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Colorectal cancer (CRC) incidence and mortality are rising in individuals under age 50, termed early age onset (EAO) CRC. Lower
endoscopy is recommended for all patients with unexplained iron deficiency anemia (IDA) or hematochezia to assess the EAOCRC. For those without symptoms, professional societies recommend decreasing the age to start screening from 50 to 45. Primary
care provider (PCP) knowledge and practices around EAO-CRC risk assessment and screening are unknown. We conducted a
survey study in May, 2020 of multi-specialty PCPs from three large medical systems to assess PCP knowledge, risk stratification
practices and barriers/facilitators they face to offer CRC screening in patients < 50. We conducted univariate analysis to assess
factors associated with knowledge and diagnostic practices. Response rate was 27.7% (196/708). Although 77.6% of respondents
were aware that EAO-CRC incidence is increasing, only 42.9% knew that EAO-CRC mortality is also increasing. Of note, 91.8%
recommend starting average risk screening at age 50. For 40- to 49-year-old patients present with unexplained IDA or hematochezia, 71.9% and 50.5% of respondents, respectively, recommend a diagnostic colonoscopy. Trainees were less likely to be aware
of rising EAO-CRC mortality (odds ratio, 0.42; 95% CI, 0.21 to 0.82) and non-internal medicine providers were less likely to recommend CRC screening in those with a first-degree relative with CRC (odds ratio, 0.82; 95% CI, 0.72 to 0.93). Ongoing education efforts will be required to improve recognition and management of high-risk symptoms, particularly among non-internists and trainees.
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INTRODUCTION
The incidence and mortality of colorectal cancer (CRC) in
patients under the age of 50, or early age onset (EAO) CRC,
are rising; 11% of all colon cancers and 15% of all rectal cancers in the United States (US) are diagnosed in individuals
under age 50 [1-3]. EAO-CRC patients commonly present
with symptoms, such as hematochezia and iron deficiency
anemia (IDA) [4,5]; thus professional societies currently recommend lower endoscopic evaluation for patients with unexplained symptoms [6,7]. Unfortunately, there is a significant
delay from the symptom onset to diagnosis in patients with
EAO-CRC (152 to 217 days) compared to those diagnosed

with CRC over age 50 (30 to 87 days) [4]. However, the extent to which this delay is patient- versus provider-mediated
is unclear.
CRC screening in the US has historically been recommended starting at age 50, though professional societies
recommended average-risk screening in African Americans to start at age 45 in 2008 due to higher incidence and
CRC-related mortality in this group [6,8] In response to the
overall increasing burden of EAO-CRC in the US, the American Cancer Society (ACS) in 2018 [9] and most recently the
United States Preventative Services Task Force (USPSTF)
in 2021 [10] and the United States Multi-Society Task Force
(US-MSTF) on CRC [11] have decreased the age to begin
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average-risk CRC screening from 50 to 45, as have done
other societies [12,13]. Primary care providers (PCPs) are responsible for symptom assessment and CRC screening recommendations, but there is limited data on PCP knowledge
about EAO-CRC or PCP practices in CRC risk assessment
in patients under the age of 50.
The aims of our study were to assess PCPs’ knowledge of
EAO-CRC epidemiology, PCP screening and risk-stratification practices (both in terms of symptoms and cancer family
history) in individuals under age 50, and PCPs’ perceptions
of barriers and facilitators to CRC screening in patients under
age 50.

METHODS
Design & participants

This was a multi-center survey study where PCPs affiliated
with an academic medical center, a Veterans Affairs (VA)
medical center, and a safety net system in Colorado were
invited to participate. Each system has a hospital-based primary care practice and multiple ambulatory locations around
the state (the academic, VA and safety net system have four,
nine and two ambulatory clinics, respectively). This study was
reviewed and approved by the Colorado Multiple Institutions
Review Board, Protocol 19-1855.
Eligible participants were identified using hospital system
email databases and included non-trainees and trainees in
internal medicine (IM), family medicine, medicine/pediatrics
(providers who are double-boarded in IM and Pediatrics and
care for both populations), and gynecology (a specialty which
provides primary care to women, including cancer prevention
care). Medical doctors (MDs), doctors of osteopathic medicine (DOs), nurse practitioners and physician’s assistants
were included, since all of these individuals provide direct
patient care. Specialty, year in training (if applicable), degree,
hospital affiliation, and sex were obtained from public hospital
records for all eligible participants.

Survey instrument design & distribution

The survey was designed to capture three main domains: (1)
knowledge of EAO-CRC epidemiology, (2) colorectal screening and diagnostic practices in patients under age 50, and
(3) barriers and facilitators to screening in this population.
Content validity (the extent to which our instrument measured
the intended constructs) [14] of the survey was assessed
by four national experts in CRC prevention and EAO-CRC.
To assess readability, clarity, and layout in different formats
(desktop vs. mobile device), pre-testing was performed with a
focus group of nine gastroenterologists and three PCPs. Pilot
testing was performed by seventeen clinicians from the three
practice environments.
The final survey tool is a 44-item questionnaire which also
included self-reported demographics (Supplementary Materials) and was implemented in Research Electronic Data Cap-

ture. All eligible participants were sent a unique email survey
link in May 2020. Weekly reminders were sent to non- and
partial responders for three consecutive weeks.
We “a priori” selected four survey questions to assess provider characteristics that may be associated with EAO-CRC
knowledge and guideline-based CRC risk assessment [6,7]:
(1) knowledge of EAO-CRC mortality trends, (2) referral for
CRC screening for those ages 40 to 49 with a first-degree
relative (FDR) diagnosed with CRC under age 60, (3) referral
for colonoscopy in 40- to 49-year-old patients with unex-

Table 1. Baseline characteristics
Value
(N = 196)

Participant characteristic
Provider sex
Male
Female
Missing
Specialty
Internal medicine
Family medicine
Othera
Missing
Training status
Trainee
Independent provider
Missing
Degree
MD/DO
Other
Missing
Patient diagnosed under age 50
Someone in personal life diagnosed under age 50
Patients diagnosed between age 30 and 50
50% or less
More than 50%
Missing/“I don’t know”
Patients with Medicare
50% or less
More than 50%
Missing/“I don’t know”
Patients with Medicaid
50% or less
More than 50%
Missing/“I don’t know”
Patients with private insurance
50% or less
More than 50%
Missing/“I don’t know”
Patients with VA benefits
50% or less
More than 50%
Missing/“I don’t know”

68 (34.7)
100 (51.0)
28 (14.3)
98 (50.0)
53 (27.0)
20 (10.2)
25 (12.8)
71 (36.2)
74 (37.8)
51 (26.0)
146 (74.4)
25 (12.8)
25 (12.8)
43 (21.9)
58 (29.6)
137 (69.9)
34 (17.3)
25 (12.8)
114 (58.2)
23 (11.7)
59 (30.1)
80 (40.8)
55 (28.1)
61 (31.1)
110 (56.1)
31 (15.8)
55 (28.1)
108 (55.1)
48 (24.5)
40 (20.4)

Values are presented as number (%). MD, medical doctor; DO,
doctor of osteopathy; VA, veterans affairs. aMedicine/pediatrics,
pediatrics, obstetrics & gynecology.
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plained hematochezia and (4) referral for colonoscopy in 40to 49-year-old patients with unexplained IDA.

PCP screening practices

A minority (19.4%) discuss CRC screening when they first
meet a patient, whereas most (66.8%) report first talking
about CRC screening at a specific age (40: 3.8%, 45: 9.9%,
45 to 49: 8.4%, 50: 72.5%). The majority of respondents
(91.8%) recommend starting CRC screening at age 50 in
average risk individuals, and in May 2020 when the survey
was administered, 86.7% would ‘never’ or ‘rarely’ offer CRC
screening to average risk patients aged 40 to 49 without
family history of CRC (Fig. 1). When asked specifically about
African American patients, 14.3% reported that they would
offer colorectal screening to patients under age 50, whereas
27.0% reported that they did not know or were neutral and
51.5% reported they would not. The majority of responders
(84.2%) identified the USPSTF guidelines as most impactful
in their individual screening practices.

Statistical analysis

Chi-square tests were used to compare responders and
non-responders. Univariable models were built using logistic
regression, accounting for clustering within the three practice
environments. We reported odds ratios (ORs) and 95% CIs,
where a CI that does not include one is considered significant. The univariable analysis was restricted to those survey
respondents who provided complete survey responses.
These analyses were completed using Stata/SE 17.0 and all
results were evaluated at the 5% level.

RESULTS
Baseline characteristics

There was a 27.7% response rate (196/708). The majority of
responders were MDs or DOs (74.4%), female (51.0%), and
IM (50.0%). Of responders, 37.8% were non-trainees and
36.2% were trainees (Table 1). The majority of respondents
were affiliated with the academic system (52.5%), 24.0%
were from the safety net system and 23.5% from the VA system. When comparing responders to non-responders, there
was a higher proportion of trainees (39.8% vs. 26.0%, P <
0.001) who responded to the survey but there was no significant difference based on degree, sex or specialty (Table S1).

Identification of high-risk subgroups

The majority of responders (69.9%) recommend CRC
screening most of the time or always in individuals 40 to 49
who have an FDR diagnosed with CRC under age 60 (Fig.
1). For 40 to 49 year-olds with IDA, hematochezia, or change
in bowel patterns, 71.9%, 50.5% and 25.5% of respondents,
respectively, recommend a diagnostic colonoscopy most of
the time or always. When asked more broadly about “any”
diagnostic testing in patients under age 50 with symptoms,
73.0%, 56.1% and 68.9% recommend evaluation for those
with IDA, change in bowel patterns and hematochezia, respectively.

Knowledge of EAO-CRC epidemiology

Although 77.6% of respondents were aware that EAO-CRC
incidence is increasing in the US, only 42.9% knew that mortality is also increasing. The majority (76.5%) are aware that
11% of all colon cancers in the US are diagnosed in patients
under age 50 (multiple choice selection of 0% to 20%); however only 56.6% were aware that 15% of all rectal cancers
occur in patients under age 50 (multiple choice selection of
0% to 20%).

100

Barriers & facilitators to screening

The majority reported that their assessment of a patient’s risk
for CRC (82.1%), guidelines (79.6%), screening standards
at their practice (71.4%), and their perceived effectiveness of
screening (61.2%) were ‘important’ or ‘very important’ in their
decision to offer CRC screening to patients under age 50.
Fewer respondents reported that patients’ request for screening (53.6%), time available to discuss screening at clinic visits
(51.0%), and insurance coverage (31.1%) were ‘important’
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Figure 1. Scenarios in which
primary care providers recommend
colorectal cancer screening or
diagnostic testing in patients
between ages 40 and 49. FDR, firstdegree relative; CRC, colorectal cancer.
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or ‘very important’ in their decision to offer CRC screening to
patients under age 50. It is noticeable that 64.3% of responders said convincing evidence of benefit would very much increase their likelihood of referring average risk patients under
the age of 50 for CRC screening.

Factors associated with gaps in knowledge &
practice

Univariable analyses were limited to the 171 respondents
who provided complete baseline characteristics. Compared
to IM, family medicine providers were less likely to offer
CRC screening to 40 to 49 year olds with an FDR with CRC
diagnosed under age 60 (OR, 0.82; 95% CI, 0.72 to 0.93)
and less than half as likely to refer a patient age 40 to 49 for
a diagnostic colonoscopy to evaluate IDA (OR, 0.46; 95%
CI, 0.23 to 0.91). Trainees were less than half as likely to be
aware that EAO-CRC mortality is increasing (OR, 0.42; 95%
CI, 0.21 to 0.82) and less likely to refer patients aged 40 to 49
for screening based on family history (OR, 0.44; 95% CI, 0.23
to 0.83) or diagnostic colonoscopy for evaluation of hematochezia (OR, 0.41; 95% CI, 0.20 to 0.84) (Table 2).

DISCUSSION
In response to the increasing incidence and mortality associated with CRC in individuals under age 50, multiple professional societies, including the ACS [9], the USPSTF [10], the
US-MSTF [11], the American College of Gastroenterology
[12] and the National Comprehensive Cancer Network [13]
have recommended changing the age to start CRC screening in average-risk individuals from 50 to 45. There is minimal
data about PCP approach to CRC risk assessment in individuals under age 50. Our study shows that PCPs have variable

knowledge of EAO-CRC epidemiology and most do not consider screening in average-risk patients under age 50. As of
May 2020, the majority of PCPs (92%) recommend starting
average risk CRC screening at age 50, though 75% identified
USPSTF guidelines as the most impactful in their screening
practices. Thus, with the publication of a Grade B recommendation from the USPSTF in May 2021 to expand average risk
screening to 45 to 49 year-olds [10], our data suggests that
PCP screening practices will align with new guidelines to start
CRC screening at age 45.
Multiple professional societies recommend CRC screening starting at age 40 (or 10 years prior to CRC diagnosis,
whichever comes first) in those with an FDR diagnosed with
CRC at any age [6,12,13] and diagnostic lower endoscopy
for young patients with unexplained symptoms [6,7,12]. The
family history of colorectal neoplasia is an established risk
factor for EAO-CRC [15,16] and the majority of EAO-CRCs
present with symptoms (most commonly hematochezia and
IDA) [4,5]. Unfortunately, a large proportion of PCPs do not
routinely recommend CRC screening or diagnostic colonoscopy in established high-risk groups. In our study, only 70%
of PCPs routinely recommend CRC screening in 40 to 49
year-olds with an FDR with CRC. Only 73% and 69% recommend any diagnostic evaluation of IDA and hematochezia,
respectively. Our results suggest that provider practices may
contribute to the significant delays observed between symptom onset and CRC diagnosis in patients under the age of
50. These results highlight important targets for continuing
education and implementation of clinical pathways to promote guideline-based screening based on family history, and
diagnostic evaluation for symptomatic patients.
Our study has also identified subgroups of PCPs who may
benefit from targeted interventions to improve screening and

Table 2. Characteristics associated with primary care provider knowledge, screening and diagnostic colonoscopy referral practices for
patients aged between 40 and 49
Baseline characteristic

Knowledge of
rising mortality

FDR with CRCa

Hematocheziaa

Iron deficiency
anemiaa

Female vs. male
Family medicine vs. internal medicine
Otherb vs. internal medicine
Trainee vs. independent provider
MD/DO vs. other provider
Patient diagnosed with CRC age < 50
Personal contact diagnosed with CRC age < 50
More than 50% patients between ages 30 to 50
More than 50% patients have Medicare
More than 50% patients have Medicaid
More than 50% patients have private insurance
More than 50% patients have VA benefits

1.12 (0.62 to 2.03)
1.09 (0.88 to 1.36)
2.14 (0.56 to 8.10)
0.42 (0.21 to 0.82)
0.69 (0.30 to 1.58)
1.66 (0.44 to 6.25)
1.43 (0.37 to 5.51)
0.86 (0.73 to 1.02)
1.15 (0.64 to 2.08)
0.50 (0.27 to 0.95)
1.26 (0.46 to 3.47)
1.56 (0.92 to 2.63)

1.60 (0.72 to 3.58)
0.82 (0.72 to 0.93)
0.68 (0.28 to 1.67)
0.44 (0.23 to 0.83)
1.22 (0.47 to 3.19)
1.60 (0.45 to 5.74)
0.91 (0.66 to 1.26)
1.68 (0.93 to 3.03)
0.79 (0.38 to 1.62)
2.10 (1.07 to 4.13)
1.13 (0.52 to 2.47)
1.06 (0.82 to 1.38)

0.75 (0.47 to 1.18)
1.38 (0.97 to 1.97)
1.47 (0.51 to 4.27)
0.41 (0.20 to 0.84)
0.50 (0.38 to 0.67)
1.41 (0.73 to 2.73)
2.29 (0.81 to 6.44)
1.09 (0.94 to 1.27)
1.73 (0.81 to 3.71)
0.71 (0.31 to 1.58)
1.03 (0.67 to 1.59)
2.87 (1.89 to 4.38)

1.34 (0.59 to 3.03)
0.46 (0.23 to 0.91)
0.79 (0.16 to 3.86)
0.34 (0.11 to 1.05)
2.46 (2.18 to 2.77)
0.85 (0.17 to 4.25)
3.17 (1.59 to 6.32)
2.31 (1.22 to 4.38)
0.77 (0.48 to 1.23)
0.94 (0.41 to 2.14)
0.82 (0.72 to 0.93)
0.68 (0.43 to 1.07)

Values are presented as odds ratio (95% CI). FDR, first degree relative; CRC, colorectal cancer; MD, medical doctor; DO, doctor of
osteopathic medicine; VA, Veterans Affairs. aRespondents who refer patients age 40 to 49 for diagnostic colonoscopy in these scenarios
‘most of the time’ or ‘always’. bMedicine/pediatrics, pediatrics, obstetrics & gynecology. Analysis included participants who provided
complete responses to all self-reported baseline characteristics (N = 171).
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diagnostic evaluation. IM specialty, non-trainees, and MD/DO
degree were identified as factors associated with knowledge
of EAO-CRC epidemiology and guideline concordant practices in 40 to 49 year-olds with a family history of CRC or symptoms. Thus, interventions may be most beneficial in non-IM
specialties, advanced practice providers, and trainees in particular, as a call to action to expand education on EAO-CRC
at the medical school and residency levels. Reinforcing these
topics early in training may help to reverse the knowledge
and practice gaps observed in non-trainees. It is not surprising that PCPs who know someone who has been diagnosed
with CRC under age 50 are more likely to refer patients with
IDA for diagnostic testing.
Our study has several limitations. Though a response rate
of nearly 30% is robust among busy PCPs in the midst of a
global pandemic and physician-based surveys may be less
affected by non-response bias compared with other surveys
due to higher homogeneity of knowledge, training, attitudes
and behaviors than other groups [17], some survey responses were incomplete, which precluded multivariable analysis
of factors associated with knowledge and practices. We did
minimize sampling bias by surveying PCPs at a tertiary care
center, a safety net hospital, and a VA medical center, but we
acknowledge that all of these hospitals are within a single
state and results may not be generalizable to all PCPs in the
US. In particular, a possible reason why the majority of PCPs
did not recommend average-risk screening in those under
age 50 is because the state of Colorado only acknowledges
USPSTF recommendations for insurance coverage, which
were not updated to include patients younger than 50 years
old until May, 2021 (unlike other states that also acknowledge
the 2018 ACS guidelines). Results may have been different
in states that dictate coverage based on both USPSTF guidelines and ACS guidelines.
In conclusion, our study highlights knowledge gaps
among PCPs of the changing epidemiology of CRC and
evidence-based risk assessment of those with red flag symptoms. Important future work will include assessing the impact
of recently published USPSTF guidelines on PCP screening
practices; however, ongoing education efforts will be required
to improve recognition and management of high-risk symptoms, particularly among non-IM primary care specialties and
trainees.
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