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Purpose: To compare colonoscopy screening/surveillance rates by level
of risk for colorectal cancer based on age, personal history of adeno-
matous polyps or colorectal cancer, or family history of colorectal
cancer. Methods: Participants were aged 30–90 years, were seen within
5 years at Intermountain Healthcare, and had family history in the Utah
Population Database. Colonoscopy rates were measured for those with/
without risk factors. Results: Among those aged 60–69 years, 48.4%
had colonoscopy in the last 10 years, with rates declining after age 70
years. Percentages of those having had a colonoscopy in the last 10
years generally increased by risk level from 38.5% in those with a
familial relative risk �1.0 to 47.6% in those with a familial relative risk
�3.0. Compared with those with no family history, the odds ratio for
being screened according to guidelines was higher for those with one
first-degree relative diagnosed with colorectal cancer � 60 years or two
affected second-degree relatives (1.54, 95% confidence interval: 1.46–
1.61) than those with one affected first-degree relative diagnosed �60
years or �2 affected first-degree relatives (1.25, 95% confidence inter-
val: 1.14–1.37). Conclusions: Compliance with colonoscopy guide-
lines was higher for those with familial risk but did not correspond with
the degree of risk. Genet Med 2011:13(8):737–743.

Key Words: colorectal cancer, risk factors, family history, screening,
surveillance

Colorectal cancer (CRC) is the second leading cause of
cancer-related death in the United States. In 2010, it is

estimated that 142,570 cases were diagnosed, and 51,370 deaths
were caused by the disease.1 Having a positive family history
such as a single affected first-degree relative essentially doubles
an individual’s risk for the disease.2–5 Other important risk factors
for CRC include increasing age, and personal history of CRC,
adenomatous polyps, or inflammatory bowel disease (IBD).1,6,7

CRC is often preventable through screening because precan-
cerous polyps can be identified and removed.8,9 Findings from
the National Polyp Study suggest that 76–90% of CRC occur-
rences could be prevented through periodic colonoscopy.2,10

Updated screening and surveillance guidelines were published in
2008–2009 by the US Preventive Services Task Force, the Amer-
ican College of Gastroenterology, the American Cancer Society,
the Multi-Society Task Force on CRC, and the American College
of Radiology.8,9,11,12 Although current guidelines support the use
of fecal occult blood testing (FOBT) or flexible sigmoidoscopy as
screening options for those at average risk, colonoscopy is consid-
ered to be more sensitive.13–15 Consequently, guidelines recom-
mend colonoscopy as the screening/surveillance tool for those with
significantly elevated risk arising from a personal history of ad-
enomatous polyps, surgically resected CRC, IBD, or a family
history of CRC. Based on the 2003 National Health Information
Survey, percentages of men and women reporting colonoscopy
(32.2% and 29.8%, respectively) were higher than those reporting
FOBT (16.1% and 15.3%, respectively) or sigmoidoscopy (7.6%
and 5.9%, respectively).16 Current practice trends confirm that
physicians most frequently recommend colonoscopy rather than
one of the other test options prescribed in the guidelines.17

Screening guidelines recommend that average-risk individuals
begin screening at 50 years of age. According to data from the
2005 National Health Information Survey and the 2006 Behavioral
Risk Factor Surveillance System, between 50% and 60% of adults
aged 50 years or older reported having had an FOBT in the past
year and/or endoscopy (colonoscopy or sigmoidoscopy) in the past
10 years.18,19 According to 2008 Behavioral Risk Factor Surveil-
lance System data for the state of Utah where this study was
conducted, 67.2% of individuals aged 50 years or older report
having ever had endoscopy vs. 61.8% nationwide.20

Individuals who have undergone a surgical resection for CRC
are at increased risk for a recurrence of CRC. Current surveillance
guidelines recommend colonoscopy to be performed 1 year after
resection based on reports of a high incidence of apparently meta-
chronous second cancers (i.e., originating separately from the orig-
inal cancer) within 2 years after resection.21 It has been reported
that between 55% and 61.2% of patients have had �1 colonoscopy
or other complete colon examination within 18 months after re-
section and between 52.4% and 73.6% have had �1 colonoscopy
within 3 years after resection.22–25

For those with a family history of CRC or adenomatous
polyps in first-degree relatives, it is recommended that screen-
ing start at age 40 years or 10 years before the earliest age of
diagnosis of a family member diagnosed with CRC, whichever
is younger, with follow-up screening every 5 years. Several
studies have compared CRC screening rates (colonoscopy
and/or FOBT) between persons with a positive family history
and those without.26–31 In general, those with a positive family
history of CRC were significantly more likely to be in compli-
ance with screening recommendations compared with those
without a family history. However, overall, the prevalence of
screening was found to be low, and the majorities of both
groups had not been screened. Limitations of these studies
include small sample sizes, highly selected populations, self-
reported family history, and most importantly, self-reported
CRC screening. Only one study used an electronic medical
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record (EMR) for documentation of CRC screening.31 This
study found that those with a positive family history were
appropriately screened, based on risk-specific guidelines, less
frequently than those with no family history of CRC. This may
be due to the fact that screening guidelines are more stringent
for those with a family history than those at average risk.
Therefore, compliance rates among those at increased risk are
lower than those at average risk because more screenings are
recommended in shorter time frames, meaning that there are more
opportunities to be out of compliance.

We previously reported a comprehensive set of familial relative
risk estimates based on 2.3 million individuals in Utah with various
constellations of first-, second-, and third-degree relatives affected
with CRC.4 These estimates were produced using the Utah Popu-
lation Database (UPDB), a population-based resource with a com-
puterized genealogy linked to statewide cancer registry records.
The UPDB was created in the early 1970s and contains genealo-
gies for the original Utah pioneers (members of the Church of
Jesus Christ of Latter-day Saints) and their modern-day descen-
dants.32,33 A high proportion of Utah residents (approximately
60%) receive care through Intermountain Healthcare, an integrated
healthcare system, and are represented in Intermountain electronic
records. The UPDB resource and the linkage to Intermountain
records have provided unprecedented opportunities for record-
based research on cancer screening behavior in relationship to
family history of cancer.

The objective of this study was to compare colonoscopy
screening/surveillance rates among those with various levels of
risk based on family history and other factors, in a large sample
using electronic family history and EMR data. Using these risk
factors linked to data on colonoscopy procedures performed, we
measure the numbers in and out of compliance with adapted
guidelines.

MATERIALS AND METHODS

The UPDB, described earlier, includes information for more
than 7 million individuals, although not all have linked genea-
logical data.4,34 Cancer history information for these individuals
is obtained from the Utah Cancer Registry (UCR; a National
Cancer Institute Surveillance, Epidemiology, and End Results
program registry since 1973) and death certificates. A linkage
has been created between the UPDB and clinical records from
Intermountain Healthcare; 3.2 million individuals have records
in both sources.

Intermountain Healthcare is a community-owned, nonprofit
healthcare system that serves the health needs of Utah and south-
eastern Idaho residents. Intermountain electronically integrates
data for all aspects of care, including inpatient and outpatient
clinical and administrative data for diagnoses, procedures, labora-
tory results, billing codes and information, and pathology reports.

The Resource for Genetic Epidemiology at the University of
Utah governs access to the UPDB.35 The Resource for Genetic
Epidemiology, University of Utah Institutional Review Board,
and Intermountain Healthcare Institutional Review Board ap-
provals were obtained to conduct this research.

The individuals in this study were drawn from a pool of
357,208 CRC cases, matched controls (matched on age and
sex), and relatives of cases and controls. Inclusion criteria for
this study were (1) no record of death, (2) currently between the
ages of 30 and 90 years, (3) part of �3 generations of Utah
genealogy data and a descendant of original Utah pioneers, (4)
seen as an inpatient or outpatient at Intermountain between
December 2004 and December 2009, and (5) evidence of an
Intermountain encounter 10 years previous to the most recent

encounter. The encounter criteria help to exclude individuals
who are not current Intermountain patients and those who have
not been patients in the system long enough to adequately assess
screening/surveillance compliance.

The following data were collected for study individuals (data
source in parentheses): date of last colonoscopy (Intermountain
inpatient and outpatient Current Procedural Terminology/
Healthcare Common Procedure Coding System and Interna-
tional Classification of Diseases-9 procedure codes), diagnosis
of CRC and surgical resection (Intermountain cancer registry),
removal of an adenomatous polyp (contained in findings of
pathology report), diagnosis of IBD (inpatient and outpatient
International Classification of Diseases-9 codes and free text
problem list entries), and dates of outpatient visits and inpatient
hospital stays (Intermountain billing data). Numbers of first-,
second-, and third-degree relatives affected with CRC were
obtained from UPDB genealogy and UCR cancer data. Among
individuals with cancer recorded in the UCR, 94% link to �1
records in the UPDB and 64.2% have family information. The
type of relationship and age at diagnosis of affected relatives
were also collected from the UPDB. The familial relative risk
for each study individual was obtained by comparing their
unique constellation of relatives affected with CRC, with famil-
ial relative risk estimates for various constellations previously
published.4 An example of a family history constellation for a
proband (considering CRC in the first- through third-degree
relatives) is 0 affected first-degree relatives, one affected sec-
ond-degree relative, and three affected third-degree relatives.
Familial relative risk based on these extended constellations
provides more quantitative and precise risk estimates than the
guideline-based family history risk categories and is presented
to provide an additional perspective on risk.

Although the total study population included individuals aged
30–90 years, we first evaluated the numbers of study individuals
between 50 and 90 years of age who had evidence of colonoscopy
in the past 10 years according to Intermountain data, stratified by
age, risk factors, and also by familial relative risk level (e.g., �1.0,
1.0–1.99, 2.0–2.99, and �3.0). These numbers are irrespective of
how long individuals have had risk factors or whether colonosco-
pies were for screening, surveillance, diagnostic, or treatment pur-
poses because of the difficulty of distinguishing the reason for
colonoscopy when using only coded data.

We also evaluated compliance with guidelines for those at
normal risk or increased risk based on age, positive family
history of CRC, a personal history of surgically resected CRC,
or a personal history of adenomatous polyps.8 Study individuals
aged 30–90 years with at least one risk factor were included.
We used adapted guideline criteria (Table 1) to assign each
individual to a status of compliant or not compliant with risk
factor-specific CRC screening (age and family history) or sur-
veillance (polyps or surgically resected CRC) guidelines using
Intermountain colonoscopy data. Screening and surveillance
guidelines from the American Cancer Society, the Multi-Soci-
ety Task Force on CRC, and the American College of Radiol-
ogy for individuals at high or increased risk were simplified
based on authors’ expert opinion to measure compliance in a
practical way using available electronic sources of data. Addi-
tional time periods beyond those specified in the guidelines
were provided to count colonoscopies that occurred shortly after
the due date. For example, according to the guidelines those
aged 50 years or older with no other risk factors are to be
screened every 10 years. Eleven years were provided in our
adaptation of the guideline to measure compliance to allow
capture of procedures occurring within the 10th year. For those
with a personal history of surgically resected CRC, only 1 year
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surveillance compliance (adapted as 18 months) was measured
because of the complexity of screening intervals past the first
postresection screening. Because of surgical resection data be-
ing available electronically before colonoscopy dates were
available, individuals with resections earlier than 1994 were not
included in the analysis. Compliance in those with IBD was also
not assessed due to complexity; however, IBD diagnoses were
used to exclude individuals from the group �50 years of age at
“normal” risk (i.e., have no other risk factors considered in this
analysis). Multivariate logistic regression was used to quantify
the relative odds that individuals with each particular risk factor
would be compliant with guidelines through colonoscopy, com-
pared with those at normal risk, adjusting for age and sex.

RESULTS

Colonoscopy within the last 10 years among those
aged 50–90 years

There were 71,446 individuals aged 50–90 years included in
Table 2. Among other risk factors for CRC, 5836 (8.2%) had at
least one adenoma documented and 2738 (3.8%) had a history
of an advanced adenoma. Individuals with advanced adenoma
(defined here as multiple adenomas, villous adenoma, or high-
grade dysplasia) are a subset of those who are identified with an
adenoma. Among those with �1 CRC affected first-degree rel-
ative, 8.7% had a first-degree relative diagnosed �50 years of age.
There were 55,646 (77.9%) considered at normal risk, having no
CRC, IBD, or adenoma and having 0 CRC affected first-degree
relatives and �1 CRC affected second-degree relatives.

Evidence of colonoscopy in the last 10 years was found for
34.1% of individuals at normal risk and 57.8% of those with one
or more risk factors. By age group, the percentage of individuals
with colonoscopy within 10 years was highest in the 60–69
years age range (48.4%) and lowest in the 80–90 years age
range (28.5%). Colonoscopy within the last 10 years was de-
tected for most individuals with a history of CRC (65.7%),
adenoma (83.9%), or advanced adenoma (93.9%). Regardless
of risk defined by familial relative risk, the 60–69 years age
group remained the group with the highest colonoscopy rates.

We evaluated evidence of colonoscopy in the last 10 years in
this same sample aged 50–90 years according to familial rela-
tive risk level (Table 3). The most common risk category was
familial relative risk �1.0 (77.2%). There were 16.9% with a
familial relative risk between 1.0 and 1.99, 4.6% with a familial
relative risk between 2.0 and 2.99, and 1.3% with a familial
relative risk �3.0. Colonoscopy rates generally increased by
risk level, from 38.5% in those with a familial relative risk
�1.0 to 47.6% in those with a familial relative risk �3.0.

Screening/surveillance compliance rates using
colonoscopy according to adapted guidelines

We summarized colonoscopy screening compliance (Table
4) in a sample at normal or increased risk according to criteria
presented in Table 1. A total of 73,912 individuals aged 30
years or older with �1 risk factor were included in this analysis.
Among 55,646 considered at normal risk, 35.0% underwent
colonoscopy within the last 11 years. There were 529 with a
history of a surgical resection for CRC �18 and �191 months
ago, and among these, 40.1% had undergone colonoscopy
within 18 months after the resection date. Among 1273 indi-
viduals with a history of adenoma documented �6 years ago,
58.4% had colonoscopy within 6 years after polypectomy. The
higher set of criteria for increased risk based on a positive
family history of CRC is “1 affected first-degree relative diag-
nosed �60 years or �2 first-degree relatives of any age.” For
comparison with the view of risk presented in Table 3, individ-
uals with �1 affected first-degree relative diagnosed �60 years
of age would have a familial relative risk of 2.69 (95% confi-
dence interval [CI]: 2.43–2.96), and for those with two first-
degree relatives of any age, the familial relative risk is 3.01
(95% CI: 2.66–3.38). In the 2518 individuals aged 40 years or
older meeting the criteria, 38.6% were compliant with the
guideline within the last 6 years. For those younger than 40
years who met the criteria, 33.3% underwent colonoscopy
within the last 6 years. The lower set of criteria for increased
risk based on family history of CRC is “1 affected first-degree
relative diagnosed �60 years or 2 affected second-degree rel-
atives.” Once again, for comparison with Table 3, for those with

Table 1 Adaptation of American Cancer Society, the Multi-Society Task Force on CRC, and the American College of
Radiology (ACS–MSTF–ACR) joint screening/surveillance guidelines for early detection of colorectal adenomas and
cancer, for measuring compliance in study individuals

Risk factor
Inclusion criteria for measurement

of compliance Compliance criteria

Personal history of CRC CRC resection between 18 and 191
mo agoa

Colonoscopy within 18 mo after
resection

Personal history of adenoma Polypectomy �6 yr ago Colonoscopy within 6 yr after
polypectomy

One CRC affected first–degree relative �60 yr or
�2 affected first–degree relatives, any age

Proband �40 yr of age
OR
Proband age � (youngest affected

relative dx age � 10)

Colonoscopy within last 6 yr

One CRC affected first–degree relative �60 yr or
two affected second–degree relatives

Proband �40 yr of age Colonoscopy within last 11 yr

None Proband �50 yr of age
AND
No history of IBD

Colonoscopy within last 11 yr

aResection dates are available electronically farther back in time than colonoscopies. Patients with resections �191 mo ago have been excluded.
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Table 2 Baseline characteristics for a sample of study individuals, aged 50–90 yr, and the fractions with evidence of
colonoscopy in the last 10 yr

n (%)
% with colonoscopy

in last 10 yr Odds ratio
95% confidence

interval

Ages 50–90 yr 71,446 39.3

50–59 yr 25,374 39.0 1.00 (Reference)

60–69 yr 17,877 48.4 1.46 1.41–1.52

70–79 yr 15,577 38.2 0.96 0.93–1.00

80–90 yr 12,618 28.5 0.62 0.59–0.65

Sex

Male 31,609 (44.2) 41.0 1.00 (Reference)

Female 39,837 (55.8) 38.1 0.89 0.86–0.92

History of CRC

No 70,673 (98.9) 39.1 1.00 (Reference)

Yes 773 (1.1) 65.7 3.49 3.00–4.06

History of adenoma

No 65,610 (91.8) 35.4 1.00 (Reference)

Yes 5836 (8.2) 83.9 9.75 9.07–10.48

With 0 affected first–degree relatives 4974 (85.2) 84.2 9.86 9.11–10.66

With �1 affected first–degree relative 862 (14.8) 82.5 9.09 7.61–10.86

With 0 dx � age 50 yr 775 (89.9) 82.1 8.89 7.38–10.71

With �1 dx � age 50 yr 87 (10.1) 86.2 11.29 6.12–20.84

History of advanced adenoma

No 68,708 (96.2) 37.2 1.00 (Reference)

Yes 2738 (3.8) 93.9 26.40 22.54–30.91

With 0 affected first–degree relatives 2311 (84.4) 94.5 29.14 24.35–34.87

With �1 affected first–degree relative 427 (15.6) 90.9 17.31 12.43–24.10

With 0 dx � age 50 yr 377 (88.3) 90.2 16.15 11.48–22.73

With �1 dx � age 50 yr 50 (11.7) 96.0 38.41 9.31–158.42

CRC affected first–degree relatives

0 affected first–degree relatives 64,159 (89.8) 38.6 1.00 (Reference)

�1 affected first–degree relative 7287 (10.2) 45.6 1.40 1.33–1.47

With �1 dx � age 50 yr 632 (8.7) 48.9 1.53 1.31–1.79

With �1 dx age 50–59 yr 1155 (15.9) 50.6 1.64 1.46–1.84

With �1 dx age 60–69 yr 2064 (28.3) 46.9 1.47 1.35–1.61

Risk level

“Normal” risk: no CRC, no IBD, no adenoma, 0
CRC affected first–degree relatives, and
�1 CRC affected second–degree relative

55,646 (77.9) 34.1 1.00 (Reference)

“Increased” or “high” risk: CRC, IBD, adenoma,
�1 CRC affected first–degree relative, or
�2 CRC affected second–degree
relatives

15,800 (22.1) 57.8 2.74 2.64–2.84

Odds ratios are adjusted for age and sex.
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�1 affected first-degree relative diagnosed �60 years, the fa-
milial relative risk is 1.99 (95% CI: 1.90–2.09), and for those
with two affected second-degree relatives (in the absence of any
affected first-degree relatives), the familial relative risk is 1.20
(95% CI: 1.05–1.38). Among the 9002 who met the increased
risk criteria and who were also aged 40 years or older, 42.4%
underwent colonoscopy within the last 10 years.

We estimated the relative odds that individuals with a par-
ticular risk factor would be compliant with guidelines specific to
their risk level, compared with compliance in those at normal
risk with their appropriate guidelines, taking into account age
and sex (Table 4). The highest odds ratio (OR) was observed for
those with a history of adenoma �6 years ago (2.57, 95% CI:
2.29–2.89), and the lowest was observed in those meeting the
higher familial risk criteria (one CRC affected first-degree rel-
ative diagnosed �60 years or �2 first-degree relatives affected
at any age; OR � 1.25, 95% CI: 1.14–1.37). All groups at
higher risk had significant improvement in screening/surveil-
lance compared with the referent group.

DISCUSSION

We report an analysis of colonoscopy rates in those with, and
without, specific risk factors for CRC. Colonoscopy rates in the

last 10 years in a sample of individuals aged 50–90 years are
reported (Table 2). Almost half of individuals aged 60–69 years
had evidence of colonoscopy in the last 10 years, which is
consistent with national self-reported screening behavior statis-
tics.18,19 Colonoscopy rates declined in those older than 70
years. Comparisons between differences in 10-year colonos-
copy rates in those with and without risk factors in Table 2
should be interpreted with caution as some colonoscopies may
be for surveillance (in those with surgically resected CRC or
adenoma), others for screening, and others as part of diagnostic
or treatment processes. Based on data presented in Table 3, it is
clear that colonoscopy rates increase and then decline with age,
peaking in the 60–69 years age range. Published guidelines
recommend that individuals with a positive family history have
more frequent screening, compared with those with no familial
risk.8,11,12 Our analysis shows that although rates generally
increase with familial relative risk level, indicating that a pos-
itive family history has some effect on screening behavior in
this population, the increase does not reflect the increased
frequency recommended by the guidelines. For example, �40%
of those with one affected first-degree relative diagnosed �60
years or �2 first-degree relatives of any age had evidence of
colonoscopy within the last 6 years. In those with one affected
first-degree relative diagnosed �60 years or two affected second-
degree relatives, the percentage with evidence of colonoscopy
within the last 11 years was just �40%. Screening tests perform
better in populations where the prior probability of having disease
is higher. It would be expected that failure to comply with screen-
ing guidelines in populations at increased risk would have a dis-
proportionate negative effect on CRC prevention. If higher priority
were assigned to high-risk individuals out of compliance with
screening, the impact on prevention could be increased with a more
efficient outlay of scarce resources.

Colonoscopy rates are reported for a sample of individuals
aged 30–90 years according to risk factor-specific screening
recommendations adapted from well-accepted guidelines (Table
4). The rate of colonoscopies within 18 months after CRC
surgical resection (40.1%) and accompanying OR for surveil-
lance compliance compared with those at normal risk (1.27,
95% CI: 1.06–1.53) are lower than ideal. However, some pa-
tients with stage III and stage IV CRC may not have further
surveillance after resection because cancer care is a higher
priority. The colonoscopy rate within 6 years for those with
polypectomy (58.4%) and the accompanying OR (2.57, 95% CI:
2.29–2.89) are higher but still leave room for improvement.
Considering the influence of family history, the OR for the
lower level of familial risk (1.54, 95% CI: 1.46–1.61) is higher
than the OR for the higher level of risk (1.25, 95% CI: 1.14–
1.37). Based on a logistic regression model comparing the
higher level of family risk to the lower family risk and adjusting
for age and sex, P � 0.025. This difference contradicts the
assumption that those at higher risk would be screened more
frequently. A central finding is that the highest levels of risk
based on family history are not being screened according to the
frequency specified by guidelines, and it is particularly concern-
ing. Some studies have suggested that increased compliance
with family history is observed, but in this large dataset, the
opposite is observed. There does not seem to be a study design
reason to explain this finding, and we believe it may well be real
and should have impact on how physicians and others view
family history in gaining screening compliance.

What could potentially explain why colonoscopy rates are
not higher in those with risk factors, particularly a positive
family history? First, although a systematic review found spec-
ificity for self-reported family history to be consistently high

Table 3 Sample of study individuals, aged 50–90 yr,
with evidence of colonoscopy in the last 10 yr,
according to levels of familial relative risk (FRR) and age

n � 71,446 (%)
% with colonoscopy

in last 10 yr

FRR �1.0 55,138 (77.2) 38.5

Age 50–59 yr 20,470 (37.1) 37.6

Age 60–69 yr 13,938 (25.3) 47.2

Age 70–79 yr 11,739 (21.3) 37.6

Age 80–90 yr 8991 (16.3) 27.9

1.0 � FRR �2.0 12,070 (16.9) 40.5

Age 50–59 yr 3727 (30.9) 42.1

Age 60–69 yr 2933 (24.3) 51.1

Age 70–79 yr 2793 (23.1) 38.6

Age 80–90 yr 2617 (21.7) 28.6

2.0 � FRR �3.0 3306 (4.6) 47.5

Age 50–59 yr 955 (28.9) 53.7

Age 60–69 yr 811 (24.5) 57.8

Age 70–79 yr 802 (24.3) 42.8

Age 80–90 yr 738 (22.3) 33.3

FRR �3.0 932 (1.3) 47.6

Age 50–59 yr 222 (23.8) 55.0

Age 60–69 yr 195 (20.9) 55.4

Age 70–79 yr 243 (26.1) 49.8

Age 80–90 yr 272 (29.2) 34.2

Based on a logistic regression model adjusted for age and sex, the trend in
compliance with increasing FRR was significant at P � 0.001.
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(�90%), sensitivity was lower and more variable (40–90%)
depending on the cancer site.36 In addition, reporting accuracy
was not as high with respect to extended relatives compared
with the first degree. Second, at present, there are no standard-
ized system-wide efforts within Intermountain to obtain and
analyze family history and communicate risk to providers or
patients. This lack of awareness of risk would interfere with
appropriate application of risk-based screening guidelines. At
least one study has shown an inverse correlation between the
number of affected relatives and the accurate documentation of
family history in the medical record by the provider.37 The
implication is that a large family history requires more time to
collect taking up an unacceptable amount of the visit. Finally,
there may be a lack of provider awareness about the enhanced
screening recommendations for those at high risk. Our study
was unable to analyze the causes. In summary, colonoscopy
rates within the last 10 years in those with risk factors for CRC,
such as a previous diagnosis of CRC, adenoma, or a positive
family history, were higher than those without these risk factors.
Although colonoscopy rates in those with risk factors according
to guidelines were higher compared with rates for those without
the risk factors, efforts to improve compliance are still war-
ranted.

An important limitation of this analysis is that we are unable
to ascertain colonoscopies that were performed outside the
Intermountain system, which may have led to underestimating
screening rates by colonoscopy. The study attempted to mitigate
this by identifying individuals who had been seen in the system
recently and who also had evidence of being long-term users of
the Intermountain system; however, this does not guarantee that
all colonoscopies were performed within the system. Despite
this limitation, the numbers of individuals in this study were

sufficiently large that the results are nonetheless meaningful.
Although overall screening rates may have been improved by
considering other screening tests such as FOBT or sigmoidos-
copy, our analysis focused exclusively on colonoscopy, as is
recommended by the majority of the guidelines we used. Con-
sidering current practice trends and the fact that those with the
risk factors considered in this study are more likely to undergo
this procedure for screening/surveillance than other tests such as
FOBT, we believe this is justified. In addition, we had concerns
about completeness of FOBT and sigmoidoscopy data based on
the fact that they are often performed in the outpatient setting
and may not be as reliably documented electronically at Inter-
mountain as colonoscopies. As previously noted, it was difficult
to distinguish underlying reasons for colonoscopy. In terms of
the potential for bias, this would tend to overstate compliance
rates with guidelines. Screening and surveillance guidelines
provide a recommendation for each risk factor separately, and
this is how compliance was measured. Therefore, individuals
with more than one risk factor (e.g., a family history of CRC
and a personal history of the disease and resection) would be
represented in more than one category in the analysis. Also,
individuals with hereditary forms of the CRC such as Lynch
syndrome have not been excluded from our dataset because it is
difficult to reliably identify them. In a previous UPDB study,
the number of individuals meeting the Amsterdam I criteria was
estimated to be small (65/9458 cases or 0.7% of the cases), and
none had colonic polyposis consistent with the familial adeno-
matous polyposis syndrome.38

This analysis of screening and surveillance behavior through
colonoscopy addresses the limitations of similar studies includ-
ing small sample sizes, highly selective populations, and self-
reported family history and CRC screening. The quality and

Table 4 Colorectal cancer screening and surveillance compliance using colonoscopy according to risk-specific
guidelines and odds ratios for screening compliance through colonoscopy for individuals with CRC risk factors
compared with those at normal risk

n � 73,912
% compliant with screening/
surveillance by colonoscopy

Odds
ratioa

95% confidence
interval

Normal riskb 55,646 35.0 1.00 (Reference)

CRC surgical resectionc 529 40.1 1.27 1.06–1.53

Adenomad 1273 58.4 2.57 2.29–2.89

Higher familial riske 1.25 1.14–1.37

Probands �40 yr of age 2518 38.6

Probands �40 yr of age

Proband current age � (earliest affected
first–degree relative diagnosis � 10 yr)

66 33.3

Proband current age � (earliest affected
first–degree relative diagnosis � 10 yr)

237 NAf

Lower familial riskg 1.54 1.46–1.61

Probands �40 yr of age 9002 42.4

Probands �40 yr of age 501 NAf

aEach risk factor was modeled separately but in combination with variables for sex and age (�50 yr, 5 yr age groups from 50 to 90 yr).
b�50 yr of age, no CRC, no adenoma, no IBD, 0 affected first-degree relatives, and �1 affected second-degree relatives. Compliance: colonoscopy within last 11 yr.
cHistory of surgical resection for CRC �18 mo ago and �191 mo ago. Compliance: colonoscopy �18 mo after resection.
dHistory of adenoma �6 yr ago. Compliance: colonoscopy �6 yr after polypectomy.
eOne affected first-degree relative diagnosed �60 yr or �2 first-degree relatives any age. Compliance: colonoscopy within last 6 yr.
fScreening not indicated until age 40 yr.
gOne affected first-degree relative diagnosed �60 yr or two affected second-degree relatives. Compliance: colonoscopy within last 11 yr.
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depth of electronically available data on colonoscopy and risk
factors, and particularly the integration of electronic family
history data and cancer registry data in this study are particular
advantages contributing to this area of research.

This study demonstrates the feasibility to use data from
EMRs in combination with coded family history information to
assess risk. This has the potential to provide point-of-care
clinical decision support and “just in time” education to patients
and providers. Future efforts are being directed to create a CRC
family history risk algorithm within a patient-entered family
history tool deployed in our electronic patient portal. Once
deployed, this could allow combination of personal and family
history risk factors and facilitate the delivery of individualized
risk-based screening recommendations to both patients and pro-
viders, and the impact on compliance with recommended
screening could be assessed.
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