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Abstract

Background—The purpose of this communication is to estimate the expected magnitude of
error produced by uncontrolled confounding from health behaviors in observational medical
record-based studies evaluating effectiveness of screening colonoscopy.

Methods—We used data from the prospective NIH-AARP Diet and Health Study to assess the
impact of health behavior related factors (lifestyle, education, and use of non-steroidal anti-
inflammatory drugs [NSAID]) on the association between colonoscopy and CRC mortality. We
first examined the difference between adjusted and unadjusted results within the cohort data, and
then estimated a broader range of likely confounding errors based on the Breslow-Day approach
that uses prevalence of confounders among persons with and without exposure, and the rate ratio
reflecting the association between these confounders and the outcome of interest. As dietary
factors and habits are often inter-correlated, we combined these variables (physical activity, body
mass index, waist-to-hip ratio, alcohol consumption, and intakes of red meat, processed meat,
fiber, milk, and calcium) into a “healthy lifestyle score” (HLS).

Results—The estimated error (a ratio of biased-to-true result) attributable to confounding by
HLS was 0.959-0.997 indicating less than 5% departure from the true effect of colonoscopy on
CRC mortality. The corresponding errors ranged from 0.970 to 0.996 for NSAID, and from 0.974
to 1.006 for education (all <3% difference). The results for other CRC screening tests were
similar.

Conclusion—Health behavior-related confounders, either alone or in combination, seem
unlikely to strongly affect the association between colonoscopy and CRC mortality in
observational studies of CRC screening.

Corresponding author Michael Goodman, MD, MPH, Department of Epidemiology, Emory University School of Public Health, 1518
Clifton Rd., NE, Atlanta, GA 30322, Tel: 404.727.2734, Fax: 404.727.8737.
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INTRODUCTION

Colonoscopy is the most commonly used procedure for colorectal cancer (CRC) screening
in the US.1 Unlike other tests currently recommended for CRC screening,! 2 such as fecal
occult blood testing (FOBT)3-° and flexible sigmoidoscopy,5-8 its use is not currently
supported by evidence from randomized trials. Although randomized controlled trials of
screening colonoscopy are under way, their results will not be available until at least 2022—
2025.9-11 Therefore, in the foreseeable future, colonoscopy screening policy will be based
on evidence from observational studies, where unmeasured confounding is always a
concern,12-14

Lifestyle factors, such as physical activity, diet, and alcohol consumption are associated with
CRC incidence and, to a lesser extent, CRC mortality.1>17 Studies also show that use of
aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs) are associated with a
decrease in CRC incidence and mortality.18 Another factor demonstrably associated with
CRC mortality is education.1%-21 Lifestyle factors, NSAID use and education are also
presumed to be related to healthier behaviors that include screening practices, and for this
reason all three may act as confounders in the association between colonoscopy and
mortality.22-30 However, these variables are often not available in medical records.

The current study investigates to what extent unmeasured confounding by lifestyle-related
risk factors, education and the use of NSAIDs may affect the association between
colonoscopy and other CRC screening methods and mortality in observational studies.
These studies of this question should help future research, and may also be useful in
interpreting the previously published observational studies.13 2 31

METHODS

Overview

The three categories of possible confounders examined in the present study are lifestyle
(including diet and habits), education, and use of NSAID. As dietary factors and habits are
often inter-correlated, we combined there variables into a “healthy lifestyle score” (HLS).

The data for analyses came from the prospective NIH-AARP Diet and Health Study. We
first estimated the differences in results for crude, partially adjusted, and fully adjusted
models evaluating the association between colonoscopy and mortality within the NIH-
AARP cohort. This approach allowed us to assess the impact of confounding that is specific
to the NIH-AARP population.

To allow generalization of results beyond the NIH-AARP cohort we estimated a range of
likely confounding errors based on the Breslow-Day method.32 With the Breslow-Day
approach, magnitude of confounding error is calculated based on the difference in
prevalence of the confounder among persons with and without exposure of interest (denoted
P41 and Py, respectively), and based on the rate ratio (RRconfounder) reflecting the association
between the confounder and the outcome of interest (in this case CRC mortality). The input
parameters for these calculations were obtained from the NIH-AARP data. To provide a
range of possible confounding error we used the upper and lower 95% limits rather than
point estimates in all calculations.

Study Population

Established in 1995-1996, the prospective NIH-AARP Diet and Health Study mailed out 3.5
million questionnaires to persons between the ages of 50 and 71 years. The questionnaire
asked about demographic characteristics, diet, and other health related behaviors.33 A
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follow-up questionnaire that included questions on cancer screening practices was mailed in
1996-97 to 542,095 subjects who responded to the initial mail-out and 334,906 valid
questionnaires were returned.

We excluded cohort members if they: had questionnaires filled out by a proxy (n=10,383);
reported poor health (n=4,983) or a history of cancer (n=4,391); provided uninformative or
contradictory responses to the CRC screening questions (n=10,286); or had missing data on
lifestyle score factors (n=147,941) or aspirin/NSAID use (n=1,482). Thus, the final analytic
data set contained 155,440 subjects.

Data on Colorectal Cancer Screening

The NIH-AARP study collected information on whether, in the past three years, a
participant underwent testing for blood in the stool and if he or she had received any of the
following procedures: flexible sigmoidoscopy, colonoscopy, proctoscopy, or an endoscopy
of unidentified type.

These items were used to define a dichotomous variable “colonoscopy”, and two additional
derived variables categorized participants with respect to their receipt of “FOBT” and “any
CRC screening” procedure. Each screening procedure was compared to the “no screening”
reference category

Colorectal Cancer Deaths & Follow-up Time

Causes of death were ascertained by linking cohort data to the National Death Index through
December 31, 2008. Participants who died from CRC were identified using the International
Classification of Diseases 9" edition (ICD-9) codes 153.0-154.8 or ICD-10 codes C18.0-
C20.0 for underlying cause of death. The time under observation (mean=11 years) was
calculated by subtracting each subject’s date of return for the follow-up questionnaire from
the date of death, date of move outside of cohort residency, or December 31, 2008,
whichever was the earliest. A total of 602 cohort members died from CRC with a
cumulative 10-year mortality estimate of 0.4%, which is in agreement with national
estimates.34

Healthy Lifestyle Score

As lifestyle characteristics are often inter-correlated, we combined candidate variables into a
single a priori “healthy lifestyle score” (HLS) and used the resulting score as the confounder
of interest. The findings of the 2007 expert report issued jointly by the American Institute
for Cancer Research (AICR) and the World Cancer Research Fund (WCRF)® served as the
basis for selecting the candidate risk factors. The AICR/WCRF report identified ten
lifestyle-related factors for which the association with CRC incidence was deemed to be
“convincing” or “probable”. Nine of these factors — body mass index (BMI), waist-to-hip
ratio, intakes of alcohol, red meat or processed meat products, physical activity, and
consumption of milk, calcium and fiber — were incorporated into the HLS. Garlic intake was
also listed in the AICR/WCREF report, but was not included in the score because it was not
measured in the NIH-AARP questionnaire.

The nine variables were combined into a one-dimensional score, henceforth called the
“unweighted HLS”. Each of the nine components was divided into gender-specific quartiles
where the “healthiest” quartile of each variable (lowest for the detrimental factors and
highest for the beneficial factors) was given 4 points, and the “unhealthiest” quartile was
given 1 point. The HLS quartile cutoffs for each variable were based on the total study
population (n=304,863), not the analytical cohort (n=155,440), but the differences between
the two sets of cutoffs were minimal. The nine components were then summed to produce
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the overall unweighted score with a possible range from 9 through 36, where higher HLS
values were hypothesized to confer a lower risk of CRC.

For the alternative version of the score, henceforth called the “weighted HLS”, we combined
diet- and body composition-related variables into separate sub-scores and the two sub-scores
were then included along with physical activity into the overall HLS. With the exception of
physical activity, all other variables in the weighted HLS were expressed for each study
subject as the number of standard errors between the mean and the observed value. The
standardization was performed separately for men and women. The sex-specific
standardized variables for BMI and waist-to-hip ratio were summed to form the body
composition sub-score, multiplied by —1 to maintain consistent direction of the hypothesized
association, and the resulting sub-score was divided into quartiles. A similar approach was
used to develop a diet sub-score that was based on intakes of red and processed meat, milk,
calcium, fiber and alcohol. The standardized values for harmful factors (red and processed
meat, alcohol intake) were also multiplied by —1.

Statistical Analyses

To assess the impact of confounding on the association between colonoscopy and CRC
mortality specifically in the NIH-AARP cohort, we constructed Cox PH models that
evaluated this association in several ways: 1) without any adjustment, 2) adjusting for a
partial list of covariates that included age, sex and hormone replacement therapy use (HRT)
coded as a single three-category variable (male, female with HRT and female without HRT),
education, race, diabetes, family history of CRC), 3) by adding HLS, education, and NSAID
use to the model, and 4) by including all covariates in the model. Another set of analyses
was conducted for FOBT and for “any screening”.

Estimating Impact of Confounding using Breslow-Day method

Breslow and Day32 mathematically describe the effect of a dichotomous confounding
variable on the association between dichotomous exposure and outcome variables as:

« (1—P1)+P1 X RRuonfmmder
(1—.P(])+-P() X RR(:onfmmder

RRyjpsea=RRirye

In the above equation P and Pg are the proportions of subjects with the confounder among
the exposed and the unexposed, respectively; RRpiaseq denotes the risk or rate ratio that
would have been observed in a study that fails to control for the confounder of interest,
RRyre is the corresponding estimate that fully adjusts for that confounder; and RR¢onfounder
reflects the association between the confounder and the outcome of concern. The magnitude
and direction of error introduced by unaccounted confounding can be expressed as:

RRbia,sed: (1_P1)+P1 X RRconfounder (2)
RRtrue (1_P0)+P0 X RRconfounder’

Error=

When RRy,e=1, the entire observed association between exposure and outcome (RRpjased) iS
explained by confounding (Error = RRpjaseq)- If the confounder of interest is not
dichotomous, but is represented by an ordinal variable (e.g., divided into quartiles) the above
equation is extended as follows:
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RRpiased _ ( 1- P% — P:{ — lel) +P% X RRzonfounder +P% X RRZonfounder +P% X RR‘clonfounder
B - - 5
RRtrue ( 1- P% - Pg - P% ) +P% X RR?:onfoundcr +P8 X RRionfoundcr +Pé X RRgonfoundor

where the superscripts denote quartile-specific values of RRconfounder, P1 and Pg.

If the impact of an unmeasured confounder is unknown, one can calculate a plausible range
of confounding error expressed as the ratio RRpjased/RRirue OF SIMplY RRpjased (if RRirye 1S
assumed to be 1.0) by estimating a range of likely values for RR¢onfounder» P1 and Pg. In the
current study, the exposure of interest is colonoscopy, the outcome of concern is CRC
mortality and the confounders under consideration are a composite measure of lifestyle
termed the “healthy lifestyle score’ (HLS) and regular (at least weekly) use of NSAIDs. All
parameters and their ranges are estimated using the data from the NIH-AARP Diet and
Health Study cohort.

To obtain rate ratio estimates for the relation between HLS and CRC mortality (denoted
RRconfounder IN €quations 1, 2 and 3), we divided the un-weighted HLS into ordinal quartiles
and the weighted HLS into alternative non-quartile a priori cutoffs. For each HLS score, we
examined the association with CRC mortality using Cox proportional hazards (PH) models
that adjusted for age, sex, HRT, education, race, diabetes, family history of CRC, aspirin/
NSAID use and any CRC screening.3® Each RRonfounder €Stimate was accompanied by the
corresponding 95% confidence interval (Cl). All modeling was performed using SAS 9.2
statistical software, and all models were examined for PH assumptions, interactions,
collinearity, and goodness-of-fit.

We also obtained estimates of P4 and Pg (i.e., proportions of persons in each ordinal
category of HLS values among the colonoscopy screened and non-screened study subjects,
respectively) and their corresponding 95% Cls using OpenEpi statistical calculator.36 We
then used the upper and lower limits of the 95% CI for RR¢onfounder, @nd P1 and Pg estimates
to calculate a range of likely confounding errors introduced by HLS (equation 3) and by the
dichotomous aspirin/NSAID variable (equation 2). The same analyses were also performed
for FOBT and for “any screening”.

Assessment of confounding within the NIH-AARP cohort

As shown in Table 1, approximately 62% of study subjects were male, most cohort members
(95%) were whites, and 70% had at least some college education. About 70% of the analytic
cohort received at least one of the CRC screening tests. Notably, only 15% underwent a
colonoscopy within three years prior to questionnaire administration, which is in agreement
with national data.3’

The observed effects of confounding by HLS and NSAID use on the association between
colonoscopy and CRC mortality in NIH-AARP cohort were rather small. The unadjusted RR
for a Cox proportional hazards model comparing colonoscopy screening in the previous
three years to no screening was 0.465 (95% CI: 0.346-0.625). Controlling for all covariates
with the exception of HLS and NSAID use, produced a partially adjusted RR of 0.402 (95%
ClI: 0.297-0.545) indicating that colonoscopy was associated with a 60% reduction in CRC
mortality over 10 years. After including HLS into the model, the RR was 0.405 (95% CI:
0.299-0.549) and did not differ by HLS type (error 0.402/0.405=0.993). The results with
and without adjustment for NSAID use produced an identical error estimate. When adjusting
for both HLS and NSAID use, the error estimate was 0.990 (0.402/0.406). Analyses for
FOBT and “any screening” produced very similar results (data not shown).
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The individual components of the HLS and their association with colonoscopy are reported
in Tables 2 and 3. For the variables that make up the HLS, red meat consumption, fiber
consumption, and physical activity appeared to demonstrate the greatest differences by
colonoscopy status. More frequent NSAID use was also more common in colonoscopy-
screened study participants than in their non-screened counterparts.

The unweighted HLS was inversely associated with CRC mortality. When comparing the
“healthier” categories 20-22, 23-25 and 26+ to the reference category <20 the adjusted
RRconfounder Values (95% Cls) were 0.88 (0.71-1.09); 0.66 (0.52-0.82) and 0.57 (0.46-0.72)
respectively. The results for the weighted HLS were similar (Table 4). Regular (at least
weekly) NSAID use was also significantly associated with decreased CRC mortality
(RR=0.80; 95% Cl, 0.68-0.94).

Assessment of Confounding using Breslow-Day Method

As shown in Table 5, the plausible range of Breslow-Day error estimates (RRpjased/ RRtrue)
was generally small. In the analyses for HLS the the range of error was 0.960-0.995; and
0.959-0.997 for the unweighted and weighted score, respectively. These estimates remained
virtually the same when colonoscopy was replaced with “any screening” or FOBT. In the
analyses for NSAID use, the plausible range of error for the association between
colonoscopy and CRC mortality was between 0.970 and 0.996. The corresponding errors for
education ranged from 0.974 to 1.006. Assuming the confounding biases for HLS, aspirin/
NSAID use and education are independent and combine in a multiplicative fashion, the
RRpiased/RRitrue €stimates resulting from failure to control for all three factors would range
from 0.906 (0.959x0.970x%0.974) to 0.999 (0.997x0.996x1.006), which correspond to a
range of errors from 0.1% to 9.4%.

DISCUSSION

All calculated confounding error estimates in this study were small, and almost all in the
hypothesized direction. On balance, our data and the results reported by others16: 17, 38-40
indicate that it would take unrealistic differences between P; and Py and very pronounced
RRconfounder Values to produce a confounding error of substantial magnitude. For example,
for a dichotomous confounding factor to produce an error of 20%, assuming RR¢onfounder Of
0.7, Py of 10%, 20% and 30%, the factor would require P1—Pq differences of 65% (75%—
10%), 63% (83—-20%) and 61% (91%-30%), respectively. The same calculations for a much
stronger RRconfounder OF 0.5 would require the corresponding P1—Pg differences of 38%, and
36% and 34%, lower, but still clearly outside the realistically expected range.

Our analyses also showed that confounders such as age, sex, HRT, race, and family history
of CRC should always be considered because in the AARP data they changed the RR
estimate by 13.5% (from 0.465 to 0.402). It is important to point out, however, that in
contrast to HLS and NSAID use, these other factors are less likely to remain uncontrolled
because they usually can be ascertained from the medical records and/or most
questionnaires.

The main limitation of the current analysis is the large number of subjects excluded from the
original cohort because of missing information due to incompletely filled out study
questionnaires. It is important to note, however, that quartile cutoffs were based on the entire
underlying study population, and yet for all HLS components, except BMI, the final analysis
cohort was still divided into four almost equal groups, indicating that the loss of data may
have occurred at random.

J Med Screen. Author manuscript; available in PMC 2014 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Eldridge et al.

Page 7

Ascertainment of screening practices was limited to three years prior to questionnaire
administration, a feature that may have led to misclassification of screening status. Subjects
who underwent a colonoscopy or sigmoidoscopy within the recommended screening
timeframe, but outside the three-year window or were screened after the date of the
questionnaire would have been classified as unscreened, likely biasing our RR¢onfounder
estimates towards the null. The analysis for FOBT produced results with respect to the role
of confounding almost identical to those observed for colonoscopy. On the other hand, the
FOBT data in this study do not indicate whether the test was completed at home or at the
physician’s office (a previously common practice that is now deemed inadequate).

Another important limitation that may have affected the observed association between
colonoscopy and CRC mortality in the NIH-AARP study is exclusion of subjects with a
history of cancer. This may have exaggerated the protective effect of colonoscopy on CRC
mortality. It is unlikely, however, that this limitation affected the estimates of confounding
error, the main parameter of interest in this study.

In summary, we conclude that uncontrolled or unmeasured lifestyle-related confounders,
either alone or in combination, are unlikely to produce a large spurious association between
colonoscopy (or other methods of screening) and CRC mortality. Although limited to a
single, albeit large, national cohort, our conclusions about HLS and NSAID are reasonably
generalizable because we used the upper and lower 95% limits rather than point estimates in
all calculations, and because measures of association in our study are similar to those
reported elsewhere.14. 15, 23,27, 28, 32-34 |t appears that other sources of systematic error such
as non-random selection of participants or misclassification of screening status are of greater
concern than uncontrolled confounding in observational studies of colonoscopy.
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Vital status, demographic factors and medications among NIH-AARP cohort members with and without CRC

screening history

Variables of interest

Colorectal cancer screeningin past 3years

No screening (N=45,751)

Colonoscopy (N=22,780)

Any screening (N=109,689)

CRC Death
No

Yes

Age

<55

55-59
60-64
65-69

70+

Education”
<8 years
8-11 years
High school
Some college

College and post graduate

*
Race

White

Black

Hispanic

Asian

Pacific Islander
American Indian/Alaskan
Diabetes

No

Yes

Sex and HRT use
Male

Female never used HRT
Female used HRT
Aspirin or NSAID use
Never

Monthly

Weekly

Daily

N (column %)

45,517 (99.5)
234 (0.5)

6,917 (15.1)
10,879 (23.8)
12,886 (28.2)
13,603 (29.7)
1,466 (3.2)

2,159 (4.7)
9,286 (20.3)
5,175 (11.3)
11,056 (24.2)
17,081 (37.3)

43,174 (94.4)
922 (2.0)
700 (1.5)
459 (1.0)
42 (0.1)

95(0.2)

42,968 (93.9)
2,783 (6.1)

24,430 (53.4)
11,009 (24.1)
10,312 (22.5)

6,470 (14.1)
16,370 (35.8)
10,559 (23.1)
12,352 (27.0)

N (column %)

22,726 (99.8)
54 (0.2)

1,933 (8.5)
4,281 (18.8)
6,533 (28.7)
8,976 (39.4)

1,057 (4.6)

820 (3.6)
3,477 (15.3)
2,090 (9.2)
5,150 (22.6)
10,788 (47.4)

21,545 (94.6)
503 (2.2)
302 (1.3)
195 (0.9)
12 (0.1)
43(0.2)

21,088 (92.6)
1,692 (7.4)

15,834 (69.5)
2,496 (11.0)
4,450 (19.5)

3,072 (13.5)
6,747 (29.6)
4,939 (21.7)
8,022 (35.2)

N (column %)

109,321 (99.7)
368 (0.3)

11,715 (10.7)
22,775 (20.8)
31,968 (29.1)
38,946 (35.5)
4,285 (3.9)

3,631 (3.3)
16,184 (14.8)
10,331 (9.4)
24,514 (22.3)
53,027 (48.3)

103,915 (94.7)
2,247 (2.0)
1,451 (1.3)
1,037 (0.9)

69 (0.1)
192 (0.2)

101,700 (92.7)
7,989 (7.3)

72,507 (66.1)
13,507 (12.3)
23,675 (21.6)

12,910 (11.8)
34,276 (31.2)
25,252 (23.0)
37,251 (34.0)

*
Numbers do not add up to total due to missing values
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Lifestyle Score (LS) components expected to be associated with increased CRC risk among NIH-AARP
cohort members with and without colonoscopy screening history

Table 2

Score Variables (sex-specific cutoffs)*

Colonoscopy in past 3 years

No (N=45,751)

Yes (N=22,780)

BMI (kg/m?)

Upper 25% (>29.19 M, >29.29 F)
50-75% (26.58-29.19 M, 25.64-29.29 F)
25-509%(24.42-26.57 M, 22.74-25.63 F)
Lower 25% (< 24.41 M, <22.73 F)
Waist-to-hip ratio

Upper 25% (>0.99 M, >0.86 F)
50-75% (0.96-0.99 M, 0.82-0.86 F)
25-50% (0.92-0.95 M, 0.77-0.81 F)
Lower 25% (< 0.91 M, <0.76 F)

Red meat consumption (g/day)
Upper 25% (>109.3 M, >67.3 F)
50-75% (71.5-109.3 M, 42.0-67.3 F)
25-50% (43.1-71.4 M, 23.7-41.9 F)
Lower 25% (<43.0 M, 23.6 F)
Processed meat consumption (g/day)
Upper 25% (>34.8 M, >18.3 F)
50-75% (19.2-34.8 M, 9.4-18.3 F)
25-50% (9.8-19.1 M, 4.4-9.3 F)
Lower 25% (<9.7 M, <4.3 F)

Alcohol consumption (g/day)

Upper 25% (>18.3 M, >5.7 F)
50-75% (4.8-18.3 M, 1.2-5.7 F)
25-50% (0.7-4.7 M, 0.1-1.1 F)

Lower 25% (<0.6 M, 0.0 F)

N (row %) N (row %)
10,150 (65.9) 5,258 (34.1)
10,751 (65.4) 5,695 (34.6)
12,313 (67.1) 6,036 (32.9)
12,537 (68.4) 5,791 (31.6)
11,877 (66.1) 6,100 (33.9)
11,457 (66.4) 5,792 (33.6)
11,379 (67.1) 5,579 (32.9)
11,038 (67.5) 5,309 (32.9)
12,590 (70.6) 5,229 (29.4)
11,907 (67.9) 5,626 (32.0)
11,132 (64.6) 6,088 (35.4)
10,122 (63.4) 5,837 (36.6)
11,921 (68.2) 5,545 (31.8)
11,678 (67.0) 5,759 (33.0)
11,488 (66.6) 5,754 (33.4)
10,664 (65.1) 5,722 (34.9)
11,772 (66.2) 6,004 (33.8)
11,041 (65.4) 5,833 (34.6)
11,098 (66.5) 5,585 (33.5)
11,840 (68.8) 5,358 (31.2)

*
M = males, F = females
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Lifestyle Score (LS) components expected to be associated with decreased CRC risk among NIH-AARP

Table 3

cohort members with colonoscopy screening history

Score Variables (sex-specific cutoffs)*

Colonoscopy in past 3years

No (N=45,751)

Yes (N=22,780)

Physical activity**

Never or Rarely

1-3 Hours per Week

4-7 Hours per Week

>7 Hours per Week

Milk consumption (g/day)

Lower 25% (< 69 M, <49 F)
25-50% (70-173 M, 49-150 F)
50-75% (174-367 M, 151-332 F)
Upper 25% (>367 M, >332 F)
Calcium intake (mg/day)

Lower 25% (<585 M, <514 F)
25-50% (586-769 M, 515-690 F)
50-75% (770-1036 M, 691-943 F)
Upper 25% (>1036 M, >943 F)
Fiber intake (g/day)

Lower 25% (<15.8 M, <13.4 F)
25-50% (20.3-15.9 M, 17.2-13.5F)
50-75% (20.4-26.0 M, 21.8-17.3 F)
Upper 25% (>26.0 M, >21.8 F)

N (row %) N (row %)
10,895 (69.2) 4,840 (30.8)
11,528 (67.2) 5,637 (32.8)
11,643 (64.7) 6,350 (35.3)
11,685 (66.2) 5,953 (33.8)
11,867 (68.8) 5,375 (31.2)
11,282 (65.3) 6,000 (34.7)
11,294 (65.7) 5,896 (34.3)
11,308 (67.2) 5,509 (32.8)
12,114 (68.5) 5,557 (31.5)
11,548 (66.0) 5,935 (34.0)
11,321 (65.9) 5,861 (31.1)
10,768 (66.5) 5,427 (33.5)
12,455 (71.0) 5,098 (29.0)
11,299 (66.5) 5,681 (33.5)
10,969 (64.9) 5,923 (35.1)
11,028 (64.5) 6,078 (35.5)

*
M = males, F = females

*%

The same cutoffs used for males and females
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Table 4

RRconfounder eStimates reflecting the relation of confounding factors of interest (Lifestyle Score and aspirin/
NSAID use) to CRC mortality

Confounders of interest Deaths Person-Years RRconfounding (95% Cl)

Unweighted HLS

<20 188 414,127 1.0 (ref)
20-22 166 411,725 0.88 (0.71-1.09)
23-25 126 417,459 0.66 (0.52-0.82)
26+ 122 457,881 0.57 (0.46-0.72)
Weighted HLS

<6 126 255,722 1.0 (ref)
6-7 189 480,307 0.81 (0.65-1.01)
8-9 190 566,170 0.69 (0.55-0.87)
10+ 97 398,994 0.50 (0.38-0.65)
Education

High School or less (<12 yrs.) 199 511,933 1.0 (ref)

At least some college (>12 yrs.) 386 1,157,041 0.91 (0.77-1.08)
At least weekly Aspirin/NSAID use

No 301 770,847 1.0 (ref)
Yes 301 930,346 0.80 (0.68-0.94)"*

*
Adjusted for age, sex/HRT, education, race, diabetes, family history of CRC, history of screening and aspirin or NSAID use

*

*
Adjusted for age, sex/HRT, education, race, diabetes, family history of CRC, history of screening and HLS
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