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State-Based Estimates of Mammography
Screening Rates Based on Information
from Two Health Surveys
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DawEr X1k, PHD? Objectives. We compared national and state-based estimates for the preva-
NATHANIEL SCHENKER. PHD® lence of mammography screening from the National Health Interview Survey
MacHELL Town, MS¢ (NHIS), the Behavioral Risk Factor Surveillance System (BRFSS), and a model-
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Methods. At the state and national levels, we compared the three estimates of
prevalence for two time periods (1997-1999 and 2000-2003) and the esti-
mated difference between the periods. We included state-level covariates in
the model-based approach through principal components.
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Results. The national mammography screening prevalence estimate based

on the BRFSS was substantially larger than the NHIS estimate for both time
periods. This difference may have been due to nonresponse and noncoverage
biases, response mode (telephone vs. in-person) differences, or other factors.
However, the estimated change between the two periods was similar for the
two surveys. Consistent with the model assumptions, the model-based esti-
mates were more similar to the NHIS estimates than to the BRFSS prevalence
estimates. The state-level covariates (through the principal components) were
shown to be related to the mammography prevalence with the expected posi-
tive relationship for socioeconomic status and urbanicity. In addition, several
principal components were significantly related to the difference between NHIS
and BRFSS telephone prevalence estimates.

Conclusions. Model-based estimates, based on information from the two
surveys, are useful tools in representing combined information about mammog-
raphy prevalence estimates from the two surveys. The model-based approach
adjusts for the possible nonresponse and noncoverage biases of the telephone
survey while using the large BRFSS state sample size to increase precision.

“Statistical Research & Applications Branch, National Cancer Institute, Bethesda, MD

"Current affiliation: Office of Research, Evaluation and Statistics, Social Security Administration, Washington, DC

‘National Center for Health Statistics, Centers for Disease Control and Prevention, Hyattsville, MD

“Department of Biostatistics and Epidemiology, University of Pennsylvania, Philadelphia, PA

°National Center for Chronic Disease Prevention and Health Promotion, Centers for Disease Control and Prevention, Atlanta, GA
'School of Public Health, University of Michigan, Ann Arbor, MI

Address correspondence to: William W. Davis, PhD, Office of Research, Evaluation and Statistics, Social Security Administration,
500 E St. SW, Washington, DC 20254; tel. 202-358-6211; fax 202-358-6187; e-mail <bill.davis@ssa.gov>.

Pusric HEaLTH REPORTS / JULY-AuGuUsT 2010 / VoLUME 125 & b67



568 < RESEARCH ARTICLES

The U.S. Preventive Services Task Force (USPSTF)
recommends screening mammography, with or without
clinical breast examination, every one to two years for
women aged 40 years and older." Approximately 50% of
the recent decrease in breast cancer mortality can be
attributed to mammography screening, with adjuvant
treatments contributing the remaining half.? Popula-
tion estimates of mammography prevalence rates in
the U.S. are primarily obtained from national surveys
such as the National Health Interview Survey (NHIS)
and the Behavioral Risk Factor Surveillance System
(BREFSS) survey.** Both surveys are important in track-
ing cancer screening and other national health objec-
tives.” Prevalence estimates for geographical areas, such
as states, are also important, as much of public health
policy is carried out at the state or local level. While
the most recent prevalence-level estimates are used for
intervention planning,*® trends in prevalence are also
important for surveillance and resource allocation.’

Both the NHIS and the BRFSS have advantages
and disadvantages for providing state-level prevalence
estimates. The NHIS is a high-response-rate, nationally
representative survey of all households that collects
information based on face-to-face interviews. Although
the NHIS samples from all 50 U.S. states and the
District of Columbia (DC) each year, it is designed to
produce reliable estimates for the nation and Census
regions but not necessarily for all states.'” In contrast
to the NHIS, the BRFSS is conducted by telephone
with a single, randomly selected adult resident of
each surveyed household and is designed to produce
state-based estimates. The strength of the BRFSS is the
large sample taken in each state, but the BRFSS has
potential biases due to noncoverage and nonresponse,'!
although it uses post-stratification weights to mitigate
such potential biases.

A recent study for the period 1997-2000 suggested
differences of practical significance in prevalence esti-
mates for mammography screening between the NHIS
and the BRFSS."? Due to the large differences between
the estimates from the two surveys, non-sampling
causes should be investigated. Numerous factors could
cause bias in survey estimates for a particular year, over
time for the same survey, and between surveys over
time."” The different response modes of the BRFSS
(telephone) vs. the NHIS (in-person) could cause
a difference. Other factors that could cause survey
bias or a difference between the two survey estimates
include differences in survey design, data collection
operations, question and response wording, proxy
responses, noncoverage, and nonresponse.

Telephone coverage varies among the states and
is also lower among minority and low-income house-

holds.'* Telephone survey estimates could be biased
for outcomes in which there is a substantial difference
concerning the outcome of interest between telephone-
equipped and non-telephone-equipped households.
Weighting adjustments have been proposed to reduce
the potential noncoverage bias due to non-telephone-
equipped households.'>'® Survey response rates have
been falling for all types of surveys, both nationally
and internationally.!”’* However, survey nonresponse
does not necessarily imply survey bias.'*?

The study goals were to (1) demonstrate the differ-
ence between the estimated mammography prevalence
levels and trends from the NHIS and the BRFSS at both
the national and state levels and (2) demonstrate the
utility of model-based (MB) state-level estimates based
on the use of data from both surveys simultaneously.'?
The MB approach seeks to incorporate the surveys’
strengths while minimizing the effects of their weak-
nesses. In particular, the MB approach adjusts for the
possible nonresponse and noncoverage biases of the
telephone survey while using the large BRFSS state
sample size to increase precision.

METHODS

Data
Consistent with USPSTF guidelines for mammography
screening,'! we used results from the BRFSS and the
NHIS for the period 1997-2003 to estimate the propor-
tion of women who have had a mammogram in the
past two years, among those aged 40 years or older.
The mammography questions were available for four of
the seven years from the NHIS (1998, 1999, 2000, and
2003) and for five of the seven years from the BRFSS
(1997-2000 and 2002). BRFSS data were used only
for the years when mammography was used as a core
question (i.e., when all states used the question).

There are slight differences in the mammography
questions on the two surveys. Both surveys use a lead-
in question that defines a mammogram and asks the
woman if she has ever had one. If the woman responds
“no,” the second question eliciting the time since
the last mammogram is skipped in both surveys. The
BRFSS and the NHIS forms of the second question,
used to determine whether the woman is on schedule
(i.e., mammogram within the last two years), are as
follows:

BRFSS form: How long has it been since you had
your last mammogram? Possible responses include:

1. Within past year (one to 12 months ago)

2. Within past two years (one to two years ago)

3. Within past three years (two to three years ago)
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4. Within past five years (three to five years ago)
5. Five or more years ago

6. Don’t know/not sure

7. Refused

NHIS form: When did you have your most recent
mammogram? Was it a year ago or less, more than one
year but not more than two years, more than two years
but not more than three years, more than three years
but not more than five years, or more than five years
ago? Possible responses include:

1. A year ago or less

2. More than one year but not more than two
years

3. More than two years but not more than three
years

4. More than three years but not more than five
years

5. More than five years ago
6. Refused
7. Don’t know

For both surveys, women who answer 1 or 2 are
deemed to have obtained a test within the last two
years and, hence, to be on schedule (responses of
6 or 7 were excluded in the estimation of rates). In
some survey years, the NHIS has allowed additional
response modes in which the woman was allowed to
specify the date of her last mammogram or a specific
length of time.

To increase sample size for state estimation, we
aggregated data over years to produce NHIS and BRFSS
state and national prevalence estimates (using estab-
lished methodology) for two time periods: 1997-1999
and 2000-2003.2"* Each estimate represents a mean
value for the time period. We calculated standard
errors of parameter estimates for the two surveys
using statistical methods that accounted for the survey
design, and assessed statistical significance of various
differences by using 95% confidence intervals (CIs)
for the differences.”

We included the information from 26 socioeco-
nomic-demographic state-level covariates (obtained
from U.S. Census, survey, and administrative record
sources) considered to be related to mammography
screening propensity or to survey response propensity
in the model.*** To minimize the impact of influential
values and to eliminate computational problems that
have occurred with hierarchical models, covariates were
log transformed and standardized to have a mean of 0
and standard deviation of 1.* To reduce the number
of covariates and eliminate the possibility of multicol-

linearity, we conducted a principal component analysis
(using maximum likelihood estimation) on the initial
set of 26 covariates, which resulted in the use of eight
principal components. The BRFSS state response
rate, which was computed as a mean of the state-level
yearly rates over the time period, was included as an
additional covariate,” along with an indicator variable
for the time period.

Model-based estimation

We constructed MB mammography estimates for all
states and the nation using a hierarchical model that
was documented previously;'? the method is outlined
in this article, with the model summarized in Figure 1.
In the first stage of the model, we used an approxi-
mate sampling distribution for the three state-level
direct-prevalence estimates (NHIS telephone, NHIS
non-telephone, and BRFSS) conditional on state-level
population parameters. We used the NHIS question “Is
there at least one telephone INSIDE your house that
is currently working?” to determine the respondent’s
household telephone status.

We obtained design-unbiased NHIS state estimates
for telephone and non-telephone households using
weights that adjust for selection probability and
nonresponse. A key assumption in the first stage of
the model was that the NHIS telephone (and non-
telephone) estimates were unbiased, whereas the
BRFSS estimates were possibly biased. We expressed
potential BRFSS nonresponse and noncoverage biases
in terms of differences in the expected values of the
sampling distributions of the direct estimates. In the
second stage, we expressed the between-state variation
in the population parameters in terms of state-level
covariates. In the analysis, we used NHIS state identi-
fiers for respondents, which are not available in the
NHIS public-use files.

We used a Bayesian approach to estimate the model
parameters (and obtain standard errors) via the
Markov-Chain Monte Carlo method.* We estimated the
state mammography prevalence rates for the popula-
tions of households with and without telephones and
combined these as Mp+(1-M)p,,, where p, and p,, were
the MB state prevalence estimates for telephone and
non-telephone households, respectively, and M was the
state proportion of telephone households obtained
from the 2000 U.S. Census.

The MB approach seeks to correct for potential
biases in BRFSS estimates in two ways, while tak-
ing advantage of their precision. Using information
on differences between NHIS state-level estimates
for telephone households and BRFSS estimates, we
modeled possible biases in BRFSS estimates of the
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Figure 1. A brief summary of the methodology used to construct model-based
mammography estimates using a hierarchical model

For cach state (1=1,..,51) and time peniod (1=1,2), the first stage of the model is based on the following three
direct prevalence estimates:

«  The National Health Interview Survey (NHIS) estimate for telephone households, JT i
s  The NHIS estimate for non-telephone houscholds, ¥, , and

* The Behavioral Risk Factor Surveillance System (BRFSS) estimate, T,
where the “bar” notation is used for the direct estimaites, as the three prevalence estimales are computed as
weighted means. After applying the arcsine square-rool transformation to these three direet estimaies, it is

assumed that they have an approximate trivaniate normal distribution (denoted as N (g, . £ ), where g,

denotes the mean and £ denotes the 3x3 covariance matrix). In symbols, the first stage assumes that

ﬂfﬂﬁiilfﬁ} I't‘lur iy ‘|I'4 2y b:.' f.“'l' 0
arcsin(y7,) [~ N,|| 4, [l eb /4 /4 0 (A-1)
arcsin(yfZ, ) (1+4,)4, 0 0 d/4

where a,, ¢,, and d, are the inverses of the effective sample sizes for NHIS telephone houscholds, NHIS
non-telephone houscholds, and the BRFSS, respectively. In equation (A-1) g, is the correlation between the

NHIS sample estimates from telephone and non-telephone households, which we fix at a value that is pre-
estimated at the national level.

The second stage of the model is:

m, — N, (pU,.Z) (A-2)

where o, = (&pici‘ ) . U, isap - 1 vector of covariates (including the principal components) for state
i, Bis a3 - p matrix of regression coefficients with p° = (B, B, B;) (sothat F(f‘} ) =p,U, .

L{é ) =B,U,. and E[EJT, }: BU. ) Eisald <3 covanance matrix, and T denotes transpose.

We used a Bayesian estimation approach and assigned a diffuse proper prior distribution to the

hyperparameters (. X)) of (A-2). In particular, we assumed the columns of p have independent multivariate
normal distributions, p(p)~ N, (f,.Z,) with £, =0and £, = l{!‘];. where 1 is the p < p identity
matrix; for X, we specify an inverse-Wishart distabution with &) = 4 degrees of freedom and scale matrix
R, , which we fix at 1071 .- These prior distributions are relatively diffuse but assure that the posterior

distribution will be proper.
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telephone-household component. Also, based on NHIS
state-level estimates for non-telephone households,
we modeled an adjustment for noncoverage of such
households in the BRFSS.

Evaluation of estimates

Due to model assumptions regarding bias, we expected
the agreement between the MB and the NHIS estimates
to increase with the NHIS sample size.™* To evaluate
whether this occurred, we partitioned the states into
three groups (Groups 1-3) based on the NHIS sample
size, where Group 1 comprised the 17 states with the
largest NHIS state sample sizes and Group 3 comprised
the 17 states with the smallest NHIS state sample sizes.
We compared the differences between the MB and the
NHIS state prevalence estimates graphically and by
root mean square (RMS) differences by group. The
RMS deviation for the MB and NHIS estimates was
computed using

RMS = /n’lz(MB, —NHIS;)?

where the NHIS direct and the MB prevalence estimates
for state i were labeled as NHIS, and MB, , respectively,
and the summation was over the 17 states in the group.
We contrasted the graphical and RMS comparisons
between the MB and NHIS estimates with the differ-
ences between the MB and BRFSS estimates.

RESULTS

National-level results

We observed large differences between the NHIS
and the BRFSS national-level prevalence estimates
(Table 1). The BRFSS estimate exceeded the NHIS
estimate by 7.8 percentage points (95% CI 7.0, 8.6)

and 6.6 percentage points (95% CI 5.7, 7.4) in the two
time periods (1997-1999 and 2000-2003), respectively
(Table 2). In contrast, the estimates of change (trend)
from the two surveys were more similar; the estimated
increase in mammography screening between the
two time periods was 3.7% (95% CI 3.2, 4.2) for the
BRFSS and 4.9% (95% CI 8.8, 6.0) for the NHIS (Table
1). Although these two trend estimates differed by
only 1.2%, the difference was statistically significant
(p=0.04) due to the large sample sizes.

As shown in Table 2, the differences between the
national estimates of prevalence for MB and NHIS were
small in both time periods (-0.1% and 0.3%, respec-
tively). In contrast, the prevalence differences between
the MB and BRFSS estimates were of practical signifi-
cance in both time periods (7.8 and 6.8, respectively).
The differences between estimated national prevalence
for the NHIS telephone and non-telephone households
were large: 28.5% (95% CI 23.0, 34.0) and 35.8% (95%
CI 30.2, 41.5), respectively, during the two time periods,
thereby indicating the potential for non-telephone,
noncoverage bias. However, at the national level, the
potential telephone-only coverage bias was not large, as
evidenced by the small prevalence difference between
the NHIS telephone “only” and “all” groups in both
time periods (0.5% in both time periods).

State-level results

The RMS differences of the MB and the two direct
estimates for the three state groups are shown in Table
3. For the two time periods and their differences, the
RMS values were smaller for the NHIS than for the
BRFSS within all groups, showing the expected greater
fidelity of the MB estimates to the NHIS estimates than

Table 1. National estimates for prevalence rates of mammography within the last two years
for women aged >40 years during 1997-1999 and 2000-2003?

Period 1: Period 2: Difference:

1997-1999 2000-2003 Period 2—-Period 1
Survey Sample size Percent (95% Cl) Sample size Percent (95% Cl) Percent (95% Cl)
BRFSS 154,632 73.0 (72.6, 73.3) 202,062 76.7 (76.3,77.0) 3.73.2,4.2)
NHIS all 20,200 65.2 (64.4, 65.9) 20,489 70.1 (69.3, 70.9) 4.9 (3.8, 6.0)
NHIS telephone® 19,733 65.7 (64.9, 66.4) 20,098 70.6 (69.8, 71.4) 4.9 (3.8, 6.1)
NHIS non-telephone 467 37.2 (31.8, 42.6) 391 34.8 (29.1, 40.4) —2.4 (—10.2, 5.4)
Model-based survey 65.2 (64.7, 65.7) 69.8 (69.3, 70.3) 4.6 (3.8, 5.4)

2Sources: BRFSS and NHIS

5For NHIS vs. BRFSS comparisons, the NHIS telephone sample in its own right was not reweighted to the same national controls as was the

BRFSS.

Cl = confidence interval

BRFSS = Behavioral Risk Factor Surveillance System
NHIS = National Health Interview Survey
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Table 2. Selected differences of national estimates for prevalence rates of mammography within the
last two years for women aged >40 years during 1997-1999 and 2000-2003

Period 1: 1997-1999

Difference:

Period 2: 2000-2003 Period 2-Period 1

Survey Percent (95% Cl) Percent (95% Cl) Percent (95% Cl)
BRFSS—NHIS all 8 (7.0, 8.6) 6(5.7,7.4) —-1.2(—-2.4, -0.1)
BRFSS—NHIS telephone 3(6.2,8.4) 14.9,7.2) —1 3(-2.8,0.3)
NHIS (telephone—non-telephone) 28 5(23.0, 34.0) 35 8 (30.2, 41.5) 4 (-0.5, 15.2)
NHIS (telephone—all) 5 (0.4, 0.6) 5 (0.4, 0.6) 0(-0.1,0.2)
BRFSS—MBP 7.8 6.8 —0.9

NHIS—MB®P -0.1 0.3 0.3

2Sources: BRFSS and NHIS

°Cls were not calculated for functions of both direct and MB estimates.

Cl = confidence interval

BRFSS = Behavioral Risk Factor Surveillance System
NHIS = National Health Interview Survey

MB = model-based

to the BRFSS estimates. Also, the increasing fidelity
of the MB estimates to both the NHIS and the BRFSS
estimates as the NHIS sample size increased was dem-
onstrated for both prevalence levels and trend (e.g.,
the RMS values decreased with increasing NHIS state
sample size). However, for the prevalence difference
(in contrast to prevalence level) the RMS values for the
BREFSS were more similar to those of the NHIS.
Figures 2, 3, and 4 illustrate the RMS comparisons
graphically using only Group 1 states (the 17 states with
the largest NHIS sample size; graphical results for the
other groups are available upon request). Figures 2 and
3 show the three prevalence estimates for 2000-2003
and 1997-1999, respectively, while Figure 4 shows the

change between these two time periods. Figures 2 and
3 demonstrate that (1) the BRFSS state prevalence
estimates were uniformly larger than the NHIS direct
estimates and (2) the MB prevalence estimates tracked
the NHIS direct estimates.

Figure 4 shows that while the MB estimates of
change tracked the NHIS direct estimates, the BRFSS
estimates fluctuated about the NHIS values. This is
consistent with the national-level results (Table 2),
showing that there was considerable difference in
prevalence levels but smaller trend differences between
the two surveys.

Table 3. Root mean square deviation of model-based estimates from the BRFSS and NHIS estimates
computed by groups of 17 states, for the prevalences for the two time periods (1997-1999 and 2000-2003)

and for the difference between the two time periods?

Deviation used to Group 1: Group 2: Group 3:

Time period calculate RMS States 1-17° RMS States 18-34° RMS States 35-51° RMS
Period 1: 1997-1999 MB — BRFSS 7.3 8.8 14.5

MB — NHIS 1.4 2.5 7.5
Period 2: 2000-2003 MB — BRFSS 6.9 8.2 12.3

MB — NHIS 1.0 2.7 6.5
Difference: Period 2-Period 1 MB — BRFSS 3.0 4.5 6.1

MB — NHIS 1.3 2.2 5.7

*Sources: BRFSS and NHIS

°The 51 states (including Washington, D.C.) are divided into three ranked groups of 17 states, whereby Group 1 denotes the 17 states with the

largest NHIS sample size and Group 3 denotes the 17 states with the smallest NHIS sample size.

BRFSS = Behavioral Risk Factor Surveillance System
NHIS = National Health Interview Survey

RMS = root mean square

MB = model-based
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Impact of the covariates

The first eight principal components (labeled PCI1 to
PC8), which explained more than 90% of the total
variation, were used as the primary covariates. The
coefficients (available upon request) have the follow-
ing interpretations:

e PCI: Higher scores for states that have higher
socioeconomic status (SES), as measured through
higher education, higher per capita income, and
higher home value (highest state scores for DC
and New Jersey; lowest scores for West Virginia
and South Dakota)

e P(C2: Higher scores for states that have an older
population (larger percentage of the popula-
tion of retirement age and with Social Security
benefits), small mean household size, and small
percentage of households with children (highest
scores for DC and West Virginia; lowest scores for
Utah and Alaska)

e PC3: Higher scores for states that have a higher
newspaper readership rate, more social services,

lower African American population, and lower
poverty level (highest scores for New Hampshire
and Vermont; lowest scores for Mississippi and
Louisiana)

* P(C4: Higher scores for more prosperous (lower
unemployment rate) and more urban (large
population and population density) states (high-
est scores for New Jersey and Connecticut; lowest
scores for Alaska and Montana)

e PCbh: Higher scores for states that have an older
and Hispanic population and smaller percentage
of African Americans (highest scores for Florida
and Hawaii; lowest score for Alaska)

e PC6: Higher scores for states that have a higher
percentage of blue-collar workers and higher
median home value and lower percentages of
high school graduates (highest scores for Colo-
rado and North Carolina; lowest scores for West
Virginia and Hawaii)

e PCT7: Higher scores for states that have a larger
population and lower values of serious crimes

Figure 2. BRFSS, NHIS, and model-based estimates of percent mammography usage within the last two years for
women >40 years of age during 2000-2003 for Group 1 states (with the largest NHIS sample size)
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Figure 3. BRFSS, NHIS, and model-based estimates of percent mammography usage within the last two years for
women >40 years of age during 1997-1999 for Group 1 states (with the largest NHIS sample size)
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per capita and retail sales per capita (highest
scores for New York and Texas; lowest scores for
Delaware and Hawaii)

* P(C8: Higher scores for states with a high percent-
age of high school graduates but a low percentage
of college graduates and a lower percentage of
people who commute more than 30 minutes to
work (highest scores for Indiana and California;
lowest scores for Vermont and New York)

Table 4 shows estimated coefficients and tests of
statistical significance for the model parameters, which
measure the impact of the principal components and
response rate on the mammography propensity. For
telephone households, six components were statisti-
cally significant: four (PC1, PC2, PC4, and PC6) were
positively associated and two (PC7 and PC8) were nega-
tively associated with mammography propensity. None
of the coefficients was statistically significant for non-
telephone households, possibly due to small sample
sizes. Four of the principal components (PC2, PC4,
PC6, and PC8) had statistically significant coefficients

for prevalence differences between the two surveys for
telephone households. The coefficient of the BRFSS
state response rate was not statistically significant.

DISCUSSION

NHIS and BRFSS direct estimate comparison

In each time period (1997-1999 or 2000-2003), the
BREFSS national-level prevalence estimate for mammog-
raphy was at least 6.6 percentage points larger than
the NHIS estimate. These national-level differences
are larger than those published for other outcome
measures previously,?' are of practical significance
for this important measure in the war on cancer, and
should be studied further. Similarly, the BRFSS state
estimates were consistently larger than the NHIS state
estimates for both time periods. In contrast to the
prevalence-level estimates, the national estimates for
trend (computed as the differences of the estimates for
the two time periods) for the two surveys were more
comparable. In addition, the state estimates for trend
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Figure 4. BRFSS, NHIS, and model-based estimates of mammography prevalence change for women >40 years
of age between 1997-1999 and 2000-2003 in percent for Group 1 states
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were comparable and did not exhibit a consistent pat-
tern (e.g., larger values for the BRFSS estimate).

Limitations

Differences in data collection time, proxy responses,
question wording, coverage rates, response modes,
response rates, and weighting methodology could
cause differences between two survey estimates.”® Due
to the intermittent inclusion of the mammography
questions in both the NHIS and the BRFSS, different
years were used in the analysis for the two surveys.
Within the two time periods, the BRFSS survey years
used were earlier on average than the NHIS years.
Because the mammography rates increased during
this period, the differences in prevalence between the
two surveys would have been even greater than those
observed if data from the same years had been avail-
able for analysis.

The use of proxy responses by the NHIS could have
caused a slight bias. However, because less than 1% of
the NHIS responses were by proxy, this could not have
explained the large difference between the prevalence
estimates for the two surveys. The mammography ques-

tion/response wording is different for the two surveys.
Although further study is warranted, it is unlikely that
itis the sole cause of the large difference in prevalence
estimates between the two surveys.

The large difference in national-level mammography
prevalence estimates for telephone and non-telephone
households indicates the potential for noncoverage
bias for areas or domains with large proportions of
non-telephone households. However, because the
NHIS “telephone only” prevalence estimate differed
substantially from the BRFSS prevalence estimate in
both time periods, the potential noncoverage bias does
not appear to be the primary cause of the national-level
prevalence difference.

The increasing use of cellular telephones offers
an additional noncoverage problem for telephone
surveys. Cellular telephones are excluded from tele-
phone surveys such as the BRFSS due to legal, ethi-
cal, and technical concerns.” The U.S. percentage of
cellular-only households was less than 1% until the end
of 2001; however, by the second half of 2003 it had
reached 4%.%"* Because the use of cellular telephones
is less common among older adults,® the impact on
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the mammography prevalence estimates for women
aged 40 and older should be small for the time period
studied (1997-2003). However, to increase its overall
coverage, the BRFSS has experimented recently with
augmenting the random-digit-dialing survey results with
those obtained from mail and Web modes.**!

The difference in response modes (telephone vs.
in-person) could cause differences between the BRFSS
and NHIS estimates. Comparisons of national-level
direct-prevalence estimates from these two surveys
for a variety of outcome measures using 1997 data
indicated good correspondence,?’ while similar com-
parisons using 2004 data indicated more substantial
differences.” The most consistent finding from early
research was that the mode effect is insignificant.**** In
particular, no mode effect was found using telephone
and in-person interviews in a Florida mammography
screening study.” However, more recent research has
indicated possible mode effects for a variety of out-
comes and related them to aspects of the questions
and/or interviewer/responder interaction.

Higher current smoking prevalence rates have been
obtained for current smoking for in-person vs. tele-
phone responses in both the U.S. and Canada.’**" In
addition, randomized experiments have demonstrated
that telephone respondents were more likely to present
themselves in more socially desirable ways than were
face-to-face respondents.*® A portion of the prevalence
difference could be attributable to a mode effect, where

a telephone respondent is more likely to report herself
in a more socially desirable fashion as one who has had
a mammogram within the past two years.

There are also methodological differences between
the BRFSS and the NHIS in the development of survey
weighting adjustments. Another cause that cannot be
dismissed for the mammography prevalence difference
is a combination of response and coverage differences
resulting in a disproportionate number of middle-class
respondents in the BRFSS, as those at the extreme
ends of the socioeconomic spectrum are less likely to
respond to the telephone survey, owing to a lack of
understanding of the concept of the survey, concerns
about privacy, a lack of time, and other reasons. Estima-
tion errors caused by differences of this type have been
termed the “middle-class bias” of telephone surveys.?*
The larger percentage of respondents in the middle
class in the BRFSS compared with the NHIS has been
demonstrated for the period 1997-2000."

In addition, those with lower education were found
to be underrepresented in the BRFSS when compared
with the Current Population Survey.”” Without a weight-
ing or other adjustment that uses SES, the BRFSS may
provide too little statistical weight to those with low SES.
Because lower-SES individuals have low mammography
screening rates,?! the absence of a weighting adjustment
may lead to prevalence estimates for mammography
screening that are too large. Recently, to remedy this
general problem, researchers commissioned by the

Table 4. Estimates of model parameters for mammography prevalence for telephone households, for
non-telephone households, and for the difference between survey estimates for telephone households®

Mammography prevalence
for telephone

Mammography prevalence

Mammography prevalence
difference between survey

for non-telephone estimates for telephone

Covariate households households households
Intercept 92.9% 64.5° 10.6°
Trend 6.0° -0.6 —-2.6
PC1e 2.9° -0.6 -1.0
PC2¢ 2.7° 4.3 —3.0°
PC3¢ 0.9 1.3 1.2
PC4c 4.2 2.7 —5.8d
PC5¢ 0.0 -0.6 -1.5
PCé¢ 1.2¢ 1.1 —2.5¢
PC7¢ —-1.7° —-4.7 1.2
PC8¢ —-2.2° -5.3 3.0¢
BRFSS response rate 1.0 0.3 -3.1

*Sources: BRFSS and National Health Interview Survey
Coefficient differs from zero (p<0.01).

*PC1-PC8 denote the first eight principal components for the 26 initial covariates.

dCoefficient differs from zero (p<0.05).
BRFSS = Behavioral Risk Factor Surveillance System
PC = principal component
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BRFSS included sociodemographic variables in the
BREFSS statistical weighting procedure and found a sub-
stantial reduction in nonresponse bias for outcomes,
such as mammography, that are strongly correlated with
SES.*! The sociodemographic variables will be incorpo-
rated in the BRFSS weights beginning in 2011.

MB estimates

As expected given the model assumptions about bias,
the MB prevalence estimates were closer to the NHIS
estimates than to the BRFSS estimates for both time
periods and for the change (trend) between the two
time periods—both for the nation and for the vast
majority of states. The agreement of the MB state
estimates with both the NHIS and the BREFSS state
estimates was shown to increase with increasing NHIS
state sample size for both periods and for the change
between the two periods. While the MB estimates
were closer to the NHIS estimates than to the BRFSS
estimates, the difference was less pronounced for the
change between the two time periods than for each
of the time periods.

The state-level covariates (through the principal
components) were shown to be significantly related
to the mammography prevalence for telephone house-
holds, with the expected positive relationships for SES,
urbanicity, and age.”® In addition, four principal
components were significantly related to the difference
between NHIS and BREFSS telephone prevalence esti-
mates—a result not previously demonstrated and wor-
thy of further research. In addition, it may be useful to
study the robustness of these conclusions to alternative
estimation techniques for principal components.’?%
After adjusting for the other covariates, the BRFSS
response rate was not a statistically significant predic-
tor of the difference, which is consistent with literature
suggesting that low survey response rates per se do not
guarantee nonresponse bias.?

CONCLUSIONS

MB estimates, based on information from the two
surveys, are a useful tool in representing combined
information about mammography prevalence estimates
from the two surveys. Our MB approach adjusted for
the possible nonresponse and noncoverage biases of
the telephone survey while using the large BRFSS state
sample size to increase precision. The approach is
general and could be applied to other health outcome
measures including colonoscopy, Papanicolaou test,
smoking, and other disease prevention activities.'?
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