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Abstract
Background—Patient mammogram reminders are effective but have not been fully implemented
in practice to improve routine screening. The effectiveness of implementation and maintenance
phases of a multimodal reminder program that incorporated automated calls capable of efficiently
reaching large numbers of women was evaluated to improve repeat mammography screening.

Design—A quasi-experimental study was conducted in 2008 using electronic medical record data
during three time periods: pre-reminder phase (2004), post-reminder implementation phase (2006),
and post-reminder maintenance phase (January 1–July 1, 2007).

Setting/participants—Participants were female Kaiser Permanente Northwest HMO members
aged 42 years or more who were 20 months past their last mammogram (index date) (N=35,104).
The intervention program targeted women aged 50–69 years. Women aged 42–49 years (for whom
clinical guidelines also recommend mammography) not targeted by the program constituted the
primary comparison group (CG1).

Intervention—A “mammogram due soon” postcard was mailed to participants 20 months after
their last mammogram, followed by up to two automated phone calls and one live call for
nonresponders.

Main outcome measures—The outcome measure was the time until participants received a
mammogram in the 10 months following the index date.

Results—Pre-reminder, 63.4% of targeted women completed a mammogram; this number
increased to 75.4% in the post-reminder implementation phase; 80.6% completed a mammogram in
the maintenance phases. After controlling for demographics and clinic visits, intervention women
were 1.51 times more likely to complete a mammogram (CI=1.40, 1.62) post-reminder
implementation, compared to CG1. The effect was maintained in 2007 (hazard ratio 1.81, CI=1.65,
1.99).
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Conclusions—The study found that this multimodal reminder system could be effectively
implemented and maintained in a large health system. If widely implemented, this intervention could
substantially improve community mammography screening.

Introduction
Breast cancer is the most common type of cancer among women in the U.S.1 About one in
eight women develop breast cancer during their lifetimes, and annually 46,000 women die from
it.2 The early detection of breast cancer through mammography screening can reduce mortality
from breast cancer in women aged 40 years or more, with greater absolute risk reduction in
older women.3 The U.S. Preventive Services Task Force (USPSTF) recommends screening
women every 1–2 years beginning at age 40 years. The strength of the evidence is greatest in
women aged 50–69 years; women aged 40–49 years were added to the USPSTF
recommendation in 2002, and mammograms are recommended in women aged 70 years or
more if life expectancy is not compromised by comorbid disease.4 Many health plans targeted
mammography screening improvement based on the National Center for Quality Assurance
(NCQA) Health Plan Employer Data Information Set (HEDIS); this data set assessed
mammography screening in women aged 50–69 years only, until 2007, at which point
assessments for those aged 40–49 years were added.5

Current use of mammography is suboptimal, despite its proven effectiveness. Although the
prevalence of screening mammography increased substantially between 1993 and 1998,6 this
trend has flattened, and mammography rates are even declining in multiple geographic areas.
7,8 As many as 30% of eligible women do not get regular screening exams,9 and improvements
have remained sluggish for at least 10 years.7 Mammography will not achieve its potential to
reduce mortality unless most women are screened regularly.4,10,11

There are multiple strategies known to be effective that healthcare organizations can use to
increase mammography screening.11-16 Most studies have focused on encouraging
mammography in the unscreened, and there has been a call for more research on methods of
encouraging regular mammograms13,17-19 Patient reminders sent by mail, and telephone
reminders utilizing live callers, have proven to be effective in improving screening rates,12,
13,16 with live telephone calls being more effective than mailed reminders.16 Mailed reminders
followed by a live telephone call appear to be the most cost-effective approach.20 This finding
is not surprising given that practice-improvement literature has shown repeatedly that
multimodal interventions to improve mammography screening rates are better than single-
strategy interventions.13 However, these effective reminder programs have been slow to diffuse
into practice and, even when they do so, are incompletely implemented and maintained.

The objective of the current study was to determine if a large-scale multimodal population-
based screening-mammography reminder program, aimed at women who had previously had
a mammogram, could increase the number of women receiving mammography screening. The
reminder program began in January 2006.

Methods
The protocol for this study was approved by the IRB within the study HMO. The need for
individual consent for data use was waived.

Study Setting and Data Sources
The study was conducted at Kaiser Permanente Northwest (KPNW), a nonprofit group-model
HMO operating in southern Washington and northern Oregon, with 15 medical clinics and
about 485,000 members. The demographic characteristics of the members are similar to those
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of the area population, with about 19% racial or ethnic minorities. Electronic databases provide
data on patient membership, demographics, and healthcare utilization, including mammogram
completion in radiology and procedures from inpatient admissions and outpatient visits, as
well as from outside claims and referrals. These data capture over 95% of all medical care and
pharmacy services members receive,21 and data are linked through each member’s health
record number. Because screening mammography is a covered benefit, it is unlikely that
members seek this exam outside of the plan, and the internal data are likely to be a nearly
complete assessment of screening patterns. Kaiser Permanente mammography data, and
similar data sets in other integrated care settings, have been used extensively in research.9

Study Design and Population
This retrospective quasi-experimental study evaluated the effectiveness of a multimodal
reminder intervention that incorporated automated telephone calls to improve routine
mammography screening. The study period included data from 2004–2007, and the study was
conducted in 2008. Specifically, women were identified who were aged ≥42 years and whose
most recent mammogram had been performed 20 months earlier. Patient cohorts were then
developed for each of three time periods (Figure 1): the pre-reminder period (calendar year
2004); the first post-reminder year, in order to measure the effectiveness of the implementation
of the reminder program (calendar year 2006); and the second post-reminder year, to measure
the effectiveness of the maintenance of the reminder program (January 1–July 1, 2007). The
date 20 months after each participant’s prior mammogram served as her index date. Each
woman was required to have a minimum continuous membership from 24 months prior until
10 months after the index date (the follow-up period). The pre-reminder cohort (2004) included
14,831 women, the post-implementation (2006) cohort 17,361, and the maintenance (2007)
cohort 7859, for a total of 35,104 unique individuals (patients who had been in the 2004 cohort
could repeat in 2006 or 2007) across the three time periods.

Comparison Groups
Each of the three time cohorts was further stratified into three groups. The target group
consisted of women aged 50–69 years, the age group for whom mammograms were
recommended by the USPSTF and who were the focus of the HEDIS mammography quality-
improvement measure through the full study period; these women were targeted by reminders
in 2006 and 2007. Two comparison groups of women were also developed, none of whom
received the multimodal reminder program. Comparison Group 1 (CG1) consisted of women
aged 42–49 years, the age group for whom mammograms were only recently recommended
by guidelines and quality measures; the evidence base that mammography is helpful in this
age group is weaker than it is for women aged 50–69 years.4,7 Comparison Group 2 (CG2)
consisted of women aged ≥70 years, the group for which mammograms are conditionally
recommended depending on life expectancy.4

Using these age-based comparison groups allowed adjustments to be made for background
temporal trends occurring in mammography screening. The 10-month follow-up period was
used to identify outcomes and clinic visits, and the 24-month pre-index period was used to
ascertain prior mammograms and other explanatory variables.

Study Variables
The primary outcome was screening mammography completion. Patients’ ages were
ascertained at the index date. Neighborhood SES was estimated from the census-tract block
corresponding to each subject’s mailing address. Each individual’s racial category was
obtained from electronic databases for 31,124 (77.7%) participants; the missing ones were
geocoded. Patients were categorized into black, white, and other (Pacific Islander, Asian, and
Native American). Information about years of college education, marital status, and whether
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the family income was <$40,000 per year was also obtained from geocoded data. In addition,
as a measure intended to reflect disease burden,22,23 the mean number of unique generic drugs
dispensed to each participant was determined. The patient’s assigned clinic was also
determined, as well as whether she had visited her primary care provider or a gynecologist
during the follow-up period.

The Mammography Patient Reminder Program
Starting in January 2006, women aged 50–69 years who were coming due for a mammogram
and were 20 months from their prior mammogram were eligible for the KPNW reminder
program (Figure 2). The goal was to encourage eligible women to have a mammogram at least
every 24 months. Women who had had a bilateral mastectomy were excluded (approximately
0.2% per month). At 20 months after her prior mammogram, each patient was sent an
informational postcard reminding her that she soon would be due for a mammogram and
encouraging her to make an appointment. The mailing mentioned common barriers 9,24 to
obtaining a mammogram and offered solutions.

Those women who did not make an appointment for a mammogram by 21 months received an
automated telephone reminder through Kaiser Voice Messaging (AVM). The automated
telephone reminder, made on behalf of the patient’s primary care provider, reminded the patient
that her mammogram was due soon, encouraged her to make an appointment, and provided
instructions on how to do so. Contact information was provided to assist those who had
questions. At 22 months, those who had not made an appointment received a second AVM
call. These program elements were delivered by centralized HMO staff under a protocol after
an HMO analyst extracted eligible patient lists monthly to deliver the appropriate intervention
components. Staff was overseen by an internal medicine physician director. The quality-control
program for the centralized program components included computer program updates, dual-
analyst review, and mechanisms for patients and staff to provide feedback for data-and
program-quality improvement.

At 23–24 months, the names and demographic information of women in the target group who
had not yet made an appointment were given to local healthcare teams, so that follow-up live
calls could be made (generally by radiology appointment clerks). A call script (available from
the author) and training were provided by the centralized staff. Up to two messages were left
requesting that the patient call staff back. The actual reminder was delivered only to the targeted
individual, because of privacy concerns. Wait time for mammography varied from 0–30 days
depending on the facility.

Usual Care
During the study period (2004–2007), in approximately the third quarter of each year, patients
who were overdue for a mammogram (>24 months from prior mammogram or those who had
never received one) were sent a reminder letter. In addition, the patient electronic medical
record contained clinician information for health maintenance procedures due, including
mammography.25,26 These procedures were active for the target and comparison groups in the
pre-and post-reminder program periods.

Statistical Methods
Cox proportional regression was used for the primary analysis of time until completion of the
mammogram, in months, during the 10-month follow-up period (30 months from the prior
mammogram). The independent variables were group (target, CG1, and CG2), period (pre-
reminder, post-reminder implementation, post-reminder maintenance), and their interaction.
Group and period were dummy-coded, with CG1 and the pre-reminder period as the reference
groups. The group-by-period interaction was included in the model to test whether, for the
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target group, change in time to completion of a mammogram, from the pre-implementation
period to the implementation and maintenance periods, was greater than the change across
periods for the two comparison groups. Several covariates that have been described as, or are
suspected of, influencing mammogram completion were included: race, education, marital
status, income, any visit to a primary care provider, any visit to an obstetrician/gynecologist,
and number of medications.27-29 One model also included clinic site as a variable. The analyses
accounted for the fact that some women were included in more than one time period through
the use of clustering and robust SEs.

It was hypothesized that there would not be as great a change across the time periods in the
comparison groups as in the target group. It was estimated that, with an analysis of 40,000
women who had an average mammography-completion rate of 55% at 6 months after their due
date (30 months after their prior mammogram) without reminders, it would be possible to detect
very small effects, such as hazard ratios (HRs) in the range of 1.035 to 1.036 (assuming that
the covariates in the model explain 5%–10% of the variance in the outcome), with power of
0.80.

Results
Table 1 presents the baseline characteristics of patients in the three time cohorts. Mean age
was 59 years across the three cohorts. Other demographic characteristics, as well as utilization
of primary care provider and obstetrician/gynecologist visits during the follow-up period,
remained similar across the time periods. Overall, 48.8% of women visited their primary care
provider by 4 months, and 77.0% by 10 months, into the follow-up period (data not shown).
The mean number of medications was higher in the maintenance cohort than in the pre-reminder
and implementation cohorts (5.4 vs 3.9 and 3.8, respectively).

Table 2 presents the proportions of participants completing a mammogram by 10 months into
the follow-up period for the three groups in the three periods. The proportion of the target group
that completed a mammogram was 5412/8531 (63.4%) in the pre-reminder period. This
increased to 75.4% (7995/10,606) in the first year post-implementation, and to 80.6%
(3897/4834) in the second year of reminders. The proportion of women completing
mammograms in CG1 and CG2 remained relatively flat through the study period, with slightly
higher proportions observed in the younger comparison group (CG1: 46.4 % in pre-period,
48.2% in Year 1, and 47.0% in Year 2) versus the older comparison group (CG2: 41.9%, 43.1%,
and 40.7% respectively.)

Figure 3 graphically displays the proportion of women, by month, who completed
mammograms over the 10 months of the follow-up period, by group and by period. The target
group demonstrates improved time to mammogram completion in the first year post-
implementation, and maintenance of the effect in the maintenance period (second year of
reminders). The majority of the improvement is seen within the first 4 months of the follow-
up period, during the time the reminder program was implemented. In Year 1, at 1 month after
each program step, 9.9% of women in the target group had completed a mammogram after the
postcard, 24% after automated call 1, 36.6% after automated call 2, and 46.6% after the live
call. In the pre-period, 24.9% of women in the target group had completed a mammogram by
24 months, as compared to 46.6% in Year 1 and 52.8 % in Year 2. This finding is in contrast
to the two comparison groups, which do not appear to have improved their mammogram
completion rates in the post-reminder periods.

Table 3 presents the multivariate Cox proportional hazards model predicting time until
mammogram. After adjusting for race, education, marital status, income, primary care provider
and obstetrician/gynecologist visits, and number of medications, and including interactions of
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group by period, the target group was 1.51 times more likely (CI=1.40, 1.62; p<0.001) in the
post-reminder implementation period, and 1.81 times more likely (CI=1.65, 1.99; p<0.001) in
the post-reminder maintenance period, to have a mammogram compared to CG1 women.
Women whose race was categorized as other were less likely to complete a mammogram (HR
0.93, CI=0.88, 0.99), as were those taking a greater number of medications (HR 0.99, CI=0.98,
0.99). Women with a college education (HR 1.08, CI=1.05, 1.11), who were married (HR 1.08,
CI=1.04, 1.12), or who had visited a primary care provider (HR 1.90, CI=1.84, 1.97) or an
obstetrician/gynecologist (HR 1.71, CI=1.65, 1.77) clinician during the follow-up period were
more likely to complete a mammogram. A model that adjusted for clinic site did not materially
alter the results.

Discussion
The current study found that a multimodal reminder program that incorporated automated
telephone calls improved repeat mammography screening. Unadjusted results among targeted
women revealed a 21.7% absolute improvement in the number of women screened at 24 months
and a 12% improvement at 30 months in Year 1 compared to the number of women screened
in the pre-reminder period. After controlling for confounders, in the first year of
implementation, the likelihood of the target group completing their next mammogram by 10
months into the follow-up period improved 50% compared to a younger but untargeted
comparison cohort. The positive effect was maintained in the second year of the program.
Although this intervention did not target all women who were eligible for mammograms, the
percentage of women this age with up-to-date mammograms (defined as having a mammogram
in that year or the prior year) did improve with the reminder program (79.9% of 45,554 in 2005,
83.0% of 48,421 in 2006, and 84.1% of 49,532 in 2007 were up to date).

The intervention effect observed in the current study is consistent with effects from RCTs of
patient reminder programs. Patient-directed reminders and invitations have been shown to
increase the number of women receiving mammograms.11,30 In multiple studies, the combined
effect for increased mammography utilization for patient-targeted interventions was estimated
to be 13%,17 which is similar to the effect found here. However, most previous reminder trials
have been conducted among the unscreened,17,30 in contrast to the previously screened
population targeted in the current study. The prior patient-reminder trials that largely targeted
previously screened women reported smaller intervention effects. One study31 used reminder
letters only, two32,33 compared telephone counseling to mailed reminders, one combined34

and another compared35 patient and physician reminders, and two others36,37 included only
low-income women.

Of particular note, the effect reported here was observed after implementation of a program
that incorporated automated calls, a modality that, although it has been commonly advocated,
11 has not been the focus of much mammography-reminder research. One prior nonrandomized
study found that an interactive voice response system improved the odds of previously
unscreened women completing a mammogram by 26%.38 Although costs were not specifically
evaluated here, the current results indicate that automated calls may be a cost-effective
approach to implementing a large-scale mammography-reminder program.

The findings reported here help inform the implementation of mammography-reminder
systems in real-world practices. Although a large number of studies have addressed the efficacy
of mammography-reminder systems, there has been little research addressing the
implementation and maintenance of these programs.13,18,39 Prior trials have generally included
fewer than 1000 patients,17,30 or they present data from only short-term follow-up periods.40

There is growing recognition that advances in cancer-control research are limited by a failure
to translate research findings into practice.30 As long as efficacy and effectiveness trials are
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considered complete without adjunct research addressing what it will take to translate the
results of such trials into real-world practices, the public-health potential of the original
investments will not be realized.39

Other subgroup results from the current study shed further light on important factors relating
to implementation of mammography-reminder programs. Consistent with other studies, it was
found here that mammography completion is facilitated by contact with primary care
providers28 and obstetricians/gynecologists.29 The current findings also suggest that insured
patients who are sicker, or who are of Asian, Pacific Island, or Native American descent may
need more support for completion of regular mammography screening. The latter finding needs
to be interpreted with caution because racial data missing at the individual level were geocoded.

This study has other limitations. It was not an RCT, which would have provided the strongest
evidence of effectiveness. Also, the comparison groups are clearly different from the targeted
group. Although it would have been preferable to use a comparison group of similar age to the
target group, this was not possible. However, this study had a strong quasi-experimental design
that supports the findings and conclusions. Also, RCTs tend to play a limited role in informing
the implementation gap in real-world settings13,19 because randomized effectiveness trials
require a great deal of control over the environment on the part of researchers, thus threatening
the external validity of the findings.41

It is not possible, however, to completely eliminate the possibility that concomitant unmeasured
factors may explain some of the observed changes in mammography screening rates. This
phenomenon is unlikely to explain our results because these unmeasured factors likely would
have affected the control cohorts also. The reminder program was discussed with clinical
managers, who said that clinician prompts at the point-of-care reminding patients to get
mammograms were active throughout the study period, and that other co-interventions were
unlikely. Managers also said that the live outreach calls (the fourth step in the reminder
program) did not have the same quality-oversight as the centralized program components and
that there was variation in their delivery.

Because the reminder program did not target women who were overdue for mammograms, or
those who choose to screen every year, it is not possible to say how this program might affect
those groups. In addition, the current study was conducted at a single HMO in two states, so
findings may not be generalizable to other settings, although the direct-to-patient reminder
system can certainly be implemented in most practice settings. Finally, because the data were
pulled from electronic records and not from in-person interviews, individual race data were
not complete, and other individually reported measures of SES were not available. Low income
was not found to diminish the likelihood of mammography among this insured population, a
potentially important finding given that mail and phone reminders have been thought to be
ineffective among this demographic.42 However, the low-income-but-insured group in the
current study may not be as low in income as low-income participants from other reported
studies.

To our knowledge, this study is the first to find that a large population-based mammography-
reminder program that integrated automated telephone calls could be effectively implemented
and maintained, with the result that repeat mammography screening improved. Given that gaps
in mammography screening are common, this intervention, if widely implemented, could
substantially improve regular community mammography. Future studies should address
practice-based factors that assist patients in completing mammograms within the context of a
reminder program, as well as other factors that affect the reach and cost effectiveness of
delivering the intervention to diverse patient groups in multiple settings.
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Figure 1.
Study population flow for three cohorts: pre-reminder, post-reminder implementation, and
post-reminder maintenance.
Target Group: mammogram recommended by USPSTF and patients targeted with reminders
(age 50–69)
Comparison Group 1: mammogram recommended by USPSTF but patients not targeted (age
42–49)
Comparison Group 2: mammogram conditionally recommended by USPSTF (if life
expectancy not compromised) but patients not targeted (age ≥70)
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Figure 2.
Mammogram reminder program to encourage routine mammograms
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Figure 3.
Proportion of women who have had a mammogram during 10 months of follow-up period
Figure 3: Proportion of women who have had a mammogram during 10 months of follow-up.
Target Group: mammogram recommended by USPSTF and patients targeted with reminders
(age 50–69)
Comparison Group 1: mammogram recommended by USPSTF but patients not targeted (age
42–49)
Comparison Group 2: mammogram conditionally recommended by USPSTF (if life
expectancy not compromised) but patients not targeted (age ≥70)
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Table 1
Characteristics of cohorts in three time periods,a n (%) unless otherwise indicated

Variable Pre-reminder 2004 Post-implementation 2006

Maintenance
2007 Jan 1–July

1 p-valued

n 14,831 17,361 7,859

Age (M±SD) 59.4±11.4 59.3±10.8 59.1±10.9 <0.001

Neighborhood data 0.046

 Raceb 13,627 (92.3) 15,989 (92.5) 7,158 (91.7)

 White 273 (1.9) 275 (1.6) 136 (1.7)

 Black 859 (5.8) 1,013 (5.9) 516 (6.6)

 Other

Some collegec 6,063 (41.7) 6,645 (38.9) 3,319 (43.1) <0.001

Marriedc 11,197 (77.1) 13,476 (79.0) 5,965 (77.5) 0.038

Income (family) <
$40,000 per yearc

2,159 (14.9) 2,476 (14.5) 1,050 (13.6) 0.052

PCP visite 11,639 (78.5) 13,392 (77.1) 6,039 (76.8) 0.002

OB/GYN visite 2,140 (14.4) 2,500 (14.4) 1,089 (13.9) 0.440

Number of medications
(M±SD)

3.9±4.3 3.8±4.3 5.4±5.0 <0.001

a
For all women, 20 months had passed since their prior mammogram (index date). All variables were assessed during the baseline period, except for PCP

and OB/GYN visits.

b
Race available at individual level in 31,124 (77.7%); the missing cases were geocoded

c
Based on geocoded information

d
Comparison across all three groups; p-values based on generalized estimating equation models

e
One or more visits to PCP or OB/GYN during 10 months of follow-up period OB/GYN, obstetrician/gynecologist; PCP, primary care provider
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Table 3
Multivariate Cox proportional hazards model predicting time until mammograma

Variable HR (95% CI) p-value

Group

 Target groupb 1.59 (1.50, 1.68) <0.001

 CG1c 1.00

 CG2d 0.91 (0.84, 0.98) 0.013

Cohort (time period)e

 Post-reminder implementation 1.05 (0.98, 1.12) 0.144

 Post-reminder maintenance 1.06 (0.98, 1.16) 0.156

 Pre-reminder 1.00

Interactions (group by period)

 Target group × post-reminder implementation 1.51 (1.40, 1.62) <0.001

 CG2 × post-reminder implementation 0.97 (0.88, 1.08) 0.602

 Target group × post-reminder maintenance 1.81 (1.65, 1.99) <0.001

 CG2 × post-reminder maintenance 0.95 (0.83, 1.08) 0.436

Racef

 Black 1.01 (0.90, 1.12) 0.919

 Otherg 0.93 (0.88, 0.99) 0.014

Some collegeh 1.08 (1.05, 1.11) <0.001

Marriedh 1.08 (1.04, 1.12) <0.001

Income <$40,000 per yearh 0.99 (0.94, 1.03) 0.483

PCP visits (any) 1.90 (1.84, 1.97) <0.001

OB/GYN visits (any) 1.71 (1.65, 1.77) <0.001

Number of medications 0.99 (0.98, 0.99) <0.001

a
During follow-up 10 months after index date; model includes 39,302 women with complete data (749 missing complete address for geocoding)

b
Mammogram recommended by USPSTF and patients targeted with reminders in 2006 and 2007 (aged 50–69 years)

c
Reference group; mammogram recommended by USPSTF but patients not targeted (aged 42–49 years)

d
Mammogram conditionally recommended by USPSTF (if life expectancy not compromised) but patients not targeted (aged ≥70 years)

e
Reference group: pre-reminder cohort

f
Reference group: white; race available at individual level in 31,124 (77.7%); those missing were geocoded

g
Includes Pacific Islander, Asian, and Native American

h
Based on geocoded information

CG1, Comparison Group 1; CG2, Comparison Group 2; HR, hazard ratio; OB/GYN, obstetrician/gynecologist; PCP, primary care provider; USPSTF,
U.S. Preventive Services Task Force
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