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Abstract
Purpose Patients’ chronic disease burden can influence the likelihood that providers will recommend cancer screening 
and that patients will participate in it. Using data from the STOP CRC pragmatic study, we examined associations between 
chronic disease burden and colorectal cancer screening recommendation and use.
Methods Participating STOP CRC clinics (n = 26) received either usual care or training to implement a mailed fecal immu-
nochemical test (FIT) outreach program. Selected clinic patients (n = 60,187 patients) were aged 50–74 and overdue for 
colorectal cancer screening. We used logistic regression to examine the associations between FIT recommendations and 
completion and patients’ chronic disease burden, calculated using the Charlson Comorbidity Index and the Chronic Illness 
and Disability Payment System.
Results For each index, FIT recommendation odds were 8–9% higher among individuals with minimal chronic disease 
burden and 13–23% lower among individuals with high chronic disease burden (inverted U-shaped association). Among 
adults who were ordered a FIT, FIT completion odds were 20% lower for individuals with any, versus no, chronic condition 
and diminished with increasing disease burden (inverse linear association).
Conclusions Analysis showed an inverted U-shaped association between patients’ chronic disease burden and providers’ 
recommendation of a FIT and an inverse linear association between patients’ chronic disease burden and FIT completion. 
ClinicalTrials.gov registration: NCT01742065

Keywords Multiple chronic conditions · Colorectal cancer screening · Charlson comorbidity index · Chronic Illness and 
Disability Payment System · Federally qualified health centers

Introduction

Colorectal cancer is a leading cause of cancer death in the 
USA and screening could reduce colorectal cancer mortality 
by more than 50 percent [1, 2]. Nevertheless, an estimated 
28 million US adults aged 50–75 are not up-to-date with 
colorectal cancer screening recommendations in 2016 [3]. 
Many of these adults, an estimated 80%, experience one or 
more chronic health condition [4]. Little is known about how 
the presence and number of chronic conditions influence the 
use of screening services for colorectal cancer.

Previous investigations into patterns of colorectal cancer 
screening use among individuals with and without chronic 
health conditions have reported mixed results. Studies 
reporting higher colorectal cancer screening uptake gen-
erally attribute the pattern to individuals’ more frequent 
contact with the health care system, which creates mul-
tiple opportunities for providers to offer preventive care 
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[5, 6]. Lower colorectal cancer screening uptake is often 
explained by the additional burden posed by chronic condi-
tions in navigating the health system and in coordinating 
treatments for multiple conditions [7]. Moreover, providers 
who are focused on care for chronic conditions may over-
look patients’ need for preventive services [8] or may, often 
appropriately, recommend the discontinuation of screening 
for individuals with chronic conditions who have a shortened 
lifespan and for whom the benefit of screening is less certain 
[9]. A limited number of recent studies have postulated an 
inverted U-shaped relationship, where preventive services 
use initially rises for individuals with a single chronic condi-
tion, then drops linearly with increasing disease burden [10].

While the use of preventive services is known to be influ-
enced by both provider and patient behaviors, research is 
lacking on the influence of chronic conditions on recommen-
dations of those services. Moreover, much of the research 
has relied on simple counts of comorbid conditions or the 
Charlson comorbidity index (CCI), which is a commonly 
used weighted comorbidity index [11]. Little is known about 
the relative utility of other weighted indices, such as the 
Chronic Illness and Disability Payment System (CDPS) [12].

To address these literature gaps, we conducted a second-
ary analysis of data from the Strategies and Opportunities 
to Stop Colorectal Cancer (STOP CRC) study to examine 
the association between the presence and number of chronic 
conditions and completion of screening for colorectal cancer. 
We used electronic health record (EHR) data from partici-
pating STOP CRC federally qualified health center (FQHC) 
clinics (n = 26 clinics) on colorectal cancer screening test 
orders and completions to assess separately provider rec-
ommendations (i.e., fecal test orders) and patient use of 
colorectal cancer screening services (i.e., fecal test comple-
tion). We applied two comorbidity indices: the CCI and the 
CDPS. We chose these indices because CCI is the most used 
comorbidity index for research [13], and CDPS was devel-
oped using data from Medicaid enrollees (a large propor-
tion of whom receive their care at FQHCs). Given the low 
completion rates of colorectal cancer screening generally, 
and specifically among adults who receive care at FQHCs 
[14], our findings may inform efforts to improve the delivery 
of preventive care services among the growing number of 
adults with one or more chronic conditions.

Materials and methods

STOP CRC was a large pragmatic study of mailed fecal 
immunochemical (FIT) outreach conducted in FQHC clinics 
(n = 8 health centers [26 clinics]) in Oregon and California. 
The study protocol and results have been reported previously 
[15]. Briefly, STOP CRC was a cluster-randomized study 
of an EHR-embedded mailed fecal immunochemical test 

(FIT) outreach program to improve rates of colorectal cancer 
screening [15, 16]. Participating clinics were randomized to 
either Usual Care (n = 13) or the EHR-embedded Interven-
tion (n = 13) on 4 February 2014. Our primary outcome was 
the clinic-level proportion of eligible adults (accrued from 
4 February 2014–3 February 2015) who completed a FIT 
within 12 months or through 3 August 2015. The evaluation 
interval was 4 February 2014–3 August 2015, and data were 
gathered through 3 August 2017, for analysis of second-
ary endpoints (i.e., completion of follow-up colonoscopy). 
The findings showed significant but modest improvements 
in FIT completion in clinics assigned to the STOP CRC 
intervention [15]. The Institutional Review Board of Kaiser 
Permanente Northwest approved all study activities, and 
participating clinics ceded human subjects review authority 
to this IRB.

Patient eligibility

Our analysis used patient data from the STOP CRC inter-
vention. Eligible patients were 50–74 years old, had visited 
a clinic in the previous year, and were due for colorectal 
cancer screening. Due for screening was defined as having 
no EHR evidence of (1) a fecal test in the previous year, 
(2) a flexible sigmoidoscopy in the previous 4 years, (3) a 
colonoscopy in the previous 9 years, or (4) an order for a 
fecal testing in the previous 6 months or sigmoidoscopy/
colonoscopy in the previous year. Patients were excluded if 
there was EHR evidence of a limited set of conditions that 
disqualified them for fecal testing (e.g., history of colorec-
tal cancer, inflammatory bowel disease, or end-stage renal 
disease) [17].

Intervention

The intervention consisted of customized EHR tools and 
training to support the sequential mailing of outreach com-
ponents—an introductory letter, a FIT kit, and a reminder 
letter—to those due for screening. Usual care differed 
among clinics but generally consisted of providers distrib-
uting FITs to patients attending clinic visits. The interven-
tion was added to usual care. Intervention clinic staff placed 
lab orders for FITs that were mailed. Lab orders were also 
placed for FITs distributed in clinic. Because the FIT order 
did not distinguish between mailed and in-clinic distribution, 
we used the mailing of a FIT introductory letter as the proxy 
for a FIT distributed through the mailed outreach program.

Analytic samples

The STOP CRC study developed real-time EHR tools 
that identified patients due for colorectal cancer screen-
ing. The full STOP CRC dataset included 60,187 unique 



557Cancer Causes & Control (2021) 32:555–565 

1 3

study-eligible adults identified from 4 February 2014–3 
May 2017. The study’s primary analyses used two patient 
samples: (1) patients due for colorectal cancer screen-
ing (eligible for a FIT) during the first year of STOP CRC 
(N = 41,193; 4 February 2014–3 February 2015), and (2) 
patients who received a FIT lab order and were due for FIT 
completion during the 3 years of STOP CRC (N = 35,655; 4 
February 2014–3 February 2017). The STOP CRC interven-
tion involved mailing an introductory letter, placing a FIT 
order and mailing a FIT, and sending a reminder letter to eli-
gible patients. For the latter cohort, patients’ first FIT order 
was considered the index order and the evaluation interval 
was extended to 3 May 2017, to allow for at least 3 months’ 
follow-up. These samples were used for analysis of our pri-
mary outcomes—receipt of FIT order and completion of 
FIT— and secondary outcomes—receipt of any colorectal 
cancer screening order (i.e., FIT order or endoscopy referral) 
and completion of any CRC screening. Among the 41,193 
patients due for a FIT, 21,134 (51%) were in intervention 
clinics; of these 7,163 (34%) were sent an introductory letter 
and ordered a FIT as part of the STOP CRC intervention. 
We stratify our analysis to assess difference in FIT ordering 
and completion for patients who received the mailed FIT 
outreach intervention and those who did not.

Multi‑morbidity definitions

To understand the relationship between chronic disease bur-
den and colorectal cancer screening recommendation and 
use, we calculated chronic disease burden separately using 
the CCI [18] and the CDPS [12]. For both indices, chronic 
conditions were ascertained by searching for ICD-9 or -10 
codes up to 1 year before the FIT result date.

The CCI is a commonly used scale for assessing morbid-
ity and predicts 1-year mortality for patients who may have 
a range of comorbid conditions [19]. Conditions included in 
the CCI are: AIDS; cerebrovascular disease; chronic pulmo-
nary disease; congestive heart disease; dementia; diabetes 
with chronic complications; diabetes; hemiplegia or paraple-
gia; malignancy, including leukemia and lymphoma; meta-
static solid tumor; mild liver disease; moderate or severe 
liver disease; myocardial infarction; peptic ulcer disease; 
peripheral vascular disorder; renal disease; and rheumato-
logic disease. Conditions are weighted (values 1–6) to cal-
culate the score.

The CDPS was developed to predict medical expendi-
tures in clinics serving Medicaid patients and to categorize 
diagnoses hierarchically; that is, a patient diagnosed with 
both a less severe condition and a more severe condition in 
the same disease category would be categorized as having 
the more severe condition. The indicators for the presence 
of a disease in each diagnostic and severity category are 
weighted to produce a single index of disease burden (CDPS 

version 6.3, University of San Diego, CA). The conditions 
included in CDPS are: AIDS/HIV, cancer, cardiovascular 
disease, cerebrovascular disease, central nervous system 
conditions, developmental disability, diabetes, eye condi-
tions, genital disease, gastrointestinal diseases, hemato-
logical diseases, infectious disease, metabolic conditions, 
pregnancy, psychiatric conditions, pulmonary diseases, renal 
disease, skeletal conditions, skin conditions, and substance 
abuse (Table 3) [12]. Each comorbid condition is weighted 
from 1 to 19 based on disease severity, producing a total 
score ranging from 0 to 37 [20]. The distribution of both 
indices was right-skewed, so we used discrete values from 0 
to 4 and collapsed index values of 5 or greater into a single 
category.

Statistical methods

We report patient demographic characteristics for the two 
samples. We assessed associations between chronic disease 
index score (1 through 5) and each screening outcome (i.e., 
receipt of FIT order, completion of FIT screening) using 
logistic regression. We did not cluster by health center in the 
models, because there was a very small intraclass correla-
tion coefficient (ICC = 0.02 and 0.06) in the unconditional 
models. We report associations separately for the CCI and 
the CDPS. All models included age, sex, health center, and 
intervention arm assignment (a clinic-level variable, rand-
omized within health center). We made additional adjust-
ments for the number of clinic visits in the previous year. 
Models using CDPS were also adjusted for obesity, tobacco 
use, and preferred language. We adjusted the models using 
a consistent process, which resulted in different adjustment 
variables. This allowed for comparisons with published 
literature.

We hypothesized that the relationship between chronic 
disease burden and FIT outcomes might be modified accord-
ing to whether the patient was sent a FIT invitation letter by 
mail (as a proxy for having been sent a FIT kit vs. receiving 
a FIT during an in-clinic visit). That is, a provider might 
make a personalized recommendation for a FIT based on 
a patient’s health status during a face-to-face visit but not 
in a mailed FIT intervention. To evaluate this, we tested an 
interaction term for letter receipt by comorbidity index. An 
alpha level of 0.05 for the Wald test of this term was used to 
reject the null hypothesis of no interaction.

We further hypothesized that associations between each 
index and screening outcomes could be non-linear. For 
example, odds of screening may increase from 0 to minimal 
morbidity but then decline with increasing morbidity burden 
(an inverted U shape). To evaluate this, we used dummy 
variables to test the associations between each category of 
comorbid conditions (1–5), using no chronic disease condi-
tions as the reference group. An alpha level of 0.05 for the 
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logistic regression model was used to reject the null hypoth-
esis of no association. We repeated these analyses for any 
colorectal cancer screening order and any colorectal cancer 
screening completion.

Results

The full STOP CRC dataset included 60,187 unique study-
eligible adults identified from 4 February 2014–3 May 2017. 
Of these, 41,193 patients were due for a FIT during the first 
year of STOP CRC (sample 1) and 35.3% received a FIT 
order. Over all 3 years of STOP CRC data, 35,655 patients 
received a FIT order (sample 2) and approximately one-third 
(35.6%) completed a FIT within 3 months of the order.

For both analytic samples, the majority (> 80%) of 
patients were aged 50–64, 12% were Hispanic, and 40% 
were obese (Table 1). More than one-third had Medicaid 
coverage, and approximately one-quarter had Medicare. 
Household income was low (~ 40% were under 100% of the 
federal poverty level). Half of the patients had one or two 
clinic visits in the previous year, and ~ 20% had six or more 
visits.

Distributions differed for the two indices. Most patients 
(53%) had a Charlson index of 0, about 27% had an index of 
1, and about 8% had an index of 3 or more. For the CDPS 
index, 20% of patients had an index of 0, one-third had an 
index of 1, 19% had an index of 2, and 27% had an index of 
3 or more.

Overall, the patterns of associations between chronic 
disease burden and FIT order differed by index. For the 
CCI, the associations followed an inverted U shape, dem-
onstrating higher odds of FIT orders for individuals with a 
score of 1, with odds generally diminishing with increasing 
scores (a minor exception was the 5 + category). Compared 
to adults with a CCI score of 0, adults in the fourth high-
est CCI category were less likely to have received a FIT 
order (OR = 0.77, 95% CI: 0.65–0.91). For CDPS, a differ-
ent inverted U shape emerged, where higher odds of FIT 
order were observed for individuals in comorbid categories 
1–4, then odds diminished substantially for the 5 + cat-
egory. Compared to adults with an CDPS score of 0, adults 
in the highest CDPS category were significantly less likely 
to receive a FIT order (OR = 0.88, 95% CI: 0.79–0.98). In 
adjusted models, each index was statistically significantly 
associated with a FIT order (both p ≤ 0.03, Fig. 1 and Fig. 2). 
The two indices were moderately correlated (r for FIT order 
(sample 1) = 0.6; r for FIT completion (sample 2) = 0.5).

The association between the CCI and FIT order differed 
according to whether patients were mailed a FIT intro-
ductory letter (p for interaction = 0.002, Table 2), with no 
observed association among those mailed a letter and a 
non-linear association among those not mailed a letter. The 

CDPS association with FIT order did not differ by invitation 
letter stratum (p = 0.12).

CCI and CDPS values were inversely associated with 
FIT return (Figs. 1 and 2). The strongest associations were 
observed for CDPS and CCI values of 3 or more, which 
were associated with about 30% lower odds of FIT return, 
independent of age, number of clinic visits, and other adjust-
ments. An inverse linear trend was also observed for comple-
tion of any CRC screening for each index (CCI and CDPS).

CDPS-specific chronic conditions associated with a 
substantial (≥ 20%) lower odds of FIT order receipt were 
HIV/AIDS (OR = 0.63; 95% CI: 0.43–0.93) and cancer 
(OR = 0.79; 95% CI: 0.72–0.87); only substance abuse was 
associated with a substantially lower odds of FIT comple-
tion (OR = 0.78; 95% CI: 0.72, 0.84). In contrast, individu-
als with a developmental disability were substantially more 
likely that those without to receive a FIT order (OR = 1.39; 
95% CI: 1.02–1.91) or complete a FIT (OR = 1.64; 95% CI: 
1.18–2.27; Table 3). Similar conditions were associated with 
any colorectal cancer screening outcomes: individuals with 
HIV/AIDS had a lower odds of receiving any colorectal 
cancer screening order (OR = 0.63; 95% CI: 0.44- 0.91) and 
individuals with a developmental disability had higher odds 
of order and completion (OR = 1.33; 95% CI: 0.98- 1.80 for 
any colorectal cancer screening order, and OR = 1.59; 95% 
CI: 1.15–2.20 for any colorectal cancer screening comple-
tion). CCI-specific chronic conditions associated with FIT 
order receipt and FIT completion are provided in Supple-
mental Table S1.

We examined the odds of FIT order and FIT completion 
by disease severity for AIDS/HIV, cancer, substance abuse, 
developmental disabilities, and diabetes (Table 4). When 
these conditions were examined by CDPS severity category, 
we observed an apparent trend for lower odds of FIT order 
with increasing disease severity for cancer and AIDS/HIV. A 
similar pattern was observed for FIT completion for cancer 
and substance abuse (Supplemental Table S2).

Discussion

In this study of colorectal cancer screening in eight com-
munity health centers in Oregon and California, we found 
that, compared to patients with no chronic disease diagno-
ses, patients with a chronic disease index score of 1 were 
8–9% more likely to be offered a FIT; conversely, patients 
with a high chronic disease burden (a score of 4 or more) 
were 13–23% less likely to be offered a FIT. The pattern was 
most pronounced for individuals who received kits during 
in-clinic visits. For each morbidity index, we observed an 
inverse linear association between patients’ chronic disease 
burden and FIT completion. Patients having any chronic 
disease diagnosis were approximately 20% less likely to 
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Table 1  Baseline characteristics 
of patients in each analytic 
sample

a  Ever had fecal test, sigmoidoscopy, or colonoscopy
b  Among women (n = 22,994 and 19,614)
c  Among women age 50–64 years (n = 18,342 and 16,080)

Eligible for FIT Order
(n = 41,193)

Eligible for FIT com-
pletion (n = 35,655)

N % N %

Attending a clinic randomized to intervention 21,134 51.3 19,898 55.8
Age 65 + 7,883 19.1 6,034 16.9
Female 22,994 55.8 19,614 55.0
Hispanic
 Yes 4,931 12.0 5,239 14.7
 No 34,966 84.9 28,994 81.3
 Missing 1,296 3.1 1,422 4.0

Language
 English 33,656 81.7 27,721 77.7
 Spanish 3,804 9.2 4,251 11.9
 Other 3,155 7.7 3,401 9.5
 Unknown 578 1.4 282 0.8

Race
 Asian 2,034 4.9 2,161 6.1
 African American 1,957 4.8 1,935 5.4
 White 34,771 84.4 28,866 81.0
 Native American/Pacific Islander 595 1.4 555 1.6
 Unknown 1,836 4.5 2,138 6.0

Obese (body mass index > 30) 16,827 40.8 14,495 40.7
Current tobacco use
 Yes 10,679 25.9 9,649 27.1
 No 25,730 62.5 22,498 63.1
 Unknown 4,784 11.6 3,508 9.8

Insurance status
 Commercial 6,087 14.8 4,764 13.4
 Medicaid 15,326 37.2 15,997 44.9
 Medicare 10,754 26.1 7,764 21.8
 Uninsured 8,324 20.2 6,672 18.7
 Other 234 0.6 177 0.5
 Unknown 468 1.1 281 0.8

Federal poverty level
  < 100% 17,531 42.6 14,007 39.3
 100–200% 10,293 25.0 8,192 23.0
 200% + 4,733 11.5 4,696 13.2
 Unknown 8,636 21.0 8,760 24.6

Number of office visits in past year
 1–2 20,698 50.2 19,344 54.3
 3–5 11,501 27.9 9,290 26.1
 6 + 8,994 21.8 7,021 19.7

Prior colorectal cancer screening, ever a 8,946 21.7 5,621 15.8
Diabetes, ever 8,756 21.3 7,348 20.6
Flu shot in past year 11,590 28.1 9,813 27.5
Mammogram in past 2 years b 9,237 40.2 7,194 36.7
Pap test in past 3 years c 7,927 43.2 6,849 42.6
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Fig. 1  Probability of FIT order, 
FIT completion by morbidity 
score calculated using Charlson 
comorbidity index, and Chronic 
Illness and Disability Payment 
System index. Compared to 
individuals with a Charlson 
Comorbidity Index (CCI) of 
0, receipt of a FIT order was 
slightly higher for individuals 
with a CCI of 1 and displayed a 
downward trend for CCI scores 
of 2–5. Odds of FIT return 
decreased with increasing CCI 
score

Fig. 2  Probability of FIT order, 
FIT completion by morbid-
ity score calculated using the 
Chronic Illness and Disability 
Payment System index. Com-
pared to individuals with a 
Chronic Illness and Disability 
Payment System (CDPS) of 
0, receipt of a FIT order was 
slightly higher for individuals 
with a CDPS of 1–4 and lower 
for individuals with a CDPS 
of 5. Odds of FIT return and 
completion of any CRC screen-
ing decreased with increasing 
CDPS score
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complete a FIT than patients having none (CCI: 1 + vs. 
0; OR: 0.80; 95% CI: (0.76–0.84); CDPS: 1 + vs. 0: OR: 
0.77; 95% CI: (0.73–0.80), and completion diminished with 
increasing chronic disease burden. Specific chronic condi-
tions and greater disease severity were generally associated 
with lower odds of receiving a FIT order (e.g., HIV/AIDs, 
cancer) or completing a FIT (e.g., substance abuse). Devel-
opmental disability was associated with higher odds of FIT 
order and completion. Our findings may inform efforts to 
optimize rates of colorectal cancer screening among vulner-
able patients with multiple chronic conditions.

Our observation that comorbidity burden is inversely 
associated with FIT return is consistent with previous 
reports. Haas and colleagues reported that integrated health 
system patients with higher CCI scores (≥ 3 vs 0) were less 
likely to complete a FIT (HR, 0.82; 95% CI, 0.79–0.87) 
[21]. In a population-based screening program in Barcelona, 
Spain, those with three or more dominant chronic diseases 
were less likely to participate, and those having multiple 
minor chronic diseases were more likely to participate, in 
FIT screening (8). In integrated health systems participat-
ing in the Population-Based Research Optimizing Screen-
ing through Personalized Regimens (PROSPR) consortium, 
timely follow-up of abnormal FIT (colonoscopy within 

3 months) decreased linearly with increasing CCI among 
all age groups [22]. These patterns may reflect a competing 
focus on morbidities and the perception of a lack of screen-
ing benefit for individuals with comorbid conditions [23].

The appropriate discontinuation of screening among 
patients who would accrue relatively few benefits is sup-
ported by guidelines that recommend the consideration of 
overall health and life expectancy of at least 10 years in 
deciding whether to perform screening and/or continue it 
beyond age 75 [24–26]. Such discontinuation can ensure 
a screening benefit, reduce harms, [27] and enhance cost-
effectiveness of screening [28]. Mailing FITs may eliminate 
the opportunity for providers to assess individual patients’ 
anticipated screening benefits and harms, even though such 
mailings can surmount provider forgetfulness and time 
constraints posed by in-clinic distribution. Moreover, many 
healthy patients who attend clinic visits infrequently may 
be offered FIT only sporadically through opportunistic in-
clinic distribution. There is some evidence that providers 
inconsistently apply stopping rules for screening—e.g., 
more than 10% would continue offering fecal testing to an 
80-year-old with non-small cell lung cancer [29]—perhaps 
suggesting the need for ongoing provider training/educa-
tion or automated provider notifications to prompt screening 

Table 2  Associations between morbidity index score (Charlson 
Comorbidity Index and Chronic Illness and Disability Payment Sys-
tem Illness index) and FIT order status by whether the participant was 

mailed a STOP CRC introduction letter, among eligible participants 
in STOP CRC intervention clinics (n = 21,134)

a  Charlson comorbidity index: adjusted for age, sex, health center, and clinic visits; Chronic Illness and Disability Payment System: adjusted for 
age, sex, health center, clinic visits, obesity, tobacco use, and language
The relationship between Charlson Comorbidity Index score and FIT order receipt differed by whether an individual was mailed STOP CRC 
mailings or was offered a FIT during an in-clinic visit. This comorbidity-FIT order interaction was not significant when the Chronic Illness and 
Disability Payment System was used

Mailed a STOP CRC letter Not mailed a STOP CRC letter

Score Eligible for FIT order 
(N = 21,134)
N (%)

FIT order
(%)

Adjusted OR (95% CI)a FIT order
N (%)

Adjusted OR (95% CI)a P for interaction

Charlson Comorbidity Index
 0 11,182 (53.1) 3,899 (87.9) 1.0 –- 7,283 (23.2) 1.0 –-
 1 5,761 (27.4) 1,976 (88.5) 0.95 (0.79–1.14) 3,785 (27.2) 1.14 (1.04–1.26)
 2 2,294 (10.9) 742 (88.9) 1.00 (0.76–1.31) 1,552 (21.9) 0.83 (0.72–0.95)
 3 935 (4.4) 299 (92.0) 1.25 (0.79–1.98) 636 (22.8) 0.85 (0.70–1.05)
 4 363 (1.7) 109 (83.5) 0.57 (0.32–1.00) 254 (21.3) 0.76 (0.55–1.05)

  ≥ 5 503 (2.4) 138 (84.8) 0.71 (0.43–1.19) 365 (20.0) 0.82 (0.62–1.08) 0.002
Chronic Illness and Disability Payment System Index
 0 4,464 (21.1) 1,541 (86.6) 1.0 –- 2,923 (22.0) 1.0 –-
 1 6,898 (32.6) 2,402 (87.9) 1.03 (0.84–1.28) 4,496 (24.3) 1.09 (0.97–1.23)
 2 4,117 (19.5) 1,362 (89.7) 1.17 (0.91–1.52) 2,755 (25.1) 1.09 (0.95–1.25)
 3 2,281 (10.8) 779 (89.9) 1.04 (0.77–1.42) 1,502 (26.1) 1.14 (0.97–1.34)
 4 1,367 (6.5) 474 (89.2) 1.04 (0.72–1.50) 893 (26.5) 1.13 (0.93–1.36)

  ≥ 5 2,007 (9.5) 618 (87.7) 0.85 (0.61–1.19) 1,389 (20.6) 0.79 (0.66–0.94) 0.12
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discontinuation in patients who would accrue little benefit. 
Our findings can inform provider education about how to 
support colorectal cancer screening among patients with 
comorbid conditions. Among adults who meet the clinical 
criteria for follow-up colonoscopy, our findings might also 
support the use of FIT as a first-line, non-invasive screening 
strategy for individuals with multiple comorbidities.

Individual disease categories associated with screening 
completion can be useful markers for patient groups that 
need tailored messaging or other assistance to detect and 
prevent colorectal cancer. Prior research on the associations 
among individual disease conditions and colorectal cancer 
screening have shown mixed results. Liu and colleagues 
reported lower colorectal cancer screening among men with 
cardiovascular disease, while Heflin and colleagues reported 
higher rates of fecal testing among adults with hypertension 
[6, 30]. In analysis using the CDPS, we found that adults 
with cardiovascular disease were 13% more likely to obtain 
an order for a FIT, but 23% less likely to complete it, a pat-
tern that also was observed for any colorectal cancer screen-
ing (Supplement Table S2). Similarly, in analysis using the 

CCI, adults with congestive heart failure were 30% less 
likely to complete a FIT, than those without the condition 
(Supplement Table S1).

Our observation that patients with HIV/AIDS had sub-
stantially lower odds of FIT order and completion is notable 
given that the risk of colorectal cancer in those with HIV/
AIDS is comparable to non-infected populations [31, 32]. 
Notably, the associations were mostly driven by lower odds 
of FIT orders among individuals with AIDS specifically. 
Antiretroviral treatments for HIV/AIDS are known to be 
rigorous (requiring over 90% adherence) [33], so complet-
ing a FIT may be a lower priority for these patients and the 
providers caring for them. While newer versions of FITs 
have no dietary or medication restrictions, providers may 
be uncertain about the accuracy of FIT results for patients 
on complex medication regimes. Our findings might under-
score the need to communicate the importance of colorectal 
cancer screening participation among individuals with HIV 
and AIDS and their providers.

The only CDPS category associated with greater odds 
of FIT order and return was developmental disability. 

Table 3  Associations between 
Chronic Illness and Disability 
Payment System index category 
and FIT outcomes

Specific Chronic Illness and Disability Payment System categories significantly associated with FIT order 
receipt were: AIDS/HIV, cancer, gastrointestinal, infectious, and skeletal (lower FIT order receipt); Car-
diovascular, developmental disability, and diabetes (higher FIT order receipt). Categories significantly 
associated with FIT completion were: Cardiovascular, central nervous system, diabetes, gastrointestinal, 
infectious, psychiatric, pulmonary, renal, skin, substance abuse (lower FIT completion); Developmental 
disability (higher FIT completion).

FIT Order FIT Result

N = 41,193 N = 35,655

Adjusted a Adjusted a

N OR 95% CI N OR 95% CI

AIDS/HIV 134 0.63 (0.43–0.93) 74 0.69 (0.40–1.18)
Cancer 2,752 0.79 (0.72–0.87) 1,831 0.97 (0.88–1.07)
Cardiovascular 21,485 1.13 (1.08–1.19) 15,889 0.87 (0.83–0.91)
Cerebrovascular 398 1.01 (0.81–1.25) 280 0.9 (0.70–1.16)
Central Nervous System 5,053 0.97 (0.91–1.04) 4,025 0.91 (0.85–0.98)
Developmental Disability 179 1.39 (1.02–1.91 151 1.64 (1.18–2.27)
Diabetes 8,980 1.13 (1.07–1.20) 7,267 0.82 (0.78–0.87)
Eye 1,098 1.11 (0.97–1.26) 903 0.89 (0.78–1.03)
Genital 2,289 0.92 (0.84–1.01) 1,654 0.96 (0.86–1.06)
Gastrointestinal 8,865 0.84 (0.80–0.89) 6,361 0.93 (0.87–0.98)
Hematological 716 1.02 (0.86–1.20) 577 0.85 (0.71–1.02)
Infectious 3,627 0.91 (0.84–0.98) 2,,564 0.83 (0.76–0.91)
Metabolic 3,002 0.96 (0.88–1.04) 2,160 0.92 (0.84–1.01)
Psychiatric 13,150 0.99 (0.95–1.04) 9,968 0.84 (0.80–0.89)
Pulmonary 8,627 0.97 (0.92–1.03) 6,483 0.89 (0.84–0.94)
Renal 3,132 0.99 (0.91–1.07) 2,571 0.86 (0.79–0.94)
Skeletal 8,377 0.92 (0.87–0.98) 6,242 0.97 (0.91–1.03)
Skin 2,937 1.04 (0.96–1.14) 2,324 0.82 (0.74–0.90)
Substance abuse 4,950 0.98 (0.91–1.05) 3,985 0.78 (0.72–0.84)
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Diagnoses of mild and moderate intellectual disabili-
ties predominated this condition category in our study. 
Although no previous studies have reported on colorec-
tal cancer screening among developmentally disabled 
patients, breast and cervical cancer screening studies 
have reported inconsistent associations. For example, a 
study in Canada found that women with intellectual and 
developmental disabilities (IDD) were less likely to be 
screened than were women without IDD [34]. Another 
Canadian study found an inverted V-shaped association 
with disability (intellectual or other) severity, such that a 
higher proportion of women with moderate disability were 
up-to-date on breast cancer screening than those without 
disability or those with severe disability [35].

We explored associations of chronic condition burden 
and colorectal cancer screening using two distinct indices: 
the CCI and the CDPS. Our hypothesis was that providers 
and patients might place a lower priority on colorectal 
cancer screening if the burden of chronic conditions was 
high. We found that the CCI and the CDPS scores had 
similar relationships with screening completion outcomes, 
although their patterns differed somewhat for receipt of 
FIT order, with the CCI displaying a direct association in 
patients with a single comorbid condition, then an inverse 
association with subsequent comorbid conditions, and the 

CDPS suggestive of direct associations up through four 
comorbid conditions.

With a few notable exceptions, our comorbidity indices 
performed much as expected, suggesting that a higher num-
ber of comorbid conditions and higher disease severity leads 
to lower rates of colorectal cancer screening. One exception 
was adults with diabetes. Analysis using both the CDPS and 
the CCI showed that compared to adults without diabetes, 
adults with diabetes had a higher odds of receiving a FIT 
order, but a lower odds of completing a FIT. This pattern 
was observed for diabetes with and without complications 
(Supplement Table S1). Given that diabetes is an established 
risk factor for colorectal cancer, our findings might suggest 
that efforts are needed to promote FIT completion in this 
subgroup.

The CCI and the CDPS each provided unique insight 
into the associations between comorbid conditions and FIT 
testing; for several conditions, the two indices produced 
similar findings (e.g., HIV/AIDS, cancer, diabetes, renal 
disease) and for other conditions associations significant in 
one index were suggestive in the other (e.g., cardiovascular 
disease, pulmonary disease). Several other conditions were 
present in one index but not the other (e.g., liver disease 
and rheumatological disease were present in CCI and not in 
CDPS; central nervous system, developmental disabilities, 

Table 4  Associations between 
Chronic Illness and Disability 
Payment System index 
severity and each FIT outcome 
for categories significantly 
associated with FIT outcomes

a Adjusted for age, sex, health center, intervention arm, clinic visits, tobacco use, and language preference 

FIT Order FIT Result

N = 41,193 N = N = 35,655

Adjusted a Adjusted a

N OR 95% CI N OR 95% CI

AIDS/HIV 134 0.63 (0.43–0.93) 74 0.69 (0.40–1.18)
 AIDS (high) 110 0.58 (0.38–0.89) 54 0.81 (0.45–1.49)
 HIV (medium) 24 0.93 (0.38–2.27) 20 0.39 (0.11–1.36)

Cancer 2,752 0.79 (0.72–0.87) 1,831 0.97 (0.88–1.07)
 Very high 91 0.66 (0.41–1.07) 57 0.69 (0.38–1.23)
 High 330 0.64 (0.49–0.83) 204 0.67 (0.49–0.92)
 Medium 469 0.94 (0.77–1.16) 367 0.94 (0.75–1.18)
 Low 1,862 0.80 (0.72–0.90) 1,203 1.06 (0.94–1.20)

Substance abuse 4,950 0.98 (0.91–1.05) 3,985 0.78 (0.72–0.84)
 Low 2,533 1.02 (0.93–1.12) 2,221 0.69 (0.62–0.77)
 Very Low 2,417 0.94 (0.86–1.04) 1,764 0.94 (0.85–1.05)

Developmental Disability 179 1.39 (1.02–1.91) 151 1.64 (1.18–2.27)
 Medium 0 – – 0 – –
 Low 179 1.39 (1.02–1.91) 151 1.64 (1.18–2.27)

Diabetes 8,980 1.13 (1.07–1.20) 7,267 0.82 (0.78–0.87)
 Type 1 High 13 – – 17 – –
 Type 1 Medium 252 1.15 (0.88–1.51) 219 0.83 (0.62–1.11)
 Type 2 Medium 1,567 1.11 (1.00–1.24) 1,487 0.86 (0.76–0.96)
 Type 2 Low 7,148 1.11 (1.05–1.18) 5,544 0.84 (0.79–0.90)
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gastroenterology, infectious conditions, psychiatric condi-
tions, skeletal conditions, skin conditions, and substance 
abuse were present in CDPS and not CCI). The CDPS also 
offered a robust assessment of disease severity, which may 
be particularly important for colorectal cancer screening 
decisions.

This study has several limitations. Our study participants 
received care at one of eight FQHCs in Oregon and Cali-
fornia, and our patient population was primarily urban. It 
is not known whether our findings generalize to patients in 
other geographic regions. We relied on EHR information for 
patient demographic characteristics, behaviors (e.g., tobacco 
and alcohol consumption), and diagnoses. These data are 
subject to common issues of incomplete capture and mis-
classification. We assessed patient diagnoses based on data 
obtained up to 2 years prior to patients’ identification as 
eligible for colorectal cancer screening and entry into the 
study cohort. This may have precluded capture of chronic 
conditions that were neither diagnosed nor treated during 
this timeframe. Finally, for obvious reasons, our STOP CRC 
eligibility criteria excluded patients who had end-stage renal 
disease or colorectal disease (i.e., colectomy, ulcerative coli-
tis, or Crohn’s disease); this likely altered our associations 
with renal and gastrointestinal diseases.

Conclusion

Analysis showed a U-shaped association between patients’ 
chronic disease burden and providers’ recommendation of 
a FIT, and an inverse linear association between patients’ 
chronic disease burden and FIT completion. Our findings 
can inform efforts to promote colorectal cancer screening 
services use among patients with chronic conditions.

Supplementary Information The online version contains supplemen-
tary material available at https ://doi.org/10.1007/s1055 2-021-01408 -2.
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