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IMPORTANCE Colorectal cancer screening is now recommended at age 45 years for
average-risk individuals; however, optimal outreach strategies to screen younger adults
are unknown.

OBJECTIVE To determine the most effective population health outreach strategy to promote
colorectal cancer screening in adults aged 45 to 49 years.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial with 20 509 participants
conducted in a large health system (UCLA Health). Primary care patients aged 45 to 49 years
at average risk for colorectal cancer were randomized 1:1:1:1to 1 of 4 outreach strategies.
The trial ran May 2, 2022, to May 13, 2022, with follow-up through November 13, 2022.

INTERVENTIONS Colorectal cancer screening via 1of 4 strategies: (1) fecal immunochemical
test (FIT)-only active choice; (2) colonoscopy-only active choice; (3) dual-modality
(FIT or colonoscopy) active choice; and (4) usual care default mailed FIT outreach.

MAIN OUTCOME AND MEASURES Primary outcome was participation in screening (FIT or
colonoscopy) at 6 months. Secondary outcome was screening modality completed.

RESULTS Among 20 509 participants (53.9% female, 4.2% Black and 50.8% non-Hispanic

White; mean [SD] age, 47.4 [1.5] years), 3816 (18.6%) underwent screening. Participation was

significantly lower in each of the 3 active choice groups (FIT only, 841 of 5131[16.4%; rate
difference, -9.8%; 95% Cl, -11.3% to -8.2%]; colonoscopy only, 743 of 5127 [14.5%; rate

difference, -11.7%; 95% Cl, -13.2% to -10.1%]; dual-modality FIT or colonoscopy, 890 of 5125

[17.4%; rate difference, -8.9%; 95% Cl, -10.5% to -7.4%]) than in the usual care default
mailed FIT group (1342 of 5126 [26.2%]; all P < .001). Participants offered dual-modality
active choice more likely completed any screening than those offered a single active choice
modality (17.4% [dual-modality FIT or colonoscopy] vs 15.4% [FIT only and colonoscopy only
combined]; rate difference, -1.8%; 95% Cl, -3.0% to -0.1%; P = .004]). Among 5125
participants offered a choice between 2 modalities (dual-modality active choice FIT or
colonoscopy), colonoscopy was more common than FIT (616 [12.0%] vs 288 [5.6%];

rate difference, —-6.4%; 95% Cl, =7.5% to -5.3%; P < .001). There was notable crossover in the

FIT-only groups to colonoscopy (502 of 5131[9.8%; FIT-only active choice] and 501 of 5126
[9.8%; usual care default mailed FIT]). Crossover from colonoscopy to FIT was modest
(137 of 5127 [2.7%:; colonoscopy-only active choice]).

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, 3 different active choice
interventions had lower colorectal cancer screening completion rates among individuals
aged 45 to 49 years compared with usual care.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT05275530
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n 2021, the US Preventive Services Task Force (USPSTF) re-
vised its colorectal cancer (CRC) screening guidelines, issuing
agrade Brecommendation to screen average-risk individu-
als aged 45 to 49 years.! USPSTF grade A and B recommenda-
tions are mandated for coverage by private insurers under the
Patient Protection and Affordable Care Act.? This policy up-
date was in response to a nearly 15% increase in CRC incidence
among individuals in the United States younger than 50 years
during the past 3 decades.®* Colorectal cancer is now the lead-
ing cause of cancer-related deaths in men aged 20 to 49 years
and the second leading cause in women in the same age group.
Colorectal cancer screening is a cost-effective way to re-
duce CRC incidence and mortality.>8 For adults aged 50 to 75
years, effective strategies to increase screening participation,
such as education, reminders, navigation, and mailed out-
reach, are well established.®'° However, health systems lack
evidence-based guidance for promoting screening among
younger, newly eligible individuals.™ A recent claims-based
study demonstrated that 20 months after the grade B USPSTF
recommendations for adults aged 45 to 49 years, screening par-
ticipation was only 1.51% for this age group.'? Mailed screen-
ing outreach appears feasible for this age group, although it is
understudied and untested against alternative outreach
strategies.>!* To inform population health strategies for pro-
moting screening in this age group, we conducted a random-
ized clinical trial comparing 4 outreach strategies in a large
health system. Findings from this study can inform popula-
tion health and national efforts to improve screening rates and
CRC outcomes in newly eligible adults.

Methods

Trial Design

This investigator-initiated, single-center, randomized clini-
cal trial was conducted at UCLA Health, a large, urban, inte-
grated academic health system with more than 420 000 pri-
mary care patients and 50 ambulatory primary care clinics
across Southern California (NCT05275530). The trial was
conducted between May 2, 2022, and May 13, 2022, with
follow-up through November 13, 2022. We received University
of California, Los Angeles institutional review board approval
and were granted a waiver of informed consent, given that
offering CRC screening is standard of care at our institution and
presents minimal risk to participants. We also conducted
meetings with primary care leadership, clinic directors and
managers, and other stakeholders to design and execute the
study. We focused on screening colonoscopy and the fecal
immunochemical test (FIT) because these are the most
frequently used screening options in our health system and
nationally.! The trial reporting followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.'

Participants

Participants were individuals aged 45 to 49 years at average
risk for CRC (no personal or family history of predisposing con-
ditions), identified through an electronic health record query
on April 19, 2022, for patients with an assigned primary care
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Key Points

Question What is the most effective population health strategy to
promote colorectal cancer screening among average-risk adults
aged 45 to 49 years?

Findings In a randomized clinical trial of 20 509 participants, the
3 strategies requiring active choice through the electronic patient
portal were significantly less effective than default unsolicited
mailed fecal immunochemical test (FIT) outreach: 16.4%, 14.5%,
and 17.4% vs 26.2%.

Meaning Default unsolicited mailed FIT outreach was the most
effective population health screening strategy for adults aged 45
to 49 years. Overall screening rates were low, underscoring the
need for more effective strategies to engage this age group.

physician at UCLA Health. We excluded individuals with
(1) prior CRC screening test use (previously documented fecal
occult blood test, FIT, or colonoscopy); (2) inactivated elec-
tronic patient portal; (3) documented family history of CRC
or personal history of CRC, inflammatory bowel disease, co-
lonic adenomatous polyps, or hereditary CRC syndromes; or
(4) undocumented telephone number. We also excluded 1000
individuals randomly selected for an unrelated trial (Figure 1).

Randomization

Participants were randomly assigned in a 1:1:1:1 ratio by a study
statistician using a random number generator to 1 of 4 study
groups: (1) FIT-only active choice; (2) colonoscopy-only active
choice; (3) dual-modality (FIT or colonoscopy) active choice; and
(4) usual care default mailed FIT outreach. Each participant re-
ceived a screening invitation as an electronic message via the
patient portal (detailed below) and 3 text messages (eMethods
in Supplement 3). The study team did not directly interact with
participants. Participants were not notified about the trial and
were likely unaware of their assignment, as were the investi-
gators, excluding the team statistician.

Rationale for Intervention Design
The first objective was to compare 2 general approaches shown
to improve patient participation in preventive health behav-
iors over traditional opt-in approaches. One strategy is de-
fault enrollment,'®'® which, in the context of CRC screening,
is defaulting participants into screening by sending them a FIT
kit without eliciting their preference for a screening modality
or getting screened at all.'®2” The other strategy is active
choice,'®-283! or asking patients to explicitly choose to either
accept or decline a screening offer.?4-2>-32

Each of these 2 strategies has distinct advantages. De-
fault mailing of FIT kits may reduce effort and cognitive costs,
reach patients who otherwise miss opportunities to opt in,
and signal to patients the importance of screening.33-3> Ac-
tive choice may give patients a sense of agency and engender
greater commitment to follow-through with screening.?°-3¢-3
It is unclear which strategy leads to higher screening rates,
especially among newly eligible adults who may require more
information on screening options and resist defaults due to
unfamiliarity.
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Figure 1. Participant Eligibility and Randomization

33013 Assessed for eligibility

L

12504 Excluded
11504 Did not meet inclusion criteria

7267 History of FOBT, FIT, or colonoscopy screening

3175 Personal history of IBD or hereditary cancer
syndromes or a personal and/or family history
of CRC or high-risk adenomas

1043 Inactive electronic patient portal

19 Missing telephone number
1000 Randomly excluded for a separate trial

20509 Randomized

5131 Randomized to FIT-only active
choice

5127 Randomized to colonoscopy-only
active choice

5131 Received intervention 5127 Received intervention
as randomized as randomized

5126 Randomized to to usual care
default mailed FIT outreach

5125 Received intervention 5126 Received intervention
as randomized as randomized

5125 Randomized to dual-modality
active choice

! !

! !

5131 Included in analysis ‘ ‘ 5127 Included in analysis

5125 Included in analysis ‘ ‘ 5126 Included in analysis

All randomly assigned participants were considered to have received the
intervention as allocated, defined as having been sent the appropriate
condition-specific message via the patient portal. Whether each participant
viewed the message could not be verified, but all participants received the

intervention materials as designed and were included in the intention-to-treat
analysis. There were no dropouts or follow-ups based on the design of the
study. CRCindicates colorectal cancer; FIT, fecal immunochemical test;

FOBT, fecal occult blood test; and IBD, inflammatory bowel disease.

Our second objective was to test within the active choice
approach whether it is more effective to prompt patients to con-
sider 1screening option (eg, FIT or colonoscopy) or offer both.>?
Although giving 2 options may better suit individual prefer-
ences, it may also increase decision-making complexity and
lead to delays or inaction.3®4°

Interventions

All screening invitations were sent to eligible patients via the
electronic patient portal. Participants randomized to the FIT-
only active choice group were sent a message via the portal no-
tifying them that they were now age-eligible for CRC screen-
ing and that the FIT kit is an easy and effective screening
method. In this message, participants were asked to actively
choose by clicking to select an option between being screened
with a FIT kit and deferring screening altogether (trial proto-
col in Supplement 1). Participants who chose the former re-
ceived a FIT kit at their home address via the US Postal Ser-
vice within 2 weeks of their selection, with step-by-step
instructions and a prepaid mailer to return their completed kit
to the UCLA Health central laboratory.

Participants in the colonoscopy-only active choice group
received an invitation message in the electronic patient por-
tal stating that a colonoscopy is an effective CRC screening
method. Participants were asked to actively choose between
screening with a colonoscopy or deferring screening alto-
gether (trial protocol in Supplement 1). If a participant elected
colonoscopy, an electronic order for colonoscopy was gener-
ated and sent via the electronic health record to the partici-
pant’s primary care physician, with default communication
stating that the patient was due for CRC screening and agree-
able to colonoscopy. Once this order was signed by the pri-
mary care physician, it was processed through standard mecha-
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nisms: participants were contacted by a colonoscopy scheduler
to select a procedure date and sent standard information about
the procedure and bowel preparation instructions (eMethods
in Supplement 3). Participants who declined colonoscopy did
not receive further intervention.

In the dual-modality active choice group, participants re-
ceived information about both FIT and colonoscopy via the por-
tal. They were then asked to actively choose to screen with FIT,
screen with colonoscopy, or defer screening altogether (trial
protocol in Supplement 1). Participants who selected FIT or co-
lonoscopy received the same workflow as FIT-only active
choice and colonoscopy-only active choice participants, re-
spectively, as detailed earlier.

Participants randomized to usual care default mailed FIT
outreach received a portal message stating that a FIT kit would
be mailed to them (trial protocol in Supplement 1).*! They were
then mailed a FIT kit with step-by-step instructions and a pre-
paid mailer to return the completed kit. In contrast to FIT-
only active choice, kits in usual care default mailed FIT were
mailed to patients unsolicited; this was the only difference be-
tween FIT-only active choice and usual care default mailed FIT.

Screening invitations sent to all study groups included lan-
guage about the updated USPSTF recommendations, informa-
tion about alternative screening strategies (eg, participants in
the FIT-only active choice group could still choose colonos-
copy if desired), and easy-to-understand infographics explain-
ing each modality (trial protocol in Supplement 1). To maxi-
mize accessibility, all communications and infographics were
developed using plain language, short sentences, and cultur-
ally sensitive phrasing, accommodating individuals from di-
verse backgrounds and literacy levels. Participant communi-
cations incorporated behavioral science insights to enhance
engagement such as highlighting physician endorsements,*2-44
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Table 1. Characteristics of the Trial Participants

FIT-only Colonoscopy-only Dual-modality Usual care default mailed
All participants active choice active choice active choice FIT outreach
Total 20509 5131 5127 5125 5126
Age, y?
Mean (SD) 47.4(1.5) 47.4 (1.4) 47.4(1.5) 47.5 (1.5) 47.4(1.5)
Median (IQR) 47.4 (46.1-48.7) 47.4 (46.2-48.7) 47.4 (46.1-48.6) 47.4 (46.1-48.8) 47.4 (46.1-48.7)
Sex, No. (%) n=20506 n=5123
Male 9458 (46.1) 2277 (44.4) 2420 (47.2) 2365 (46.1) 2396 (46.8)
Female 11048 (53.9) 2854 (55.6) 2707 (52.8) 2760 (53.9) 2727 (53.2)
Race and ethnicity,
No. (%)
Asian® 2814 (13.7) 695 (13.5) 707 (13.8) 700 (13.7) 712 (13.9)
Black® 865 (4.2) 211 (4.1) 207 (4.0) 231 (4.5) 216 (4.2)
Hispanic or Latino 2757 (13.4) 706 (13.8) 714 (13.9) 658 (12.8) 679 (13.2)
Other race and 3653 (17.8) 891(17.4) 925 (18.0) 900 (17.6) 937(18.3)
ethnicity®©
White® 10420 (50.8) 2628 (51.2) 2574 (50.2) 2636 (51.4) 2582 (50.4)
SVI score?
Mean (SD) 31.0 (24.8) 31.1(24.8) 30.9 (24.9) 31.2(25.1) 30.8 (24.3)
Median (IQR) 24.5(10.6-45.7) 24.8 (10.5-46.0) 23.9(10.4-45.8) 24.5 (10.6-45.6) 24.7 (10.9-45.1)
SVl score >50, 4448 (21.9) [n =20267] 1131(22.3)[n=5073] 1097 (21.7)[n=5064] 1139(22.5)[n=5066] 1081 (21.3)[n =5064]
No. (%)¢
Primary insurance n=19703 n=4920 n =4924 n = 4945 n=4914
coverage,
No. (%)*
Private 19171 (97.3) 4787 (97.3) 4808 (97.6) 4801 (97.1) 4775 (97.2)
Public 514 (2.6) 127 (2.6) 114 (2.3) 139 (2.8) 134 (2.7)
Self-pay 18(0.1) 6(0.1) 2(0.04) 5(0.1) 5(0.1)
Patient portal usage
(No. of login days
in prior year)
Mean (SD) 22.4 (27.5) 22.8(28.5) 22.1(26.3) 22.5(27.7) 22.3(27.3)
Median (IQR) 13 (4-30) 13 (4-31) 14 (4-30) 13 (4-30) 13 (4-30)
Vaccinated for 8196 (40.0) 2034 (39.6) 2025 (39.5) 2086 (40.7) 2051 (40.0)
influenza
in prior season,
No. (%)

Abbreviations: FIT, fecal immunochemical test; SVI, Social Vulnerability Index.

@ Age was calculated based on date of birth and study start date, yielding
continuous values rather than whole-number years.

b Asian, Black, White, and other race and ethnicity categories refer to individuals

who were non-Hispanic or Latino. Hispanic or Latino category includes

individuals of any race.

€ Other race and ethnicity included American Indian or Alaska Native (40
[0.2%]), Native Hawaiian or Other Pacific Islander (81[0.4%]), multiracial
(identified as being 2 or more races; 1245 [6.1%]), and unknown race and
ethnicity (2287 [11.2%]).

dSocial Vulnerability Index (SVI) score refers to the potential negative effects on

communities caused by external stressors on human health, with a higher
value indicating greater vulnerability. It is a single measure ranging from O to

100 that includes measures for socioeconomic status (income, poverty,
employment, and education), household composition (age, single parenting,
and disability), racial and ethnic minority status and language (race, ethnicity,

and English-language proficiency), and housing and transportation (housing
structure, crowding, and vehicle access).

€ Percentage of participants with an SVI score greater than 50 among those
with nonmissing SVI data. An SVI score of 50 represents the national median
in the United States. As a reference, the SVI score in Los Angeles County was
estimated to be 86.29 in 2022.47

f As areference, an estimated 69.3% of adults aged 45 to 54 years in California

had private insurance (with either employer-based insurance or privately
purchased coverage) in 2020.48

eliciting anticipated regret for forgoing screening,?® and send-
ing text reminders*® (eMethods in Supplement 3).

Study Outcomes

The primary outcome was any screening completion, de-
fined as the completion of either FIT (normal or abnormal FIT
result) or colonoscopy within 6 months of receiving the ini-
tial screening invitation. These study end points were ascer-
tained between November 2, 2022, and November 13, 2022,
due to our staggered implementation and were extracted from
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the electronic health record (eMethods in Supplement 3). The
secondary outcome was screening modality (FIT and colonos-
copy) completed. We were also interested in the proportion of
crossover from one screening modality to another.

Outcome and patient characteristic data, including age, sex
(patient reported), race (patient reported; fixed categories), eth-
nicity (patient reported; fixed categories), Social Vulnerabil-
ity Index (SVI) score, and up-to-date (prior year) influenza vac-
cination, were derived from the electronic health record. Data
on race and ethnicity were included because both factors are
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Table 2. Engagement With Patient Portal and CRC Screening Invitation Message in the Intention-to-Treat Population of 20 509 Participants

No. (%)
Participants who accessed patient portal® Response to the CRC screening message on patient portal®
Within 1 wk of their Anytime during Selected Declined
intervention date follow-up period Made active choice Selected FIT colonoscopy screening
FIT-only active choice 2528(49.3) 4166 (81.2) 1148 (22.4) 1065 (20.8) NA 83 (1.6)
(n=5131)
Colonoscopy-only 2603 (50.8) 4124 (80.4) 878 (17.1) NA 793 (15.5) 85(1.7)
active choice
(n=5127)
Dual-modality 2571(50.2) 4156 (81.1) 1116 (21.8) 523(10.2) 550 (10.7) 43(0.8)
active choice
(n=5125)
Usual care default 2534 (49.4) 4168 (81.3) NA NA NA NA
mailed FIT
(n=5126)

Abbreviations: CRC, colorectal cancer; FIT, fecal immunochemical test; NA, not
applicable.

2 Total number and percentage of study participants in each study group
who accessed the electronic patient portal at least once within 7 days
of the date they first received the screening invitation (ie, their randomly
assigned intervention date) or from their intervention date to the
end of the study period (November 13, 2022). The percentages were

calculated with the number of participants assigned to each study group
as the denominator.

b Total number and percentage of study participants in each active choice
group who responded to the active choice question in the CRC screening
message on the patient portal, as well as who selected a given option during
the study period. The percentages were calculated with the number of
participants assigned to each study group as the denominator.

independent predictors of participation in CRC screening.* The
SVIis a single measure ranging from O to 100 referring to the
potential negative effects on communities caused by exter-
nal stressors on human health and includes socioeconomic
status, household composition, racial and ethnic minority
group status, language, and housing and transportation sta-
tus; a higher score indicates higher social vulnerability.

Statistical Analyses

We evaluated power using a x? test comparing each of the 3
intervention groups with the usual care default FIT group.
A sample size of approximately 5100 participants per group
provided 80% power to detect a 3.2 percentage point change
in screening rates, which conservatively assumed a control
group screening rate of 50% (maximum variance) and a 2-sided
significance level of .017 (3-fold Bonferroni correction).

We used linear regression models with heteroskedasticity-
robust SEs to evaluate primary and secondary outcomes (sta-
tistical analysis plan in Supplement 2 and eMethods in
Supplement 3) because treatment effect estimates in terms of
rate differences are easier to interpret than odds ratios from lo-
gistic regressions.*® The primary model terms were indicators
for each of the 3 intervention groups. We adjusted models for
patient age, sex, race and ethnicity, SVIscore, and prior-year in-
fluenza vaccination to maximize estimation efficiency. We im-
puted the mean SVI for participants with missing location data
and included a missing-SVI score indicator in the models. We
performed sensitivity analyses using logistic regression and lin-
ear regression without covariate adjustment, assessed effect
modification by demographic factors using interaction terms
(eMethods in Supplement 3), and used the McNemar test to com-
pare uptake of FIT vs colonoscopy in the dual-choice group.
Analyses followed the intention-to-treat principle and were per-
formed using SAS version 9.4 (SAS Institute).

To answer the first research question—whether default en-
rollment or active choice was more effective—we compared the
3 active choice groups with the default group. To answer the
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second question—whether it was more effective to prompt an
active choice about 1 or 2 screening modalities—we used lin-
ear contrasts to evaluate the relative performance of dual choice
(FIT or colonoscopy) and single choice (FIT only, colonos-
copy only, and these 2 groups combined) and took a gatekeep-
ing approach (eMethods in Supplement 3). We used a 2-sided
significance level of .017 for the first research question to ac-
count for the 3 comparisons and a 2-sided significance level
of .05 for all other analyses.

. |
Results

Participants

Among 20 509 participants, mean age at randomization was
47.4 years (SD, 1.5 years), 11048 (53.9%) were female, 9458
(46.1%) were male, 2814 (13.7%) were Asian, 865 (4.2%) were
Black, 2757 (13.4%) were Hispanic or Latino, 3653 (17.8%) were
otherrace and ethnicity (American Indian or Alaska Native [40,
0.2%], Native Hawaiian or Other Pacific Islander [81, 0.4%],
multiracial [identified as being 2 or more races; 1245, 6.1%],
and unknown race and ethnicity [2287, 11.2%]), 10 420 (50.8%)
were White, and mean SVI score was 31.0 (SD, 24.8). Partici-
pant demographics and portal use (before and during the study
period) were balanced across study groups (Table 1 and
Table 2).47:48

Primary Outcome: Any Screening Participation

The overall screening rate was 18.6% (3816 participants)
(Figure 2 and eTable 1 in Supplement 3). Screening comple-
tion was significantly lower in the active choice groups (FIT
only, 841 0f 5131[16.4%; rate difference, -9.8%; 95% CI, -11.3%
to -8.2%]; colonoscopy only, 743 of 5127 [14.5%; rate differ-
ence, -11.7%; 95% CI, -13.2% to -10.1%]; and dual-modality
[FIT or colonoscopyl, 890 of 5125 [17.4%; rate difference,
-8.9%; 95% CI, -10.5% to -7.4%]) than in the usual care de-
fault mailed FIT outreach group (1342 of 5126 [26.2%]; all
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Population Health Colorectal Cancer Screening Strategies in Adults Aged 45 to 49 Years

Figure 2. Colorectal Cancer Screening Participation (Percentages) Overall and by Screening Modality for Each Intervention Group

FIT-only active choice [ [ ]
Both FIT and colonoscopy completed
Colonoscopy-only active choice [ ) (] ® FIT completed
Colonoscopy completed
Dual-modality active choice [ [ ] ® Any screening completed
Usual care default mailed FIT outreach [ [
All participants [ ] [
T T T T T 1
0 10 20 30 40 50

Participants who completed screening, %

Percentages of participants in each study group (N = 20 509) who completed
(1) both FIT and colonoscopy:; (2) only FIT; (3) only colonoscopy; and (4) any
colorectal cancer screening (primary outcome, defined as completing either FIT
or colonoscopy) during the study period. Colonoscopies performed after an
abnormal FIT result are not included. The rate of any screening for each group
equals the sum of the FIT and colonoscopy completion rates minus the

proportion who completed both tests; for example, in the FIT-only group,
16.4% = 6.9% + 9.8% - 0.3%. In the dual-modality group, the sum yielded
17.3%, which differed slightly from the reported 17.4% due to rounding. Exact
values plotted in this figure can be found in eTable 1in Supplement 3. FIT
indicates fecal immunochemical test.

Table 3. Linear Regression Models of Colorectal Cancer Screening Completion Rates in the Intention-to-Treat Population of 20 509 Participants®

Rate difference (95% CI)

Study group No. of participants (%) (reference = usual care default mailed FIT) P value
Primary outcome: any screening completed, R? = 0.037

FIT-only active choice 841 0f 5131 (16.4) -0.098 (-0.113 to -0.082) <.001
Colonoscopy-only active choice 743 of 5127 (14.5) -0.117 (-0.132t0 -0.101) <.001
Dual-modality active choice 890 0f 5125 (17.4) -0.089 (-0.105 to -0.074) <.001
Usual care default mailed FIT 1342 of 5126 (26.2) NA NA
Secondary outcome: FIT completed, R? = 0.046

FIT-only active choice 352 0f 5131 (6.8) -0.105 (-0.117 to -0.092) <.001
Colonoscopy-only active choice 137 0f 5127 (2.9) -0.147 (-0.158 to -0.135) <.001
Dual-modality active choice 288 of 5125 (5.6) -0.118 (-0.130to -0.106) <.001
Usual care default mailed FIT 889 0f 5126 (17.3) NA NA
Secondary outcome: colonoscopy completed, R? = 0.022

FIT-only active choice 502 0of 5131 (9.8) 0.000(-0.011t0 0.012) .96
Colonoscopy-only active choice 616 of 5127 (12.0) 0.023 (0.011 to 0.035) <.001
Dual-modality active choice 616 of 5125 (12.0) 0.022 (0.010to0 0.034) <.001
Usual care default mailed FIT 501 of 5126 (9.8) NA NA

Abbreviations: FIT, fecal immunochemical test; NA, not applicable.

@ Number and percentages of participants in each study group who completed
any screening and modality-specific screening completion for the
intention-to-treat population, as well as linear regression models predicting
these primary and secondary outcomes. Any screening completion included
completion of either a FIT or a colonoscopy during the follow-up period.
Models adjusted for patient sex (female, male, and unknown), age, race and
ethnicity (American Indian or Alaska Native, Asian, Black, Hispanic or Latino,
Native Hawaiian or Other Pacific Islander, multiracial [identified as being
2 or more races], White, and unknown race and ethnicity), neighborhood

Social Vulnerability Index (SVI) score, indicator for missing SVI values, and
prior-season receipt of the influenza vaccine. Rate differences estimate
between-group differences in the probability of screening completion for the
intention-to-treat population. For example, the FIT-only active choice group
had a 9.8 percentage point lower overall screening completion rate than the
usual care default mailed FIT group after adjusting for these covariates. Asian,
Black, White, and other race and ethnicity categories refer to individuals who
were Non-Hispanic or Latino. Hispanic or Latino category included individuals
of any race.

P < .001) (Figure 2 and Table 3), with robust results observed
in logistic and unadjusted linear regression sensitivity analy-
ses (eTable 2 in Supplement 3). The only observed modifiers
of these differences were SVI score and prior-season influ-
enza vaccination status (eTable 3 in Supplement 3).

Among the active choice groups (Table 3), participants of-
fered both FIT and colonoscopy (dual modality FIT or colo-
noscopy) were more likely to complete screening (any modal-
ity) than participants offered only 1 screening modality (FIT
only and colonoscopy only combined) (890 of 5125 [17.4%] vs
1584 of 10 258 [15.4%]; rate difference, -1.8%; 95% CI, -3.0%

JAMA Published online August 4,2025

to -0.1%; P = .004). This difference was driven by higher
screening in the dual-modality active choice group (17.4%) than
the colonoscopy-only active choice group (743 of 5127 [14.5%];
P <.001), but not the FIT-only active choice group (841 of 5131
[16.4%]; P = .25). Figure 3 illustrates participant pathways
through the CRC screening invitation and completion pro-
cess across study groups.

Secondary Outcome: Screening Modalities
Participants offered dual-modality active choice (5125 partici-

pants) were more likely to complete screening with colonoscopy

jama.com
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Figure 3. Colorectal Cancer Screening Pathways by Outreach Strategy and Patient Engagement

FIT-only active
choice
(n=5131)

Colonoscopy-only
active choice
(n=5127)

Dual-modality
active choice
(n=5125)

Usual care default
mailed FIT h

(n=5126) No /
Group Accessed
portal

NA
No
Selected Completed
screening screening

This alluvial plot illustrates participant pathways through the colorectal cancer
screening invitation and completion process across 4 study groups

(N =20509). Each flow represents the percentage of participants (within each
group) progressing through sequential stages: accessing the electronic portal
(yes or no), selecting a screening modality (yes, no, or NA), and completing any
screening (yes or no). In the “selected screening” stratum, yes indicates
participants in the FIT-only, colonoscopy-only, and dual-modality groups who
selected a modality in the portal message, no indicates those who actively
deferred screening, and NA includes participants in the FIT-only,
colonoscopy-only, and dual-modality groups who did not respond to the
message and all participants in the usual care default mailed FIT group, who
were not asked to select a modality. Flow widths reflect the proportion of
participants at each transition, and colors denote study group. Color saturation
conveys participant behavior: full saturation indicates participants in the

FIT-only, colonoscopy-only, and dual-modality groups who accessed the portal,
selected a modality, and completed screening; medium saturation indicates
participants who accessed the portal but did not select a modality and still
completed screening in all 4 groups (including all participants in usual care
default mailed FIT who completed screening because they were not asked to
select a modality); and light saturation indicates all other participants, except
that dark gray highlights a small number of participants who completed
screening without accessing the portal (n = 11, 9, 14, and 31in the FIT-only,
colonoscopy-only, dual-modality, and usual care default mailed FIT groups,
respectively, corresponding to 0.21%, 0.18%, 0.27%, and 0.60%) via in-person
care or default mailed FIT. These participants were included to reflect ongoing
care delivery and maintain consistency in outcome representation. FIT indicates
fecal immunochemical test; NA, not applicable.

than FIT (12.0% vs 5.6%; rate difference, -6.4%; 95% CI, -7.5%
to -5.3%; P < .001) (Figure 2). In this group, 288 participants
(5.6%) completed a FIT, 616 participants (12.0%) completed
a colonoscopy, and 14 participants (0.3%) completed both.

Regarding screening modality crossover, in both the
FIT-only active choice group and usual care default mailed
FIT outreach group, 9.8% of participants (502 of 5131 and 501
of 5126, respectively) completed a colonoscopy despite being
assigned to consider FIT. In the colonoscopy-only active choice
group, the crossover to FIT was only 2.7% (137 of 5127)
(Figure 2). The eFigure in Supplement 3 further illustrates the
relationship between the modality selected by participants on
the patient portal and their completed modality across study
groups.

jama.com

Among individuals with an abnormal FIT result, 73% (49
of 67) received follow-up colonoscopy within 6 months
(eTable 4 in Supplement 3).

|
Discussion

This randomized trial involving 20 509 adults newly eligible
for CRC screening found that requiring people to make an ac-
tive choice—accepting or rejecting a screening modality (FIT
only and colonoscopy only) or selecting FIT, colonoscopy, or
neither (dual-modality FIT or colonoscopy)—led to lower
screening participation than mailing an unsolicited FIT kit by
default. Additionally, providing a choice between 2 screening
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modalities yielded higher participation than offering an ac-
tive choice around a single modality. In the dual-choice group,
colonoscopy was selected more often than FIT. When FIT was
the only screening option explicitly offered, 9.8% of partici-
pants in FIT-only and usual care default mailed FIT groups
completed a colonoscopy instead of FIT. This study high-
lights that health systems can effectively engage adults aged
45to 49 years with mailed FIT outreach, a practice already ad-
opted by health systems for adults aged 50 years and older.

There is limited research on how to increase CRC screen-
ing participation among adults aged 45 to 49 years. Although
default FIT mailing is effective in older cohorts,!921-23-25:27 o
our knowledge this study is the first to demonstrate its effec-
tiveness in a younger cohort less likely to be aware of screen-
ing recommendations. Mailed home-based screening tests
avoid barriers associated with screening colonoscopy, includ-
ing attending a clinic visit and completing an invasive proce-
dure. In this study, screening participation in the active choice
groups was approximately 10 percentage points lower than
in the default mailed FIT group even when the active choice
offered home-based FIT as an option, which may have oc-
curred partly because active choice required participants to
log in and affirmatively respond to the portal message. How-
ever, approximately 50% of participants accessed the portal
within 1 week (Table 2), and the screening completion re-
sults remained consistent within this subsample (eTable 2 in
Supplement 3). Other explanations include that mailing a FIT
may reduce cognitive burden®33°> and signal importance or
urgency,>*4° factors that may influence younger adults who
do not yet recognize their risk for CRC.

Nonetheless, active choice may offer other benefits not
captured here, such as greater understanding of screening op-
tions and increased decision-making confidence. Future re-
search should compare active choice with default enrollment
over time, especially with added patient navigation, to assess
effects on repeat screening uptake.>°

This study has numerous strengths. First, default mailed
FIT outreach and active choice were simultaneously evalu-
ated, 2 approaches that have outperformed traditional opt-in
approaches in encouraging participation in preventive
health.!618:28-31 Although prior research has explored inter-
ventions in which patients could choose among screening
options,?*2° they did not require an explicit affirmative
choice to accept or decline screening. Within the active
choice framework, we further contribute by evaluating how
offering 1 or 2 screening modalities influences uptake.®* Sec-
ond, more than 20 000 individuals newly eligible for CRC
screening were randomized, a cohort size rarely achieved in

Population Health Colorectal Cancer Screening Strategies in Adults Aged 45 to 49 Years

US-based randomized CRC screening studies and, to our
knowledge, unprecedented for this age group. These are criti-
cal steps toward identifying effective approaches to engage
adults aged 45 to 49 years in screening. Third, the study
population was racially and ethnically diverse, which is
important, given the diversity in this age group in the United
States.®! Fourth, we demonstrated that population health
interventions using automation can rapidly drive participa-
tion in preventive health services, with more than 3800 indi-
viduals completing CRC screening within just 6 months while
reducing the amount of work primary care physicians are
faced with when addressing numerous health measures.

Limitations

This single-center study has several limitations. First, it in-
cluded only individuals at average risk for CRC, and the mean
SVIscore indicated low to medium vulnerability (mean, 31.0;
SD, 24.8), which may limit generalizability.*” Second, the ef-
fectiveness of active choice interventions depends on the avail-
ability of an electronic health record system capable of sup-
porting automation and patient engagement within an
electronic portal. Active use of the patient portal is high among
UCLA Health’s primary care patients (>80%), aligning with
broader trends as health systems adopt this method of pa-
tient communication. Third, some colonoscopies performed
outside the UCLA health system were missed (eMethods in
Supplement 3),>2 and a 6-month follow-up period may favor
FIT completion over colonoscopy, given barriers to colonos-
copy, including wait times and need for time off work and an
escort. Fourth, screening participation rates may have under-
estimated the true potential of the interventions imple-
mented due to the lingering effect of the COVID-19 pandemic
on colonoscopy scheduling at the time.>* Fifth, although each
mailed FIT kit was only $8, cost-effectiveness was not as-
sessed. Sixth, replicating this study may not be feasible with
a waiver of consent in some settings.

.|
Conclusions

Although the USPSTF now recommends CRC screening for
adults aged 45 to 49 years, evidence-based guidance on how
toachieve screening for the millions of US residents in this age
group was lacking. This study offers robust evidence for how
to engage this age group in CRC screening. Future research
should explore further optimization and tailoring of mailed FIT
outreach to enhance screening participation across diverse
populations and in other health care settings.

ARTICLE INFORMATION
Accepted for Publication: June 30, 2025.

Published Online: August 4, 2025.
doi:10.1001/jama.2025.12049

Author Affiliations: Department of Medicine,
David Geffen School of Medicine, University of
California, Los Angeles, Los Angeles (Galoosian,
Croymans, Fox, Goshgarian, De Silva, Han, Vangala,
May); The Vatche and Tamar Manoukian Division of

JAMA Published online August 4,2025

Digestive Diseases, Department of Medicine, David
Geffen School of Medicine, University of California,
Los Angeles, Los Angeles (Galoosian, De Silva,
May); Anderson School of Management, University
of California, Los Angeles, Los Angeles (Dai, Fox);
Department of Social and Decision Sciences,
Carnegie Mellon University, Pittsburgh,
Pennsylvania (Saccardo); Department of
Psychology, University of California, Los Angeles,
Los Angeles (Fox); Department of Internal

Downloaded from jamanetwork.com by University of California - Los Angeles user on 08/31/2025

Medicine, University of Maryland Medical Center,
Baltimore (Goshgarian); Division of
Gastroenterology, Greater Los Angeles Veterans
Affairs Healthcare System, Los Angeles, California
(May); UCLA Kaiser Permanente Center for Health
Equity, Jonsson Comprehensive Cancer Center,
Los Angeles, California (May).

Author Contributions: Dr May and Mr Vangala had
full access to all of the data in the study and take
responsibility for the integrity of the data and the

jama.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.12049?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.12049?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.12049?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.12049?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049

Population Health Colorectal Cancer Screening Strategies in Adults Aged 45 to 49 Years

accuracy of the data analysis. Drs Galoosian and Dai
served as co-first authors.

Concept and design: Galoosian, Dai, Croymans,
Saccardo, Fox, Goshgarian, De Silva, Han, May.
Acquisition, analysis, or interpretation of data:
Galoosian, Dai, Saccardo, Han, Vangala, May.
Drafting of the manuscript: Galoosian, Dai, De Silva,
May.

Critical review of the manuscript for important
intellectual content: Galoosian, Dai, Croymans,
Saccardo, Fox, Goshgarian, Han, Vangala, May.
Statistical analysis: Galoosian, Dai, Vangala,

May.

Obtained funding: Galoosian, May.

Administrative, technical, or material support:
Galoosian, Croymans, Saccardo, Goshgarian,

De Silva, Han, May.

Supervision: Croymans, May.

Conflict of Interest Disclosures: Dr Dai reported
grants from the National Science Foundation during
the conduct of the study and grants from NBER
Roybal Center for Behavior Change in Health and
USC Roybal Center for Behavioral Interventions in
Aging outside the submitted work. Dr Saccardo
reported grants from the National Science
Foundation during the conduct of the study and
grants from NBER Roybal Center for Behavior
Change in Health and USC Roybal Center for
Behavioral Interventions in Aging outside the
submitted work. Dr May reported serving on the
advisory board for Exact Sciences, Medtronic, and
Geneoscopy outside the submitted work. No other
disclosures were reported.

Funding/Support: This work was supported by
UCLA Melvin and Bren Simon Gastroenterology
Quality Improvement Program and National
Science Foundation Social Science Research Council
grant 2317430.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The opinions and assertions contained
herein are the sole views of the authors and are not
to be construed as official or as reflecting the views
of the University of California, the Department of
Veteran Affairs, or the US government.

Data Sharing Statement: See Supplement 4.

Additional Contributions: The authors thank
Jessica J. Tuan, MPH (UCLA Kaiser Permanente
Center for Health Equity, Jonsson Comprehensive
Cancer Center) for her assistance with the
preparation of this manuscript; she did not receive
compensation. The authors also thank the UCLA
Health Sciences Clinical and Translational Science
Institute (CTSI) for assistance with data.

REFERENCES

1. Davidson KW, Barry MJ, Mangione CM, et al;

US Preventive Services Task Force. Screening for
colorectal cancer: US Preventive Services Task
Force recommendation statement. JAMA. 2021;325
(19):1965-1977. doi:10.1001/jama.2021.6238

2. Procedure manual appendix I: congressional
mandate establishing the US Preventive Services
Task Force. US Preventive Services Task Force.
Accessed June 5, 2024. https://www.
uspreventiveservicestaskforce.org/uspstf/about-

jama.com

uspstf/methods-and-processes/procedure-manual/
procedure-manual-appendix-i

3. Montminy EM, Zhou M, Maniscalco L, et al.
Contributions of adenocarcinoma and carcinoid
tumors to early-onset colorectal cancer incidence
rates in the United States. Ann Intern Med. 2021;174
(2):157-166. doi:10.7326/M20-0068

4. Siegel RL, Wagle NS, Cercek A, Smith RA, Jemal

A. Colorectal cancer statistics, 2023. CA Cancer J Clin.

2023;73(3):233-254. doi:10.3322/caac.21772

5. Bretthauer M, Laberg M, Wieszczy P, et al;
NordICC Study Group. Effect of colonoscopy
screening on risks of colorectal cancer and related
death. N Engl J Med. 2022;387(17):1547-1556.
doi:10.1056/NEJM0a2208375

6. Doubeni CA, Corley DA, Zhao W, Lau Y, Jensen
CD, Levin TR. Association between improved
colorectal screening and racial disparities. N Engl J
Med. 2022;386(8):796-798. doi:10.1056/
NEJMc2112409

7. Inadomi JM. Screening for colorectal neoplasia.
N Engl J Med. 2017;376(2):149-156. doi:10.1056/
NEJMcp1512286

8. Peterse EFP, Meester RGS, de JongeL, etal.
Comparing the cost-effectiveness of innovative
colorectal cancer screening tests. J Natl Cancer Inst.
2021;113(2):154-161. doi:10.1093/jnci/djaal03

9. JangJ, Sun KH, Mann K, et al. Patient navigation
increases breast, cervical, and colorectal cancer
screening among immigrants in the US:

a systematic review. J Gen Intern Med. Published
online May 6, 2025. doi:10.1007/s11606-025-
09566-8

10. Kwan WS, Choi KC, Chan DN. Effectiveness of
health promotion interventions to increase faecal
occult blood test uptake rates among older adults
with an average-risk of colorectal cancer:

a systematic review and meta-analysis. Asia Pac J
Oncol Nurs. 2025;12:100670. doi:10.1016/j.apjon.
2025100670

11. Horn DM, Haas JS. Expanded lung and
colorectal cancer screening—ensuring equity and
safety under new guidelines. N Engl J Med. 2022;
386(2):100-102. doi:10.1056/NEJMp2113332

12. Siddique S, WangR, Yasin F, et al. USPSTF
colorectal cancer screening recommendation and
uptake for individuals aged 45 to 49 years. JAMA
Netw Open. 2024;7(10):e2436358. doi:10.1001/
jamanetworkopen.2024.36358

13. Levin TR, Jensen CD, Udaltsova N, et al.
Colorectal cancer screening completion and yield in
patients aged 45 to 50 years: an observational
study. Ann Intern Med. 2024:177(12):1621-1629.
doi:10.7326/M24-0743

14. O'Leary MC, Reuland DS, Correa S, et al.
Uptake of colorectal cancer screening after mailed
fecal immunochemical test (FIT) outreach in a
newly eligible 45-49-year-old community health
center population. Cancer Causes Control. 2023;34
(suppl 1):125-133. doi:10.1007/s10552-023-01717-8

15. Hopewell S, Chan AW, Collins GS, et al.
CONSORT 2025 statement: updated guideline for

reporting randomized trials. JAMA. 2025;333(22):

1998-2005. doi:10.1001/jama.2025.4347

16. Chapman GB, Li M, Colby H, Yoon H. Opting in
vs opting out of influenza vaccination. JAMA. 2010;
304(1):43-44. doi:10.1001/jama.2010.892

Original Investigation Research

17. Halpern SD, Ubel PA, Asch DA. Harnessing the
power of default options to improve health care.
N Engl J Med. 2007;357(13):1340-1344. doi:10.
1056/NEJMsb071595

18. Montoy JC, Dow WH, Kaplan BC. Patient choice
in opt-in, active choice, and opt-out HIV screening:
randomized clinical trial. BMJ. 2016;532:h6895.
doi:10.1136/bmj.h6895

19. Baker DW, Brown T, Buchanan DR, et al.
Comparative effectiveness of a multifaceted
intervention to improve adherence to annual
colorectal cancer screening in community health
centers: a randomized clinical trial. JAMA Intern Med.
2014;174(8):1235-1241. doi:10.1001/jamainternmed.
2014.2352

20. Charlton ME, Mengeling MA, Halfdanarson TR,

et al. Evaluation of a home-based colorectal cancer

screening intervention in a rural state. J Rural Health.
2014;30(3):322-332. doi:10.1111/jrh.12052

21. Coronado GD, Petrik AF, Vollmer WM, et al.
Effectiveness of a mailed colorectal cancer
screening outreach program in community health
clinics: the STOP CRC cluster randomized clinical
trial. JAMA Intern Med. 2018;178(9):1174-1181. doi:
10.1001/jamainternmed.2018.3629

22. Giorgi Rossi P, Grazzini G, Anti M, et al. Direct
mailing of faecal occult blood tests for colorectal
cancer screening: a randomized population study
from Central Italy. J Med Screen. 2011;18(3):121-127.
doi:10.1258/jms.2011.011009

23. Guptas, Halm EA, Rockey DC, et al.
Comparative effectiveness of fecal
immunochemical test outreach, colonoscopy
outreach, and usual care for boosting colorectal
cancer screening among the underserved:
arandomized clinical trial. JAMA Intern Med. 2013;
173(18):1725-1732. doi:10.1001/jamainternmed.2013.
9294

24. MehtaSJ, Induru V, Santos D, et al. Effect of
sequential or active choice for colorectal cancer
screening outreach: a randomized clinical trial.
JAMA Netw Open. 2019;2(8):e€1910305. doi:10.
1001/jamanetworkopen.2019.10305

25. MehtaSJ, Palat S, McDonald C, et al.

A randomized trial of choice architecture and
mailed colorectal cancer screening outreach in a
community health setting. Clin Gastroenterol Hepatol.
2024;22(10):2117-2124.e2. doi:10.1016/j.cgh.2024.
04.003

26. Myers RE, Sifri R, Hyslop T, et al. A randomized
controlled trial of the impact of targeted and
tailored interventions on colorectal cancer
screening. Cancer. 2007;110(9):2083-2091. doi:10.
1002/cncr.23022

27. Singal AG, Gupta S, Tiro JA, et al. Outreach
invitations for FIT and colonoscopy improve
colorectal cancer screening rates: a randomized
controlled trial in a safety-net health system. Cancer.
2016;122(3):456-463. doi:10.1002/cncr.29770

28. Carroll GD, Choi JJ, Laibson D, Madrian BC,
Metrick A. Optimal defaults and active decisions.
QJ Econ. 2009;124(4):1639-1674. doi:10.1162/gjec.
2009124.41639

29. Keller P, Harlam B, Loewenstein G, Volpp KG.
Enhance active choice: a new method to motivate
behavior change. J Consum Psychol. 2011;2011(21):
376-383. doi:10.1016/j.jcps.2011.06.003

30. Patel MS, Volpp KG, Small DS, et al. Using active
choice within the electronic health record to increase

JAMA Published online August 4, 2025 E9

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

Downloaded from jamanetwork.com by University of California - Los Angeles user on 08/31/2025


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.12049?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.6238?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-processes/procedure-manual/procedure-manual-appendix-i
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-processes/procedure-manual/procedure-manual-appendix-i
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-processes/procedure-manual/procedure-manual-appendix-i
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-processes/procedure-manual/procedure-manual-appendix-i
https://dx.doi.org/10.7326/M20-0068
https://dx.doi.org/10.3322/caac.21772
https://dx.doi.org/10.1056/NEJMoa2208375
https://dx.doi.org/10.1056/NEJMc2112409
https://dx.doi.org/10.1056/NEJMc2112409
https://dx.doi.org/10.1056/NEJMcp1512286
https://dx.doi.org/10.1056/NEJMcp1512286
https://dx.doi.org/10.1093/jnci/djaa103
https://dx.doi.org/10.1007/s11606-025-09566-8
https://dx.doi.org/10.1007/s11606-025-09566-8
https://dx.doi.org/10.1016/j.apjon.2025.100670
https://dx.doi.org/10.1016/j.apjon.2025.100670
https://dx.doi.org/10.1056/NEJMp2113332
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2024.36358?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2024.36358?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://dx.doi.org/10.7326/M24-0743
https://dx.doi.org/10.1007/s10552-023-01717-8
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2025.4347?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2010.892?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://dx.doi.org/10.1056/NEJMsb071595
https://dx.doi.org/10.1056/NEJMsb071595
https://dx.doi.org/10.1136/bmj.h6895
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2014.2352?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2014.2352?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://dx.doi.org/10.1111/jrh.12052
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2018.3629?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://dx.doi.org/10.1258/jms.2011.011009
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2013.9294?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2013.9294?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2019.10305?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2019.10305?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://dx.doi.org/10.1016/j.cgh.2024.04.003
https://dx.doi.org/10.1016/j.cgh.2024.04.003
https://dx.doi.org/10.1002/cncr.23022
https://dx.doi.org/10.1002/cncr.23022
https://dx.doi.org/10.1002/cncr.29770
https://dx.doi.org/10.1162/qjec.2009.124.4.1639
https://dx.doi.org/10.1162/qjec.2009.124.4.1639
https://dx.doi.org/10.1016/j.jcps.2011.06.003
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049

E10

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

Research Original Investigation

influenza vaccination rates. J Gen Intern Med. 2017;
32(7):790-795. doi:10.1007/s11606-017-4046-6

31. Spital A. Mandated choice: a plan to increase
public commitment to organ donation. JAMA. 1995;
273(6):504-506. doi:10.1001/jama.1995.
03520300078045

32. Inadomi JM, Vijan S, Janz NK, et al. Adherence
to colorectal cancer screening: a randomized

clinical trial of competing strategies. Arch Intern Med.

2012;172(7):575-582. doi:10.1001/archinternmed.
2012.332

33. Johnson EJ, Goldstein D. Medicine: do defaults
save lives? Science. 2003;302(5649):1338-1339.
doi:10.1126/science. 1091721

34. McKenzie CR, Liersch MJ, Finkelstein SR.
Recommendations implicit in policy defaults.
Psychol Sci. 2006;17(5):414-420. doi:10.1111/j.1467-
9280.2006.01721.x

35. Thaler RH, Sunstein CR. Nudge: Improving
Decisions About Health, Wealth and Happiness. Yale

University Press; 2008. doi:10.1016/j.50scij.2008.09.

003

36. Cioffi DGR. On doing the decision: effects of
active versus passive choice on commitment and
self-perception. Pers Soc Psychol Bull. 1996;22(2):
115-123. doi:10.1177/0146167296222003

37. Landais LL, Jelsma JGM, Damman OC,
Verhagen EALM, Timmermans DRM. Fostering
active choice to empower behavioral change to
reduce cardiovascular risk: a web-based
randomized controlled trial. PLoS One. 2024;19(8):
e€0304897. doi:10.1371/journal.pone.0304897

38. Gourville JT, Soman D. Overchoice and
assortment type: when and why variety backfires.
Mark Sci. 2005;24(3):382-395. doi:10.1287/mksc.
1040.0109

39. lyengarSS, Lepper MR. When choice is
demotivating: can one desire too much of a good

JAMA Published online August 4,2025

Population Health Colorectal Cancer Screening Strategies in Adults Aged 45 to 49 Years

thing? J Pers Soc Psychol. 2000;79(6):995-1006.
doi:10.1037/0022-3514.79.6.995

40. Long X, Sun J, Dai H, Zhang D, et al. The choice
overload effect in online recommender systems.
Manuf Serv Oper Manag. 2025;27(1):249-268.
doi:10.1287/msom.2022.0659

41. YuC, Skootsky S, Grossman M, et al.

A multi-level fit-based quality improvement
initiative to improve colorectal cancer screening in a
managed care population. Clin Transl Gastroenterol.
2018;9(8):177. doi:10.1038/541424-018-0046-z

42. Bartos V, Bauer M, Cahlikova J, Chytilova J.
Communicating doctors’ consensus persistently
increases COVID-19 vaccinations. Nature. 2022;
606(7914):542-549. doi:10.1038/s41586-022-
04805-y

43. Grandes G, Sanchez A, Sanchez-Pinilla RO,
et al; PEPAF Group. Effectiveness of physical
activity advice and prescription by physicians in
routine primary care: a cluster randomized trial.
Arch Intern Med. 2009;169(7):694-701. doi:10.
1001/archinternmed.2009.23

44. Goshgarian G, Sorourdi C, May FP, et al. Effect
of patient portal messaging before mailing fecal
immunochemical test kit on colorectal cancer
screening rates: a randomized clinical trial. JAMA
Netw Open. 2022;5(2):e2146863. doi:10.1001/
jamanetworkopen.2021.46863

45. DaiH, Saccardo S, Han MA, et al. Behavioural
nudges increase COVID-19 vaccinations. Nature.

2021;597(7876):404-409. doi:10.1038/541586-021-

03843-2

46. GomilaR. Logistic or linear? estimating causal
effects of experimental treatments on binary
outcomes using regression analysis. J Exp Psychol
Gen. 2021;150(4):700-709. doi:10.1037/
xge0000920

Downloaded from jamanetwork.com by University of California - Los Angeles user on 08/31/2025

47. Centers for Disease Control and Prevention.
SVlinteractive map. ATSDR. Accessed August 14,
2024. https://www.atsdr.cdc.gov/placeandhealth/
svif/interactive_map.html

48. Charles A, Babey S, Wolstein J. The state of
health insurance in California: findings from the
2019 and 2020 California Health Interview Surveys.
Accessed April 9, 2025. https://healthpolicy.ucla.
edu/publications/Documents/PDF/2022/
StateofHealthInsuranceinCalifornia-report-
jan2022.pdf

49. Reiff J, Dai H, Beshears J, Milkman KL,
Benartzi S. Save more today or tomorrow: the role
of urgency in precommitment design. J Mark Res.
2023;60(6)1095-1113. doi:10.1177/
00222437231153396

50. Singal AG, GuptaS, Skinner CS, et al. Effect of
colonoscopy outreach vs fecal immunochemical
test outreach on colorectal cancer screening
completion: a randomized clinical trial. JAMA. 2017;
318(9):806-815. doi:10.1001/jama.2017.11389

51. Ndugga N, Hill L, Pillai D, Artiga S. Race,
inequality, and health. KFF. Published May 28,
2024. Updated July 29, 2024. Accessed September
24, 2024. https://www.kff.org/health-policy-101-
race-inequality-and-health/

52. Saccardo S, Dai H, Han M, Raja N, Vangala S,
Croymans D. Scaling nudges: who moves and how?
Updated July 9, 2025. Accessed July 9, 2025.
https://papers.ssrn.com/sol3/papers.cfm?abstract_
id=3971192

53. Myint A, Roh L, Yang L, Connolly L, Esrailian E,
May FP. Noninvasive colorectal cancer screening
tests help close screening gaps during coronavirus
disease 2019 pandemic. Gastroenterology. 2021;161
(2):712-714.e1. doi:10.1053/j.gastro.2021.04.026

jama.com


https://dx.doi.org/10.1007/s11606-017-4046-6
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1995.03520300078045?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1995.03520300078045?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinternmed.2012.332?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinternmed.2012.332?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://dx.doi.org/10.1126/science.1091721
https://dx.doi.org/10.1111/j.1467-9280.2006.01721.x
https://dx.doi.org/10.1111/j.1467-9280.2006.01721.x
https://dx.doi.org/10.1016/j.soscij.2008.09.003
https://dx.doi.org/10.1016/j.soscij.2008.09.003
https://dx.doi.org/10.1177/0146167296222003
https://dx.doi.org/10.1371/journal.pone.0304897
https://dx.doi.org/10.1287/mksc.1040.0109
https://dx.doi.org/10.1287/mksc.1040.0109
https://dx.doi.org/10.1037/0022-3514.79.6.995
https://dx.doi.org/10.1287/msom.2022.0659
https://dx.doi.org/10.1038/s41424-018-0046-z
https://dx.doi.org/10.1038/s41586-022-04805-y
https://dx.doi.org/10.1038/s41586-022-04805-y
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinternmed.2009.23?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archinternmed.2009.23?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2021.46863?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamanetworkopen.2021.46863?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://dx.doi.org/10.1038/s41586-021-03843-2
https://dx.doi.org/10.1038/s41586-021-03843-2
https://dx.doi.org/10.1037/xge0000920
https://dx.doi.org/10.1037/xge0000920
https://www.atsdr.cdc.gov/placeandhealth/svi/interactive_map.html
https://www.atsdr.cdc.gov/placeandhealth/svi/interactive_map.html
https://healthpolicy.ucla.edu/publications/Documents/PDF/2022/StateofHealthInsuranceinCalifornia-report-jan2022.pdf
https://healthpolicy.ucla.edu/publications/Documents/PDF/2022/StateofHealthInsuranceinCalifornia-report-jan2022.pdf
https://healthpolicy.ucla.edu/publications/Documents/PDF/2022/StateofHealthInsuranceinCalifornia-report-jan2022.pdf
https://healthpolicy.ucla.edu/publications/Documents/PDF/2022/StateofHealthInsuranceinCalifornia-report-jan2022.pdf
https://dx.doi.org/10.1177/00222437231153396
https://dx.doi.org/10.1177/00222437231153396
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.11389?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049
https://www.kff.org/health-policy-101-race-inequality-and-health/
https://www.kff.org/health-policy-101-race-inequality-and-health/
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3971192
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3971192
https://dx.doi.org/10.1053/j.gastro.2021.04.026
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2025.12049

