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Abstract
Background: Colorectal cancer (CRC) is the second leading cause of cancer-related deaths in the United States. Despite
recommendations for screening to begin at the age of 45 years, significant disparities persist, particularly among medically
underserved populations.
Objective: This study examines the effectiveness of SMS text messaging reminders in improving CRC screening rates across
2 large federally qualified health centers (FQHCs) serving vulnerable populations.
Methods: The study included 4822 adults aged ≥45 years, receiving care at 2 large FQHC networks in Texas and California.
Participants were assigned to one of four groups: (1) control (no SMS text messages), (2) single-outreach SMS text overdue
message, (3) three-week SMS overdue and reminder text messages, and (4) six-week SMS text messages that were informed
by behavior theory. Data were collected from May 2023 to July 2024. The outcome measure was a binary indicator of whether
the participant underwent 1 of 3 CRC tests, fecal immunochemical test, colonoscopy, and Cologuard, within 90 days of
completing the SMS text messaging reminders. Independent variables included demographic, geographic, clinical, and primary
care access variables. Multivariate logistic regression models were used to examine associations between CRC screening
completion and the SMS text messaging reminder groups, adjusting for covariates. Adjusted odds ratios (aORs) and 95% CIs
were reported.
Results: In the combined 3-test model, patients in the single-outreach SMS text message (aOR 1.22, 95% CI 1.00-1.47)
and the 3-week SMS text message (aOR 1.27, 95% CI 1.05-1.53) groups had higher odds of completing the screening test
compared to those in the control group. Within the fecal immunochemical test–only model, patients in the 3-week SMS text
message group (aOR 1.25, 95% CI 1.00-1.56) were more likely to complete the screening test. Within the Cologuard-only
model, patients in the 3-week SMS text message group (aOR 7.01, 95% CI 1.96-25.07) and the 6-week SMS text message
group (aOR 5.75, 95% CI 1.53-21.61) had significantly higher odds of CRC screening completion.
Conclusions: The findings highlight that moderate-frequency SMS text messaging reminders can effectively increase CRC
screening rates in FQHCs; however, critical factors include the timing and frequency of these reminders. The 3-week interven-
tion was associated with improved screening uptake, whereas the 6-week theory-informed intervention did not demonstrate
a significant advantage over the control group, potentially reflecting a ceiling effect or message fatigue associated with
more frequent messaging. Additionally, the study highlights unique screening patterns that contradict previous literature,
underscoring the importance of a tailored approach for vulnerable communities.
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Introduction
Colorectal cancer (CRC) is a growing public health con-
cern in the United States, with an estimated 152,810 new
cases and 53,010 deaths in 2024 [1]. As a leading cause
of cancer-related deaths in the United States [1], professio-
nal organizations, including the American Cancer Society,
have emphasized the importance of increasing CRC screening
awareness and uptake. While the US Preventive Services
Task Force typically recommends screening for CRC in all
adults aged 50 to 75 years, recent US Preventive Services
Task Force recommendations now suggest earlier screening
starting at the age of 45 years [2] due to the rising incidence
of CRC in individuals aged under 50 years [3].

Recent studies suggest that 71.8% of adults aged 50
to 75 years were up to date with CRC screening, reflect-
ing a modest increase from previous years [4]. Despite
this progress, screening disparities persist in underserved
communities [5], especially among patients served by
federally qualified health centers (FQHCs). FQHCs serve as a
vital safety net in the US health care system, providing care
to over 50 million individuals annually [6,7]. These cen-
ters predominantly serve populations that are economically
and socially vulnerable. Recent estimates suggest that over
90% of patients seen at FQHCs reported household incomes
below 200% of the federal poverty threshold, with nearly
half enrolled in Medicaid and one-quarter uninsured. While
FQHCs provide CRC screenings, utilization rates have been
historically low, with work by Amboree et al [8] reporting
an average screening rate of 40.2% among eligible individ-
uals in FQHCs compared to 72.3% among the general US
population. As such, CRC continues to disproportionately
affect underserved populations in the United States. Among
both men and women, American Indian or Alaska Native and
non-Hispanic Black populations experience the highest rates
of CRC incidence and mortality [9]. Notably, Black individ-
uals experience 32% more CRC-related deaths compared to
White individuals [10].

In efforts to increase screening rates, SMS text messag-
ing reminders have become common. SMS text messaging
reminders have proven effective across various health care
settings, with a review by Schwebel and Larimer [11] finding
that the majority of SMS text messaging reminder stud-
ies have shown improved patient appointment and medi-
cal compliance. The literature on SMS reminders for CRC
screening in general settings currently suggests a limited
impact. For example, Uy et al [12] in their systematic
review, reported modest increases in breast and cervical

cancer screening completion following SMS text messaging
interventions, but only small effects for CRC screening.
Considering SMS text messaging reminders have been shown
to significantly boost screening rates for other cancers [12,
13], the research team hypothesized that with theory of
behavior change (TOBC)–informed SMS text messages that
incorporate behavioral nudges, personalized messaging, and
actionable prompts to reduce structural and motivational
barriers may be better suited to improve CRC screening
uptake in FQHC settings.

Recent evidence suggests a role for infusing established
TOBC in SMS text messages [14-16]. Specifically, con-
structs from the health belief model [17] and the theory
of planned behavior [18] emphasize key determinants of
behavior that can potentially increase patient motivation,
enhance confidence in completing recommended screenings,
and provide cues to take actionable steps toward complet-
ing their cancer screening. This study examines the effec-
tiveness of a TOBC-informed SMS intervention on CRC
screening completion among overdue patients in 2 large
FQHC networks in Texas and California.

Methods
Sample
The study sample built on prior quality improvement work
[19], which enrolled 5337 patients who were overdue for
CRC screening from 2 FQHCs: site 1 (56 clinics, Texas) and
site 2 (2 full-time and 5 satellite clinics, California). Data
were collected from May 2023 to July 2024. A total of 5337
patients were assigned to 1 of 4 study groups over a 90-day
period. These included (1) control (no SMS text messages),
(2) a single overdue reminder message, (3) a 3-week reminder
schedule (1 message per week; total of 3 messages), and (4)
a 6-week theory-informed messaging schedule (3 messages
per week; total of 18 messages). The unit of randomization
(ie, the level at which the intervention was assigned) was
the patient, and participants were assigned in a 1:1:1:1 ratio
to 1 of the 4 groups using a computer-generated randomiza-
tion list. After excluding 515 (10%) participants who had no
phone number, had an invalid mobile phone number, or had
previously opted out of SMS text messaging communication,
the final analytic sample consisted of 4822 participants: 1143
in the control group, 1193 in the single message group, 1265
in the 3-week message group, and 1221 in the 6-week SMS
text message group (Figure 1).

JOURNAL OF MEDICAL INTERNET RESEARCH Angelocci et al

https://www.jmir.org/2026/1/e86408 J Med Internet Res 2026 | vol. 28 | e86408 | p. 2
(page number not for citation purposes)

https://doi.org/10.2196/86408
https://www.jmir.org/2026/1/e86408


Figure 1. Flowchart of the colorectal cancer test data collection process: (1) group 1: control group, (2) group 2: single message group, (3) group 3:
three-week message group, and (4) group 4: six-week message group. FQHC: federally qualified health centers.

Ethical Considerations
This study was reviewed and approved by the insti-
tutional review board of the University of Houston
(STUDY00004081). All procedures were conducted in
accordance with relevant guidelines and regulations. In this
study, SMS text messaging reminders were implemented as
part of an ongoing quality improvement initiative. As such,
patient consent beyond the usual SMS text messaging opt-out
procedures was not required. Patient privacy was protected
through the use of deidentified data for analysis, and all
data linkage between the electronic health record system and
the SMS text messaging vendor platform was conducted in
accordance with institutional data governance and HIPAA
(Health Insurance Portability and Accountability Act)-com-
pliant procedures.

Quality Improvement Intervention
In 2023, the FQHCs implemented an SMS text messaging
reminder initiative to increase cancer screening uptake among
individuals overdue for their screenings. After identifying
eligible patients, the FQHC worked with academic partners
to randomly assign eligible patients into 1 of 4 study groups
described above. In partnership with an SMS text messaging
reminder service, the FQHC sent messages to patients in the
3 interventions. Patients in group 4 were the only partici-
pants who received TOBC-informed SMS text messages.
These were designed to be bidirectional SMS text messages,
allowing the recipient to respond either to opt out of the
message program, answer a question, or respond to a survey.
Messages were delivered in both English and Spanish, and
the language was matched to each patient’s documented
language preference. Examples of TOBC messages include
“The overall rates of colon cancer have gone down as more
people are getting regular screening. But colon cancer in
people younger than age 50 is going up. Because of this, it
is now recommended that everyone have their first screen
at age 45. Watch this: https://msg.care/8Snk4. Call to get
tested: ###-###-####”; “Prioritize your health and get cancer

screenings done to make sure you will be there to take care of
the ones you love.”; “Listen as Terrance Howard talks about
losing his mom to colon cancer: https://msg.care/8Snkw.”

Measures
The outcome of interest was a binary measure indicat-
ing whether participants completed a CRC screening test
(fecal immunochemical test [FIT], colonoscopy, or Colo-
guard) within 90 days of the intervention (0=no, 1=yes).
Overall, 87.27% (n=4208) were in the FIT group, while
5.89% (n=284) were in the colonoscopy group and 6.84%
(n=330) were in the Cologuard group. The independent
variables included demographic characteristics including age,
race or ethnicity, primary language, and insurance status.
Other independent variables included health conditions—
heart disease, diabetes mellitus, chronic lower respiratory
diseases, overweight or obesity, hypertension, depression, and
mood disorders.

On the basis of the patient’s zip code, we included the
following city- and county-level independent variables: (1)
2023 city population, (2) county-level population to primary
care physician (PCP) ratio, and (3) city-level CRC death rate.
The city population was based on the population estimate
as of April 1, 2020, from the US census. The county-level
population to PCP ratio was sourced from the County Health
Rankings & Roadmaps website [20]. The city-level CRC
death rate was sourced from the City Health Dashboard
website [21].
Statistical Analysis
Statistical descriptions were conducted to describe patients
and their demographic and health status. Four multiple
logistic regression models were used to determine the
relationship between independent variables and whether the
participant underwent a CRC screening test within 90 days
of the intervention. The primary regression model included
all participants across all 3 CRC screening test interventions.
Subsequently, 3 additional regression models were estimated
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separately for participants in each screening subgroup: FIT,
Cologuard, and colonoscopy. Variance inflation factor (VIF)
was used to rule out multicollinearity. All analyses were
conducted using R (version 4.4.2; R Foundation for Statistical
Computing). Statistical significance was defined as P<.05,
and results are reported as adjusted odds ratios (aORs), SEs,
and 95% CIs.

Results
Table 1 summarizes the descriptive statistics for CRC
screening completion, and Figure 1 illustrates the distribution

of participant response messages. In the control group,
24.06% (n=275) of participants completed the screening test,
compared to 27.49% (n=328) in the single message group.
Completion rates were 28.06% (n=355) in cohort 3 (3-week
message group) and 26.7% (n=326) in cohort 4 (6-week
message group).

Table 1. Patient characteristics and results of the primary regression model (N=4822).
Variable category Frequency, n (%) aORa (SE) P value
Study group
  Control group 1143 (23.70) Rbef —c

  Single message 1193 (24.74) 1.22 (0.10) .04
  3-week messages 1265 (26.23) 1.27 (0.10) .02
  6-week messages 1221 (25.32) 1.15 (0.10) .14
Age group (years)
  45-59 2554 (52.97) Ref —
  60-64 1078 (22.35) 0.53 (0.09) <.001
  65-69 781 (16.20) 0.52 (0.11) <.001
  >70 409 (8.48) 0.47 (0.15) <.001
Sex
  Male 1998 (41.44) Ref —
  Female 2824 (58.56) 1.10 (0.07) .18
Race or ethnicity
  Asian 197 (4.09) 0.89 (0.20) .54
  Black or African American 622 (12.90) 1.02 (0.13) .88
  Non-Hispanic White 883 (18.31) Ref —
  Other or unknown 397 (8.23) 1.05 (0.16) .76
  Hispanic 2813 (58.34) 0.98 (0.07) .84
Primary language
  English 2520 (52.26) Ref —
  Spanish 2016 (41.81) 1.20 (0.09) .04
  Other 286 (5.93) 1.33 (0.15) .06
Insurance type
  Uninsured 2178 (45.17) 1.04 (0.12) .75
  Medicaid 1046 (21.69) Ref —
  Medicare 692 (14.35) 1.24 (0.14) .12
  Private 906 (18.79) 1.10 (0.13) .46
Diabetes
  No 3332 (69.10) Ref —
  Yes 1490 (30.90) 0.83 (0.08) .02
Depression
  No 3580 (74.24) Ref —
  Yes 1242 (25.76) 0.86 (0.08) .07
Hypertension
  No 1979 (41.04) Ref —
  Yes 2843 (58.96) 1.06 (0.13) .13
Obesity or overweight
  No 934 (19.37) Ref —
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Variable category Frequency, n (%) aORa (SE) P value
  Yes 3888 (80.63) 1.39 (0.10) <.001
Heart disease
  No 2355 (48.84) Ref —
  Yes 2467 (51.16) 0.65 (0.14) .003
US state
  California 1136 (23.56) 1.32 (0.26) .29
  Texas 3686 (76.44) Ref —
Chronic lower respiratory diseases 2022
  No 4478 (92.87) Ref —
  Yes 344 (7.13) 0.93 (0.15) .63
2021 city-level colorectal cancer death rated

  Less than the average 4122 (85.48) Ref —
  Higher than the average 700 (14.52) 1.11 (0.20) .53
2023 city sizee

  Small town or city (<150,000) 577 (11.97) Ref —
  Large city (>150,000) 4245 (88.03) 1.19 (0.27) .66
2021 county-level population to PCPf ratiog

  Less than the average 1637 (33.95) Ref —
  Higher than the average 3185 (66.05) 1.17 (0.25) .63

aaOR: adjusted odds ratio.
bREF: reference group.
cNot applicable.
dThe 2021 city-level colorectal cancer death rate is based on the City Health Dashboard website. The average city-level colorectal cancer death ratio
is calculated by summing the colorectal cancer death rates of all sample cities and dividing by the number of cities in the sample.
eThe city population is based on the population estimate as of April 1, 2020 (V2023), from the US census.
fPCP: primary care physician.
gThe 2021 county-level population to primary care physician (PCP) ratio is sourced from the County Health Ranking & Roadmaps website. The
average county-level population to PCP ratio is calculated by summing the population to PCP rates of all sample cities and dividing by the number of
cities in the sample.

Table 1 shows the characteristics and combined 3-test
regression results. Overall, 23.7% (n=1143) were in the
control group, 24.74% (n=1193) in the single message group,
26.23% (n=1265) in the 3-message group, and 25.32%
(n=1221) in the 6-week message group. The age distribution
showed that the majority of patients were aged 45 to 59 years
(n=2554, 52.97%), followed by those aged 60 to 64 years
(n=1078, 22.35%), 65 to 69 years (n=781, 16.2%), and ≥70
years (n=409, 8.48%). Most patients were female (n=2824,
58.56%). The racial composition was as follows: 58.34%
(n=2813) Hispanic, 18.31% (n=883) White, 8.23% (n=397) in
other or unknown racial categories, 12.90% (n=622) Black or
African American, and 4.09% (n=197) Asian. Most patients
reported English as their primary language (n=2520, 52.26%),
followed by Spanish (n=2016, 42.81%), and other languages
(n=286, 5.93%). Most patients were from Texas (n=3686,
76.44%), and the remaining patients were from California
(n=1136, 23.56%). Regarding insurance, 45.17% (n=2178)
were uninsured, 18.79% (n=906) had private insurance,
14.35% (n=692) had Medicaid, and 21.69% (n=1046) had
Medicare. Additionally, 80.63% (n=3888) were obese or
overweight, 30.9% (n=1490) had diabetes, 7.13% (n=344)
had chronic lower respiratory disease, 51.16% (n=2467)
had heart disease, 58.96% (n=2843) had hypertension, and
25.76% (n=1242) had a history of depression or mood
disorders. At the community level, 85.48% (n=4122) of
patients lived in cities where the CRC death rate was below

the sample average, and most patients (n=4245, 88.03%) were
from large cities with populations of ≥150,000. Additionally,
66.05% (n=3185) lived in cities where the county-level PCP
ratio was at or above the sample average.

The VIF test showed that the combined 3-test model,
the FIT model, and the Cologuard model did not exhibit
evidence of multicollinearity. Table 1 shows that patients
in the single message group (aOR 1.22, 95% CI 1.00-1.47)
and 3-week message group (aOR 1.27, 95% CI 1.05‐1.53)
were more likely to complete the screening test. Compared
to patients aged 45 to 59 years, those aged 60 to 65 years
(aOR 0.53, 95% CI 0.45‐0.64), 65 to 69 years (aOR 0.52,
95% CI 0.42‐0.55), and >70 years (aOR 0.47, 95% CI
0.35‐0.64) were less likely to complete the test. Regarding
language, Spanish-speaking patients (aOR 1.20, 95% CI
1.00‐1.43) were more likely to complete the test. Regarding
health conditions, patients with diabetes (aOR 0.83, 95% CI
0.70‐0.97) were more likely to complete the test, whereas
patients with obesity or overweight (aOR 1.39, 95% CI
1.15‐1.68) were more likely to complete the test. In contrast,
those with heart disease (aOR 0.65, 95% CI 0.49‐0.86) were
less likely to complete it.

Tables 2 and 3 present the results for the FIT, colono-
scopy, and Cologuard tests. For FIT (Table 2), the regres-
sion model shows that patients in the 3-message group (aOR
1.25, 95% CI 1.00‐1.56) were more likely to complete the
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screening test. Compared to patients aged 45 to 59 years,
those aged 60 to 65 years (aOR 0.64, 95% CI 0.53‐0.79), 65
to 69 years (aOR 0.59, 95% CI 0.45‐0.77), and >70 years
(aOR 0.48, 95% CI 0.33‐0.69) were less likely to complete
the test. In terms of language, Spanish-speaking patients (aOR
1.54, 95% CI 1.24‐1.91) and speakers of other languages
(aOR 1.55, 95% CI 1.12‐2.15) were more likely to complete
the test. Compared to patients with Medicaid, those without
any insurance (aOR 0.58, 95% CI 0.44‐0.77), with Medicare
(aOR 0.56, 95% CI 0.40‐0.79), and with private insurance

(aOR 0.30, 95% CI 0.22‐0.40) were more likely to complete
it. Patients with hypertension (aOR 0.72, 95% CI 0.60‐0.87)
and those with obesity or overweight (aOR 0.73, 95% CI
0.60‐0.87) were less likely to complete the test. Patients
living in cities with higher CRC death rates (aOR 0.53, 95%
CI 0.31‐0.90) were also less likely to complete it. Finally,
patients residing in California (aOR 2.51, 95% CI 1.44‐4.40)
were more likely to complete it compared to those living in
Texas.

Table 2. Colorectal cancer results of the fecal immunochemical test–only and colonoscopy–only models.
Variable category FITb (n=4208) Colonoscopy (n=284)

Frequency, n
(%)

aORc (SE) P value 95% CI Frequency, n
(%)

aOR (SE) P value 95% CI

Study group
  Control group 1012 (24.05) Rdef —e — 61 (21.48) Ref — —
  Single message 1039 (24.69) 1.14 (0.11) .26 0.91-1.42 69 (24.30) 1.57 (0.43) .3 0.67-3.64
  3-week messages 1094 (26.00) 1.25 (0.11) .04 1.00-1.56 79 (27.82) 1.23 (0.42) .61 0.54-2.80
  6-week messages 1063 (25.26) 1.08 (0.11) .52 0.86-1.34 75 (26.41) 0.95 (0.41) .91 0.42-2.13
Age group (years)
  45-59 2215 (52.64) Ref — — 121 (42.61) Ref — —
  60-64 976 (23.19) 0.64 (0.10) <.001 0.53-0.79 64 (22.54) 0.61 (0.38) .19 0.29-1.29
  65-69 666 (15.83) 0.59 (0.14) <.001 0.45-0.77 67 (23.59) 0.55 (0.45) .18 0.23-1.32
  >70 351 (8.34) 0.48 (0.19) <.001 0.33-0.69 32 (11.27) 0.69 (0.54) .5 0.24-2.01
Gender
  Male 1178 (42.25) Ref — — 102 (35.92) Ref — —
  Female 2430 (57.75) 1.07 (0.08) .41 0.91-1.26 182 (64.08) 1.03 (0.30) .91 0.57-1.87
Race or ethnicity
  Asian 172 (4.09) 0.76 (0.27) .3 0.45-1.28 9 (3.17) 3.42 (0.83) .14 0.67-17.17
  Black or African American 530 (12.60) 1.11 (0.16) .53 0.80-1.53 50 (17.61) 1.16 (0.46) .76 0.47-2.86
  Non-Hispanic White 717 (17.04) Ref — — 71 (25.00) Ref — —
  Other or unknown 259 (6.15) 0.95 (0.21) .82 0.63-1.44 21 (7.39) 1.09 (0.60) .89 0.34-3.49
  Hispanic 2530 (60.12) 1.07 (0.14) .64 0.81-1.41 133 (46.83) 0.95 (0.42) .9 0.42-2.16
Primary language
  English 2087 (49.60) Ref — — 192 (67.61) Ref — —
  Spanish 1849 (43.94) 1.54 (0.11) <.001 1.24-1.91 82 (28.87) 2.48 (0.37) .02 1.18-5.12
  Other 272 (6.46) 1.55 (0.17) .01 1.12-2.15 10 (3.52) 2.75 (0.82) .22 0.55-13.71
Insurance type
  Uninsured 2068 (49.14) Ref — — 62 (21.83) Ref — —
  Medicaid 947 (22.50) 0.58 (0.14) <.001 0.44-0.77 56 (19.72) 3.55 (0.52) .01 1.28-9.83
  Medicare 539 (12.81) 0.56 (0.17) <.001 0.40-0.79 84 (29.58) 1.83 (0.52) .24 0.65-5.11
  Private 654 (15.54) 0.30 (0.16) <.001 0.22-0.40 82 (28.87) 3.11 (0.50) .02 1.16-8.32
Hypertension
  No 1187 (28.21) Ref — — 85 (29.93) Ref — —
  Yes 3021 (71.79) 0.72 (0.09) <.001 0.60-0.87 199 (70.07) 0.81 (0.32) .51 0.43-1.52
Obesity or overweight
  No 341 (8.10) Ref — — 21 (7.39) Ref — —
  Yes 3867 (91.90) 0.73 (0.15) .03 0.54-0.97 263 (92.71) 0.65 (0.54) .42 0.43-1.52
2021 city-level cancer death rate
  Less than average 3603 (85.62) Ref — — 247 (86.97) Ref — —
  Higher than average 605 (14.38) 0.53 (0.28) .02 0.31-0.90 37 (13.03) 0.60 (0.75) .49 0.14-2.69
2023 city size
  Small town or city (<150,000) 516 (12.26) Ref — — 65 (24.89) Ref — —
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Variable category FITb (n=4208) Colonoscopy (n=284)

Frequency, n
(%)

aORc (SE) P value 95% CI Frequency, n
(%)

aOR (SE) P value 95% CI

  Large city (≥150,000) 3692 (87.74) 0.77 (0.33) .42 0.40-1.46 219 (77.11) 0.40 (1.18) .27 0.03-3.36
US state
  California 1094 (26.00) Ref — — 42 (17.36) Ref — —
  Texas 3114 (74.00) 2.51 (0.29) <.001 1.44-4.40 242 (86.64) 2.67 (1.15) .04 0.35-32.28
2021 county-level
  Population to PCPf ratio
   Less than the average 1535 (36.48) Ref — — 65 (22.89) Ref — —
   Higher than the average 2673 (63.52) 0.85 (0.28) .56 0.49-1.48 219 (77.11) 1.28 (1.17) .23 0.13-12.90

bFIT: fecal immunochemical test.
caOR: adjusted odds ratio.
dRef: reference group.
eNot applicable.
fPCP: primary care physician.

Table 3. Colorectal cancer results of the Cologuard-only model (n=330).
Variable category Frequency, n (%) aORa (SE) P value 95% CI
Study group
  Control group 70 (21.21) Rbef —c —
  Single message 85 (25.76) 3.20 (0.60) .05 0.98-10.37
  3-week messages 92 (27.88) 7.01 (0.64) <.001 1.96-25.07
  6-week messages 93 (25.15) 5.75 (0.68) .01 1.53-21.61
Age group (years)
  45-59 218 (66.06) Ref — —
  60-64 38 (11.52) 0.31 (0.82) .27 0.50-12.38
  65-69 48 (14.55) 0.30 (0.89) .78 0.14-4.47
  >70 26 (7.88) 0.40 (0.82) .7 0.15-3.64
Gender
  Male 118 (35.76) Ref — —
  Female 212 (64.26) 1.17 (0.53) .76 0.42-3.28
Race
  Asian or Black or African American or others or unknown 95 (28.79) 21.30 (1.15) .01 2.26-201.09
  Non-Hispanic White 95 (28.79) Ref — —
  Hispanic 140 (42.42) 1.10 (0.53) .86 0.39-3.11
Primary language
  English 242 (73.33) Ref — —
  Spanish or other 88 (26.67) 2.07 (0.63) .25 0.61-7.08
Insurance type
  Uninsured 47 (14.24) 1.32 (0.99) .78 0.19-9.20
  Medicaid 43 (13.03) Ref — —
  Medicare 70 (21.21) 0.86 (0.78) .84 0.18-3.98
  Private 170 (51.52) 0.62 (0.72) .51 0.15-2.54
Diabetes
  No 223 (67.58) Ref — —
  Yes 107 (32.42) 1.68 (0.59) .38 0.53-5.30
Depression
  No 241(73.03) Ref — —
  Yes 89 (26.97) 1.48 (0.62) .52 0.44-4.97
Hypertension
  No 140 (42.42) Ref — —
  Yes 190 (57.58) 0.56 (0.58) .31 0.61-7.08
Obesity or overweight
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Variable category Frequency, n (%) aORa (SE) P value 95% CI
  No 41 (12.42) Ref — —
  Yes 289 (87.58) 0.95 (0.68) .93 0.25-3.57
Chronic lower respiratory diseases
  No 304 (91.52) Ref — —
  Yes 26 (7.88) 3.71 (1.12) .24 0.41-33.14
Family has any cancer
  No 302 (92.12) Ref — —
  Yes 28 (8.48) 1.14 (0.96) .89 0.17-7.48
Visit count in 2022
  0 87 (26.36) Ref — —
  1-2 72 (21.82) 2.09 (0.77) .34 0.46-9.46
  3-4 65 (19.70) 1.46 (0.80) .64 0.31-6.93
  >5 106 (32.12) 1.07 (0.76) .93 0.24-4.71
2022 annual wellness visit
  No 254 (76.97) Ref — —
  Yes 76 (23.03) 0.55 (0.61) .33 0.17-4.97
City-level colorectal cancer death rate
  Less than average 272 (82.42) Ref — —
  Higher than average 58 (17.58) 1.62 (1.18) .69 0.16-16.44
County-level population to PCPd ratio
  Less than the average 37 (11.21) Ref — —
  Higher than the average 293 (88.79) 1.25 (1.34) .87 0.09-17.23

aaOR: adjusted odds ratio.
bREF: reference group.
cNot applicable.
dPCP: primary care physician.

For the colonoscopy test (Table 2), compared to English-
speaking patients, Spanish-speaking patients (aOR 2.48,
95% CI 1.18‐5.12) were more likely to complete the test.
Compared to patients with Medicaid, uninsured patients (aOR
3.55, 95% CI 1.28‐9.83) and those with private insurance
(aOR 3.11, 95% CI 1.16‐8.32) were more likely to complete
the test. For the Cologuard model (Table 3), the city size
variable was removed from the analysis because its VIF
exceeded 5, indicating potential multicollinearity. Addition-
ally, for categorical variables with very small cell counts in
certain categories, we combined categories to avoid sparse
data issues and improve the robustness of the estimates.
Compared to the control group, the intervention 3-week
message group (aOR 7.01, 95% CI 1.96‐25.07) and 6-week
message group (aOR 5.75, 95% CI 1.53‐21.61) were more
likely to complete the test. Compared to White, other races
(Asian, Black or African American, others, and unknown;
aOR 21.30, 95% CI 2.26‐201.09) were more likely to
complete it. In the Cologuard model, we observed wide
95% CIs for several variables, indicating imprecision in the
estimates. In particular, the race or ethnicity estimate was
21.30 with a correspondingly wide CI. To investigate this, we
cross-tabulated race or ethnicity by Cologuard test comple-
tion and found that among Asian patients (n=95), 94 (99%)
completed the test. This near-complete separation (ie, very
high completion within a subgroup) likely contributed to the
inflated estimate and wide 95% CI.

Discussion
Principal Findings
In this study of TOBC-informed SMS text messaging
reminders for CRC screening in an FQHC, the combined
3-test model, FIT model, and Cologuard model showed
that sending 1 reminder per week for 3 weeks significantly
increased screening rates. This aligns with existing work on
the overall impact of SMS text messaging reminder interven-
tions, with meta-analyses associating SMS text messaging
reminders with improved general appointment and medical
compliance [11]. However, results for screening settings vary,
with work finding some [22-24] and no changes [5,25,26]
following SMS text messaging reminders. Our findings on
reminder frequency align with previous research, showing
that 2 reminders are more effective than a single reminder
in reducing missed appointments and same-day cancelations
[27]. Additionally, work by Teo et al [28] suggests that
excessive reminders can cause “reminder fatigue,” leading to
redundancy and inattention, aligning with the no effect seen
in the 6 weeks messaging group.

Age was found to be a significant factor, with screening
rates being inversely associated with advancing age. This
finding aligns with Walter et al [29], who found screen-
ing rates to decrease with increasing age in a Veterans
Affairs clinic setting. While current guidelines recommend
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a colonoscopy every 10 years for adults aged 45 years
and older [30], Patel et al [31] emphasized that screening
decisions for older adults should be individualized based
on prior screening history and patient preference. However,
given the heightened challenges older adults face in accessing
care [32], this finding raises concern that, in practice, older
adults may not receive appropriate follow-up or adhere to
these tailored recommendations. Obesity or overweight was
another significant predictor, as patients who identified as
having obesity were associated with greater CRC screening
rates compared to patients without obesity. Prior work on
BMI status and screening rates has yielded mixed findings,
with obesity reported as both a negative [33,34] and positive
predictor for screening [35]. Notably, Kendall et al [36]
found obesity status to be a positive predictor for screening
among Medicare beneficiaries. Patients in FQHC settings
who receive more frequent care for obesity management have
increased opportunities to be assessed and recommended for
screening.

Our findings also highlighted that patients with dia-
betes had lower CRC screening uptake. These findings
are consistent with prior studies demonstrating a negative
association between diabetes and CRC screening [37,38].
We believe that patients with diabetes often have multiple
comorbidities, which may contribute to competing health
demands and reduce the likelihood of completing preven-
tive screening. Similarly, patients with heart disease were
associated with decreased CRC screening uptake compared
to patients without heart disease. This finding is consistent
with Bhatia et al [39], who also found lower screening rates
among patients with heart failure and cardiovascular disease,
citing competing demands of more intensive chronic disease
management over preventative care. However, because
unfavorable cardiovascular risk factors are linked to an
increased risk of CRC [40], a critical need exists to enhance
access to preventive screening services for patients managing
cardiac comorbidities within FQHC settings.

On the basis of the results of FIT and colonoscopy
models, patients who primarily spoke Spanish or other
languages were more likely to complete CRC screening,
compared to patients who were English speakers. This finding
is unique among current literature, as work suggests that
patients with limited English-language proficiency are less
likely to receive physician recommendations for a colono-
scopy and have lower screening rates [41,42]. As FQHCs
serve a large non-English-speaking patient population, this
highlights their ability to increase awareness of and access
to preventive care across the minoritized populations they
serve. Additionally, FQHCs often provide culturally tailored
education and language-concordant care, which can enhance
trust and communication between patients and providers [43,
44]. This supportive environment helps non-English-speaking
patients understand the screening process and feel comforta-
ble completing tests, thereby boosting screening rates despite
language barriers.

Uninsured patients were associated with greater CRC
screening rates compared to patients with Medicaid, while
having Medicare and private insurance did not lead to a

significant difference. These findings are unique among
most work covering general clinic settings, which argues
that uninsured patients [45,46] and those without nonpri-
vate insurance are associated with lower adherence to CRC
screening guidelines [47]. Given the sliding scale this setting
uses [48], our observed screening uptake potentially speaks
to the FQHC’s ability to provide free or low-cost preventive
service use among those who are uninsured. Notably, the
clinics in this study provide a free FIT kit, mailing it with
prepaid return envelopes to eliminate the need for clinic
visits.

State of residence was a major factor influencing screening
rates, with patients in California showing higher screening
rates compared to those in Texas. This disparity is particu-
larly pronounced in safety-net settings, as Texas has one of
the largest uninsured populations in the nation [49]. Further-
more, CRC screening coverage was only recently included
under Medicare in 2021 [50], further complicating access
for underserved patients. CRC screening rates at Texas
FQHCs remain below the national average, with only 35%
of eligible patients up to date on screenings in 2020 [51]. A
key contributor to the difference in screening rates between
California and Texas is the variation in Medicaid expansion
policies [52]. California’s Medicaid expansion has resulted in
the majority of adult FQHC patients having some form of
insurance coverage, improving access to preventive services
[53,54]. Texas, a nonexpansion state, leaves many FQHC
patients uninsured. Despite free FIT kits, lack of consistent
coverage likely lowers screening engagement, highlighting
the impact of state policy on underserved populations.

There are many limitations to be considered in interpret-
ing these findings. First, screening tests completed outside
the FQHC systems may not have been captured, potentially
leading to underestimation of true screening uptake. Second,
the study included only 2 FQHC organizations, which
may limit generalizability to non-FQHC settings. Third,
the follow-up period was limited to 90 days, preventing
assessment of longer-term adherence. Fourth, exact timing
information (eg, weekends, holidays, or time of day) was
not collected, limiting our ability to assess potential timing
effects on participant response. Additionally, some variables,
including community-level characteristics, may have been
measured with limited precision or at a relatively crude level.
Finally, for the colonoscopy and Cologuard models, given
the relatively small sample sizes and the large ORs observed
for some variables, the results should be interpreted with
caution. Future studies should examine the effect of addi-
tional optimization variables (eg, message timing and length)
to assess effectiveness.
Conclusions
In an FQHC study, 3 weekly TOBC-informed SMS
text messaging reminders most effectively improved CRC
screening. Screening rates also varied by age, language,
insurance, obesity, heart disease, and state, underscoring the
need to further explore TOBC-informed reminders to promote
equitable screening.
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