0

M
its

el
ou

et
al
,3
2
20

02
E
pi
ru
s,

G
re
ec

e
19

99
Fo

re
ns

ic
ca
se

s
w
ith

ou
t
an

y
cl
in
ic
al

th
yr
oi
d
di
se

as
e
hi
st
or
y

56
26

P
ar
tia

l,
4-
6*

16
0

12
7.
50

M
or
te
ns

en
et

al
,3
3
19

55
M
in
ne

so
ta
,
U
ni
te
d

S
ta
te
s

19
52

H
os

pi
ta
lr
ou

tin
e
co

ns
ec

ut
iv
e

po
st
m
or
te
m

ex
am

in
at
io
n;

ex
cl
ud

ed
pa

tie
nt
s
w
ith

cl
in
ic
al

ev
id
en

ce
of

th
yr
oi
d
di
so

rd
er

.
60

32
P
ar
tia

l,
1*

82
1

13
1.
58

N
eu

ho
ld

et
al
,3
4
20

01
V
ie
nn

a,
A
us

tr
ia

20
01

C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

w
ith

no
cl
in
ic
al

m
an

ife
st
at
io
n
of

th
yr
oi
d
ca
rc
in
om

a

66
52

W
ho

le
,
N
R

11
8

10
8.
47

N
ie
ls
en

an
d

Ze
tt
er
lu
nd

,3
5
19

85
Jo

nk
op

in
g,

S
w
ed

en
19

81
C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

w
ith

ou
t
pr
io
r
su

rg
er
y

72
42

P
ar
tia

l,
2*

49
8

27
5.
42

O
tt
in
o
et

al
,3
6
19

89
La

P
la
ta
,
A
rg
en

tin
a

19
86

C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

58
41

W
ho

le
,
24

*
10

0
11

11
.0
0

P
in
gi
to
re
,3
7
19

82
Tu

sc
an

y
an

d
Li
gu

ria
,

Ita
ly

19
80

C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

in
ad

ul
ts

w
ith

cl
in
ic
al
ly

no
rm

al
th
yr
oi
d

65
29

P
ar
tia

l,
N
R

11
1

4
3.
60

S
am

ps
on

et
al
,3
8
19

74
M
in
ne

so
ta
,
U
ni
te
d

S
ta
te
s

19
70

A
ut
op

si
es

of
O
lm

st
ed

C
ou

nt
y

re
si
de

nt
s

65
37

P
ar
tia

l,
2*

15
7

8
5.
10

S
et
a
an

d
Ta

ka
ha

sh
i,3

9
19

76
Iw

at
e,

Ja
pa

n
19

76
U
ns

el
ec

te
d
au

to
ps

ie
s

40
52

W
ho

le
,
12

0-
18

0
37

9
58

15
.3
0

S
ie
ga

la
nd

M
od

an
,4
0
19

81
Te

l-H
as

ho
m
er

an
d

K
fa
r
S
ab

a,
Is
ra
el

19
77

C
on

se
cu

tiv
e
ho

sp
ita

la
ut
op

si
es

in
ad

ul
ts

68
46

P
ar
tia

l,
6*

26
0

17
6.
54

S
ilv
er
be

rg
an

d
V
id
on

e,
4
1
19

66
C
on

ne
ct
ic
ut
,
U
ni
te
d

S
ta
te
s

19
65

U
ns

el
ec

te
d
ho

sp
ita

la
ut
op

si
es

in
pa

tie
nt
s
.

20
ye

ar
of

ag
e

64
39

P
ar
tia

l,
5-
6*

30
0

8
2.
67

S
ob

rin
ho

-S
im

oe
s

et
al
,4
2
19

79
P
or
to
,
P
or
tu
ga

l
19

75
C
on
se
cu
tiv
e
ho
sp
ita
la
ut
op
si
es

in
w
hi
ch

en
tir
e
th
yr
oi
d
gl
an
d
w
as

av
ai
la
bl
e

53
44

P
ar
tia

l,
2*

60
0

40
6.
67

S
ol
ar
es

et
al
,4
3
20

05
G
ua

te
m
al
a
C
ity

,
G
ua

te
m
al
a

20
00

C
on

se
cu

tiv
e
au

to
ps

ie
s
w
ith

a
ca
us

e
of

de
at
h
no

t
re
la
te
d
to

th
yr
oi
d
di
se

as
e

41
23

P
ar
tia

l,
1*

15
0

3
2.
00

Ta
nr
io
ve

r
et

al
,4
4
20

11
M
ar
m
ar
a,

Tu
rk
ey

20
07

Fo
re
ns

ic
au

to
ps

ie
s
in

pe
op

le
w
ith

no
hi
st
or
y
of

th
yr
oi
d
di
se

as
e

45
14

P
ar
tia

l,
2*

10
8

4
3.
70

Th
or
va
ld
ss
on

et
al
,4
5
19

92
R
ey

kj
av
ik
,
Ic
el
an

d
19

85
C
on

se
cu

tiv
e
fo
re
ns

ic
au

to
ps

ie
s
in

pe
op

le
w
ith

ou
t
hi
st
or
y
of

th
yr
oi
d

su
rg
er
y
or

ra
di
at
io
n
tr
ea

tm
en

t

52
20

W
ho

le
,
19

19
9

13
6.
53

Y
am

am
ot
o
et

al
,4
7
19

90
To

ku
sh

im
a,

Ja
pa

n
19

84
H
os

pi
ta
lc

on
se

cu
tiv

e
au

to
ps

ie
s

61
39

P
ar
tia

l,
2*

40
8

46
11

.2
7

Y
at
an

ie
t
al
,4
8

19
81

(1
)

M
ie
,
Ja

pa
n

19
81

U
ns

el
ec

te
d
au

to
ps

ie
s;

ro
ut
in
e

au
to
ps

y
ex

am
in
at
io
n

50
40

P
ar
tia

l,
N
R

1,
10

2
27

2.
45

Y
at
an

ie
t
al
,4
8

19
81

(2
)

M
ie
,
Ja
pa

n
19

81
U
ns

el
ec

te
d
au

to
ps

ie
s;

ex
ha

us
tiv

e
au

to
ps

y
ex

am
in
at
io
n

50
44

W
ho

le
,
N
R

68
18

26
.4
7

A
bb

re
vi
at
io
ns

:
iD
TC

,
in
ci
de

nt
al

di
ff
er
en

tia
te
d
th
yr
oi
d
ca

nc
er
;
N
R
,
no

t
re
po

rt
ed

.
*N

um
be

r
of

sl
ic
es

ex
am

in
ed

w
he

n
no

gr
os

sl
y
m
ac

ro
sc

op
ic

le
si
on

s
w
er
e
vi
si
bl
e;

ad
di
tio

na
ls

lic
es

w
er
e
ex

am
in
ed

w
he

n
m
ac

ro
sc

op
ic

le
si
on

s
w
er
e
pr
es

en
t.

www.jco.org © 2016 by American Society of Clinical Oncology 3675

Prevalence of Incidental Differentiated Thyroid Cancer

Downloaded from ascopubs.org by 220.238.20.254 on February 10, 2021 from 220.238.020.254
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 

http://www.jco.org


A Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow diagram summarizes the results of the literature
searches (Appendix Fig A1, online only).

Characteristics of the Included Data Set
The included data sets accounted for 12,834 autopsies performed

between 1949 and 2007. Forty percent of the autopsies were con-
ducted in females, and the median age of study participants at death
ranged between 16 and 75 years of age. Sixteen data sets examined the
whole thyroid irrespective of the presence or absence of macroscopic
evidence of disease. The autopsies were conducted before 1970 in five
data sets,19,26,27,33,42 between 1970 and 1975 in seven data sets,24,38,42

between 1976 and 1980 in four data sets,21,37,39,40 between 1981 and
1985 in 11 data sets,14,15,18,20,23,25,35,45,47,48 between 1986 and 1990 in
five data sets,16,17,28,30,36 and after 1990 in 10 data sets8,22,29,31,32,34,43,44

(Table 1).
Of the nine deficiencies assessed in terms of risk of bias

(quality assessment), the studies had between one and four de-
ficiencies (Appendix Table A1, online only). The most common
deficiencies were nonrepresentativeness of the national pop-
ulation in 30 studies, nonsystematic cancer detection method in
25 studies, and no clearly stated DTC definition in 12 studies.

Quantitative Synthesis
The pooled prevalence among the partial examination sub-

group was 4.1% (95% CI, 3.0% to 5.4%), whereas it was 11.2%
(95% CI, 6.7% to 16.1%) when whole thyroids were examined
irrespective of the macroscopic findings (Fig 1). With the second
period (1970 to 1975) as the reference, the iDTC prevalence odds
were much lower only in the first period, and no difference from
the reference was seen over subsequent time periods (Table 2 and
Fig 2). Results using random effects weights were comparable
(Appendix Table A2, online only). The best predictor accounting
for almost all of the model-explained variance in prevalence was

whole or partial gland examination. Discrimination of studies with
iDTC prevalence , 10% compared with $ 10% with this single
variable was excellent (area under the curve, 0.82; 95% CI, 0.69 to
0.96) and comparable to discrimination using the linear predictor
from the logit-linear regression model, which also included the
time period variables (area under the curve, 0.83; 95% CI, 0.70 to
0.95). This suggests that the time period when autopsies were
conducted added little to the prediction of iDTC prevalence be-
yond that of whole or partial gland examination.

Heterogeneity was evident across all subgroups in Figure 1,
with I2 ranging between 89% and 92% and the Cochran Q x2

P, .1 across the subgroups and overall. Nevertheless, t2 was 0.014
for the partial examination group and 0.053 for the whole ex-
amination group. The overall t2 was 0.038. The clinical relevance of
heterogeneity was therefore deemed to be low in the partial-gland
groups but moderate in the whole-gland groups. This increase in
heterogeneity was related to some members of the whole exam-
ination group having a relatively higher prevalence of iDTC or
a higher number of thyroid slices examined (Fig 1 and Appendix
Figs A2 and A3, online only).

DISCUSSION

Thyroid cancer incidence has substantially increased in many
countries,49 with uncertainty about whether this is a real biologic
increase or simply an increased detection of a stable reservoir of
incidental cancer. One of the most dramatic reports of such an
increase comes from South Korea where, between 1993 and 2011,
there was a 15-fold increase in thyroid cancer incidence, mainly of
the papillary type.50 The regional incidence correlated with the
penetration of thyroid cancer screening in that area, suggesting
overdetection.

Our results suggest that the prevalence of iDTC is stable across
time, which provides evidence for overdetection as the mechanism
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Fig 1. Forest plot (IVhet model) depicting the prevalence of incidental differentiated thyroid cancer in the (A) partial and (B) whole thyroid examination subgroups and
sorted by period when the autopsies were conducted.
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for the rapidly increasing incidence of micropapillary DTC in
recent times. Apparent differences in the iDTC prevalence over
different time periods were found to be explained almost entirely
by differences in the use of whole or partial gland examination.
Averaged across all studies undertaking whole-gland examination,
the prevalence of autopsy-detected thyroid cancers was just greater
than 10%. This prevalence is well in excess of the lifetime cu-
mulative incidence of thyroid cancer, which was 1.1% in the United
States on the basis of data from 2010 to 2012.51 The prevalence
varied across studies; it was higher when more intensive evaluation
of the thyroid was performed, suggesting that the baseline prev-
alence is detection method dependent and, 10% in meticulously
examined thyroids.

Thyroid cancer death rates have remained stable over the past
three decades, and recent data suggest only a slight change from
0.51 in 2007 to 0.52 in 2011 among men and from 0.48 to 0.49
among women in the United States (per 100,000 population).52

Yet, the largest annual increases in incidence were for thyroid
cancers (5.3% and 4.5% in men and women, respectively) in the
same period.52 We could attribute this stable mortality to the fact
that thyroid cancer progresses slowly, but this cannot be the sole
reason because that would imply extraordinarily long lead times

(. 30 years) in which mortality has been stable.5 It is also un-
likely that improvements in diagnosis and treatment over the past
30 years are the main explanation of this stable thyroid cancer
mortality rate,49,53 because, as pointed out by Davies and Welch,5

these improvements would have had to exactly match the change in
incidence rate. A more reasonable explanation is what we dem-
onstrate here, which is that there is a vast reservoir of subclinical
cancer that remains stable; the evidence suggests that thyroid
cancer is increasingly being detected without being destined to
cause death. In addition, the increase in incidence of thyroid cancer
is not recent; from data presented by Davies and Welch,5 it is clear
that the incidence has steady increased since the 1980s, yet we did
not find an increase in the size of the reservoir from autopsies
conducted 20 years later. If we assume that thyroid cancer evolves
from this reservoir and the reservoir remains stable, then the most
parsimonious conclusion is that increase in carcinogenesis is an
unlikely culprit here.

It has been reported that at least one third of adults harbor
small papillary thyroid cancers, the vast majority of which will not
produce symptoms during a person’s lifetime.25 This substantial
reservoir has been long recognized,54 and given our results, the
evidence for the reservoir representing a subclinical phase of iDTC
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Fig 2. Modeled prevalence of incidental dif-
ferentiated thyroid cancer over time (cubic
spline fit using the cross-medians as knots)
stratified by method of gland examination. The
dashed lines depict themeta-analytic estimates
of the overall prevalence of incidental differ-
entiated thyroid cancer in the partial examina-
tion (4.1%) and whole examination (11.2%)
subgroups. Please note that the y-axis is logit
not linear, and hence, the labeled prevalence
(percentage) increases are much larger in the
upper part of the scale.

Table 2. Potential Predictors of Incidental Differentiated Thyroid Cancer: Univariable and Multivariable Regression

Predictors in Model

Univariable Multivariable

POR 95% CI P R 2 POR 95% CI P R 2

Period when autopsies were
conducted

Before 1970 0.16 0.07 to 0.34 , .001 0.403 0.21 0.08 to 0.51 .001 0.598
1970-1975 1.00 1.00
1976-1980 0.78 0.23 to 2.63 .677 0.91 0.35 to 2.37 .849
1981-1985 0.67 0.29 to 1.51 .323 0.90 0.44 to 1.85 .773
1986-1990 0.65 0.34 to 1.23 .179 0.68 0.32 to 1.45 .306
After 1990 0.55 0.28 to 1.06 .073 0.75 0.35 to 1.61 .443

Median age at death . 60 years 0.84 0.45 to 1.58 .585 0.009 1.56 0.99 to 2.43 .052
Examined the whole thyroid 3.05 1.82 to 5.12 , .001 0.315 2.54 1.55 to 4.17 .001

Abbreviation: POR, prevalence odds ratio (relative prevalence odds of incidental differentiated thyroid cancer per unit increase in each predictor).
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is strong. The question then is as follows: What can be done to
reduce the problems from overdetection? Ideally, we would like
not to detect such subclinical latent cancers in the first place,
for example, by identifying and reducing overtesting.55 However,
when subclinical DTC has been detected, it seems reasonable to
selectively defer offering treatment. This view is supported by
clinical studies of DTC,46,56,57 and the first of these studies ob-
served 340 patients with untreated papillary microcarcinomas over
a 10-year period and found no cancer deaths and few new nodal
metastases (in only 3% of patients).56 A second study described
a group of 244 patients with incidentally detected papillary
microcarcinoma who received ultrasounds every 6 to 12 months
for up to 17 years.46 No patients developed extrathyroidal invasion
or distant metastases; only 5% of patients were ultimately rec-
ommended for surgery because of increase in size of the primary
tumor or new nodal metastases. In a more recent study, 1,235
patients with subclinical DTC were observed for an average of
75 months.57 Clinical progression (tumor size reaching 12 mm or
new nodal metastases) occurred in , 10% of patients at 10 years.
Tumor size (. 9 mm) and age (, 40 years of age) were in-
dependent predictors of progression, and in young patients,
progression occurred at twice the overall rate, but interestingly,
none of the patients who had thyroid-stimulating hormone
suppression experienced clinical progression.57 The authors
conclude that it may not be too late to intervene after detecting
progression to clinical disease in younger patients,57 and indeed,
across all three clinical studies, patients who were treated after
progression still had excellent outcomes with only one patient with
recurrent disease.46,56,57

Our findings have limitations, principally the unknown val-
idity of pathologic assessment at autopsy. For example, although
not reported in these studies, thyroid glands may show autolysis on
histologic examination, and because it is difficult to evaluate subtle
nuclear details that are only present in a few cells of specimens
subjected to a certain degree of autolysis, tiny lesions may have the
potential to mimic cancer and might falsely elevate estimates of
iDTC prevalence. Although the completeness of thyroid assess-
ment varied, we tried to capture this through the extent of
pathologic examination reported in each study. Interestingly, there
were as many studies in the 5 years from 1981 to 1985 as in the
25 years from 1990 to 2015, which may be a result of the 1986
Chernobyl nuclear disaster; however, studies that might have been
directly impacted by the disaster were excluded from the analysis.
Another limitation was missing detail of methods and prevalence
of cancer stratified by age and other factors; because many studies
were old, contact with authors for clarifications was not possible.
Insufficient data also meant we were unable to test for differ-
ences in prevalence by geography and race. Higher levels of risk

can certainly explain why, in areas where thyroid cancer is highly
prevalent, we also found high prevalence of the cancer reservoir in
autopsies. However, the level of scrutiny when examining the gland
seems to be more important than the location where the study was
conducted. For example, Yatani et al48 conducted a study in the
same Japanese population but with different levels of scrutiny and
found 2.5% and 26.5% of iDTCs with a routine examination and
an exhaustive examination, respectively.

In conclusion, this study affirms the presence of a substantial
reservoir of incidental thyroid cancer that, importantly, has not
increased over the past several decades. Therefore, it is likely that
the increasing incidence of DTC is related to increasing detection
of stable incidental disease. Strategies to reverse such overdetection
and the consequent overtreatment will require methods to both
decrease inappropriate imaging and better manage small nodules
when detected.58 This situation had previously been compounded
by older guidelines such as those from the American Thyroid
Association that endorsed biopsy of thyroid nodules as small as
5 mm.59 More recently, in the wake of this controversy, the
American Thyroid Association has updated its guidelines to rec-
ommend that, in general, only nodules . 1 cm should be eval-
uated, because they have a greater potential to be clinically
significant cancers (with exceptions for nodules , 1 cm with
suspicious ultrasound findings, associated lymphadenopathy, or
other high-risk clinical factors).60 Similarly, the American College
of Radiology recommends further evaluation only if the incidental
nodule is .1 cm in those , 35 years of age or . 1.5 cm in those
$ 35 years of age, unless there is evidence of focal metabolic
activity in the thyroid.61 We look forward to prospective studies
examining outcomes of patients with subcentimeter nodules
undergoing active surveillance only.
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29. Kovács GL, Gonda G, Vadász G, et al: Epide-
miology of thyroid microcarcinoma found in autopsy
series conducted in areas of different iodine intake.
Thyroid 15:152-157, 2005

30. Lang W, Borrusch H, Bauer L: Occult carci-
nomas of the thyroid: Evaluation of 1,020 sequential
autopsies. Am J Clin Pathol 90:72-76, 1988

31. Martinez-Tello FJ, Martinez-Cabruja R, Fer-
nandez-Martin J, et al: Occult carcinoma of the thy-
roid: A systematic autopsy study from Spain of two
series performed with two different methods. Can-
cer 71:4022-4029, 1993

32. Mitselou A, Vougiouklakis T, Peschos D, et al:
Occult thyroid carcinoma: A study of 160 autopsy
cases—The first report for the region of Epirus-
Greece. Anticancer Res 22:427-432, 2002

33. Mortensen JD, Woolner LB, Bennett WA:
Gross and microscopic findings in clinically normal
thyroid glands. J Clin Endocrinol Metab 15:1270-1280,
1955

34. Neuhold N, Kaiser H, Kaserer K: Latent car-
cinoma of the thyroid in Austria: A systematic au-
topsy study. Endocr Pathol 12:23-31, 2001

35. Nielsen B, Zetterlund B: Malignant thyroid
tumors at autopsy in a Swedish goitrous population.
Cancer 55:1041-1043, 1985

36. Ottino A, Pianzola HM, Castelletto RH: Occult
papillary thyroid carcinoma at autopsy in La Plata,
Argentina. Cancer 64:547-551, 1989

37. Pingitore R: Morphologic autopsy findings in 111
clinically normal thyroids in an area of Italy free of en-
demic goiter [in Italian]. Pathologica 74:545-552, 1982

38. SampsonRJ,Woolner LB, BahnRC, et al: Occult
thyroid carcinoma in Olmsted County, Minnesota:
Prevalence at autopsy compared with that in Hiroshima
and Nagasaki, Japan. Cancer 34:2072-2076, 1974

39. Seta K, Takahashi S: Thyroid carcinoma. Int
Surg 61:541-544, 1976

40. Siegal A, Modan M: Latent carcinoma of
thyroid in Israel: A study of 260 autopsies. Isr J Med
Sci 17:249-253, 1981

41. Silverberg SG, Vidone RA: Carcinoma of the
thyroid in surgical and postmortemmaterial: Analysis
of 300 cases at autopsy and literature review. Ann
Surg 164:291-299, 1966
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Appendix

Search Strategy
The search strategy was built by a health librarian (J.C.) and included the following keywords and subject terms “thyroid

cancer,” “autopsy,” “prevalence,” and “incidental.” A second, different, title/subject term (Medical Subject Headings [MeSH] and
Emtree) search was done in order to find studies performed before 1975. This was deemed necessary because of the lack of pre-1975
results found in our initial search, which we surmised was a result of the lack of abstracts in the early literature. To achieve
a comprehensive evaluation of the published evidence, the systematic searches were combined with a forward and backward
citation search, and the first 20 similar articles from PubMed for each of the articles included from the searches were retrieved.

PubMed Search
"Thyroid Neoplasms"[MeSH] OR "Adenocarcinoma, Follicular"[MeSH] OR "Adenocarcinoma, Papillary"[MeSH] OR OPTC

OR ((Thyroid[tiab] OR Follicular[tiab] OR Papillary[tiab] OR hurtle cell[tiab]) AND (cancer[tiab] OR cancers[tiab] OR car-
cinoma[tiab] OR carcinomas[tiab] OR Adenocarcinoma[tiab] OR Adenocarcinomas[tiab] neoplasm[tiab] OR neoplasms[tiab]
OR nodule[tiab] OR nodules[tiab] OR tumor[tiab] OR tumour[tiab] OR Tumors[tiab] OR Tumours[tiab] OR cyst[tiab] OR cysts
[tiab]))

AND
"Autopsy"[MeSH] OR "Autopsy"[tiab] OR "Autopsies"[tiab] OR "Postmortem"[tiab] OR Post-mortem[tiab] OR (Post[tiab]

AND mortem[tiab])
AND
"Prevalence"[MeSH] OR "Epidemiology"[MeSH] OR "Prevalence"[tiab] OR "Prevalences"[tiab] OR Epidemiology[tiab] OR

Epidemiological[tiab] OR Frequency[tiab]
AND
"Incidental Findings"[MeSH] OR Incidental[tiab] OR Unsuspected[tiab] OR Discovery[tiab] OR Discoveries[tiab] OR

Findings[tiab] OR Finding[tiab] OR Occult[tiab] OR Hidden[tiab]

PubMed Title/MeSH Search (for Finding Article Before 1975)
"Thyroid Neoplasms"[MeSH] OR
(Thyroid[ti] AND (cancer[ti] OR cancers[ti] OR carcinoma[ti] OR carcinomas[ti] OR Tumor[ti] OR Tumors[ti] OR Tumor

[ti] OR Tumours[ti] OR Neoplasm[ti] OR Neoplasms[ti]))
AND
("Autopsy"[MeSH] OR pathology[sh] OR Autopsy[ti] OR Autopsies[ti] OR Pathology[ti])
AND
(epidemiology[sh] OR Epidemiology[ti] OR Prevalence[ti] OR Patterns[ti] OR Cases[ti])

Embase Search
’thyroid cancer’/exp OR ’adenocarcinoma’/exp OR OPTC OR (Thyroid OR Follicular OR Papillary OR hurthle cell) AND

(cancer OR cancers OR carcinoma OR carcinomas OR Adenocarcinoma OR Adenocarcinomas neoplasm OR neoplasms OR
nodule OR nodules OR tumor OR tumour OR Tumors OR Tumours OR cyst OR cysts)

AND
’Autopsy’/exp OR Autopsy OR Autopsies OR Postmortem OR Post-mortem OR (Post AND mortem)
AND
‘prevalence’/exp OR ’epidemiology’/exp OR Prevalence OR Prevalences OR Epidemiology OR Epidemiological OR Frequency
AND
’incidental finding’/exp OR Incidental ORUnsuspected OR Discovery OR Discoveries OR Findings OR Finding OROccult OR

Hidden
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Embase Title/Emtree Search (for Finding Articles Before 1975)
’thyroid cancer’/exp OR
((Thyroid:ti AND (cancer:ti OR cancers:ti OR carcinoma:ti OR carcinomas:ti OR Tumor:ti OR Tumors:ti OR Tumor:ti OR

Tumours:ti OR Neoplasm:ti OR Neoplasms:ti)))
AND
(’Autopsy’/exp OR ’pathology’/exp OR pathology:lnk OR Autopsy:ti OR Autopsies:ti OR Pathology:ti)
AND
( ’epidemiology’/exp OR epidemiology:lnk OR Epidemiology:ti OR Prevalence:ti OR Patterns:ti OR Cases:ti)

Web of Science Search
OPTC OR (Thyroid AND (cancer OR cancers OR carcinoma OR carcinomas OR Adenocarcinoma OR Adenocarcinomas

neoplasm OR neoplasms OR nodule OR nodules OR tumor OR tumour OR Tumors OR Tumours OR cyst OR cysts))
AND
Autopsy OR Autopsies OR Postmortem OR Post-mortem OR (Post AND mortem)
AND
Prevalence OR Prevalences OR Epidemiology OR Epidemiological OR Frequency
AND
Incidental OR Unsuspected OR Discovery OR Discoveries OR Findings OR Finding OR Occult OR Hidden

Web of Science Title Search (for Finding Articles Before 1975)
((Thyroid AND (cancer OR cancers OR carcinoma OR carcinomas OR Tumor OR Tumors OR Tumor OR Tumours OR

Neoplasm OR Neoplasms)))
AND
(Autopsy OR Autopsies OR Pathology)
AND
(Epidemiology OR Prevalence OR Patterns OR Cases)
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Fig A2. Scatterplot of the number of slices examined per gland and the prev-
alence of incidental differentiated thyroid cancer. There were six whole-gland
examinations that reported slice numbers, and there seemed to be a general trend
towardmore slices having a higher prevalence. Five of the examinations have been
plotted, with the sixth excluded because it reported 120 to 180 slices and was
considered as an outlier.
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database search
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Fig A1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selection for quantitative synthesis.
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Fig A3. Forest plot for the prevalence of incidental differentiated thyroid cancer in the (A) partial and (B) whole thyroid examination subgroups, sorted by period when
autopsies were conducted (random-effects model; note this represents a nonweighted synthesis because the weights are more or less equal).
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Table A2. Regression Model Investigating the Predictors of Logit Prevalence of Incidental Differentiated Thyroid Cancer (random-effects model weights)

Independent Variable

Univariable Multivariable

OR 95% CI P R2 OR 95% CI P R2

Period when autopsies were
conducted

Before 1970 0.14 0.05 to 0.39 , .001 0.349 0.31 0.12 to 0.75 .012 0.592
1970-1975 1.00 1.00
1976-1980 0.50 0.17 to 1.47 .198 0.83 0.33 to 2.08 .683
1981-1985 0.85 0.37 to 1.97 .692 1.19 0.59 to 2.41 .617
1986-1990 0.50 0.18 to 1.37 .169 0.58 0.25 to 1.34 .197
After 1990 0.52 0.22 to 1.23 .133 0.95 0.45 to 2.02 .896

Median age at death . 60 years 0.77 0.42 to 1.44 .403 0.018 1.17 0.74 to 1.85 .500
Examined the whole thyroid 3.72 2.26 to 6.13 , .001 0.416 3.19 1.89 to 5.37 , .001

NOTE. Weights are all equal and hence this represents a nonweighted analysis
Abbreviation: OR, odds ratio (relative odds of incidental differentiated thyroid cancer per unit increase in each predictor).
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