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T he US Preventive Services Task Force (USPSTF) recommends 

several colorectal cancer (CRC) screening strategies for 

average-risk adults aged 50 to 75 years.1 These screening 

options received the highest grade by the USPSTF, reflecting the 

strength of evidence that shows high certainty of substantial benefit 

from CRC screening.2-4

One option is an annual high-sensitivity guaiac-based fecal 

occult blood test (gFOBT); another option is an annual fecal immu-

nochemical test (FIT).1 FITs are consistently a preferred screening 

tool among patients at average risk for CRC.5 Compared with 

colonoscopy, FIT use is less invasive, is less expensive, and carries 

less risk of adverse events, giving it the potential to translate into 

increased CRC screening participation by underscreened groups 

and a lower overall cost to screening programs.6-9 As stool-based 

screening tests, FITs are an improvement over previous stool 

tests due to a higher sensitivity in detection of CRC and reduced 

burden on patients (ie, FIT requires only 1 stool test, whereas gFOBT 

requires 3).10-17 However, no previous research has investigated the 

overall completion of FIT orders in a community-based setting and 

assessed the time to completion for this modality.

The process of cancer screening completion consists of several 

steps, from identification of the eligible population to completion 

of the test and follow-up of testing results.18 Understanding where 

failures in the screening process occur (ie, uptake, longitudinal 

adherence, follow-up of positive tests) is critical for improving 

the process. Previous research has highlighted the deficits in 

overall compliance with CRC screening recommendations without 

identifying failures at specific steps in the screening process.19 In a 

previous study among members of Kaiser Permanente Washington 

(KPWA), we noted the prominent use of stool tests (either gFOBT 

or FIT) among first-time screenees, with 72% of study participants 

using a stool-based test for their first CRC screening after age 50 

years.19 Further, the retrospective cohort showed that important 

patient characteristics, including higher body mass index (BMI) 

and female gender, were associated with lower uptake of any CRC 

screening tests when considering all screening methods combined. 

Other studies have shown disparities in general CRC screening for all 
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ABSTRACT

OBJECTIVES: Fecal immunochemical tests (FITs) can 
efficiently screen for colorectal cancer (CRC), but little is 
known on the timing to their completion. We investigate 
the time to return of a FIT following an order and describe 
patient characteristics associated with FIT return.

STUDY DESIGN: Retrospective cohort study.

METHODS: We identified 63,478 members of Kaiser 
Permanente Washington, aged 50 to 74 years, who received 
a FIT order from 2011 through 2012. Patient characteristics 
were ascertained through administrative and electronic 
health record data sources. We compared time from FIT 
order to return by patient characteristics using Kaplan-Meier 
and Cox regression methods.

RESULTS: About half (53.7%) of members completed a 
FIT. Median time from order to return was 13 days (mean, 
44.5 days; interquartile range, 6-42 days). There was higher 
completion of FITs among Asian patients (hazard ratio 
[HR], 1.43; 95% CI, 1.38-1.48), black patients (HR, 1.13; 
95% CI, 1.08-1.19), and Hispanic patients (HR, 1.10; 95% CI, 
1.04-1.16) compared with white patients; among patients 
with recent CRC testing (vs no testing in past 2 years; HR, 
1.90; 95% CI, 1.86-1.95); and among patients with Medicare 
insurance (vs commercial; HR, 1.30; 95% CI, 1.24-1.37). 
Factors associated with decreased FIT completion included 
younger age (50-54 years vs 70-74 years; HR, 0.87; 95% CI, 
0.82-0.92), obesity (vs normal body mass index; HR, 0.88; 
95% CI, 0.86-0.91), and higher Charlson Comorbidity Index 
score (≥3 vs 0; HR, 0.82; 95% CI, 0.79-0.87). 

CONCLUSIONS: Time to return of FIT varies by patient 
characteristics. We observed greater FIT completion among 
people of color, suggesting that racial disparities in CRC may 
not be due to patient completion of the test after an order 
is received.
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modalities in socioeconomically disadvantaged 

populations.20 Such findings encompass 2 

critical aspects in the cancer care continuum: 

(1) the administration of screening options to 

patients by clinicians as part of regular primary 

care, resulting in CRC screening order; and  

(2) the follow-through of screening on the part 

of the patient once given a screening order.21

Here we focus on understanding factors 

associated with time to completion of FIT 

orders, as this step is required for FIT use to be 

effective. Building on previous findings regarding the acceptability 

and performance of FIT use,22 we characterized patterns of return of 

a FIT following clinician order and identified patient characteristics 

associated with lower rates of FIT screening completion within an 

integrated healthcare delivery system.

METHODS
Study Population and Setting

The Population-based Research to Optimize the Screening Process 

(PROSPR) consortium was created by the National Cancer Institute 

to allow multiple study sites to coordinate research for the improve-

ment of screening practices for breast, cervical, and colorectal 

cancers in community settings.23 One aim of the consortium is 

to understand screening processes and potential failures and 

successes of the screening process to improve overall patient 

health. The collection of data throughout the screening process 

can further inform comparative effectiveness research for CRC 

screening.21 KPWA, a mixed-model health insurance and care 

delivery system in Washington state, is a member of the PROSPR 

consortium. KPWA data were extracted in 2016 from the Virtual Data 

Warehouse (VDW), which houses patient information in separate 

content areas: enrollment/demographics, utilization, laboratory, 

pharmacy, census, tumor registry, vital signs, and social history 

(tobacco, alcohol, sexual activity, etc).24 

The study protocol received institutional review board approval 

through the KPWA Human Subjects Division for waiver of consent to 

enroll participants, link study data, and perform statistical analyses.

Identification of FIT Orders and Test Return

CRC screening guidelines at KPWA follow USPSTF recommendations 

as previously described.1 In 2011, KPWA clinicians replaced offering 

of the 3-sample SENSA gFOBT with the 1-sample FIT because of the 

improved diagnostic characteristics of the test, and they began to offer 

and distribute the FIT at routine clinical visits. Routine reminders 

are not part of the usual clinical workflow. Our cohort was defined 

as patients who received an order for a FIT between January 1, 2011, 

and December 31, 2012. From clinical laboratory data, we identified 

the date of FIT receipt with Current Procedural Terminology codes 

(ie, 82270, 82271, 82272, 82273, 82274) and Healthcare Common 

Procedure Coding System codes (ie, G01017, G0328, G0394).25,26 

We excluded FIT orders due to (1) standing future orders (ie, 

automatic orders for future receipt of FIT) (n = 104); (2) orders that 

had a valid reason for being cancelled (see eAppendix [available 

at ajmc.com]), such as a new order for colonoscopy or flexible 

sigmoidoscopy, as those individuals are unlikely to complete a FIT 

in addition to other CRC screening (n = 2358); (3) inpatient orders 

(n = 44); and (4) orders included in the treatment arm of an ongoing 

randomized controlled trial (n = 81).27 Among the remaining orders, 

we selected the first order per patient as the index order for the start 

of follow-up. Our study was focused on average-risk adults; hence, 

orders from patients were excluded if they had a prior diagnosis of 

CRC (n = 66); full or partial colectomy, ileostomy, or proctectomy 

(n = 79); Crohn disease (n = 457); or ulcerative colitis (n = 496).

Patient Characteristics

Patient characteristics were selected based on identified risk factors 

for CRC.28 We obtained patient characteristics through administrative 

and clinical patient records. Age at the time of the FIT order was 

calculated based on patient date of birth. The calculated variable of 

BMI, based on the most recent measurements within the past year 

of FIT order, was extracted by the VDW from vital signs recorded at 

the corresponding clinical visit. We used the Charlson Comorbidity 

Index (CCI) score as of the date of FIT order, as well as status for 

specific comorbidities of interest.29

Self-reported race/ethnicity was grouped as non-Hispanic 

white (reference group), non-Hispanic black, Hispanic (all races), 

non-Hispanic Asian, non-Hispanic multiracial, and non-Hispanic 

unknown/missing race. Gender was binary as male (reference group) 

and female. Age at FIT order was divided into 5-year categories 

(50-54, 55-59, 60-64, 65-69, and 70-74 years), with the oldest as 

the reference category. Insurance status was grouped according 

to Medicare, commercial (reference group), and other payment 

options (including private pay, self-pay, and Medicaid). The most 

recent BMI measurement (within the past year) at the time of the 

first FIT order was categorized as underweight (below 18.5 kg/m2), 

normal (18.5-24.9 kg/m2) (reference category), overweight (25.0-

29.9 kg/m2), and obese (30.0 kg/m2 and above).30 The CCI score31 

was calculated with the lowest score (0) as the reference group 

and compared with groups of higher scores (1, 2, and 3 or more). 

Additional analyses were performed for 3 comorbidities with the 

highest prevalence in the sample population: diabetes, chronic 

TAKEAWAY POINTS

 › Fecal immunochemical tests (FITs) are efficient and cost-effective means of colorectal 
cancer screening if completed in a timely manner.

 › About half (53.7%) of patients in our study sample returned their annual FIT within 1 year 
of clinician order. 

 › Among completed FITs, more than half were returned within 2 weeks from the time of 
clinician order.

 › We did not observe disparities in FIT return by race, but younger age and higher body mass 
index were significantly associated with lower FIT completion.
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pulmonary disease, and history of myocardial infarction. Receipt 

of any CRC testing (eg, FIT, colonoscopy) within the 2 years prior 

to the index date was recorded as a binary variable.

Statistical Analysis

We evaluated the association of demographic characteristics, CCI 

score, and medical conditions with the return of a FIT following 

clinician order. We performed time-to-event analysis from the date 

recorded of first FIT order until the date recorded for a received 

FIT. Individuals were censored for death, for disenrollment from 

KPWA, and at 365 days from the date of the first FIT order. We used 

365 days as the end point because FITs are recommended as an 

annual screening tool; thus, patients could expect another order 

at the time of their annual visit. Time to completion was described 

using nonparametric Kaplan-Meier estimates, and differences 

between groups within variables were initially estimated by log-rank 

tests, with graphical display through 50 days from first FIT order. 

A univariate analysis was used to describe the mean, median, and 

interquartile range of time to completion of the FIT among those 

with a returned order. Among all patients in our population, Cox 

proportional hazard models were used to estimate unadjusted 

and adjusted hazard ratios (HRs) and 95% CIs comparing the 

time from order to receipt of FIT by patient-level factors with the 

variable-specific referent category. The adjusted model included 

all variables, without the specific comorbidities included in the 

CCI. Indicator variables were used for all variables in the models, 

which included an indicator for missing data where applicable. To 

estimate the adjusted HR for specific comorbidities, CCI score was 

removed from the model and replaced by each of the comorbidities 

in separate models. We used Breslow’s method for ties.32

Completion of FIT order, rather than incompletion, was the 

outcome of interest in this analysis to maintain consistency 

of interpretation with the results of the time-to-event analysis. 

Therefore, an HR greater than 1 indicates better FIT completion, 

a clinically positive outcome, and conversely, an HR less than 1 

indicates a higher risk of the adverse outcome (ie, incomplete FIT).

All analyses were performed using SAS version 9.4 (SAS Institute; 

Cary, North Carolina). Additional analyses of each model were 

conducted in which categorical variables for age, BMI, and CCI 

scores were replaced with the corresponding continuous variable 

and tested for trends.

RESULTS
We identified 63,478 men and women aged 50 to 74 years who were 

members of KPWA in 2011-2012 and received a FIT order for inclusion 

in our final study population. Among those with a FIT order, about 

half (54%) of the sample population returned a FIT to the laboratory 

within 1 year of the order date. In our sample population, nearly 

60% of FIT order recipients were female and approximately 75% 

were white (Table 1). There was an even distribution of subjects in 

each age group. Among those with a recorded BMI (71.0%), nearly 

TABLE 1. Characteristics of KPWA Members With FIT Orders in 2011-
2012, by Completion Status

Patient Characteristics

Complete
n = 34,087

Incomplete
n = 29,391

Total
N = 63,478

n (%) n (%) n

Gender

Male 14,962 (43.9) 12,419 (42.3) 27,381

Female 19,125 (56.1) 16,972 (57.7) 36,097

Race/ethnicity

White, non-Hispanic 25,497 (74.8) 22,035 (75.0) 47,532

Asian, non-Hispanic 3561 (10.4) 1969 (6.7) 5530

Black, non-Hispanic 1543 (4.5) 1235 (4.2) 2778

Other, non-Hispanic 411 (1.2) 446 (1.5) 857

Multiracial, 
non-Hispanic

437 (1.3) 414 (1.4) 851

Unknown/missing, 
non-Hispanic

1214 (3.6) 2131 (7.3) 3345

Hispanic 1424 (4.2) 1161 (4.0) 2585

Age groups in years

50-54 7719 (22.6) 8428 (28.7) 16,147

55-59 7635 (22.4) 8092 (27.5) 15,727

60-64 7982 (23.4) 6555 (22.3) 14,537

65-69 6689 (19.6) 4257 (14.5) 10,946

70-74 4062 (11.9) 2059 (7.0) 6121

Insurance

Commercial 18,830 (55.2) 18,623 (63.4) 37,453

Medicare 11,484 (33.7) 6609 (22.5) 18,093

Other 3773 (11.1) 4159 (14.2) 7932

BMI (kg/m2)

Underweight (<18.5) 195 (0.6) 155 (0.5) 350

Normal or healthy 
weight (18.5-24.9)

6915 (20.3) 4423 (15.0) 11,338

Overweight (25.0-29.9) 8884 (26.1) 6093 (20.7) 14,977

Obese (≥30.0) 9959 (29.2) 8420 (28.6) 18,379

Missing 8134 (23.9) 10,300 (35.0) 18,434

CCI score

0 20,695 (60.7) 16,723 (56.9) 37,418

1 4506 (13.2) 3799 (12.9) 8305

2 2540 (7.5) 1927 (6.6) 4467

≥3 2094 (6.1) 1643 (5.6) 3737

Missing 4252 (12.5) 5299 (18.0) 9551

Comorbidities

Diabetes 4040 (11.9) 3322 (11.3) 7362

Chronic pulmonary 
disease

2660 (7.8) 2358 (8.0) 5018

Myocardial infarction 943 (2.8) 703 (2.4) 1646

CRC testing in past 2 years 12,952 (38.0) 4585 (15.6) 17,537

BMI indicates body mass index; CCI, Charlson Comorbidity Index; 
CRC, colorectal cancer; FIT, fecal immunochemical test; KPWA, Kaiser 
Permanente Washington.
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40% were obese. Approximately 25% of our patients had a CCI 

score of 1 or greater. 

The proportion of patients who returned a completed FIT varied 

by patient race/ethnicity, age, and BMI (Table 1). Among patients 

who completed a FIT, the median return time of the FIT was 13 days. 

There was little variation in the median time to completion by patient 

characteristics (Table 2), with a few exceptions. On average, members 

of Asian race/ethnicity completed a FIT 4 days earlier than white 

members. Older adults (70-74 years) returned a FIT 4 days earlier 

than those in the youngest categories (50-54 and 55-59 years). The 

substantial difference between the mean and median across groups, 

along with the difference between the median and third quartile, 

suggests a heavily right-skewed distribution of time to return 

(Table 2). The Kaplan-Meier curves display the time-to-completion 

experience comparing member groups, namely age groups, race/

ethnicity, BMI, and CCI score (Figure).

In multivariate adjusted models (Table 3), patient factors statis-

tically significantly associated with decrease in FIT completion 

included being a woman, younger age compared with oldest age 

(70-74 years), being overweight, CCI score (≥1), and, more specifically, 

diagnosis with diabetes, chronic pulmonary disease, and myocardial 

infarction. Compared with white race/ethnicity, Asian, black, and 

Hispanic race/ethnicity were statistically significantly associated 

with improvements in FIT completion (Asian: adjusted HR, 1.43; 

95% CI, 1.38-1.48; black: adjusted HR, 1.13; 95% CI, 1.07-1.19; Hispanic: 

adjusted HR, 1.10; 95% CI, 1.04-1.16).

A sensitivity analysis in which time was censored at 6 months, 

rather than 1 year, showed near-identical results, with very small 

attenuations of HRs (data not shown).

DISCUSSION
In our study, adults with the intention to return a FIT kit did so 

within 2 to 3 weeks from order date; otherwise, the FIT kit was more 

likely to not be returned. These results provide important evidence 

on the timing of return, which has not been previously reported 

and can support outreach interventions to improve FIT return. 

Further, we identify some differences by patient characteristics 

that indicate which patients might need additional support for 

stool-based CRC screening.

Our observation that women who receive a FIT order are less 

likely to return a completed FIT compared with men is consistent 

with previous study findings, suggesting gender-specific factors 

that influence completion of CRC screening, such as prior breast 

cancer screening.33 Women have been shown to be less likely to 

participate in CRC screening, possibly due to the additional need to 

participate in screening programs for breast and cervical cancers.24,34

We saw a consistent linear trend with improved rates of FIT return 

with increasing age. Interventions aimed at improving initiation 

of CRC screening through referrals, tracking of patient outcomes, 

and mitigating patient barriers have been shown to be effective at 

increasing CRC screening among adults younger than 65 years and 

TABLE 2. Time in Days From First FIT Order in 2011-2012 Until Return, 
Among Completed FITs (N = 34,087)

Patient Characteristics Mean Median IQR

Total 44.5 13 6-42

Gender

Male 42.7 12 6-38

Female 45.9 13 6-45

Race/ethnicity

White, non-Hispanic 45.5 13 6-44

Asian, non-Hispanic 35.5 9 5-25

Black, non-Hispanic 44.8 12 6-41

Other, non-Hispanic 44.5 13 6-52

Multiracial, non-Hispanic 49.9 14 6-56

Unknown/missing, non-Hispanic 45.4 12 6-42

Hispanic 46.0 12 6-48

Age groups in years

50-54 48.2 14 6-48

55-59 48.7 14 6-52

60-64 44.1 13 6-42

65-69 40.6 11 6-36

70-74 36.7 10 6-30

Insurance

Commercial 48.2 14 6-49

Medicare 39.5 11 6-34

Other 41.6 12 6-38

BMI (kg/m2)

Underweight (<18.5) 32.3 14 6-38

Normal or healthy weight (18.5-24.9) 39.5 11 6-34

Overweight (25.0-29.9) 41.2 12 6-37

Obese (≥30) 47.7 13 6-48

Missing 46.3 13 6-45

CCI score

0 43.6 12 6-41

1 48.7 13 6-50

2 46.8 13 6-48

≥3 47.0 13 6-51

Missing 41.8 12 6-35

Comorbidities

Diabetes (no) 43.8 12 6-41

Diabetes (yes) 49.4 14 6-51

Chronic pulmonary disease (no) 44.0 12 6-41

Chronic pulmonary disease (yes) 50.4 15 6-56

Myocardial infarction (no) 44.4 13 6-42

Myocardial infarction (yes) 49.2 13 6-56

CRC testing in past 2 years

Yes 39.4 12 6-37

No 47.7 13 6-47

BMI indicates body mass index; CCI, Charlson Comorbidity Index; CRC, 
colorectal cancer; FIT, fecal immunochemical test; IQR, interquartile range.
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may help to attenuate the observed differences in FIT completion 

by age.35 Being insured by Medicare remained significantly associ-

ated with return in the adjusted model accounting for age, which 

is appropriate with increasing risk of CRC.

Across all variables, missing data were associated with slow 

return and overall incompletion of FITs. The attenuated HR in the 

adjusted models compared with that in the unadjusted models was 

likely a result of correlated missingness across variables. Although 

there are a variety of reasons for which members could have missing 

capture of data variables, the most probable case is that it reflects 

overall healthcare engagement. Thus, the observation that those 

patients who are missing data for a given variable less commonly 

returned their FIT or did so over more time is not surprising. For 

cases in which missing data are a reflection of lower healthcare 

engagement, additional support to understand and overcome 

barriers for such patients may prove to be challenging but could 

result in the greatest return on investment.

Higher BMI has been associated with less engagement with 

healthy behaviors, particularly in women,36 and it is associated with 

reduced participation in CRC screening compared with patients 

with normal BMI.35,37 CRC is particularly relevant 

to overweight and obese adults, as increased 

weight is a strong risk factor for CRC.38 In a 

subanalysis using a Cox proportional hazards 

model, we did see a marginally significant 

interaction (P = .04) between gender and obesity 

on time to FIT completion (results not shown). 

The presence of comorbidities overall was 

associated with a slight reduction in comple-

tion of a FIT. We did not specifically evaluate 

interactions between patient characteristics, 

but important subgroups, such as overweight 

women with diabetes, could be potential target 

populations for screening follow-up. 

Our findings regarding differences by race/

ethnicity contrast with those of previous 

studies, which have suggested lower rates of 

CRC screening among people of color and lower 

completion of FITs, specifically for black and 

Hispanic individuals.39,40 Burnett-Hartman et 

al evaluated in stratified analyses the entire 

PROSPR network, indicating disparities in 

completion by race39; our results, however, 

support results in stratified analysis suggesting 

that Asian/Pacific Islanders are the earliest 

both to complete a FIT and to complete CRC 

screening overall. Results by other racial groups 

are similar to the stratified analysis but not 

for the pooled analysis reflective of larger 

samples in other systems. In our population, 

non-Hispanic black patients were more likely 

to complete FIT screening than non-Hispanic 

white patients. This is contrary to findings of previous studies, 

which have stated that a considerable proportion of the disparities 

in overall CRC survival between black and white patients might 

be attributable to differences in screening.41 However, our results 

are consistent with those of a recent randomized clinical trial that 

found that nonwhite participants were more likely to adhere to 

gFOBT than white participants, whereas white participants adhered 

more often to colonoscopy.42 As use of colonoscopy is generally 

more common than gFOBT/FIT for CRC screening in fee-for-service 

systems, this could explain part of the overall disparity in CRC 

screening adherence among minority populations.

It is important to note that completing a FIT is only 1 step in the 

CRC screening continuum, and a positive FIT requires a follow-up 

colonoscopy, which might incur out-of-pocket costs, even for insured 

patients.43 The potential for disparities in such follow-up merits 

further investigation. A recent study conducted at KPWA using mailed 

FITs and support over the phone was shown to double the number 

of adults who were currently compliant with CRC screening recom-

mendations.27 Mailed outreach was effective for improving rates of 

CRC screening among underserved populations and had a markedly 

FIGURE. Kaplan-Meier Curves by Patient Factors for Time to Return of FIT From Time 
of Order

BMI indicates body mass index; CCI, Charlson Comorbidity Index; FIT, fecal immunochemical test; NH, 
non-Hispanic.
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higher effect on screening with FITs compared with invitation for 

colonoscopy.44 Results from another study suggested that improved 

CRC screening will most likely be achieved through optimizing the 

time during current primary care visits rather than through outreach 

to encourage patients to attend primary care visits.42,45

Strengths and Limitations

Our study has several strengths in methodology, including a 

sufficient sample size to evaluate patient characteristics, data 

systems to capture return of FIT kits with a contemporary sample, 

and ability to ascertain patient covariates as confounders in the 

analysis. However, there are some limitations because of our study 

population that may limit the generalizability of our findings. It 

is important to recognize that ours is an insured population. Our 

results might not reflect the experience of uninsured or underin-

sured adults who may not have access to consistent healthcare. 

As a screening test, a FIT is a covered service under the Affordable 

Care Act; thus, included members should not have experienced any 

direct expense associated with completing a FIT during the study 

period.1,46 Despite federally mandated coverage, nonparticipation 

in CRC screening has been shown to be associated with concern for 

out-of-pocket costs among insured people with low socioeconomic 

status or in racial minority populations.43 However, for those who 

are uninsured, FIT use may be the most economically feasible 

method of receiving CRC screening. We primarily investigated 

patient characteristics for which previous research has asserted 

disparities in screening compliance. The VDW is limited in the 

ability to explore the reasons behind the observed patterns, but 

this research provides an important groundwork for future design 

for interventions to improve overall completion.

CONCLUSIONS
To our knowledge, this is the first study to assess screening 

completion based on return of FITs following clinician order. This 

research is important to reach the Healthy People 2020 goal of 70.5% 

completion of CRC screening and is a valuable contribution to the 

existing knowledge on CRC screening to reduce underuse.37 We have 

demonstrated that among adults eligible for CRC screening, the 

majority of those who complete the test do so within 2 weeks of 

the order. Of note, we did observe higher rates of FIT completion by 

nonwhite race/ethnicity. Targeted interventions, beyond mailed kits, 

and clinic workflows to improve return of FITs should be investigated 

as potential means to increase overall return rates and address 

disparities by patient characteristics such as obesity and age. n

Acknowledgments
This study’s contents are solely the responsibility of the authors and do not 
necessarily represent the official views of the National Cancer Institute, the 
National Institutes of Health, or the Agency for Healthcare Research and Quality.

Author Affiliations: Kaiser Permanente Washington Health Research Institute 
(CBH, JC, KJW), Seattle, WA; Department of Epidemiology, University of Washington 
(CBH, AIP, AH, JC), Seattle, WA; Fred Hutchinson Cancer Research Center (CBH, 
AIP), Seattle, WA.

TABLE 3. HRs Associated With Completion of FIT 1 Year From FIT Order 
in 2011-2012a

Patient Characteristics
Unadjusted HR 

(95% CI)
Adjusted HRb 

(95% CI)

Gender

Male Reference Reference

Female 0.94 (0.92-0.96) 0.89 (0.87-0.91)

Race/ethnicity

White, non-Hispanic Reference Reference

Asian, non-Hispanic 1.40 (1.36-1.46) 1.43 (1.38-1.48)

Black, non-Hispanic 1.07 (1.01-1.12) 1.13 (1.07-1.19)

Other, non-Hispanic 0.85 (0.78-0.94) 0.93 (0.84-1.02)

Multiracial, non-Hispanic 0.93 (0.84-1.02) 0.98 (0.89-1.08)

Unknown/missing, non-Hispanic 0.60 (0.59-0.67) 0.70 (0.66-0.74)

Hispanic 1.04 (0.98-1.10) 1.10 (1.04-1.16)

Age groups in years

50-54 0.59 (0.57-0.61) 0.87 (0.82-0.92)

55-59 0.60 (0.58-0.62) 0.86 (0.81-0.91)

60-64 0.72 (0.70-0.75) 0.99 (0.93-1.05)

65-69 0.86 (0.83-0.90) 0.90 (0.87-0.94)

70-74 Reference Reference

Insurance

Commercial Reference Reference

Medicare 1.45 (1.42-1.49) 1.30 (1.24-1.37)

Other 0.94 (0.91-0.97) 0.94 (0.91-0.97)

BMI (kg/m2)

Underweight (<18.5) 0.89 (0.78-1.03) 0.87 (0.75-1.00)

Normal or healthy weight 
(18.5-24.9)

Reference Reference

Overweight (25.0-29.9) 0.95 (0.92-0.98) 0.95 (0.92-0.98)

Obese (≥30.0) 0.82 (0.79-0.84) 0.88 (0.86-0.91)

Missing 0.61 (0.59-0.63) 0.64 (0.62-0.66)

CCI score

0 Reference Reference

1 0.96 (0.93-0.99) 0.92 (0.89-0.97)

2 1.03 (0.98-1.07) 0.92 (0.89-0.95)

≥3 1.01 (0.96-1.05) 0.82 (0.79-0.87)

Missing 0.74 (0.72-0.77) 0.83 (0.80-0.86)

Comorbiditiesc

Diabetes 1.02 (0.99-1.05) 0.94 (0.91-0.98)

Chronic pulmonary disease 0.96 (0.93-1.00) 0.91 (0.87-0.94)

Myocardial infarction 1.10 (1.03-1.17) 0.94 (0.88-1.00)

CRC testing in past 2 years 2.07 (2.03-2.12) 1.90 (1.86-1.95)

BMI indicates body mass index; CCI, Charlson Comorbidity Index; CRC, 
colorectal cancer; FIT, fecal immunochemical test; HR, hazard ratio.
aResults in bold font indicate significance at P <.05.
bModels are adjusted for all variables presented in the table, excluding 
specific comorbidities. 
cSpecific comorbidities replaced CCI scores in the adjusted model; each was 
estimated separately.
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eAppendix. Table of Reasons for Canceled Orders as Recorded in the VDW Following a 
Clinical Order 

Cancel Reason Frequency Percent 
Cumulative Cumulative 
Frequency Percent 

ABN signed, service refused 1 0 1 0 
Additional History Needed 2 0 3 0 
Auto Cancelled Per Protocol 1 0 4 0.01 
Canceled per attached 
Comment. 2226 3.64 2230 3.65 

Canceled, lack of use 48579 79.42 50809 83.07 
Changed order 231 0.38 51040 83.45 
Consider Alternate Exam 29 0.05 51069 83.49 
Data Entry Error by Lab - No 
Action Required 696 1.14 51765 84.63 

Duplicate Procedure 4328 7.08 56093 91.71 
Error 2084 3.41 58177 95.11 
Improper Collection 1 0 58178 95.12 
Inadequate Prep 2 0 58180 95.12 
Invalid GHC Lab Test Code, 
please contact laboratory for 
more information 

116 0.19 58296 95.31 

Laboratory error - Procedure 
not performed. 24 0.04 58320 95.35 

Laboratory error - Wrong 
medical history number used 9 0.01 58329 95.36 

No show 4 0.01 58333 95.37 
Not Indicated 3 0 58336 95.37 
Other 877 1.43 59213 96.81 
Patient Discharge 800 1.31 60013 98.12 
Patient Expired 434 0.71 60447 98.83 
Patient Returning for 
Collection 5 0.01 60452 98.83 

Patient declined 97 0.16 60549 98.99 
Patient not fasting - Patient 
to return 3 0 60552 99 

Potential Error in Order 2 0 60554 99 
Procedure cancelled per 
request 107 0.17 60661 99.18 

Procedure not indicated per 
protocol. 16 0.03 60677 99.2 

Replaced 35 0.06 60712 99.26 



Specimen broken or lost in 
transit. 3 0 60715 99.26 

Specimen mislabeled prior to 
receipt in Lab 9 0.01 60724 99.28 

Specimen submitted in 
improper media. 17 0.03 60741 99.31 

Technical difficulty - Test 
not Performed 7 0.01 60748 99.32 

Unable to collect specimen 86 0.14 60834 99.46 
Wrong Test Code 2 0 60836 99.46 
Wrong procedure ordered - 
added correct procedure. 329 0.54 61165 100 
 

Highlighted reasons for canceled FIT order were retained in all analyses. 
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