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Persistent Disparities in Colorectal Cancer Screening:
A Tell-Tale Sign for Implementing New Guidelines in
Younger Adults
Po-Hong Liu1, Nina N. Sanford2, Peter S. Liang3,4, Amit G. Singal1, and Caitlin C. Murphy5

ABSTRACT
◥

Background: In May 2021, the U.S. Preventive Services Task
Force began recommending initiating colorectal cancer screening at
age 45 (vs. 50) years.

Methods: We estimated prevalence of colorectal cancer screen-
ing (by colonoscopy, sigmoidoscopy, CT colonography, or stool-
based tests) in adults ages 50 to 75 years using data from the
National Health Interview Survey in 2000, 2003, 2005, 2008, 2010,
2013, 2015, and 2018. For each survey year, we estimated prevalence
by age, race/ethnicity, educational attainment, family income, and
health insurance. We also compared increases in prevalence of
screening from 2000 to 2018 in 5-year age groups (50–54, 55–59,
60–64, 65–69, and 70–75 years).

Results: Overall, prevalence of colorectal cancer screening
increased from36.7% in 2000 to 66.1% in 2018. Screening prevalence

in 2018 was lowest for age 50 to 54 years (47.6%), Hispanics (56.5%),
Asians (57.1%), and participants with less than a high school degree
(53.6%), from low-income families (56.6%), or without insurance
(39.7%). Increases in prevalence over time differed by five-year age
group. For example, prevalence increased from 28.2% in 2000 to
47.6% in 2018 (þ19.4%; 95%CI, 13.1–25.6) for age 50 to 54 years but
from 46.4% to 78.0% (þ31.6%; 95% CI, 25.4%–37.7%) for age 70 to
75 years. This pattern was consistent across race/ethnicity, educa-
tional attainment, family income, and health insurance.

Conclusions: Prevalence of colorectal cancer screening remains
low in adults ages 50 to 54 years.

Impact: As new guidelines are implemented, care must be taken
to ensure screening benefits are realized equally by all population
groups, particularly newly eligible adults ages 45 to 49 years.

Introduction
Colorectal cancer screening with colonoscopy, sigmoidoscopy, or

stool-based tests is a well-established preventive health service and
can reduce colorectal cancer incidence and mortality (1–3). Overall
screening participation remains below target, and screening benefits
are not realized equally across populations. For example, racial and
ethnic minorities and low-income persons are less likely to receive
screening (4, 5), which may contribute to the higher incidence rates
of colorectal cancer and worse cancer-specific survival observed in
these groups (6, 7). Modeling studies similarly suggest that differ-
ences in screening between Black and White persons account for
42% and 19% of the disparity in incidence and mortality rates,
respectively (8). These observations underscore the importance of
optimizing screening as a critical strategy for reducing disparities in
colorectal cancer outcomes (7, 9).

In May 2021, the U.S. Preventive Services Task Force (USPSTF)
updated their guidelines to recommend average-risk colorectal cancer
screening starting at age 45 (vs. 50; ref. 10); the American Cancer
Society made a similar recommendation in May 2018 (11). These
recommendations were driven by increasing colorectal cancer inci-
dence rates in young adults (age <50 years), as well asmodeling studies
suggesting screening at age 45 results in more life years gained and
fewer cases and deaths (12). Although updated guidelines have gen-
erally been well-received, some have raised concerns that expanding
screening to age 45 to 49 years may perpetuate disparities in screening
that have been overserved in older age groups (13–15). Understanding
colorectal cancer screening patterns at age 50 to 54 years—adults who
were once the youngest age group eligible for screening—may help us
anticipate potential pitfalls and inform implementation strategies
when screening is expanded to age 45 to 49 years. These age groups
may face similar barriers to screening: competing demands, such as
work and family responsibilities; insurance coverage on the basis of
employment; and less connected to primary care given lower preva-
lence of chronic conditions (16–18). Therefore, we used the National
Health Interview Survey (NHIS) to: (i) estimate prevalence of
colorectal cancer screening, overall and by age, race and ethnicity,
educational attainment, family income, and health insurance, over a
20-year time period; and (ii) examine age-related differences in
prevalence of screening across these groups, particularly in newly
eligible adults age 50 to 54 years.

Materials and Methods
Study population

The NHIS is an annual, cross-sectional survey of the U.S. popula-
tion, covering a broad range of health topics and conducted in-person
by the National Center for Health Statistics at the U.S. Centers for
Disease Control and Prevention (19, 20). NHIS allows for nationally
representative estimates, including underrepresented groups, by using
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a multistage clustered probability design accounting for nonre-
sponse (21, 22). Persons who are: on active military duty, incarcerated
in the prison system, residents of long-term care facilities, and U.S.
citizens residing abroad are excluded (23).

We usedNHIS data from survey years 2000, 2003, 2005, 2008, 2010,
2013, 2015, and 2018; these survey years correspond to the years when
NHIS measured colorectal cancer screening and/or administered the
Cancer Control Supplement. Response rates ranged from 72% in 2000
to 53% in 2018, and the total number of participants ranged from
21,781 in 2008 to 34,557 in 2013 (22). We excluded participants with a
personal history of colorectal cancer (n ¼ 1,380) and with missing
information on colorectal cancer screening (missingness ranged from
4% in 2013 to 10% in 2010). The final sample included 80,220
participants ages 50 to 75 years.

Colorectal cancer screening
Our primary outcome was colorectal cancer screening, defined as

receipt of at least one recommended test within the recommended
timeframe, regardless of the reason for that test. This outcome is
consistent with prior studies of colorectal cancer screening that also
use NHIS data (4, 24). NHIS participants were asked questions
about if and when they received colorectal cancer screening tests.
For each test, participants were asked about the main reason for
having the test and the date of their most recent test. Screening tests
assessed in questionnaires differed across survey years, reflecting
changes in colorectal cancer screening practices. Sigmoidoscopy,
colonoscopy, and stool-based tests (including both fecal occult
blood and/or fecal immunochemical tests) were measured in all
survey years. CT colonography was measured in 2010, 2015, and
2018, and FIT-DNA was measured in 2018. The USPSTF recom-
mendations in effect at the time of each survey were used to
determine whether survey participants were up-to-date with colo-
rectal cancer screening (25, 26). For example, in 2018, colorectal
cancer screening was defined as use of a stool-based test within the
past year, colonoscopy within past 10 years, CT colonography or
sigmoidoscopy within the past 5 years, or FIT-DNA test within the
past 3 years.

Statistical analysis
For each survey year, we estimated prevalence of colorectal

cancer screening, overall and by age, race, and ethnicity (non-
Hispanic White, non-Hispanic Black, Hispanic, and Asian), edu-
cational attainment (below high school, high school graduate or
GED, some college or associate degree, and bachelor’s degree or
higher), family income [≤200%, 200%–400%, and >400% of federal
poverty level (FPL)], and health insurance (private, public, military,
and uninsured). Race and ethnicity were on the basis of self-report
and categorized according to standards of the Office of Manage-
ment and Budget. Educational attainment was measured as the
highest level of education achieved. Family income was measured as
a percentage of the FPL; the FPL in 2018 was $12,140 for a one-
person family and $25,100 for a four-person family. Health insur-
ance was categorized as: (i) private or commercial; (ii) public only,
including Medicaid, Medicare, and other government-sponsored
health plans without private insurance; (iii) military only, such as
TRICARE, VA, or Champ-VA without private insurance; and (iv)
uninsured, including participants with only Indian Health Service
coverage or a single service plan.

To better understand age-related differences, for each survey year,
we also estimated prevalence of colorectal cancer screening in each
5-year age group (50–54, 55–59, 60–64, 65–69, and 70–75 years),

overall and by race and ethnicity, educational attainment, family
income, and health insurance. We illustrated these differences
by plotting prevalence of screening for 50- to 54-year-old and 70- to
75-year-old in 2000 versus 2018, separately by each of these socio-
demographic factors. Given the potential for underestimating prev-
alence of colorectal cancer screening in adults ages 50 to 54 years, as
participants who just turned age 50 may not yet have been offered
screening, we performed a sensitivity analysis of adults ages 51 to
54 years.

Weighted prevalence estimates and 95% confidence intervals (CI)
were calculated accounting for the complex sampling design of NHIS.
Chi-square tests were conducted to evaluate group differences.
Statistical significance was set as P < 0.05 in two-tailed tests. Analyses
were conducted using SAS version 9.4 (SAS Institute).

Data availability
Data were obtained from the NHIS, National Center for Health

Statistics, U.S. Centers for Disease Control and Prevention, and
available at https://www.cdc.gov/nchs/nhis/index.htm.

Results
Prevalence of colorectal cancer screening

Overall, prevalence of colorectal cancer screening increased from
36.7% (95% CI, 35.5–37.8) in 2000 to 66.1% (95% CI, 65.0–67.3) in
2018 (Table 1), with increases for nearly all groups (Fig. 1). In 2018,
prevalence of screening was highest in participants: ages 70 to
75 years (78.0%; 95% CI, 75.9–80.0), who were non-Hispanic
White (68.7%; 95% CI, 67.4–70.0), with a bachelor’s degree
or higher (72.7%; 95% CI, 71.0–74.4), with family income at least
400% of FPL (71.7%; 95% CI, 70.0–73.4), and with military insur-
ance (80.7%; 95% CI, 76.7–84.8). Prevalence was lowest in parti-
cipants: ages 50 to 54 years (47.6%; 95% CI, 44.8–50.3), who were
Hispanic (56.5%; 95% CI, 52.4–60.6) or non-Hispanic Asian (57.1%;
95% CI, 51.3–63.0), with less than high school education (53.6%;
95% CI, 50.0–57.2), with family income less than 200% of FPL
(56.6%; 95% CI, 54.2–59.0), and without insurance (39.7%; 95% CI,
33.5–76.3).

Age-related differences in prevalence of colorectal cancer
screening

Increases in prevalence of colorectal cancer screening over time
differed by 5-year age group. For example, prevalence increased
from 28.2% in 2000 to 47.6% in 2018 (þ19.4%; 95% CI, 13.1–25.6)
for age 50 to 54 years (Table 2) but from 46.4% to 78.0% (þ31.6%;
95% CI, 25.4%–37.7%) for age 70 to 75 years (Table 3). Prevalence
for ages 55 to 59, 60 to 64, and 65 to 69 years is shown in
Supplementary Tables S1 to S3, respectively. Notably, we observed
smaller increases in prevalence by race and ethnicity, educational
attainment, family income, and health insurance for age 50 to
54 years compared with age 70 to 75 years, illustrated in Fig. 2
and described in detail later.

Race and ethnicity
Although prevalence of colorectal cancer screening increased over

time for all racial and ethnic groups (Table 1), increases in prevalence
were smallest for age 50 to 54 years (Fig. 2A). For example, for
Hispanic participants ages 50 to 54 years, prevalence increased from
16.7% in 2000 to 35.5% in 2018 (þ18.8%; 95% CI, 9.7–27.8) compared
with an increase of 54.0% (95% CI, 42.4–65.7) for Hispanic partici-
pants ages 70 to 75 years.
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Educational attainment
Across all ages, prevalence of colorectal cancer screening increased

over time by about 25% for each education group (Table 1); however,
increases in prevalence were smaller for age 50 to 54 years (Fig. 2B).
For those ages 50 to 54 years with less than a high school degree,
prevalence increased from 16.1% in 2000 to 30.7% in 2018 (þ14.6%;
95% CI, 6.1–23.1): smaller than their age 70- to 75-year counterparts
(þ34.2%; 95% CI, 26.6–41.8).

Family income
Similarly, by family income, there were smaller increases in

prevalence of colorectal cancer screening over time for participants
ages 50 to 54 years compared with the 70- to 75-year age group
(Fig. 2C). For example, among those with family income ≤200%
FPL, prevalence increased modestly for age 50 to 54 years (þ15.7%;
95% CI, 8.2–23.0) but by 32.2% (95% CI, 25.6–38.7) for age 70 to
75 years.

Health insurance
Finally, across all ages, prevalence of colorectal cancer screening

increased from 2000 to 2018 for those with private (þ29.7%; 95%
CI, 27.6–31.7), public (þ24.8%; 95% CI, 21.8–27.8), and military
insurance (þ56.5%; 95% CI, 50.8–62.3) but fluctuated between
18.0% and 45.8% for those without insurance (Table 1). Increases
in prevalence by health insurance were smallest for participants ages
50 to 54 years compared with older adults (Fig. 2D). Specifically,
among those with private insurance, prevalence increased from
30.7% to 51.7% in the 50- to 54-year age group (þ21.0%; 95% CI,
16.9–25.2) but from 50.4% to 80.8% in the 70- to 75-year age group
(þ34.0%; 95% CI, 27.5–40.7).

We observed a similar pattern in a sensitivity analysis limited to
adults ages 51 to 54 years (Supplementary Table S4).

Discussion
In this analysis of population-based data from the NHIS, we found

that, although prevalence of colorectal cancer screening increased over
time for nearly all groups, prevalence remained lowest for age 50 to 54
years—during the study period and until recently, those newly eligible
for screening. Further, differences in prevalence of screening by race
and ethnicity, educational attainment, household income, and health
insurance weremost pronounced for those ages 50 to 54 years, whereas
older adults experienced larger increases in prevalence across these
groups. Our findings are especially relevant to the new USPSTF
guidelines that recommend average-risk screening to begin at age
45 years. The persistent and worsening disparities we observed in
adults 50 to 54 years may extend to those ages 45 to 49 years as they
become eligible for screening.

The individual and societal burden of colorectal cancer is espe-
cially great among younger adults. Person-years of life lost due to
colorectal cancer is higher for younger compared with older
adults (11), and cancer deaths in young adults also result in more
lost earnings (27). Despite this high burden, prevalence of screening
was lowest for age 50 to 54 years: fewer than half were up-to-date
with screening in 2018. Younger adults also experienced the smal-
lest increase in screening prevalence over time, and these small
increases were persistent across racial and ethnic, education,
income, and insurance groups. For example, prevalence of screen-
ing increased from only about 17% to 35% for young Hispanics and
Asians ages 50 to 54 years, although notably there was no difference
in prevalence between younger Blacks and Whites. Prevalence
remained well below 40% among younger adults with less than a
high school degree, low family income, and no insurance. There are
likely several explanations for these findings: (i) cancer and cancer
screening are not typically a major concern of younger adults and
their providers (28); (ii) younger adults may have limited access to
medical care and may be under- or uninsured (29); and (iii)

Figure 1.

Prevalence of colorectal cancer screening by age (A), race and ethnicity (B), educational attainment (C), family income (D), and health insurance (E), NHIS,
2000–2018.

Liu et al.

Cancer Epidemiol Biomarkers Prev; 2022 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION4

Emba
rgo

ed

Embargoed - Not for Further Distribution



Ta
b
le

2.
P
re
va

le
nc
e
o
f
co

lo
re
ct
al

ca
nc
er

sc
re
en

in
g
am

o
ng

p
ar
ti
ci
p
an

ts
ag

es
50

to
54

ye
ar
s,
N
H
IS
,2

0
0
0
–2
0
18

(n
¼

18
,9
4
8
).

20
0
0

20
0
3

20
0
5

20
0
8

20
10

20
13

20
15

20
18

P
va

lu
e

b
et
w
ee

n
g
ro
up

s,
20

18

D
if
fe
re
nc

e
in

p
re
va

le
nc

e,
20

0
0
vs
.
20

18
,

%
(9
5%

C
I)

O
ve

ra
ll
%

(9
5%

C
I)

28
.2

(2
6
.1
–

30
.3
)

31
.5

(2
9
.1–

34
.0
)

33
.7

(3
1.4

–

35
.9
)

39
.1
(3
6
.3
–

4
1.9

)
4
2.
3
(3
9
.7
–

4
4
.8
)

4
2.
8
(4
0
.2
–

4
5.
3)

4
5.
1
(4
2.
6
–

4
7.
7)

4
7.
6
(4
4
.8
–

50
.3
)

þ1
9
.4

(1
3.
1–
25

.6
)

S
ex

0
.9
21

M
en

26
.9

30
.8

31
.6

39
.0

4
0
.5

39
.6

4
2.
4

4
7.
7

þ2
0
.8

(1
5.
7–

25
.9
)

W
o
m
en

29
.4

32
.2

35
.7

39
.2

4
4
.0

4
5.
9

4
7.
7

4
7.
4

þ1
8
.0

(1
3.
4
–2
2.
6
)

a
R
ac
e
an

d
et
hn

ic
it
y

<0
.0
0
1

N
o
n-
H
is
p
an

ic
W
hi
te

30
.3

33
.5

36
.3

4
1.6

4
4
.0

4
5.
1

4
9
.0

51
.0

þ2
0
.7

(1
6
.6
–2

4
.8
)

H
is
p
an

ic
16
.7

18
.9

20
.5

24
.9

35
.5

25
.5

31
.7

35
.5

þ1
8
.8

(9
.7
–2
7.
8
)

N
o
n-
H
is
p
an

ic
B
la
ck

23
.4

33
.7

26
.7

37
.5

38
.8

4
9
.5

4
0
.4

50
.0

þ2
6
.6

(1
6
.7
–3

6
.4
)

N
o
n-
H
is
p
an

ic
A
si
an

17
.3

13
.7

29
.8

39
.0

32
.5

32
.2

38
.5

32
.3

þ1
5.
0
(0
.8
–2

9
.1)

E
d
uc
at
io
na

l
at
ta
in
m
en

t
<0

.0
0
1

Le
ss

th
an

hi
g
h
sc
ho

o
ld

eg
re
e

16
.1

16
.9

19
.5

21
.3

24
.5

28
.2

30
.7

30
.7

þ1
4
.6

(6
.1–

23
.1)

H
ig
h
sc
ho

o
ld

eg
re
e/
G
E
D

25
.1

29
.0

32
.4

35
.1

36
.7

38
.1

38
.9

4
3.
9

þ1
8
.8

(1
2.
2–

25
.5
)

S
o
m
e
co

lle
g
e/
as
so
ci
at
es

d
eg

re
e

30
.8

30
.8

30
.8

4
3.
7

4
5.
1

4
3.
5

4
8
.3

4
8
.6

þ1
7.
8
(1
1.1
–2

4
.6
)

B
ac
he

lo
r’
s
d
eg

re
e
o
r
hi
g
he

r
34

.0
4
2.
4

4
3.
0

4
5.
3

51
.9

51
.8

52
.0

54
.7

þ2
0
.7

(1
4
.6
–2

6
.6
)

F
am

ily
in
co

m
e
(%

F
P
L)

<0
.0
0
1

≤
20

0
%

19
.3

20
.2

24
.0

26
.6

28
.9

32
.3

35
.8

35
.0

þ1
5.
7
(8
.2
–2
3.
0
)

20
0
%
–4

0
0
%

24
.5

25
.6

26
.9

38
.8

38
.7

4
0
.5

4
5.
5

4
5.
9

þ2
1.4

(1
4
.2
–2
8
.7
)

>4
0
0
%

33
.5

39
.1

4
0
.5

4
6
.4

50
.7

51
.0

51
.3

53
.8

þ2
0
.3

(1
5.
2–

25
.4
)

H
ea

lt
h
in
su
ra
nc
e

<0
.0
0
1

P
ri
va
te

30
.7

35
.5

36
.9

4
3.
6

4
7.
5

4
7.
0

4
8
.2

51
.7

þ2
1.0

(1
6
.9
–2

5.
2)

P
ub

lic
o
nl
y

27
.8

33
.3

33
.1

30
.9

36
.3

4
6
.8

4
3.
4

4
3.
1

þ1
5.
3
(5
.6
–2
5.
0
)

M
ili
ta
ry

o
nl
y

23
.7

31
.6

57
.1

57
.6

70
.4

6
2.
9

6
5.
1

6
4
.6

þ4
0
.9

(2
4
.3
–5

7.
4
)

U
ni
ns
ur
ed

28
.2

26
.3

12
.4

16
.8

18
.3

20
.1

19
.9

21
.2

�7
.0

(�
30

.8
–1
6
.7
)

A
b
b
re
vi
at
io
n:

G
E
D
,g

en
er
al

ed
uc
at
io
na

ld
ev

el
o
p
m
en

t.
a
A
m
er
ic
an

In
d
ia
n,

A
la
sk
a
N
at
iv
e,

m
ul
ti
p
le

ra
ce
,a

nd
no

nr
el
ea

sa
b
le

ra
ce

(n
¼

2,
0
57

)
no

t
in
cl
ud

ed
in

es
ti
m
at
es

b
y
ra
ce

an
d
et
hn

ic
it
y.

Colorectal Cancer Screening in Younger Adults

AACRJournals.org Cancer Epidemiol Biomarkers Prev; 2022 5

Emba
rgo

ed

Embargoed - Not for Further Distribution



Ta
b
le

3.
P
re
va

le
nc
e
o
f
co

lo
re
ct
al

ca
nc
er

sc
re
en

in
g
am

o
ng

p
ar
ti
ci
p
an

ts
ag

es
70

to
75

ye
ar
s,
N
H
IS
,2

0
0
0
–2
0
18

(n
¼

13
,4
31
).

20
0
0

20
0
3

20
0
5

20
0
8

20
10

20
13

20
15

20
18

P
va

lu
e

b
et
w
ee

n
g
ro
up

s,
20

18
D
if
fe
re
nc

e
in

p
re
va

le
nc

e,
20

0
0
vs
.
20

18
,
%

(9
5%

C
I)

O
ve

ra
ll
%

(9
5%

C
I)

4
6
.4

(4
3.
8
–

4
9
.1)

52
.1
(4
9
.0
–

55
.2
)

58
.9

(5
6
.1–

6
1.7

)
6
1.4

(5
8
.1
–

6
4
.6
)

6
7.
6
(6
4
.7
–

70
.5
)

6
9
.8

(6
7.
3–

72
.3
)

73
.1
(7
0
.5
–

75
.8
)

78
.0

(7
5.
9
–

8
0
.0
)

þ3
1.6

(2
5.
4
–3

7.
7)

S
ex

0
.7
25

M
en

4
7.
9

54
.0

6
2.
7

6
4
.4

6
8
.5

72
.0

76
.2

78
.4

þ3
0
.5

(2
5.
4
–3

5.
5)

W
o
m
en

4
5.
2

50
.6

55
.6

59
.2

6
6
.8

6
8
.0

70
.4

77
.7

þ3
2.
5
(2
8
.0
–3

6
.8
)

a
R
ac
e
an

d
et
hn

ic
it
y

0
.4
53

N
o
n-
H
is
p
an

ic
W
hi
te

4
9
.0

54
.1

6
2.
7

6
3.
7

6
8
.8

71
.7

74
.9

78
.4

þ2
9
.4

(2
5.
7–

33
.2
)

H
is
p
an

ic
24

.1
4
0
.6

35
.7

4
4
.7

59
.1

6
2.
3

6
7.
4

78
.1

þ5
4
.0

(4
2.
4
–6

5.
7)

N
o
n-
H
is
p
an

ic
B
la
ck

39
.9

4
0
.7

4
2.
8

56
.0

6
8
.0

6
7.
3

70
.1

78
.1

þ3
8
.2

(2
8
.2
–4

8
.4
)

N
o
n-
H
is
p
an

ic
A
si
an

33
.8

4
9
.3

4
7.
9

54
.5

59
.6

6
2.
0

6
8
.9

6
9
.0

þ3
5.
2
(1
3.
8
–5

6
.6
)

E
d
uc
at
io
na

l
at
ta
in
m
en

t
<0

.0
0
1

Le
ss

th
an

hi
g
h
sc
ho

o
lg

ra
d
ua

te
33

.7
4
0
.5

4
5.
9

4
6
.8

58
.8

58
.2

6
4
.8

6
7.
9

þ3
4
.2

(2
6
.6
–4

1.8
)

H
ig
h
sc
ho

o
lg

ra
d
ua

te
/G

E
D

51
.6

51
.1

58
.6

6
0
.6

6
5.
8

6
6
.0

6
9
.8

75
.7

þ2
4
.1
(1
7.
9
–3

0
.4
)

S
o
m
e
co

lle
g
e/
as
so
ci
at
es

d
eg

re
e

4
8
.0

59
.9

6
4
.6

6
8
.5

71
.3

75
.5

73
.3

8
1.3

þ3
3.
3
(2
6
.6
–4

0
.0
)

B
ac
he

lo
r’
s
d
eg

re
e
o
r
hi
g
he

r
58

.2
6
3.
7

70
.1

70
.8

78
.1

77
.5

8
0
.1

8
1.8

þ2
3.
6
(1
5.
6
–3

1.6
)

F
am

ily
in
co

m
e
(%

F
P
L)

<0
.0
0
1

≤
20

0
%

38
.2

4
5.
6

4
9
.0

51
.1

56
.3

57
.0

58
.9

70
.4

þ3
2.
2
(2
5.
6
–3

8
.7
)

20
0
%
–4

0
0
%

4
5.
8

6
0
.5

6
3.
3

6
5.
3

70
.3

72
.4

74
.9

76
.0

þ3
0
.2

(2
3.
2–

37
.2
)

>4
0
0
%

6
0
.0

6
4
.8

70
.3

73
.4

78
.6

79
.8

8
1.3

8
4
.5

þ2
4
.5

(1
6
.9
–3

2.
1)

H
ea

lt
h
in
su
ra
nc
e

<0
.0
0
1

P
ri
va
te

50
.4

53
.3

6
4
.6

6
7.
0

73
.5

74
.6

77
.8

8
0
.8

þ3
0
.4

(2
4
.9
–3

5.
9
)

P
ub

lic
o
nl
y

4
6
.7

53
.0

4
7.
9

52
.8

59
.2

6
3.
7

6
7.
0

73
.7

þ2
7.
0
(2
2.
0
–3

1.9
)

M
ili
ta
ry

o
nl
y

22
.5

36
.5

78
.0

76
.3

8
2.
3

8
4
.9

8
2.
6

8
4
.9

þ6
2.
4
(5
2.
0
–7

2.
9
)

U
ni
ns
ur
ed

36
.7

57
.3

28
.4

34
.3

52
.1

6
1.0

6
2.
6

8
3.
7

þ4
7.
0
(2
2.
9
–7
1.0

)

A
b
b
re
vi
at
io
n:

G
E
D
,g

en
er
al

ed
uc
at
io
na

ld
ev

el
o
p
m
en

t.
a
A
m
er
ic
an

In
d
ia
n,

A
la
sk
a
N
at
iv
e,

m
ul
ti
p
le

ra
ce
,a

nd
no

nr
el
ea

sa
b
le

ra
ce

(n
¼

2,
0
57

)
no

t
in
cl
ud

ed
in

es
ti
m
at
es

b
y
ra
ce

an
d
et
hn

ic
it
y.

Liu et al.

Cancer Epidemiol Biomarkers Prev; 2022 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION6

Emba
rgo

ed

Embargoed - Not for Further Distribution



competing priorities, such as time off work and family and care-
giving responsibilities, create barriers to screening for young adults,
especially in underserved populations (9, 30, 31). Public awareness
campaigns may encourage screening participation among younger
adults, and ongoing efforts are needed to identify and address
barriers to screening that are unique to this age group.

Clinicians and researchers have debated the benefits and conse-
quences of newUSPSTF recommendations to extend colorectal cancer
screening to age 45 to 49 years (13–15, 32, 33). Some of the major
concerns include diverting endoscopic resources away from higher-
risk and older persons, exacerbating health disparities. As described by
Liang and colleagues, low-income persons are least likely to benefit
from new health interventions (34), made apparent by the fact that low
socioeconomic status shifted from a protective to risk factor for
colorectal cancer, only after average-risk screening at age 50 years
began to increase in the population (35). Adults ages 45 to 49 years who
participate in screening may be less likely to belong to groups at higher
risk of colorectal cancer or groups of low socioeconomic status,
mirroring the disparities we observed at age 50 to 54 years. Although
extending screening to age 45 to 49 years is likely cost-effective, greater
benefits can be achieved at lower costs when older, unscreened adults
initiate screening (13). Specifically, extending screening to age 45 to
49 years can avert 11,100 colorectal cancer deaths with an incremental
cost of $10.4 billion, compared with 31,800 deaths averted at an
incremental cost of $3.4 billion by achieving 80% screening partici-
pation in adults ages 50 to 75 years (13). Extra care must be taken to
ensure that expanding screening to younger ages does not negatively
impact efforts to eliminate disparities in colorectal cancer screening

and outcomes, nor jeopardize efforts to increase screening initiation
among those who remain unscreened.

On the other hand, an unintended benefit of extending colorectal
cancer screening to age 45 to 49 years may be that screening partic-
ipation increases in older age groups. Public health messaging about
screening may be delivered earlier, and newly eligible adults will
consequently havemore time to delay their first screening test. Indeed,
we observed larger increases in prevalence of screening over time for
adults ages 55 to 59 years compared with those ages 50 to 54 years,
supporting this hypothesis. Conversely, a prior study of screening
using NHIS data showed no changes in screening for ages 50 to
54 years in the third and fourth quarters of 2018 (36), after the ACS
recommended lowering the screening age to 45 years in May of that
year (11). Given that the USPSTF’s effect on insurance coverage will
not happen until mid-2022, the effects of extending screening to age 45
to 49 years, both on disparities and participation of older adults, may
take several years to be fully realized.

There are several strengths of our analysis. We used nationally
representative data from the NHIS, and the large sample allowed us to
estimate prevalence of colorectal cancer screening within and across
population groups. We were also able to estimate increases in prev-
alence of screening over time for these groups.We acknowledge certain
limitations inherent to cross-sectional survey data. With the exception
of the latter half of 2018, survey data correspond to the periodwhen the
ACS and USPSTF recommended colorectal cancer screening begin at
age 50 years. Information available in theNHIS is participant-reported
and not validated bymedical records, though prior studies support the
validity of self-reported colorectal cancer screening (37). Although we

Figure 2.

Prevalence of colorectal cancer screening for age 50 to 54 years vs. 70 to 75 years by race and ethnicity (A), educational attainment (B), family income (C), and health
insurance (D), NHIS, 2000 and 2018. NOTE: Percentages above black bars correspond to the difference in prevalence between 2000 and 2018.
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excluded participants with a personal history of colorectal cancer,
NHIS does not provide information to identify other high risk or
predisposing conditions, such as inflammatory bowel disease, family
history of colorectal cancer, and personal or family history of advanced
adenomas. We also lacked information on repeat or longitudinal
screening. Finally, survey response was somewhat low (53%) in
2018, although results were weighted to account for nonresponse bias.

In summary, our study provides important insight into recent
changes to and forthcoming implementation of guidelines to initiate
average-risk colorectal cancer screening at age 45 years. Although
the prevalence of screening has overall increased from 2000 to
2018, disparities remain, especially in the youngest age group. Adults
ages 50 to 54 years, who were newly eligible for screening at the time of
data collection, experienced the smallest gains in screening over time.
These disparities may extend to adults aged 45 to 49 years as the new
USPSTF recommendations are implemented. Screening programs
must consider the barriers unique to younger adults, ensuring the
benefits of screening are equally realized by all population groups.

Authors’ Disclosures
P.S. Liang reports grants from Epigenomics and Freenome, and personal fees from

Guardant Health outside the submitted work. A.G. Singal reports personal fees from
Exact Sciences outside the submitted work. C.C. Murphy reports personal fees from
Freenome outside the submitted work. No disclosures were reported by the other
authors.

Disclaimer
The study sponsors have no role in the study design, collection, analysis, and

interpretation of data.

Authors’ Contributions
P.-H. Liu: Conceptualization, data curation, formal analysis, writing–original

draft.N.N. Sanford:Conceptualization, methodology, writing–review and editing.
P.S. Liang: Conceptualization, writing–review and editing.A.G. Singal: Supervision,
funding acquisition, writing–review and editing. C.C. Murphy: Conceptualization,
supervision, funding acquisition, writing–review and editing.

Acknowledgments
The data underlying this article are provided by the NHIS, National Center for

Health Statistics, U.S. Centers for Disease Control and Prevention, 3311 Toledo Road,
Hyattsville, MD 20782 and available at https://www.cdc.gov/nchs/nhis/index.htm.
This work was supported by theNIH (R01CA242558 to C.C.Murphy, T32DK007745
to P. Liu, K08CA230162 to P.S. Liang) and the Cancer Prevention and Research
Institute of Texas (PP160075 to A.G. Singal).

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received November 18, 2021; revised February 11, 2022; accepted May 9, 2022;
published first xx xx, xxxx.

References
1. Edwards BK, Ward E, Kohler BA, Eheman C, Zauber AG, Anderson RN, et al.

Annual report to the nation on the status of cancer, 1975–2006, featuring
colorectal cancer trends and impact of interventions (risk factors, screening, and
treatment) to reduce future rates. Cancer 2010;116:544–73.

2. Knudsen AB, Zauber AG, Rutter CM, Naber SK, Doria-Rose VP, Pabiniak C,
et al. Estimation of benefits, burden, and harms of colorectal cancer screening
strategies: modeling study for the US Preventive Services Task Force. JAMA
2016;315:2595–609.

3. WelchHG, RobertsonDJ. Colorectal cancer on the decline—why screening can’t
explain it all. N Engl J Med 2016;374:1605–7.

4. Shapiro JA, Soman AV, Berkowitz Z, Fedewa SA, Sabatino SA, de Moor JS,
et al. Screening for colorectal cancer in the United States: correlates and
time trends by type of test. Cancer Epidemiol Biomarkers Prev 2021;30:
1554–65.

5. Doubeni CA, Laiyemo AO, Klabunde CN, Young AC, Field TS, Fletcher RH.
Racial and ethnic trends of colorectal cancer screening among Medicare
enrollees. Am J Prev Med 2010;38:184–91.

6. Mokdad AH, Dwyer-Lindgren L, Fitzmaurice C, Stubbs RW, Bertozzi-Villa A,
Morozoff C, et al. Trends and patterns of disparities in cancer mortality among
US Counties, 1980–2014. JAMA 2017;317:388–406.

7. Carethers JM, Doubeni CA. Causes of socioeconomic disparities in colorectal
cancer and intervention framework and strategies. Gastroenterology 2020;158:
354–67.

8. Lansdorp-Vogelaar I, Kuntz KM, Knudsen AB, van Ballegooijen M, Zauber AG,
Jemal A. Contribution of screening and survival differences to racial disparities
in colorectal cancer rates. Cancer Epidemiol Biomarkers Prev 2012;21:728–36.

9. Gupta S, Sussman DA, Doubeni CA, Anderson DS, Day L, Deshpande AR, et al.
Challenges and possible solutions to colorectal cancer screening for the under-
served. J Natl Cancer Inst 2014;106:dju032.

10. US Preventive Services Task Force; Davidson KW, Barry MJ, Mangione CM,
Cabana M, Caughey AB, et al. Screening for colorectal cancer: US Preventive
Services Task Force Recommendation Statement. JAMA 2021;325:1965–77.

11. Wolf AMD, Fontham ETH, Church TR, Flowers CR, Guerra CE, LaMonte SJ,
et al. Colorectal cancer screening for average-risk adults: 2018 guideline update
from the American Cancer Society. CA Cancer J Clin 2018;68:250–81.

12. Lin JS, Perdue LA, Henrikson NB, Bean SI, Blasi PR. Screening for colorectal
cancer: updated evidence report and systematic review for the US Preventive
Services Task Force. JAMA 2021;325:1978–98.

13. Ladabaum U, Mannalithara A, Meester RGS, Gupta S, Schoen RE. Cost-
effectiveness and national effects of initiating colorectal cancer screening for
average-risk persons at age 45 years instead of 50 years. Gastroenterology 2019;
157:137–48.

14. Liang PS, Allison J, Ladabaum U, Martinez ME, Murphy CC, Schoen RE, et al.
Potential intended and unintended consequences of recommending initiation of
colorectal cancer screening at age 45 years. Gastroenterology 2018;155:950–4.

15. Liang PS, Shaukat A. Assessing the impact of lowering the colorectal cancer
screening age to 45 years. Lancet Gastroenterol Hepatol 2020;5:523–4.

16. Ganguli I, Shi Z, Orav EJ, Rao A, Ray KN, Mehrotra A. Declining use of primary
care among commercially insured adults in the United States, 2008–2016.
Ann Intern Med 2020;172:240–7.

17. Medina GG, McQueen A, Greisinger AJ, Bartholomew LK, Vernon SW. What
would make getting colorectal cancer screening easier? Perspectives from
screeners and nonscreeners. Gastroenterol Res Pract 2012;2012:895807.

18. Halm EA, Beaber EF, McLerran D, Chubak J, Corley DA, Rutter CM, et al.
Association between primary care visits and colorectal cancer screening
outcomes in the era of population health outreach. J Gen Intern Med
2016;31:1190–7.

19. Shapiro JA, Klabunde CN, Thompson TD, Nadel MR, Seeff LC, White A.
Patterns of colorectal cancer test use, including CT colonography, in the 2010
National Health Interview Survey. Cancer Epidemiol Biomarkers Prev 2012;21:
895–904.

20. National Center for Health Statistics. National Health Interview Survey, 2018.
Public-use data file and documentation. https://www.cdc.gov/nchs/nhis/data-
questionnaires-documentation.htm. 2019.

21. Mahajan S, Caraballo C, Lu Y, Valero-Elizondo J, Massey D, Annapureddy AR,
et al. Trends in differences in health status and health care access and afford-
ability by race and ethnicity in the United States, 1999–2018. JAMA 2021;326:
637–48.

22. National Center for Health Statistics, 2019. Survey Description, National Health
Interview Survey, 2018. Hyattsville, Maryland.

23. Hall IJ, Tangka FKL, Sabatino SA, Thompson TD, Graubard BI, Breen N.
Patterns and trends in cancer screening in the United States. Prev Chronic Dis
2018;15:E97.

24. de Moor JS, Cohen RA, Shapiro JA, Nadel MR, Sabatino SA, Robin Yabroff K,
et al. Colorectal cancer screening in the United States: trends from 2008 to 2015
and variation by health insurance coverage. Prev Med 2018;112:199–206.

Liu et al.

Cancer Epidemiol Biomarkers Prev; 2022 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION8

Emba
rgo

ed

Embargoed - Not for Further Distribution

https://www.cdc.gov/nchs/nhis/index.htm
https://www.cdc.gov/nchs/nhis/data-questionnaires-documentation.htm
https://www.cdc.gov/nchs/nhis/data-questionnaires-documentation.htm
https://www.cdc.gov/nchs/nhis/data-questionnaires-documentation.htm


25. U.S. Preventive Services Task Force. Screening for colorectal cancer: U.S.
Preventive Services Task Force recommendation statement. Ann Intern Med
2008;149:627–37.

26. US Preventive Services Task Force; Bibbins-Domingo K, GrossmanDC, Curry SJ,
Davidson KW, Epling JW Jr, et al. Screening for colorectal cancer: US Preventive
Services Task Force recommendation statement. JAMA 2016;315:2564–75.

27. Islami F, Miller KD, Siegel RL, Zheng Z, Zhao J, Han X, et al. National and state
estimates of lost earnings from cancer deaths in the United States. JAMA Oncol
2019;5:e191460.

28. Bleyer A. CAUTION! Consider cancer: common symptoms and signs for early
detection of cancer in young adults. Semin Oncol 2009;36:207–12.

29. Barker AR, Londeree JK, McBride TD, Kemper LM, Rural Health Reasearch and
Policy Centers, RUPI Center for RuralHealth PolicyAnalysis, University of Iowa
College of Public Health, Department of Health Management and Policy. The
uninsured: an analysis by age, income, and geography. Rural Policy Brief 2014
(2014 2):1–4.

30. Jonas DE, Russell LB, Sandler RS, Chou J, Pignone M. Value of patient time
invested in the colonoscopy screening process: time requirements for colonos-
copy study. Med Decis Making 2008;28:56–65.

31. Issaka RB, Bell-Brown A, Snyder C, Atkins DL, Chew L, Weiner BJ, et al.
Perceptions on barriers and facilitators to colonoscopy completion after

abnormal fecal immunochemical test results in a safety net system.
JAMA Netw Open 2021;4:e2120159.

32. Murphy CC. Colorectal cancer in the young: does screening make sense?
Curr Gastroenterol Rep 2019;21:28.

33. Mannucci A, Zuppardo RA, Rosati R, LeoMD, Perea J, Cavestro GM. Colorectal
cancer screening from 45 years of age: thesis, antithesis and synthesis. World J
Gastroenterol 2019;25:2565–80.

34. Phelan JC, Link BG, Tehranifar P. Social conditions as fundamental causes of
health inequalities: theory, evidence, and policy implications. J Health Soc Behav
2010;51 Suppl:S28–40.

35. Saldana-Ruiz N, Clouston SA, Rubin MS, Colen CG, Link BG. Fundamental
causes of colorectal cancer mortality in the United States: understanding the
importance of socioeconomic status in creating inequality in mortality. Am J
Public Health 2013;103:99–104.

36. Fedewa SA, Siegel RL, Goding Sauer A, Bandi P, Jemal A. Colorectal cancer
screening patterns after the American Cancer Society’s recommendation to
initiate screening at age 45 years. Cancer 2020;126:1351–3.

37. Fisher DA, Voils CI, Coffman CJ, Grubber JM, Dudley TK, Vernon SW, et al.
Validation of a questionnaire to assess self-reported colorectal cancer
screening status using face-to-face administration. Dig Dis Sci 2009;54:
1297–306.

AACRJournals.org Cancer Epidemiol Biomarkers Prev; 2022 9

Colorectal Cancer Screening in Younger Adults

Emba
rgo

ed

Embargoed - Not for Further Distribution



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




