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Abstract

Background & Aims: Financial incentives might increase participation in prevention such as 

screening colonoscopy. We studied whether incentives informed by behavioral economics increase 

participation in risk assessment for colorectal cancer (CRC) and completion of colonoscopy for 

eligible adults.

Methods: Employees of a large academic health system (50–64 y old; n=1977) were randomly 

assigned to groups that underwent risk assessment for CRC screening and direct access 

colonoscopy scheduling (control), or risk assessment, direct access colonoscopy scheduling, a $10 

loss-framed incentive to complete risk assessment, and a $25 unconditional incentive for 

colonoscopy completion (incentive). The primary outcome was the percentage of participants who 

completed screening colonoscopy within 3 months of initial outreach. Secondary outcomes 

included the percentage of participants who scheduled colonoscopy and the percentage who 

completed the risk assessment.

Results: At 3 months, risk assessment was completed by 19.5% of participants in the control 

group (95% CI: 17.0–21.9%) and 31.9% of participants in the incentive group (95% CI: 29.0–

34.8%) (P<.001). At 3 months, 0.7% of controls had completed a colonoscopy (95% CI: .2%–

1.2%) compared with 1.2% of subjects in the incentive group (95% CI: .5%–1.9%) (P=.25).
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Conclusions: In a randomized trial of participants who underwent risk assessment for CRC with 

vs without financial incentive, the financial incentive increased CRC risk assessment completion 

but did not result in a greater completion of screening colonoscopy. Clinicaltrials.gov no: 

NCT03068052.
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Background

Colorectal cancer (CRC) screening is a major cause of morbidity and mortality, yet 

screening rates remain limited, despite the availability of cost-effective strategies for 

prevention and early treatment.1–4 Many efforts are focused on providing patient financial 

incentives to increase uptake, but results have been mixed. Patients typically do not have to 

pay cost-sharing for screening colonoscopy as mandated by the Affordable Care Act, but 

this policy has not resulted in significantly increased utilization.5–8 However, we have 

previously demonstrated that a $100 incentive for completion of screening colonoscopy 

significantly increased participation among the employee population of an academic health 

system.9 A challenge was that we could not access health records to know which patients 

were up-to-date, so we had to reach out to all patients in the eligible age range, many of 

whom had already completed screening.

One possible approach is for employers to provide a health risk assessment for CRC 

screening to everyone, and ultimately help navigate those who are eligible to care. New 

insights from behavioral economics have shown how framing of incentives might increase 

effectiveness at encouraging health promotion activities.10 For example, describing that the 

incentive is already reserved for the participant, and that s/he will not receive the incentive 

without participation leverages the principle of loss aversion, which may result in higher 

response than a gain-framed incentive.11 Prospect theory suggests that individuals respond 

asymmetrically to loss and gain perspectives, and loss-framed incentives have been shown to 

be effective in promoting physical activity, smoking cessation, and cancer screening.12–14 

Additionally, providing an unconditional incentive to the participant regardless of 

colonoscopy completion draws upon reciprocity, and has been shown in some contexts to 

yield a higher response rate.15, 16 For example, clinicians were more likely to respond to 

surveys that offered an unconditional incentive as compared to conditional incentives.16 

Finally, framing incentives as a way to reward friends or family members provides a 

prosocial perspective which may also enhance motivation, particularly since colonoscopy 

requires the patient to have an escort for the procedure. Experimental studies have shown 

that people work harder for charity than for themselves when the stakes are low, and they 

derive more happiness from bonus spending on others or charity.17, 18 While these concepts 

have worked in other contexts, it is not clear whether they translate to health promotion 

activities, particularly high effort and complex tasks like colonoscopy. As these interventions 

are combined, they might have an additive effect as different people might respond to 

different messages.
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In this study, we evaluate the effectiveness of financial incentives that incorporate concepts 

from behavioral economics such as loss-framing, reciprocity, and prosocial framing to 

increase participation in a CRC risk assessment and completion of colonoscopy for those 

who are eligible.

Methods

Study Design

This was a two-arm pragmatic randomized controlled trial comparing the following 

interventions: (1) web-based risk assessment for CRC screening and direct access 

colonoscopy scheduling for eligible participants (control), or (2) the control approach along 

with a $10 loss-framed incentive to complete risk assessment and additional $25 

unconditional incentive for colonoscopy completion (incentive). Approval for this study was 

obtained from the University of Pennsylvania Institutional Review Board. A waiver of 

informed consent was obtained since the protocol was minimal risk and could not be 

practicably carried out without the waiver.19 The protocol was registered at clinicaltrials.gov 

(NCT03068052), and the protocol and statistical analysis plan appear as a Supplement. This 

study followed the Consolidated Standards of Reporting Trials (CONSORT) guidelines. All 

authors had access to the study data and had reviewed and approved the final manuscript.

Study Population

This study was conducted in the employee population of a large academic health system. We 

included participants who were 50–64 years old at the time of identification, lived within 30 

miles from the primary screening sites (identified by home zip code), and had not received 

prior outreach in another trial from this program.9 The age range was focused on those who 

receive employer-based health insurance at the health system and not those who also receive 

Medicare coverage. Consistent with a pragmatic trial, there were no other exclusion criteria. 

We could not exclude employees who were up-to-date with CRC screening 

recommendations, since we could not access electronic health record (EHR) or claims data 

prior to outreach due to privacy concerns related to the self-insured employer accessing 

individual health records. Participants were identified via an automated data pull from 

employee records in February 2016 and recruited by study staff in May 2017. The 

investigators were blinded to patient data and randomization, but the research staff were not 

blinded as they were administering the intervention.

Interventions

Eligible participants were randomized evenly into the two study arms using a computerized 

random number generator. All participants received an email describing the importance of 

colorectal cancer screening and informing them that they had been selected to complete a 

colorectal cancer risk assessment. Emails were facilitated using the web-based research 

platform (Way to Health), which personalized and delivered each message by intervention 

arm at pre-specified times. They were prompted to complete a colorectal cancer risk 

assessment through a link to a 3 question survey hosted by the platform. Participants in the 

incentive group were additionally told that there was a $10 gift card saved for him/her, and it 
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was framed as a loss if s/he did not participate (“We have a $10 gift card saved for you. 

Don’t let that $10 get away!”).

The survey confirmed each participant was age appropriate (“Are you between the ages of 

50 and 75?”), whether they had a family history of colon cancer (“Do you have any first 

degree relatives (mother, father, sibling) who has had colon cancer?”), and prior screening 

(“Have you ever had screening for colon cancer with any of the following tests? 

Colonoscopy in last 10 years, Flexible Sigmoidoscopy in last 5 years, Stool test in the last 

year (guaiac-based FOBT or fecal immunochemical test)?”). Participants were considered 

eligible for screening if they were in the age range and had completed none of the described 

screening. Ineligible participants were congratulated for being up-to-date and referred to 

repeat screening at the interval recommended by their health care provider. Ineligible 

participants in the incentive arm were also reminded they would receive their $10 gift card 

within the week.

All participants eligible for screening after survey, regardless of study arm, were 

immediately directed to call a VIP access phone number to schedule a colonoscopy 

appointment. Those in the incentive arm who were found to be screening-eligible were 

informed that they would receive their expected $10 gift and were then told they would 

receive an additional $25 surprise gift with prosocial framing to provide to the escort for the 

procedure (“To make things easier, we’re going to increase your reward from $10 to $35. 

You can use this for anything you like, but maybe you’d like to put it toward a gift for the 

person who will take you to your colonoscopy.”). Prior qualitative research in this 

population has shown that engaging a friend or family member as an escort for the 

procedure was a barrier for screening. This additional $25 was offered as an unconditional 

incentive regardless of colonoscopy completion. Up to two reminder emails with the same 

messaging as the first were sent at one week intervals for the following two weeks to any 

participants who had not completed the assessment.

The call center provided weekly reports indicating which patients had called to schedule 

their colonoscopy appointments. Screening-eligible participants who did not schedule within 

a week of completing their survey received an email reminding them to call the VIP access 

phone number to schedule their colonoscopy, regardless of arm. Up to two additional 

reminders were sent to screening-eligible participants by email. The investigators were 

blinded to patient data and randomization, but the research staff were not blinded as they 

were administering the interventions.

Due to a programming logic error, the first scheduling reminder email with the VIP access 

phone number was sent to participants who had not yet completed the assessment (n=1670). 

A correction email was sent the following day requesting the recipients to complete the 

survey, which served as the first assessment email reminder (Supplement). This protocol 

deviation occurred across both arms, and there was no cross-over in incentive messaging by 

arm. The erroneous scheduling reminder in the incentive arm referred to the gift card but did 

not describe the unconditional incentive.
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Study Outcomes

The primary outcome was the percentage of participants who complete screening 

colonoscopy within 3 months of initial outreach. Secondary outcomes include the proportion 

who scheduled colonoscopy and the percentage of participants who complete the risk 

assessment. We also tracked the proportion of patients who were screening-eligible and had 

a family history of colorectal cancer. Data were obtained from the Way to Health platform, 

the call center, and electronic health record. Data on gender and zip code of residence came 

from employment records.

Statistical Analysis

Based on a prior study in this population, we estimated about a 1.5% colonoscopy 

completion rate among all employees who receive the initial no incentive email outreach. 

With a total sample size of 2000 participants remaining unexposed to the prior trial, there 

was 80% power to detect an increase of 2 percentage points in the incentive arm using a 

two-sided Type 1 error rate of 0.05. We report response rates as a proportion with 95% 

confidence intervals. Comparisons between arms were performed using the test of 

proportions between each arm for the primary and secondary outcomes using intent-to-treat 

protocol. We conducted a post-hoc subgroup analysis of the primary and secondary 

outcomes excluding patients that had evidence of CRC screening according to guidelines. 

All analyses were performed in Stata version 15.0 (Stata Corp LP, College Station, Texas).

Results

Patient characteristics

A total of 2,276 potentially eligible employees were initially identified; 2,000 were 

randomly selected for inclusion in the study and then randomly assigned to 2 study arms 

(Figure 1). Twenty-three potential participants had undeliverable emails. Among the 1,977 

participants included in the analysis, 70.0% were women, and median income was $73,231 

(IQR: $47,287 – 94,920). The intervention was conducted from May 2017 to August 2017, 

when 3-month follow-up was completed for all participants.

Risk assessment completion

At 3 months, risk assessment completion was 19.5% (95% CI: 17.0 – 21.9%) in the control 

arm and 31.9% (95% CI: 29.0 – 34.8%) in the incentive arm, with an absolute difference of 

12.5% (95% CI: 8.7% - 16.3%; P<.001). Among those who responded, 12.2% were up-to-

date in the control arm and 22.4% in the incentive arm. Thus, 7.3% (95% CI: 5.7% - 8.9%) 

were eligible for CRC screening in the control arm, and 9.3% (95% CI: 7.5% - 11.1%) were 

eligible in the incentive arm (P=.11). Also, 3.2% reported a family history of CRC in the 

control arm and 4.9% in the incentive arm, which includes both up-to-date and eligible 

participants.

Screening completion

At 3 months, 1.1% (95% CI: .5%–1.8%) scheduled a colonoscopy in the control arm and 

1.8% (95% CI: 1.0% - 2.7%) scheduled in the incentive arm, with no significant difference 
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by arm (P=.19). In the control arm, .7% (95% CI: .2% −1.2%) completed a colonoscopy and 

1.2% (95% CI: .5% - 1.9%) completed in the incentive arm, with no significant difference 

by arm (P=.25). At 6 months, .9% (95% CI: .3% - 1.5%) completed colonoscopy in the 

control arm, and 1.2% (95% CI: .5% - 1.9%) completed in the incentive arm, with no 

significant difference by arm (P=.51). The median number days from schedule date to 

appointment date was 31 days (IQR: 21 – 51 days).

We performed subgroup analyses for the primary outcome by sex, race by zip code, distance 

from primary endoscopy sites, and household income by zip code (Table 3). We did not find 

any significant differences between incentive and control group by subgroup, although those 

that lived closer to the endoscopy sites and those in zip codes with higher household income 

and more whites were more likely to complete colonoscopy in the incentive group as 

compared to control group.

In the post-hoc subgroup analysis, we excluded patients that we could link to the EHR and 

who had evidence of being up-to-date with CRC screening. Among 1,172 participants, there 

was no significant difference in scheduling of colonoscopy at 3 months, and completion of 

colonoscopy at 3 months and 6 months (Table 4).

Discussion

In this study, we find that the loss-framed financial incentives increased CRC risk 

assessment completion, but the financial incentives did not result in a greater completion of 

screening colonoscopy.

Many employers use health risk assessments to gauge health behaviors, and financial 

incentives have increased participation.10, 20 Our results confirm those findings: the loss-

framed incentive increased response to the risk assessment questionnaire. The high response 

rate of 19.5% in the control arm with no incentive suggests participants felt the assessment 

was valuable, there was sufficient trust in the employer, and the questions were simple 

enough to respond to easily. The $3,160 we spent on incentives to the employees in the 

intervention arm attracted 124 more completed responses, for a mean cost of about $25 for 

each incremental response.

However, despite higher participation in the screening assessment, the incentive arm did not 

result in increased scheduling or completion of colonoscopy, which is the ultimate goal of 

these programs. The rate of participants eligible for CRC screening was similar between 

arms, suggesting that the incentive increased response rate mainly among those who were 

already up-to-date on screening. Interestingly, those who had not completed screening may 

have been willing to forgo the incentive to avoid being reminded that they were not 

adherence to this recommendation. Active information avoidance might occur when people 

can freely obtain information (in this case, they would receive an incentive to obtain that 

information) and they might even know what the information is, but they choose not to 

engage.21 A prior trial conducted in the same health system population with similar 

eligibility criteria, outreach methods, and outcomes had a 1.6% colonoscopy completion rate 

among those who received a direct access line for colonoscopy and a 3.7% completion rate 
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in the arm that offered a $100 conditional incentive for completion of colonoscopy.9 The 

current study resulted in only a 0.7% and 1.2% completion rate in the control and incentive 

arms, respectively.

Why were financial incentives not effective at increasing colonoscopy completion in this 

study? First, the amount of the financial incentive was lower than in the previous study. 

Participants received a total of $35 in the incentive arm if they were eligible for screening, 

which is substantially lower than $100. Although partitioned incentives, unconditional 

incentives, and prosocial framing may enhance the salience and effectiveness of the 

incentives when offered individually,15–18, 22 apparently the combined effect of these 

incentives at these levels was insufficient to overcome the many forces that limit 

colonoscopy. Additionally, patients may not have interpreted these incentives as intended in 

the context of colonoscopy. There is also the possibility that the combination of incentives 

may have crowded each other out or worked against each other since they rely on the limited 

attention span of employees who may be receiving many email messages. Second, the 

additional step of completing the risk assessment may have reduced follow-through. In this 

study, participants needed to complete the assessment and then separately schedule an 

appointment. In the previous study, they could schedule through a direct phone number or by 

filling out the webform directly to start the scheduling process. We know from behavioral 

science that even one additional step of additional friction can reduce uptake, particularly for 

prevention activities with distant benefits. Finally, the programming logic error may have 

reduced trust in the program and subsequent participation, even though the participants 

remained assigned to their respective intervention arms.

This study has limitations. During enrollment in the study, we could not initially access 

claims or clinical data about prior CRC screening behavior due to privacy concerns. 

However, an aggregate analysis of electronic health record data shows that approximately 

62% of eligible employees are up-to-date with CRC screening recommendations. In a post-

hoc analysis excluding patients with evidence of screening completion in the EHR, we also 

found no difference between arms, although the sample size was too small to form statistical 

conclusions. Also, there may have been screening activities that occurred outside our health 

system that we could not track. This study also has strengths, including its prospective and 

individual randomization, and its pragmatic design with few exclusions and use of existing 

communication channels and scheduling processes. The results are applicable to large 

employers considering ways to improve employee health and, particularly, those that are 

also health delivery systems. Many employers use health risk assessments or incentivize 

behaviors, but our results show that they may not translate to improved outcomes. 

Employers need to evaluate these interventions to ensure effectiveness. The large sample 

size allowed us to detect small differences in completion, and the population is diverse and 

reflects many large employers.

In summary, we found that despite high completion rate of a CRC screening risk assessment 

tool, behavioral economic incentives did not ultimately increase completion of colonoscopy. 

As employers continue to offer incentives for wellness activities, a greater emphasis could 

be made to focus interventions and evaluations on outcomes rather than just process 
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measures such as risk assessment completion. Future studies could increase the amount or 

salience of incentives or partner more closely with a clinical population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know

Background:

Financial incentives might increase participation in colorectal cancer prevention 

strategies such as screening colonoscopy.

Findings:

In a randomized trial of participants who underwent risk assessment for CRC with vs 

without financial incentive, the financial incentive increased assessment of risk for CRC 

but did not result in a greater completion of screening colonoscopy.

Implications for patient care:

A $10 loss-framed incentive to complete risk assessment with a $25 unconditional 

incentive for colonoscopy completion does not increase the number of persons who 

undergo colonoscopy screening.
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Figure 1. 
Flow Diagram of Randomized Clinical Trial to Increase Rates of Colorectal Cancer by 

Colonoscopy
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Table 1.

Demographic characteristics by group assignment

Characteristic
Study Arm

Control (n = 987) Incentive (n = 990)

Women, n (%) 764 (77.4) 759 (76.7)

Household income, median (IQR)
1 $73,231 ($47,287 – $94,395) $73,231 ($47,287 – $94,920)

Residing in zip code >80% white, n (%)
1 437 (44.3) 443 (44.8)

Distance (miles) from primary endoscopy sites, median (IQR)
1, 2 9.55 (4.76 – 17.01) 9.19 (4.76 – 18.45)

IQR, interquartile range

1
Based on American Community Survey 2013–2017 5-Year Estimates data, data missing for 5 participants in the Control arm and 2 in the 

Intervention arm

2
Endoscopy site zip code 19104; https://www.cdxtech.com/cdxgeodata/free-api-key/
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Table 2.

CRC risk assessment and screening completion

Control (n = 987) Incentive (n = 990) P-value

CRC risk assessment completion (3 months); n, % (95% CI) 192, 19.5 (17.0, 21.9) 316, 31.9 (29.0, 34.8)
1 P<.001

 Up-to-date on CRC screening, n (%) 120
2
 (12.2) 222 (22.4) -

 CRC screening-eligible, n (%) 72, 7.3 (5.7, 8.9) 92, 9.3 (7.5, 11.1)
3 .11

 Family history of CRC, n (%) 32 (3.2) 49 (4.9) -

Colonoscopy scheduling (3 months); n, % (95% CI) 11, 1.1 (.5, 18) 18, 1.8 (1.0, 2.7) .19

Colonoscopy completion (3 months); n, % (95% CI) 7, .7 (.2, 1.2) 12, 1.2 (.5, 19) .25

Colonoscopy completion (6 months); n, % (95% CI) 9, .9 (.3, 1.5) 12, 1.2 (.5, 19) .51

1
p-value less than .05 for statistical significance

2
One participant reported being up-to-date on CRC screening, however did not meet age criteria for screening eligibility – is included in count of 

“up-to-date”

3
Two participants reported not being up-to-date on CRC screening, however also did not meet age criteria for screening eligibility – so not included 

in counts for either “up-to-date” or “screening eligible”
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Table 3.

Colonoscopy completion within 3 months by subgroup (%)

Subgroup Control Incentive P-value

Sex

 Men 2/223 (0.9) 3/231 (1.3) 1.0

 Women 5/764 (0.7) 9/759 (1.2) .30

Race by zip code of residence
1

 < 75% White 4/448 (0.9) 1/448 (0.2) .37

 ≥ 75% White 3/534 (0.6) 11/540 (2.0) .06

Distance from primary endoscopy sites (miles)
2

 < 10 miles 3/499 (0.6) 8/482 (1.7) .14

 ≥ 10 miles 4/488 (0.8) 4/508 (0.8) 1.0

Household income
1

 < $73,231 4/490 (0.8) 3/487 (0.6) 1.0

 ≥ $73,231 3/492 (0.6) 9/501 (1.8) .14

1
Based on American Community Survey 2013–2017 5-Year Estimates data, data missing for 5 participants in the Control arm and 2 in the 

Intervention arm

2
Endoscopy site zip code 19104; https://www.cdxtech.com/cdxgeodata/free-api-key/
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Table 4.

CRC risk assessment and screening completion (excluding patients up-to-date with screening according to 

EHR); n = 1,172

Control (n = 585) Incentive (n = 587) P-value

Risk assessment; n, % (95% CI) 122, 20.9 (17.6, 24.1) 180, 30.7 (26.9, 34.4)
1 <.001

 Up-to-date on CRC screening, n (%) 53 (9.1) 90 (15.2) -

 CRC screening-eligible; n, % (95% CI) 69, 11.8 (9.2, 14.4) 89, 15.2 (12.3, 18.1)
2 .09

 Family History of CRC, n (%) 18 (3.1) 21 (3.6) -

Colonoscopy scheduling (3 months); n, % (95% CI) 9, 1.5 (.5, 2.5) 17, 2.9 (1.5, 4.3)
1 .11

Colonoscopy completion (3 months); n, % (95% CI) 5, .9 (.1, 1.6) 11, 1.9 (.8, 3.0) .13

Colonoscopy completion (6 months); n, % (95% CI) 7, 1.2 (.3, 2.1) 11, 1.9 (.8, 3.0) .35

1
p-value less than .05 for statistical significance

2
One participant who was not up-to-date but did not meet age criteria for screening eligibility is not included in counts for “screening eligible”
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