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Abstract
Background: Several studies have found that Hispanics and non-Hispanic blacks have statistically
significantly higher adjusted OR for cancer screening tests compared to non-Hispanic whites, even though
their crude percentages were lower than, or about equal to, those for the non-Hispanic whites. Most
documentation is for mammography. This article investigates the prevalence of such unadjusted-to-adjusted
"reversed associations" (RA) for Pap, colorectal, and prostate testing. We also investigate large percent
changes (LPC) to the unadjusted ORs.
Methods: Data were from the 2004/2006/2008 Behavioral Risk Factor Surveillance System (BRFSS) and the
2000/2003/2005/2008 National Health Interview Survey (NHIS). Analyses used a consistent set of covariates.
Results: RAs were more common for non-Hispanic blacks than Hispanics, but Hispanics had a greater
number of LPCs. RAs and LPCs occurred more often for Pap testing than colorectal and prostate testing.
However, results from the BRFSS and NHIS were often not consistent.
Conclusions: Attention should be given to the National Breast and Cervical Cancer Early Detection
Program, as well as public programs addressing other cancers, as possible contributors to RAs and LPCs.
Hispanics may show more RAs in analyses of future data. Discrepancies between the BRFSS and the NHIS
also must be recognized and explained.
Impact: This research highlights the need for vigilance regarding the results of analyses to identify race/
ethnicity as a correlate of cancer screening. Results also direct attention to aspects of the results of multivariable analysis other than ORs and confidence intervals. Cancer Epidemiol Biomarkers Prev; 20(5); 876–89.
Ó2011 AACR.

Introduction
Public health initiatives to reduce the morbidity
and mortality burden of cancer rely heavily on accurate
epidemiologic surveillance to identify groups with underutilization of effective screening techniques (1). Surveillance of underserved groups is typically a combination of
univariate (unadjusted) and multivariable (adjusted)
analyses. Univariate analyses examine independent
variables separately against screening status, and are
followed by multivariable, adjusted analyses. Advocacy
draws on these data to specify priority populations for
access-enhancing programs to screening and timely
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treatment. Continued surveillance tracks these groups
over time, and monitors whether new underserved
groups emerge. Other research identifies barriers to,
and facilitators of utilization (2, 3).
Logistic regression has been the usual method for
conducting adjusted analyses to identify correlates of
utilization, because screening status is often a dichotomous or ordinal variable (e.g., adherent versus nonadherent; adherent versus screened but nonadherent
versus never screened). The most general use of multivariable analysis is simply to find which covariates
retain statistically significant associations with screening
status, but with no a priori focus on a particular variable.
Primary interest is in the "story told" by the significant
and nonsignificant covariates, and how the significant
covariates inform advocacy and more targeted followup research.
A second, more focused, purpose of multivariable
analysis is examining the importance of a specific variable (e.g., having a primary care provider), or a category
of variables (e.g., access to health care). The remaining
covariates serve as statistical controls or confounders to
investigate whether the disparity continues even after
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adjustment. This second purpose has typically had either
of 2 outcomes. One is that the variable(s) of interest can
continue to be associated with lower screening. This
result supports the need for advocacy via targeted programs and policies by providing evidence for the continued existence of the disparity, and encourages a
continued search for the factors causing it. Alternately,
a disparity at the univariate level may be eliminated.
In this instance, the implication is that equalizing groups
on one or more of these covariates, or finding ways
to circumvent those barriers, could act to remove the
disparity. Again, objectives of public health advocacy are
served.
Nonetheless, the issue of interpretability of multivariable analysis is crucial. Multivariable analysis is neither
a panacea nor infallible. Anomalies or unanticipated
aspects of a database can produce unexpected, even
confusing results. The purpose of this article is to
further investigate one such potentially confusing phenomenon; that is, the existence of "reversals of association" (RA) and the often accompanying large percent
changes (LPC) to the unadjusted ORs for nonwhite
racial/ethnic groups in studies of the correlates of
cancer screening utilization. An earlier article about
mammography (4) found a large number of RAs and
LPCs in multiple years of the Behavioral Risk Factor
Surveillance System (BRFSS) and the National Health
Interview Survey (NHIS). In its most extreme form,
a "reversed association" occurred when a non-white
racial/ethnic group had a statistically significant, lower
univariate OR than non-Hispanic whites, but had a
multivariable adjusted OR (AOR) greater than 1.00
which achieved statistical significance. In less extreme
form, a nonstatistically significant univariate OR for a
non-white racial/ethnic group became statistically
significantly higher after adjustment. Both outcomes
indicate higher estimated mammography screening for
non-white groups after adjustment, which differs from
what would be expected based on longstanding racial/
ethnic disparities in health behaviors and health status.
These 2 outcomes were often accompanied by LPCs
when comparing the unadjusted ORs to the adjusted
ORs (AOR). For example, Hispanic women had percent
changes to the unadjusted ORs for mammography
ranging from 55% to 84% (4). Another feature accompanying RAs was that the predicted estimates of mammography for non-white groups were higher than the
predicted estimates for non-Hispanic white women,
reflecting the fact that the AOR for a non-white group
was greater than 1.00. Predicted mammography rates
have not usually been reported in studies of cancer
screening correlates, but can be calculated based on
the AORs.
The focus of this article is on cervical, colorectal, and
prostate cancer testing. Our "facts" about the existence
of disparities are a product of epidemiologic surveillance. Public health policies, resource allocation, and
access-enhancing programs are based on that informa-
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tion. The presence of RAs can complicate this process
because RAs are outcomes of analyses, not explanations
for why the phenomenon occurs. It is important to know
whether RAs and LPCs for race/ethnicity exist more
broadly than for mammography. Some reports have
found indications of reversed associations for Pap
and colorectal testing (5–10). However, covariates used
in multivariable analyses differ across studies and
unadjusted ORs were often not reported, thereby limiting the ability to determine the extent of possible RAs
and LPCs. The existence of LPCs can be important.
If a racial/ethnic group’s utilization is very discrepant
compared to non-Hispanic whites, a statistically significant reversal is not always realistically possible;
the disparity is too large, despite an LPC to the OR.
However, if utilization rates rise and racial/ethnic
groups’ rates converge in coming years, especially for
colorectal and prostate testing, the possibility of a reversal also increases. This anomalous situation will seem
to have emerged unexpectedly for epidemiologic surveillance, when in fact it was in-process for some time,
and could have been anticipated by looking for LPCs.
Classification of reversals of association and large
percent changes
This article uses the following definitions in the Results
and Discussion sections for RAs and LPCs. The definitions below assume that the AOR for a given racial/
ethnic group is being compared to their unadjusted OR,
with non-Hispanic whites (whites) as the reference
group.
Reversed associations
We distinguish 2 types of RAs. Type 1 RAs and type 2
RAs each have an AOR for a racial/ethnic group that
indicates a statistically significant, higher estimated
screening rate compared to whites. Type 1 and type 2
RAs differ based on their unadjusted ORs. A type 1 RA has
an unadjusted OR that is statistically significantly lower
than whites. The type 2 RA has an unadjusted OR that is
not significantly different from whites.
Neither RA outcome is better than the other; each
simply reflects a particular outcome of analysis. Type 1
and 2 RAs may or may not also be accompanied by an
LPC (as defined below) from the unadjusted OR to the
AOR.
Large percent changes
To our knowledge there is no criterion for what constitutes a "large percent change" to the unadjusted OR
when compared to the AOR. An individual variable is
often considered a "confounder," and included in multivariable analyses, if it changes the unadjusted OR of a
variable of interest (e.g., race/ethnicity) by 10% or more.
This strategy has been referred to as the change-in-estimate criterion (11). We will therefore consider a multivariable, fully-adjusted change of 50% or more to the
unadjusted OR to be an LPC.
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Methods
Data sources
Our analyses used the 3 most recent BRFSS and NHIS
surveys with the necessary questions to create the dependent and independent variables of interest. The 2004,
2006, and 2008 BRFSS were used, as were the 2000 (for
Pap test only), 2003, 2005, and 2008 NHIS. Sample sizes
differed for the Pap, colorectal, and prostate analyses due
to gender-specificity of the tests, age guidelines, and the
BRFSS and NHIS sample sizes in those years. Tables 1, 3,
and 5 include the analytic sample sizes.
Behavioral Risk Factor Surveillance System
The BRFSS is a collaboration between the Centers for
Disease Control and Prevention (CDC) and each state and
affiliated United States territory (12). It is an annual
telephone survey of the adult noninstitutionalized population, conducted continuously throughout the year,
using disproportionate stratified random sampling
(12). States are responsible for conducting their surveys,
directly or by contract. Only landline phones were used
until 2008, when a pilot project with 18 states also collected data from cell phones (13).
Public use data sets were downloaded (14). Beginning
in 2000, the Women’s Health module (for mammography
and Pap testing) became a BRFSS core module only in
even-numbered years. Colorectal and prostate testing are
also assessed in the cores of even-numbered BRFSS years.
The weighting formula for sampled persons is identical
across states, so data can be aggregated to produce
national-level estimates. The state-level median response
rate has been gradually decreasing, from 63.2% in 1996 to
53.3% in 2008, (15, 16) reflecting the general trend of lower
response to phone surveys (1).
National Health Interview Survey
The NHIS is conducted by the U.S. Bureau of the
Census. It is an annual in-person household interview
of the civilian, noninstitutionalized population conducted continuously throughout a calendar year. The
NHIS has a complex sampling design based on stratification, clustering of samples, and multistage sampling (17,
18). Response rates to the Adult module have remained
relatively high, compared to surveys that rely on telephone-based recruitment, ranging from 69.6% (1999) to
74.2% (2008) (19, 20).
Public use data sets were downloaded (21). Because
each of the questions required for determining screening were not asked each year, we used the 2000, 2005,
and 2008 NHIS for the Pap test analyses and the 2003,
2005, and 2008 data for the colorectal and prostate
analyses.
Dependent variables
The BRFSS uses predetermined categories to assess
a respondent’s most recent examination, while the
NHIS allows specific month/year recall with defaults
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to predetermined categories if the person cannot recall
exactly. All data are self-report.
Pap testing
The analysis sample comprised women aged 40 to 69,
without a hysterectomy. Three years is the longest interval specified for women younger than 70 years, by groups
that recommend guidelines (22, 23). Age 40 was chosen so
that the focus of all three screening tests for this article
would be on middle-aged and older adults. Age 69 was
the upper bound because screening guidelines for older
women can have substantial leeway based on sexual
history and prior Pap test results, and neither the BRFSS
nor the NHIS have the necessary questions to make that
determination. The dependent variable is coded as Pap
testing: "1" within 3 years, versus "0" more than 3 years/
never/don’t know/refused.
Prostate testing
The analysis sample was men aged 50 and older. The
benefit/cost tradeoffs of routine prostate testing continue to be reviewed (24–26), even though there is a
substantial morbidity and mortality burden from prostate cancer. This uncertainty therefore provided an
opportunity to investigate RAs and LPCs in a context
of no mandate for routine testing. A 2-year time frame
seemed more reasonable than a 1-year interval, allowing some leeway for provider-patient discussion. The
BRFSS asked about both prostate-specific antigen (PSA)
testing and digital rectal examination (DRE). The NHIS
asked only about PSA testing. The dependent variable
for the BRFSS is coded as "1" PSA test and/or DRE
within 2 years, versus "0" neither PSA test nor DRE
within 2 years/never/don’t know/refused. The dependent variable for the NHIS is coded as "1" PSA test
within 2 years, versus "0" no PSA within 2 years/never/
don’t know/refused.
Colorectal testing
The analysis sample was men and women aged
50 and older. Both surveys asked about fecal occult
blood testing (FOBT). In 2004 and 2006, the BRFSS asked
about sigmoidoscopy and colonoscopy together, so that
the 5-year (sigmoidoscopy) versus the 10-year (colonoscopy) interval could not be differentiated. The 2004 and
2006 BRFSS are coded as "1" FOBT within past year
and/or sigmoidoscopy/colonoscopy within 10 years,
versus "0" FOBT not within past year and sigmoidoscopy/colonoscopy not within 10 years/never/don’t
know/refused.
All 3 NHIS surveys and the 2008 BRFSS asked about
sigmoidoscopy and colonoscopy separately. The dependent variable for all NHIS surveys and the 2008 BRFSS is
coded as "1" FOBT within past year and/or sigmoidoscopy within 5 years or colonoscopy within 10 years,
versus "0" FOBT not within past year and sigmoidoscopy
not within 5 years and colonoscopy not within 10 years/
never/don’t know/refused.
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Superscripts to adjusted ORs indicate presence of reversed associations (RA1, RA2) and/or large percent changes (LPC) to the unadjusted ORs.
RA1: Unadjusted OR statistically significantly lower than whites; adjusted OR statistically significant, higher estimated screening rate compared to whites.
RA2: Unadjusted OR not significantly different from whites; adjusted OR statistically significant, higher estimated screening rate compared to whites.
LPC: The multivariable, fully-adjusted change from the unadjusted OR is 50% or more.
b
Analysis sample sizes are shown in the box with each survey year. Analyses incorporated adjustments for sampling.
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Non-Hispanic
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Hispanic
All other

Univariate OR
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%
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Table 1. Three-year Pap testing in the BRFSS and NHIS (women aged 40–69, no hysterectomy): univariate and multivariate design-adjusted
ORs and 95% CIs for race/ethnicity, and percent change to the unadjusted ORsa,b
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Independent variables
The univariate and multivariable analyses used the
same independent variables in each survey, with gender
added for the colorectal analyses. Except for income and
age as noted below, each independent variable had the
same categories for each screening domain, across each
BRFSS and NHIS survey.
Race/ethnicity was defined as: non-Hispanic white
(white: reference group), non-Hispanic black (black),
Hispanic, and non-Hispanic Other (NHO). The common
set of 7 covariates for each screening domain were: age,
income, education, insurance status, marital status, usual
source of care, and Census region of the country. Age was
coded into 5-year age groups within the age range for
each domain of testing. Income was coded in the 2004 and
2006 BRFSS as DK/refused; less than $20,000; $20,000 to
$34,999; $35,000 to $49,999; and $50,000 or more (reference group). Due to available coding categories, income
in the 2004 and 2006 NHIS was grouped as DK/refused,
less than $20,000; $20,000 to $34,999; $35,000 to $54,999;
and $55,000 or more (reference group). Because of
changes in income categories, the 2008 BRFSS and NHIS
income codes were DK/refused, less than $35,000;
$35,000 to $49,999; $50,000 to $74,999; and $75,000 or
more (reference group). Education was coded as less than
high school, high school graduate/GED, some college,
college graduate (reference group). Insurance status was
dichotomized as noninsured versus insured (reference
group). Usual source of care was coded as having no
regular source of care versus having one or more sources
(reference group). Marital status was coded as never
married, previously married (widowed/separated/
divorced), and married/partnered (reference group).
Region was from the 4 primary Census regions, west,
midwest, south, northeast (reference group).
Analysis plan
To account for the probability-based, complex NHIS
and BRFSS sampling designs (multiple stages of sampling, stratification, and clustering), and to produce
nationally representative estimates, all analyses used
SAS-callable SUDAAN (27).
Documenting "reversal" of association
The procedure used by Rakowski and colleagues for
mammography (4) was used in each survey, for each
dependent variable. First, single-variable logistic regressions were computed to obtain the univariate, unadjusted
Ors, and 95% CIs for race/ethnicity with Pap, prostate,
and colorectal testing. Multivariable logistic regression
was then used for an omnibus analysis with race/ethnicity and all covariates, to derive the fully-adjusted ORs
and 95% CIs. A comparison between the univariate and
multivariable ORs and 95% CIs determined whether an
RA and/or an LPC occurred for one or more racial/ethnic
groups. Percent change between the unadjusted and
adjusted ORs was calculated as [(adjusted OR  unadjusted OR)/unadjusted OR]  100. The omnibus multi-

880

Cancer Epidemiol Biomarkers Prev; 20(5) May 2011

variable results also provided predicted prevalence
estimates of Pap, prostate, and colorectal testing for each
racial/ethnic group.
Investigating variables producing a reversal
The omnibus multivariable regression for a dependent
variable (Pap, colorectal, or prostate) was followed
by 3 sequences of variable-by-variable analyses. Each
sequence of analyses identified the order in which independent variables produced changes to the OR for a
particular racial/ethnic group. All non-white groups
were included in each sequence of analyses, but the focus
was on the ORs for blacks, Hispanics, and NHOs, respectively. There were multiple steps within each sequence of
analyses. In the first analysis sequence, directed at ORs
for Blacks, each of the other independent variables was
entered individually with race/ethnicity, and the variable producing the greatest change to the unadjusted OR
for blacks was selected. That variable was then paired
with race/ethnicity and the process was repeated with
the remaining independent variables. The next variable
producing the greatest percent change for blacks was
chosen, creating a triad of covariates, and the process was
repeated in turn with the remaining variables (the last
step therefore replicated the omnibus multivariable analysis).
This sequence of analyses was repeated twice more,
focusing next on OR changes for Hispanics and then for
NHOs. The result, for each racial/ethnic group, was a
listing of the changes to the OR that each independent
variable produced at the step of analysis that it was
selected.

Results
Results are discussed for Hispanics and blacks compared to whites, and focus on the presence of RAs and
LPCs, variable-by-variable changes to the ORs, and differences between unadjusted and predicted screening
rates. There was no evidence of RAs or LPCs for NHOs.
However, NHOs had statistically significant lower utilization compared to whites in all 18 analyses (3 test
domains  6 surveys per test), a finding that must be
recognized in its own right.
Pap testing
Table 1 presents the unadjusted and fully-adjusted
results for race/ethnicity. Superscripts denote when a
result is an RA and/or an LPC. Table 2 shows the
variable-by-variable results for each survey. The top rows
in Table 2, for blacks and Hispanics, match their unadjusted ORs in Table 1. The bottom rows match their fullyadjusted ORs in Table 1.
Behavioral Risk Factor Surveillance System. The
unadjusted screening rates in 2004 and 2008 for black
women did not differ significantly from white women.
However, the adjusted analyses indicated significantly
higher screening than whites, so that both were type 2
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Table 2. Covariates contributing to changes from univariate to multivariable adjusted odds ratios, for
3-year Pap testing, for Hispanic and non-Hispanic black women in the BRFSS and NHIS (limited to women
age 40–69)a,b
2004 BRFSS
Covariate

OR (95% CI)

Non-Hispanic black
Income
Insurance
Marital status
Education
Region
Usual source of care
Age

1.03
1.50
1.57
1.64
1.69
1.68
1.67
1.61

2006 BRFSS
% Change Covariate

OR (95% CI)

2008 BRFSS
% Change Covariate

OR (95% CI)

% Change

(0.87–1.21)
(1.26–1.79)
(1.30–1.89)
(1.35–1.98)
(1.39–2.04)
(1.38–2.04)
(1.36–2.04)
(1.32–1.97)

–
45.6
4.7
4.5
3.0
0.6
0.6
3.6

Non-Hispanic black
Income
Marital status
Insurance
Education
Region
Usual source of care
Age

(1.04–1.40)
(1.46–1.98)
(1.58–2.13)
(1.69–2.32)
(1.80–2.48)
(1.82–2.53)
(1.84–2.58)
(1.77–2.49)

–
41.7
7.6
8.2
6.6
1.9
1.4
3.7

Non-Hispanic black
Income
Marital status
Education
Insurance
Usual source of care
Age
Region

(0.92–1.18)
(1.25–1.62)
(1.32–1.73)
(1.38–1.82)
(1.43–1.90)
(1.41–1.89)
(1.36–1.83)
(1.31–1.77)

–
36.5
6.3
5.3
3.8
1.2
3.1
3.8

Hispanic
0.71 (0.59–0.86)
Income
1.16 (0.95–1.41)
Usual source of care 1.53 (1.23–1.90)
Education
1.78 (1.41–2.25)
Insurance
1.88 (1.47–2.39)
Region
1.90 (1.49–2.42)
Marital status
1.88 (1.48–2.40)
Age
1.74 (1.37–2.22)

–
63.4
31.9
16.3
5.6
1.1
1.1
7.4

Hispanic
0.81 (0.69–0.97)
Insurance
1.26 (1.04–1.51)
Education
1.66 (1.43–1.94)
Usual source of care 1.97 (1.59–2.42)
Income
2.14 (1.74–2.64)
Marital status
2.12 (1.72–2.61)
Region
2.08 (1.69–2.56)
Age
1.98 (1.61–2.44)

–
55.6
31.7
18.7
8.6
0.9
1.9
4.8

Hispanic
0.74 (0.65–0.85)
Education
1.13 (0.97–1.32)
Usual source of care 1.47 (1.24–1.73)
Income
1.68 (1.41–1.99)
Insurance
1.80 (1.50–2.15)
Region
1.86 (1.55–2.22)
Marital status
1.83 (1.53–2.18)
Age
1.72 (1.44–2.06)

–
52.7
30.1
14.3
7.1
3.3
1.6
6.0

2000 NHIS
Covariate

OR (95% CI)

Non-Hispanic black
Income
Marital status
Education
Insurance
Region
Usual source of care
Age

0.83
1.13
1.23
1.38
1.45
1.50
1.50
1.41

1.20
1.70
1.83
1.98
2.11
2.15
2.18
2.10

2005 NHIS
% Change Covariate

OR (95% CI)

(0.68–1.02)
(0.90–1.42)
(0.98–1.56)
(1.08–1.75)
(1.13–1.84)
(1.17–1.93)
(1.15–1.94)
(1.08–1.83)

–
36.1
8.8
12.2
5.1
3.4
0.0
6.0

Non-Hispanic black
Income
Education
Marital status
Region
Insurance
Usual source of care
Age

Hispanic
0.58 (0.46–0.73)
Education
0.82 (0.63–1.06)
Insurance
1.01 (0.77–1.33)
Usual source of care 1.08 (0.81–1.43)
Income
1.11 (0.84–1.48)
Region
1.13 (0.85–1.51)
Marital status
1.14 (0.85–1.52)
Age
1.11 (0.83–1.48)

–
41.4
23.2
6.9
2.8
1.8
0.9
2.6

Hispanic
0.65 (0.53–0.81)
Education
0.93 (0.74–1.17)
Insurance
1.15 (0.90–1.46)
Marital status
1.18 (0.92–1.50)
Usual source of care 1.20 (0.93–1.54)
Income
1.21 (0.95–1.54)
Region
1.19 (0.93–1.52)
Age
1.12 (0.87–1.45)

0.80
1.08
1.16
1.26
1.34
1.38
1.40
1.30

(0.64–0.997)
(0.85–1.38)
(0.91–1.48)
(0.98–1.62)
(1.05–1.72)
(1.07–1.78)
(1.08–1.81)
(1.00–1.69)

1.04
1.42
1.51
1.59
1.65
1.63
1.58
1.52

2008 NHIS
% Change Covariate

OR (95% CI)

% Change

–
35.0
7.4
8.6
6.3
3.0
1.4
7.1

Non-Hispanic black
Income
Insurance
Marital status
Education
Region
Age
Usual source of care

(0.80–1.41)
(1.10–1.97)
(1.16–2.10)
(1.18–2.20)
(1.22–2.34)
(1.21–2.33)
(1.17–2.27)
(1.12–2.18)

–
38.7
6.1
3.2
5.0
1.2
2.4
4.3

–
43.1
23.7
2.6
1.7
0.8
1.7
5.9

Hispanic
0.67 (0.52–0.87)
Insurance
0.94 (0.70–1.25)
Education
1.14 (0.83–1.57)
Income
1.20 (0.87–1.65)
Usual source of care 1.23 (0.88–1.72)
Marital status
1.23 (0.88–1.72)
Age
1.18 (0.84–1.66)
Region
1.13 (0.81–1.58)

–
40.3
21.3
5.3
2.5
0.0
4.1
4.2

1.06
1.47
1.56
1.61
1.69
1.67
1.63
1.56

a

The "OR" columns show the progression of the OR from the prior step, for the specific racial/ethnic group, as the next covariate was
added to the model.
b
The "% Change" columns show the change to the OR from the prior step of analysis, for the specific racial/ethnic group, as the next
covariate was added to the model.

RAs. In 2006, black women had a significantly higher
unadjusted rate of Pap testing than white women, but
there was still an LPC of 75%. All 3 AORs for black
women indicated significantly higher Pap testing compared to whites. The PCs to their unadjusted ORs ranged
from 46% to 75%.
Hispanic women had type 1 RAs and LPCs in all 3
years. Their unadjusted ORs indicated significantly lower
Pap testing than white women, but their AORs indicated
significantly higher estimated rates. The PCs for Hispanic

www.aacrjournals.org

women’s ORs to AORs ranged from 132% to 145%, the
largest in any analyses.
Predicted Pap testing rates for Hispanics after adjustment were an absolute 6.1% to 8.0% higher than their
unadjusted rates across survey years, compared with
being 2.2% to 2.9% higher for black women.
National Health Interview Survey. The unadjusted
ORs for black women generally indicated nonsignificant
differences compared to white women in all 3 years,
though trending lower in 2005. However, their AORs
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were significantly higher than whites in all 3 years, with
PCs ranging from 47% to 69%. As a result, there was a
type 2 RA and LPC in 2000, an LPC in 2005, and a type 2
RA in 2008. However, noted below, age affected the
analysis for black women in 2005.
The unadjusted ORs for Hispanic women indicated
significantly lower testing than whites in all 3 years, but
differences were not significant after adjustment. Percent
changes ranged from 68% to 91%. All 3 surveys therefore
had LPCs but no RAs.
Predicted Pap testing rates for Hispanics were an
absolute 6.4% to 8.0% higher than the unadjusted rates,
compared to being 2.8% to 5.5% higher for black women.
Variable-by-Variable Results. Income was consistently the first variable selected for black women in each
of the 6 analyses, producing OR changes from 35% to
46%. Education, income, insurance, and usual source of
care were most important for Hispanic women, although
the order varied across surveys. The smallest first-variable PC for Hispanics was 40% and the largest was 63%.
Even the second-ranked variable for Hispanics produced
changes from 21% to 32%.
However, results in Table 2 also show the potential for
attenuation of the OR. The 7% change for black women
in the 2005 NHIS resulted in the elimination of a potential
reversal. In addition, age attenuated the OR for Hispanic
women in all 3 BRFSS surveys, by about 5% to 7, and
by 4% to 7% for black women. Usual source of care,
region, and marital status also had attenuating effects in
some analyses.
Prostate testing
Tables 3 and 4 for prostate testing are structured
identically to Tables 1 and 2.
Behavioral Risk Factor Surveillance System. Black
men had a type 1 RA in 2004 and a type 2 RA in 2008.
There was no RA in 2006; however, attenuation occurred
as noted below. Percent changes to black men’s unadjusted ORs ranged from 33% to 44%, so there were no
LPCs, showing that RAs can occur without LPCs.
There were no RAs for Hispanic men. The AORs for
Hispanic men were nonsignificant compared to white
men in all 3 years. However, percent changes to their
unadjusted ORs ranged from about 61% to 86%, so all 3
years yielded LPCs.
Hispanics’ predicted screening rates after adjustment
were an absolute 10.6% to 13.3% higher than their unadjusted rates, and were 5.3% to 6.7% higher for blacks.
However, Hispanic men’s unadjusted utilization rates
were an absolute 16% to 17% lower than white men’s,
creating an extremely large disparity to reverse.
National Health Interview Survey. There were no
RAs and only one LPC for black men in the NHIS;
however, the reason for absence of an RA in 2003 was
an attenuation-–the same as occurred for black men in the
2006 BRFSS. For Hispanic men, there were no RAs, but
there were LPCs in all 3 years, similar to the results in the
BRFSS. As in the BRFSS, Hispanic men showed larger
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magnitude PCs than black men, ranging from 60% to
82%, compared to 36% to 52% for black men.
Hispanic’s predicted screening rates after adjustment
were an absolute 10.3% to 13.2% higher than their
unadjusted rates, and were 6.1% to 8.4% higher for
blacks. However, Hispanic men’s unadjusted utilization rates were an absolute 16% to 17% lower than
white men, again presenting a challenge for showing
RAs.
Variable-by-variable results. Education produced
the largest changes to the unadjusted ORs for Hispanic
men in all 6 analyses. Education and income were the
first variables selected for black men. The second variable selected was not consistent for black and Hispanic
men.
There were 2 instances where reversed associations
in the variable-by-variable process were "lost" at the
omnibus level of analysis (Table 4). These instances
were for black men in the 2006 BRFSS (due to region
and usual source of care, eliminating a type 1 RA)
and in the 2003 NHIS (due to region, eliminating a
type 2 RA).
Colorectal testing
Tables 5 and 6 are structured identically to those for
Pap and prostate testing.
Behavioral Risk Factor Surveillance System. Blacks
had type 1 RAs in 2004, 2006, and 2008. Their unadjusted ORs in all 3 years indicated statistically significantly lower testing than whites, but their AORs
estimated statistically significantly higher testing. However, changes to the unadjusted ORs were between 34%
to 36% across surveys, so there were no LPCs.
Hispanics’ unadjusted and adjusted ORs were significantly lower than whites in all 3 years, so there were no
RAs. However, the PCs to the unadjusted ORs ranged
from 56% to 69%, so all 3 analyses yielded LPCs.
For Hispanics, predicted screening rates were about
10% to 11% higher than their unadjusted rates, and were
about 5% to 5.7% higher for blacks. However,
Hispanic’s unadjusted utilization rates were an absolute
15% to 18% lower than whites, and 11% to 14% lower
than blacks.
National Health Interview Survey. In direct contrast
to the results for the BRFSS there were no RAs for
blacks in any of the 3 NHIS surveys, although in all
3 years the AORs indicated no significant difference
from whites. There were also no LPCs for blacks;
changes to their unadjusted OR ranged from 30% to
36.8%.
As in the BRFSS, Hispanics had ORs and AORs indicating significantly lower testing in all 3 years. There
were LPCs in 2003 and 2005 but not in 2008; 2003 just met
the 50% criterion and 2008 was just below.
Predicted screening rates were about 8% to 9%
higher than the unadjusted rates for Hispanics, and
were 5% to 6% higher for blacks. Hispanics’ unadjusted utilization differed from whites, ranging from an
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0.84 (0.73–0.96)

0.49 (0.40–0.60)
0.65 (0.53–0.79)

48.9  1.7

36.0  2.4
42.6  2.5

49.3  2.6
46.1  2.6

55.6  1.7

51.4  0.4

0.91LPC (0.72–1.14)
0.79 (0.64–0.97)

1.21RA1 (1.04–1.41)

(Ref)

Adjusted OR
(95% CI)

0.50 (0.40–0.64)
0.53 (0.37–0.78)

37.1  2.7
38.5  4.4

50.0  3.0
39.8  4.3

57.2  2.5

52.8  0.9

Predicted
%

1.23
(0.96–1.57)

0.88LPC (0.66–1.17)
0.55 (0.37–0.83)

LPC

(Ref)

Adjusted OR
(95% CI)

% Change in OR (univariate to multivariate)
Non-Hispanic black
51.9%
Hispanic
76.0%
All Other
3.8%

0.81 (0.66–1.003)

(Ref)

54.0  0.9

48.8  2.5

Univariate OR
(95% CI)

Crude
%

2003 NHIS (N ¼ 5,122)

% Change in OR (univariate to multivariate)
Non-Hispanic black
44.0%
Hispanic
85.7%
All Other
21.5%

(Ref)

53.4  0.4

Predicted
%

0.85 (0.75–0.95)
0.51 (0.42–0.61)
0.55 (0.47–0.66)

50.1  1.5
37.5  2.2
39.7  2.0

48.1  2.4
41.6  2.1

55.4  1.5

52.6  0.4

Predicted
%

0.82LPC (0.67–1.01)
0.61 (0.51–0.74)

1.13 (0.99–1.30)

(ref)

Adjusted OR
(95% CI)

0.50 (0.40–0.62)
0.47 (0.32–0.70)

0.75 (0.60–0.94)

(Ref)

Univariate OR
(95% CI)

43.9  2.7
35.3  4.6

49.2  2.5

48.7  0.9

Predicted
%

0.80LPC (0.62–1.04)
0.54 (0.34–0.84)

1.02 (0.81–1.29)

(Ref)

Adjusted OR
(95% CI)

% Change in OR (univariate to multivariate)
Non-Hispanic black
36.0%
Hispanic
60.0%
All Other
14.9%

33.6  2.4
32.3  4.3

43.1  2.7

50.3  0.9

Crude
%

2005 NHIS (N ¼ 5,711)

% Change in OR (univariate to multivariate)
Non-Hispanic black
32.9%
Hispanic
60.8%
All Other
10.9%

(Ref)

Univariate OR
(95% CI)

54.3  0.4

Crude
%

2006 BRFSS (N ¼ 73,884)

0.53 (0.46–0.60)
0.57 (0.50–0.65)

0.97 (0.87–1.07)

(Ref)

Univariate OR
(95% CI)

49.7  1.7
40.8  1.6

57.8  1.3

51.2  0.3

Predicted
%

0.94LPC (0.80–1.09)
0.63 (0.54–0.73)

1.35RA2 (1.20–1.53)

(Ref)

Adjusted OR
(95% CI)

0.52 (0.40–0.68)
0.50 (0.36–0.68)

0.77 (0.61–0.96)

(Ref)

Univariate OR
(95% CI)

51.9  3.0
37.8  3.3

54.9  2.5

53.0  1.1

Predicted
%

0.95LPC (0.70–1.29)
0.49 (0.35–0.68)

1.10 (0.85–1.41)

(Ref)

Adjusted OR
(95% CI)

% Change in OR (univariate to multivariate)
Non-Hispanic black
42.9%
Hispanic
82.7%
All Other
2.0%

38.7  3.0
37.6  3.6

48.2  2.7

54.8  1.2

Crude
%

2008 NHIS (N ¼ 4,073)

% Change in OR (univariate to multivariate)
Non-Hispanic black
39.2%
Hispanic
77.4%
All Other
10.5%

37.3  1.6
39.2  1.6

52.3  1.3

53.1  0.3

Crude
%

2008 BRFSS (N ¼ 93,514)

Superscripts to adjusted ORs indicate presence of reversed associations (RA1, RA2) and/or large percent changes (LPC) to the unadjusted ORs.
RA1: Unadjusted OR statistically significantly lower than whites; adjusted OR statistically significant, higher estimated screening rate compared to whites.
RA2: Unadjusted OR not significantly different from whites; adjusted OR statistically significant, higher estimated screening rate compared to whites.
LPC: The multivariable, fully-adjusted change from the unadjusted OR is 50% or more.
b
Analysis sample sizes are shown in the box with each survey year. Analyses incorporated adjustments for sampling.

a

Non-Hispanic
white
Non-Hispanic
black
Hispanic
All Other

Non-Hispanic
white
Non-Hispanic
black
Hispanic
All other

Univariate OR
(95% CI)

Crude
%

2004 BRFSS (N ¼ 55,638)

Table 3. Two-year prostate testing in the BRFSS and NHIS (men age 50 and over): univariate and multivariate design-adjusted ORs and 95%
confidence intervals for race/ethnicity, and percent change to the unadjusted ORsa,b
Published OnlineFirst March 10, 2011; DOI: 10.1158/1055-9965.EPI-10-1226
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Table 4. Covariates contributing to changes from univariate to multivariable adjusted ORs for 2-year
prostate testing, for Hispanic and non-Hispanic black men in the BRFSS and NHIS (men age 50 and over)a,b
2004 BRFSS

2006 BRFSS

2008 BRFSS

Covariate

OR (95% CI)

% Change Covariate

OR (95% CI)

% Change Covariate

OR (95% CI)

Non-Hispanic black
Income
Age
Education
Marital status
Insurance
Usual source of care
Region

0.84
0.98
1.09
1.17
1.21
1.24
1.23
1.21

–
16.7
11.2
7.3
3.4
2.5
0.8
1.6

0.85
0.99
1.06
1.10
1.13
1.16
1.15
1.13

–
16.5
7.1
3.8
2.7
2.7
0.9
1.7

0.97
1.12
1.18
1.28
1.33
1.38
1.38
1.35

(0.73–0.96)
(0.86–1.13)
(0.94–1.25)
(1.01–1.35)
(1.05–1.40)
(1.07–1.44)
(1.06–1.43)
(1.04–1.41)

Hispanic
0.49 (0.40–0.60) –
Education
0.63 (0.51–0.78) 28.6
Usual source of care 0.73 (0.59–0.91) 15.9
Age
0.80 (0.63–1.00) 9.6
Income
0.87 (0.69–1.09) 8.7
Region
0.90 (0.72–1.13) 3.4
Insurance
0.91 (0.73–1.15) 1.1
Marital status
0.91 (0.72–1.14) 0.0

Non-Hispanic black
Education
Marital status
Insurance
Age
Income
Region
Usual source of care

(0.75–0.95)
(0.87–1.12)
(0.93–1.20)
(0.97–1.25)
(0.99–1.29)
(1.02–1.33)
(1.01–1.32)
(0.99–1.30)

Hispanic
0.51 (0.42–0.61) –
Education
0.63 (0.53–0.77) 23.5
Usual source of care 0.72 (0.59–0.88) 14.3
Insurance
0.75 (0.61–0.92) 4.2
Age
0.78 (0.63–0.96) 4.0
Income
0.82 (0.66–1.01) 5.1
Region
0.84 (0.69–1.03) 2.4
Marital status
0.82 (0.67–1.01) 2.4

2003 NHIS

Non-Hispanic black
Income
Insurance
Age
Education
Marital status
Usual source of care
Region

% Change

(0.87–1.07) –
(1.003–1.24) 15.5
(1.05–1.31)
5.4
(1.14–1.44)
8.5
(1.18–1.50)
3.9
(1.23–1.56)
3.8
(1.23–1.56)
0.0
(1.20–1.53) 2.2

Hispanic
0.53 (0.46–0.60) –
Education
0.68 (0.59–0.79) 28.3
Usual source of care 0.79 (0.68–0.91) 16.2
Age
0.84 (0.73–0.98)
6.3
Income
0.92 (0.79–1.07)
9.5
Region
0.94 (0.80–1.09)
2.2
Insurance
0.95 (0.82–1.11)
1.1
Marital status
0.94 (0.80–1.09) 1.1

2005 NHIS

2008 NHIS

Covariate

OR (95% CI)

% Change Covariate

OR (95% CI)

% Change Covariate

OR (95% CI)

Non-Hispanic black
Education
Age
Marital status
Income
Insurance
Usual source of care
Region

0.81
0.99
1.10
1.20
1.28
1.29
1.29
1.23

–
22.2
11.1
9.1
6.7
0.8
0.0
4.7

0.75
0.84
0.97
1.01
1.06
1.08
1.07
1.02

–
12.0
15.5
4.1
5.0
1.9
0.9
4.7

0.77
0.90
1.04
1.12
1.15
1.17
1.15
1.10

(0.61–0.96) –
(0.71–1.14) 16.9
(0.83–1.31) 15.6
(0.88–1.41)
7.7
(0.91–1.46)
2.7
(0.92–1.49)
1.7
(0.90–1.47) 1.7
(0.86–1.41) 4.3

Hispanic
0.52
Education
0.66
Age
0.80
Insurance
0.88
Region
0.93
Income
0.95
Usual source of care 0.97
Marital status
0.95

(0.40–0.68) –
(0.50–0.86) 26.9
(0.60–1.06) 21.2
(0.66–1.18) 10.0
(0.68–1.27)
5.7
(0.71–1.29)
2.2
(0.71–1.32)
2.1
(0.70–1.29) 2.1

(0.66–1.00)
(0.80–1.23)
(0.87–1.38)
(0.95–1.51)
(1.01–1.62)
(1.02–1.64)
(1.01–1.63)
(0.96–1.57)

Hispanic
0.50 (0.40–0.64) –
Education
0.66 (0.52–0.85) 32.0
Usual source of care 0.75 (0.58–0.97) 13.6
Age
0.82 (0.63–1.08) 9.3
Insurance
0.86 (0.65–1.14) 4.9
Income
0.89 (0.67–1.17) 3.5
Region
0.90 (0.68–1.20) 1.1
Marital status
0.88 (0.66–1.17) 2.2

Non-Hispanic black
Income
Age
Marital status
Education
Insurance
Usual source of care
Region

(0.60–0.94)
(0.67–1.05)
(0.76–1.23)
(0.80–1.28)
(0.84–1.33)
(0.86–1.36)
(0.85–1.35)
(0.81–1.29)

Hispanic
0.50 (0.40–0.62) –
Education
0.59 (0.47–0.73) 18.0
Age
0.68 (0.54–0.87) 15.3
Usual source of care 0.75 (0.58–0.96) 10.3
Income
0.78 (0.61–1.00) 4.0
Insurance
0.80 (0.62–1.03) 2.6
Region
0.79 (0.61–1.02) 1.3
Marital status
0.80 (0.62–1.04) 1.3

Non-Hispanic black
Education
Age
Marital status
Income
Insurance
Usual source of care
Region

% Change

a

The "OR" columns show the progression of the OR from the prior step, for the specific racial/ethnic group, as the next covariate was
added to the model.
b
The "% Change" columns show the change to the OR from the prior step of analysis, for the specific racial/ethnic group, as the next
covariate was added to the model.

absolute 17% to 20% lower, again making reversals
unlikely to occur.
Variable-by-Variable Results. Insurance and education produced the largest OR changes for Hispanics in 5
analyses, although there was no percent-change for
the first-selected variable greater than 23%. Insurance,
education, marital status, income, and age produced the
largest OR changes for blacks in the BRFSS and NHIS.
However, the order of selection varied and there was
no PC for any one variable for blacks that was greater
than 13%.
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Discussion
Summary of results
This research investigated RAs and LPCs between the
unadjusted and adjusted ORs for non-white racial/ethnic
groups, focusing on Pap, colorectal, and prostate testing.
Pap testing showed the largest number of RAs and LPCs,
with an RA and/or LPC in each of the 6 surveys. Across
the 3 domains of testing, Hispanics had larger PCs than
blacks and NHOs in each survey year. Importantly, the
Pap testing attenuation results for age draw attention to
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Univariate OR
(95% CI)

Crude
%

Univariate OR
(95% CI)
0.7
(Ref)
1.6
0.93 (0.80–1.07)
1.9 0.72LPC (0.60–0.87)
2.8
0.41 (0.30–0.56)

Adjusted OR
(95% CI)











Adjusted OR
(95% CI)

0.2
(Ref)
0.8 1.10RA1 (1.01–1.19)
1.3 0.78LPC (0.69–0.87)
1.3
0.81 (0.72–0.91)

Predicted
%

0.2
(Ref)
60.3
0.9 0.82 (0.77–0.89) 62.4
1.4 0.50 (0.45–0.56) 54.8
1.4 0.73 (0.65–0.82) 55.8

Univariate OR
(95% CI)











Adjusted OR
(95% CI)

0.7
(Ref)
1.5
0.87 (0.76–1.01)
2.0 0.68LPC (0.56–0.82)
3.3
0.53 (0.39–0.73)

Predicted
%

0.7
(Ref)
48.3
1.4 0.66 (0.58–0.75) 45.2
1.7 0.44 (0.37–0.52) 39.6
3.3 0.48 (0.35–0.65) 34.3

Univariate OR
(95% CI)

% Change in OR (univariate to multivariate)
Non-Hispanic black
31.8%
Hispanic
54.5%
All Other
10.4%

49.6
39.3
30.0
32.1

Crude
%

2005 NHIS (N ¼ 13,480)

% Change in OR (univariate to multivariate)
Non-Hispanic black
34.1%
Hispanic
56.0%
All Other
11.0%

61.9
57.2
44.7
54.2

Crude
%

2006 BRFSS (N ¼ 195,318)











Adjusted OR
(95% CI)

0.2
(Ref)
0.7 1.13RA1 (1.05–1.22)
1.0 0.78LPC (0.71–0.86)
1.0
0.72 (0.66–0.79)

Predicted
%

0.2
(Ref)
62.5
0.8 0.84 (0.79–0.89) 65.1
1.1 0.46 (0.43–0.51) 57.3
1.1 0.63 (0.57–0.68) 55.5

Univariate OR
(95% CI)











0.8
1.7
2.0
2.8

Predicted
%
0.8
(Ref)
55.4
1.8 0.73 (0.63–0.84) 54.2
1.7 0.43 (0.37–0.51) 45.5
2.8 0.66 (0.53–0.83) 46.4

Univariate OR
(95% CI)

(Ref)
0.95 (0.80–1.12)
0.64 (0.53–0.78)
0.67 (0.53–0.86)

Adjusted OR
(95% CI)

% Change in OR (univariate to multivariate)
Non-Hispanic black
30.1%
Hispanic
48.8%
All Other
1.5%

56.8
48.9
36.2
46.5

Crude
%

2008 NHIS (N ¼ 9,722)

% Change in OR (univariate to multivariate)
Non-Hispanic black
34.5%
Hispanic
69.6%
All Other
14.3%

64.3
60.2
45.6
53.0

Crude
%

2008 BRFSS (N ¼ 251,623)

Superscripts to adjusted ORs indicate presence of reversed associations (RA1, RA2) and/or large percent changes (LPC) to the unadjusted ORs.
RA1: Unadjusted OR statistically significantly lower than whites; adjusted OR statistically significant, higher estimated screening rate compared to whites.
RA2: Unadjusted OR not significantly different from whites; adjusted OR statistically significant, higher estimated screening rate compared to whites.
LPC: The multivariable, fully-adjusted change from the unadjusted OR is 50% or more.
b
Analysis sample sizes are shown in the box with each survey year. Analyses incorporated adjustments for sampling.

% Change in OR (univariate to multivariate)
Non-Hispanic black
36.8%
Hispanic
50.0%
All Other
7.9%






Predicted
%

2003 NHIS (N ¼ 21,115)

Non-Hispanic white 45.5  0.7
(Ref)
44.5
Non-Hispanic black 36.2  1.5 0.68 (0.59–0.78) 42.8
Hispanic
28.5  1.6 0.48 (0.40–0.56) 37.3
All Other
24.1  2.7 0.38 (0.28–0.51) 25.6

a

0.3
(Ref)
1.0 1.14RA1 (1.04–1.25)
1.5 0.85LPC (0.74–0.97)
1.5
0.78 (0.68–0.89)

Adjusted OR
(95% CI)

% Change in OR (univariate to multivariate)
Non-Hispanic black
35.7%
Hispanic
60.4%
All Other
18.2%






Predicted
%

Non-Hispanic white 57.8  0.3
(Ref)
56.2
Non-Hispanic black 53.4  1.0 0.84 (0.77–0.90) 59.1
Hispanic
42.1  1.5 0.53 (0.47–0.60) 52.5
All Other
47.4  1.7 0.66 (0.58–0.75) 50.5

Crude
%

2004 BRFSS (N ¼ 146,794)

Table 5. Colorectal cancer screening in the BRFSS and NHIS (men and women age 50 and over): univariate and multivariate design-adjusted
ORs and 95% confidence intervals for race/ethnicity, and percent change to the unadjusted ORsa,b
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Table 6. Covariates contributing to changes from univariate to multivariable adjusted ORs for colorectal
cancer screening, for Hispanic and non-Hispanic black men and women in the BRFSS and NHIS (limited to
adults age 50 and over)a,b
2004 BRFSS
Covariate

OR (95% CI)

Non-Hispanic black
Insurance
Education
Age
Marital status
Income
Usual source of care
Gender
Region

0.84
0.92
0.98
1.05
1.12
1.15
1.15
1.15
1.14

2006 BRFSS

% Change Covariate

(0.77–0.90) –
(0.84–0.997) 9.5
(0.90–1.07)
6.5
(0.96–1.14)
7.1
(1.03–1.22)
6.7
(1.05–1.25)
2.7
(1.05–1.25)
0.0
(1.05–1.25)
0.0
(1.04–1.25) 0.9

Hispanic
0.53 (0.47–0.60)
–
Education
0.62 (0.55–0.70) 17.0
Age
0.72 (0.63–0.82) 16.1
Usual source of care 0.80 (0.70–0.91) 11.1
Income
0.84 (0.73–0.96)
5.0
Insurance
0.86 (0.75–0.99)
2.4
Region
0.87 (0.76–0.99)
1.2
Gender
0.87 (0.76–0.99)
0.0
Marital status
0.85 (0.74–0.97) 2.3

Non-Hispanic black
Education
Insurance
Marital status
Age
Income
Gender
Region
Usual source of care

OR (95% CI)

0.82
0.91
0.98
1.02
1.09
1.12
1.12
1.12
1.10

Covariate

OR (95% CI)

Non-Hispanic black
Education
Age
Marital status
Income
Region
Insurance
Gender
Usual source of care

0.68
0.77
0.83
0.88
0.90
0.92
0.94
0.94
0.93

Hispanic
0.48 (0.40–0.56)
–
Education
0.59 (0.50–0.71) 22.9
Insurance
0.66 (0.55–0.79) 11.9
Age
0.70 (0.58–0.83)
6.1
Usual source of care 0.71 (0.59–0.85)
1.4
Income
0.72 (0.60–0.87)
1.4
Marital status
0.73 (0.61–0.87)
1.4
Gender
0.73 (0.61–0.87)
0.0
Region
0.72 (0.60–0.87) 1.4

(0.77–0.89) –
(0.84–0.97) 11.0
(0.91–1.05) 7.7
(0.95–1.10) 4.1
(1.01–1.18) 6.9
(1.03–1.21) 2.8
(1.03–1.21) 0.0
(1.03–1.21) 0.0
(1.01–1.19) 1.8

Non-Hispanic black
Income
Age
Marital status
Education
Insurance
Gender
Usual source of care
Region

OR (95% CI)

0.84
0.92
1.04
1.08
1.13
1.16
1.16
1.16
1.13

Non-Hispanic black
Income
Age
Marital status
Education
Insurance
Gender
Region
Usual source of care

OR (95% CI)
0.66
0.72
0.79
0.82
0.87
0.88
0.88
0.88
0.87

Hispanic
0.44 (0.37–0.52) –
Insurance
0.51 (0.43–0.61) 15.9
Education
0.59 (0.50–0.70) 15.7
Age
0.63 (0.53–0.76) 6.8
Income
0.66 (0.55–0.79) 4.8
Usual source of care 0.67 (0.55–0.80) 1.5
Region
0.67 (0.56–0.81) 0.0
Marital status
0.68 (0.56–0.82) 1.5
Gender
0.68 (0.56–0.82) 0.0

(0.79–0.89) –
(0.87–0.99) 9.5
(0.97–1.11) 13.0
(1.01–1.16) 3.8
(1.06–1.21) 4.6
(1.08–1.25) 2.7
(1.08–1.25) 0.0
(1.08–1.25) 0.0
(1.05–1.22) 2.6

2008 NHIS

% Change Covariate

(0.58–0.75) –
(0.63–0.82) 9.1
(0.69–0.91) 9.7
(0.71–0.94) 3.8
(0.76–1.01) 6.1
(0.76–1.02) 1.1
(0.76–1.02) 0.0
(0.76–1.01) 0.0
(0.76–1.01) 1.1

% Change

Hispanic
0.46 (0.43–0.51) –
Education
0.56 (0.52–0.62) 21.7
Insurance
0.65 (0.60–0.71) 16.1
Age
0.70 (0.64–0.77) 7.7
Income
0.74 (0.68–0.81) 5.7
Usual source of care 0.78 (0.71–0.85) 5.4
Region
0.79 (0.72–0.86) 1.3
Gender
0.79 (0.72–0.86) 0.0
Marital status
0.78 (0.71–0.86) 1.3

2005 NHIS

% Change Covariate

(0.59–0.78)
–
(0.67–0.89) 13.2
(0.71–0.96)
7.8
(0.75–1.02)
6.0
(0.78–1.05)
2.3
(0.80–1.07)
2.2
(0.81–1.09)
2.2
(0.81–1.09)
0.0
(0.80–1.07) 1.1

% Change Covariate

Hispanic
0.50 (0.45–0.56) –
Education
0.59 (0.53–0.66) 18.0
Insurance
0.67 (0.60–0.75) 13.6
Age
0.72 (0.64–0.80) 7.5
Usual source of care 0.75 (0.67–0.84) 4.2
Income
0.78 (0.70–0.88) 4.0
Region
0.79 (0.70–0.88) 1.3
Gender
0.79 (0.70–0.88) 0.0
Marital status
0.78 (0.69–0.87) 1.3

2003 NHIS

2008 BRFSS

Non-Hispanic black
Education
Age
Marital status
Income
Insurance
Gender
Usual source of care
Region

OR (95% CI)
0.73
0.80
0.87
0.94
0.97
0.97
0.97
0.95
0.95

% Change

(0.63–0.84) –
(0.69–0.93) 9.6
(0.74–1.01) 8.7
(0.80–1.10) 8.0
(0.83–1.13) 3.2
(0.83–1.14) 0.0
(0.83–1.14) 0.0
(0.80–1.12) 2.1
(0.80–1.12) 0.0

Hispanic
0.43 (0.37–0.51) –
Education
0.52 (0.44–0.61) 20.9
Insurance
0.59 (0.50–0.71) 13.5
Age
0.62 (0.51–0.74) 5.1
Usual source of care 0.63 (0.52–0.76) 1.6
Income
0.64 (0.53–0.77) 1.6
Region
0.65 (0.54–0.78) 1.6
Gender
0.65 (0.54–0.78) 0.0
Marital status
0.64 (0.53–0.78) 1.5

a

The "OR" columns show the progression of the OR from the prior step, for the specific racial/ethnic group, as the next covariate was
added to the model.
b
The "% Change" columns show the change to the OR from the prior step of analysis, for the specific racial/ethnic group, as the next
covariate was added to the model.

the possibility that an omnibus multivariable analysis
"hides" other dynamics among the covariates.
Results of RAs and LPCs for prostate testing were less
consistent than the results for Pap testing, which might be
expected given the absence of definitive testing guidelines. However, there was also the complication with the
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results for black men. Region of the country and usual
source of care eliminated RAs for black men in both the
2006 BRFSS and the 2003 NHIS. Hispanic men did not
show RAs in the prostate analyses, although all 6 analyses
yielded LPCs larger than those for black men. Hispanic
men’s prostate examination rates were notably lower
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than white men’s rates, thereby reducing the likelihood of
type 1 RAs.
Results for colorectal testing showed that blacks had
type 1 RAs in all 3 years of the BRFSS, although the
associated PCs did not qualify as LPCs. In contrast,
however, blacks showed no RAs in the NHIS, and also
had no LPCs. Crude percentages of testing for Hispanics
were statistically significantly lower than whites in all 6
surveys. However, Hispanics had PCs larger than blacks
that qualified as LPCs in 5 of 6 surveys.
Across all 3 screening tests, there was a notably consistent outcome. That is, Hispanics showed RAs and/or
LPCs in 17 of 18 analyses, spanning gender-specific and
nonspecific tests. This included all 6 years for prostate
testing, which has no definitive guidelines. The large
majority of outcomes were LPCs not associated with
RAs. This may signal that Hispanics are coming closer
to showing RAs. blacks showed RAs and/or LPCs in 12 of
18 analyses. However, as noted above, blacks also "lost" 2
potential RAs to attenuation. Researchers should therefore not be surprised in coming years if multivariable
analyses of cancer screening increasingly yield RA and
LPC results for blacks and Hispanics.
Possible role of social policies and programs
On a societal level, cancer screening occurs based on
processes of diffusion (as a technology), adoption (by
individuals and professionals), and access-enhancing
programs for groups with low utilization (public policy). Mammography and Pap testing are further along
in this multifaceted process than colorectal testing,
with prostate testing far behind. One possibility worth
exploring as a contributor to RAs and LPCs is the
national availability of public programs to enhance
access to these 2 screening domains. The National Breast
and Cervical Cancer Early Detection Program operates
in all 50 states, albeit with finite funding and withinstate variability of convenient access, in addition to the
existence of widespread local initiatives. There have
been no parallel, national-level programs for colorectal
and prostate testing, and RA/LPC results were less
uniform for those latter 2 domains.
In effect, the NBCCEDP, other access-enhancing programs, and even Medicare coverage for certain screening
tests circumvent some access barriers (e.g., low income
and lack of insurance), but do not improve socioeconomic
resources for non-white groups. The multivariate algorithms of regression models would therefore "overcorrect"
when calculating their AORs and estimated screening
rates, thereby producing RAs as well as LPCs. Therefore,
RAs and LPCs could possibly indicate a "success story" for
programs intended to increase access. There has been
progress toward wider availability of colorectal screening
programs. The CDC (28) reported that 23 states had active
colorectal screening programs, and there was a recently
completed CDC-funded, 5-site demonstration project (29–
31). All 50 states, Washington DC, and several tribal
groups also have a CDC-supported, comprehensive can-

www.aacrjournals.org

cer control program, that includes colorectal screening (32,
33). Wider program availability in the future could contribute to convergence of colorectal screening rates and
increase likelihood of RAs and LPCs.
Implications for multivariable analysis
The results here may inform how multivariable analyses of the correlates of cancer screening utilization are
reviewed and interpreted. Specifically, there seem to be 4
elements to consider. The first is comparing the unadjusted and fully-adjusted ORs and 95% CIs for a variable
of interest (e.g., race/ethnicity). This comparison detects
the presence or absence of an RA, and is the basis for
calculating percent change to the unadjusted ORs. Whenever possible, papers on the correlates of screening
should include the unadjusted ORs, to allow this comparison and calculation.
A second consideration is a comparison of the crude
screening rates for each racial/ethnic group versus the
screening rates that are predicted by the multivariable
analyses. Predicted percentages have usually not been
highlighted in cancer screening literature, but they are
part-and-parcel of the "message" produced by a multivariable analysis. In this study, the predicted percentages
for Hispanics were between 6% and 13% higher than their
crude percentages; predicted percentages for blacks were
generally 3% to 6% higher. Predicted screening rates less
than 10 percentage points higher than the crude rates can
still be associated with type 1 RAs and LPCs, such as in
the 3 BRFSS results for Hispanic women’s Pap testing
(Table 1), and for black’s colorectal testing in the BRFSS
(Table 5).
A third focus of attention is the variable-by-variable
change to the OR. Our procedure was not a standard,
forward stepwise regression. Instead, the analytical process determined the variable-by-variable changes in the
OR in separate analyses focused in turn on blacks, Hispanics, and the NHOs. This procedure therefore allowed
looking "behind the curtain" of what otherwise occurs in
omnibus multivariable analyses. In this regard, age had
an attenuating effect in all of the Pat test analyses
(Table 2). Attenuation did not affect the bottom-line
presence of RAs for Hispanic women’s Pap testing, but
it did lower the magnitudes of association and the overall
percent of change to the ORs. Attenuation did affect the
bottom-line RA results for black men’s prostate testing in
the 2006 BRFSS and the 2003 NHIS. Age cannot be
omitted as a covariate in analyses of cancer screening,
but our results suggest that it can complicate results as
readily as it can be a correlate of utilization.
A final consideration, important for the possibility of
finding RAs, is comparing the unadjusted, crude percentages of utilization across the respective racial/ethnic
groups. Even with multivariable adjustment, some
crude-rate disparities were large enough not to be
reversed by the relatively small set of covariates we
used. Tables 1, 3, and 5 show that black’s self-reported
utilization rates were closer to those of whites than were
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the rates for Hispanics. black men had type 1 RAs for
colorectal testing in all 3 BRFSS surveys, where rates
were relatively closer. Hispanic women showed type 1
RAs for Pap testing, when their self-reported rates were
much closer to whites (i.e., 9% or less of a difference).
The practical reality is that RAs for Hispanics are less
likely when crude percentages are 15% to 20% lower
than whites, as they were for colorectal and prostate
testing. However, LPCs to unadjusted ORs are still
possible, and Tables 1, 3, and 5 in fact show that in
all except one analysis, Hispanics had larger changes to
their unadjusted ORs than did blacks. In the prior article
by Rakowski and colleagues (4) mammography rates
were also relatively closer for Hispanics compared to
white women, being less than 10% in the instances
where type 1 RAs were found. Therefore, if non-white
(especially Hispanic’s) colorectal and prostate testing
rates converge with those for whites, the likelihood of
finding RAs may increase.
Limitations
The research reported here has limitations and constraints. All data are based on self-report, and selfreported screening rates are higher than found when
medical records or claims data are examined (34). "Telescoping" of test recency could be a consideration if nonwhite racial/ethnic groups telescoped to a greater degree
than whites. It was also not possible to distinguish tests
obtained for screening versus those obtained due to a
possible problem or for diagnosis.
It was not possible to account for any biases that may
accompany racial/ethnic group differentials in recruitment contact rates and subsequent rates of agreement-toparticipate. Individuals’ survey weights are routinely
adjusted to account for nonparticipation along certain
key demographic variables. However, differential recruitment will still be a consideration if those who participate
are more likely to report recent screening, because the
participants will be disproportionately up-weighted
when producing estimates of their group’s screening.
We deliberately used a consistent, relatively small set
of covariates across all analyses. On one hand, the fact
that RAs and LPCs were found highlights the salience of
the RA/LPC phenomenon. On the other hand, the
absence of RAs and LPCs in some analyses does not
mean they would never appear; other covariates, such
as cancer worry, factual knowledge about the benefits of
testing, perceived social norms, or county-level variables
might produce RAs and LPCs. That said, the fact that
some covariates attenuated the ORs strongly indicates
that "more" variables added to a model is not necessarily
a guarantee of the analyses being "better" or more informative.
We also followed the typical practice of using only
main effects for the independent variables. It is possible
that RAs, and even LPCs not associated with RAs, suggest complicated screening-relevant life circumstances
for subgroups of the sample that would be evident if
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captured as interaction terms. Investigating interactions
is one of the next-steps for cancer screening research,
although knowing which variables are best candidates
for interaction analysis is not clear. It may be useful to
start such investigations with the variables that produce
the greatest changes to the ORs when a reversal occurs, as
well as variables (such as age) that act to attenuate the
ORs.
The NHO group did not show RAs or even LPCs. The
lack of reversals does not mean that RAs and LPCs would
be totally absent for all of the racial/ethnic subgroups in
that broad NHO category, but larger samples for those
separate groups are necessary to conduct the type of
analyses done for black and Hispanic women. Along
the same lines, it is also possible that RAs and LPCs
would not be found for some groups within the broad
"Hispanic" and "black" umbrellas.
Using 2008 as a same-year comparison, it appears that
the BRFSS and NHIS cannot be relied upon to give similar
results. For Pap testing, Latinas had a type 1 RA in the
BRFSS, but their NHIS analyses yielded only an LPC.
Blacks had a type 1 RA in the 2008 BRFSS for colorectal
testing, but had no RA in the NHIS. Blacks had a type 2
RA for prostate testing in the 2008 BRFSS, and no reversal
in the NHIS. The fact that results for race/ethnicity may
not be consistent between 2 prominent surveys must
be recognized. It is beyond the scope of this article to
explore reasons, but attention should be directed to
aggregate response rates, racial/ethnic response rates,
correlations among covariates, and the response formats
used to assess testing status, since the NHIS allows
specific month/year reporting. Finally, the BRFSS and
NHIS data are cross-sectional. The results therefore give
associations, not prospectively-based predictions.

Conclusion
Reversed associations are an intriguing but potentially
confusing outcome of multivariable analyses. Clearly,
racial/ethnic groups with RAs in multivariable analyses
do not actually have higher rates of screening than
whites. Analyses that yield RAs can therefore challenge
the role that multivariable analyses typically play in
advocacy and the identification of priority populations
for programs and interventions to enhance access.
Reversed associations do not defeat that process, but
imply that analytic strategies need to be more complex
to identify the variables that produce the reversals. The
objective is not simply to make RAs "go away" because
they can be confusing anomalies, but instead to understand how the variables that eliminate main-effect reversals for race/ethnicity may, in turn, help to better target
resources for programs and policies. If, for example,
interaction terms of race/ethnicity with income and education eliminated main-effect RAs, the identification of
specific race/ethnic combinations with income/education that had especially high predicted screening rates
after multivariable adjustment could target resources to
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those groups. Although multivariable analyses are typically used to be descriptive to identify groups at-risk of
lower screening utilization, analyses done to identify
variables (and interactions of variables) that eliminate
RAs might be helpful in a "diagnostic" sense, to target
groups most likely to benefit from access-enhancing
policies and programs.
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