
Comparative effectiveness of two outreach strategies for 
cervical cancer screening

Erin J. Aiello Bowles, MPH1, Hongyuan Gao, MS, MA1, Susan Brandzel, MPH1, Susan Carol 
Bradford2, and Diana SM Buist, PhD, MPH1

1Group Health Research Institute, Group Health Cooperative, 1730 Minor Ave, Suite 1600, 
Seattle, WA 98101, USA

2Department of Clinical Improvement and Prevention, Group Health Cooperative, 201 16th Ave E, 
Seattle, WA 98112, USA

Abstract

Test-specific reminder letters can improve cancer screening adherence. Little is known about the 

effectiveness of a reminder system that targets the whole person by including multiple screening 

recommendations per letter. We compared the effectiveness of a Pap-specific reminder letter sent 

27 months after a woman’s last Pap, to a reminder letter that included up to seven preventive 

service recommendations sent before a woman’s birthday (“birthday letter”) on Pap smear 

adherence from a natural experiment occurring in routine clinical care. Participants included 

82,016 women from Washington state who received 72,615 Pap-specific letters between 2003–

2007 and 100,218 birthday letters between 2009–2012. We defined adherence as having a Pap test 

within a six month window around the Pap test due date. Using logistic regression, we calculated 

adjusted odds ratios (OR) for adherence with 95% confidence intervals (CI) following the birthday 

letter with 1–2 recommendations, 3–5 recommendations, and 6–7 recommendations compared to 

the Pap-specific letter. All analyses were stratified by whether a woman was up-to-date or overdue 

for screening at the time she received a letter. Adjusted ORs showed reduced adherence following 

the birthday letter compared with the Pap-specific letter for up-to-date women whether the letter 

had 1–2 recommendations (OR=0.37, 95%CI=0.36–0.39), 3–5 recommendations (OR=0.44, 

95%CI=0.42–0.45), or 6–7 recommendations (OR=0.36, 95%CI=0.32–0.40). We noted no 

difference in Pap-test adherence between letter types for overdue women. In conclusion, for 

women regularly adherent to screening, an annual birthday letter containing reminders for multiple 

preventive services was less effective at promoting cervical cancer screening compared with a Pap-

specific letter.
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Background

Cervical cancer is highly preventable through regular and appropriate screening. In 2012, 

National Healthcare Effectiveness Data and Information Set (HEDIS) data demonstrated that 

between 65–75% of women ages 21–64 received a Pap exam in the past three years.(1) 

Cervical cancer screening is both underused and overused (50% of eligible women are 

screened more frequently than recommended).(2–4) One explanation for under- and overuse 

of Pap testing may be the rapid evolution of cervical cancer screening guidelines over the 

past decade. These changes include narrower screening ages (starting at an older age and 

ending at a younger age) and wider screening intervals (from annual to every 3–5 years),(5, 

6) and may lead to confusion among women and providers about screening frequency.

Reminders are one of the most effective interventions for increasing and maintaining Pap 

test adherence.(7) Studies have shown reminder letters increase adherence to screening for 

breast,(8–11) colon,(12, 13) and cervical cancers.(14–16) Most previous studies of 

reminders have evaluated the effectiveness of a letter or phone call that targets a single 

preventive service. For example, a 55-year old woman might receive three separate reminder 

letters for breast, colon, and cervical cancer screenings with three different due dates. 

Reminders for these screenings may co-occur with other recommended prevention activities 

such as cholesterol screening or getting a flu shot, making it highly complex and costly for a 

provider or healthcare system to send individual reminders for each.

A consolidated reminder letter sent once per year that targets the whole person by including 

multiple preventive service recommendations might be more efficient and coordinated than 

sending multiple test-specific reminders. However, sending a single reminder letter annually 

would not be timed with due dates for preventive services. The potential benefits and 

drawbacks of this type of reminder system are not well understood. We previously 

conducted an analysis comparing the effectiveness of a single reminder letter for multiple 

preventive services sent around the time of a person’s birthday, to a reminder letter for 

mammography only sent right before a woman was due.(10) We found that the birthday 

letter resulted in poorer adherence to breast cancer screening compared with the 

mammogram-specific letter. We conducted an analysis to compare the effectiveness of the 

birthday reminder letter to a cervical cancer screening-specific reminder letter on Pap test 

adherence.

Materials and Methods

This study took place at Group Health (GH), a mixed-model health care delivery system in 

Washington State that provides health care and/or health insurance to its 600,000 members. 

We evaluated a natural experiment that occurred in routine clinical practice using different 

prevention reminder letters. From 2003 through 2007, GH sent letters to women ages 20–65 

years reminding them that they were due for a Pap test. Starting in 2007, GH phased out the 

Pap-specific reminder letters and phased in a new letter sent before a woman’s birthday that 

reminded her of all preventive services she was due for in the future (the next 12 months and 

beyond for services with longer screening intervals) based on gender, age, and risk factors. 

The birthday letters completely replaced the Pap-specific letters by December 2008. 
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Additional details about each letter type are described below. The GH Human Subjects 

Review Committee approved all study procedures.

Study population

We included women who were between the ages of 21–64 years and who received a 

reminder letter (either Pap-specific or birthday letter) for cervical cancer screening at GH 

between 2003–2012. To be eligible for our study, women had to be continuously enrolled in 

GH for 3 years before the reminder letter was sent in order to determine whether they were 

up-to-date or overdue for cervical cancer screening at the time they received either reminder 

letter (N=88,421 women sent Pap letters and 112,722 women sent birthday letters, Figure 1). 

Women were excluded from our analysis if they had a hysterectomy; received multiple 

letters within 6 months of each other with similar due dates because we could not attribute 

cervical cancer screening adherence to one letter over another; received letters between April 

2007 and December 2008 during the overlapping transition period between the two reminder 

strategies, because we could not attribute cervical cancer screening to one letter over 

another; did not have enough follow-up time after receiving their letter (because they 

disenrolled or died) to get a Pap test; or received birthday letters with a previous Pap date 

that was inconsistent with data sources and could not be verified. Our final sample sizes 

were 53,571 women (60.6% of original sample) receiving 72,615 Pap letters and 65,926 

women (58.5% of original sample) receiving 100,218 birthday letters.

Reminder letters

Pap-specific letters were sent 27 months after a woman’s last Pap test if she was up-to- date 

with screening, regardless of the last test results. Pap-specific letters were sent yearly 

thereafter if a woman was overdue. The letter did not include the date of her last test or due 

date for her next test but said “it is time to schedule your routine Pap test”. The letter only 

reminded women about cervical cancer screening.

Birthday letters were sent annually, approximately two weeks before a woman’s birthday. If 

she was up-to-date with cervical cancer screening, the birthday letter included a reminder for 

cervical cancer screening with a future due date. Since due dates could be up to three years 

in the future, we only included letters that had a due date within the upcoming 12 months. If 

a woman was overdue for cervical cancer screening, the due date was replaced with the 

statement “due now”. The birthday letters could include anywhere from 1–7 

recommendations for preventive services (services in addition to cervical cancer screening 

could include breast cancer screening, colorectal cancer screening, cholesterol maintenance 

tests [only among people with diabetes or cardiovascular disease], and 3 diabetes 

maintenance tests [HbA1c, microalbuminuria, and diabetic retinal exam]), all with different 

due dates.

Cervical cancer screening adherence

We hypothesized that current screening adherence would depend on past adherence.(17, 18) 

Therefore, we determined whether each woman was up-to-date or overdue for screening at 

the time each letter was sent using HEDIS definitions, accounting for changes in the 

definitions each year.(19) HEDIS is a tool used by U.S. health plans to measure performance 
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on various aspects of healthcare and service. HEDIS definitions are maintained by the 

National Committee for Quality Assurance to ensure they are relevant and use current 

diagnostic and procedure codes. Based on HEDIS definitions, women were considered up-

to-date if they had a Pap test in the previous 3 years; otherwise they were considered 

overdue.

We examined cervical cancer screening adherence using CPT, HCPCS, and ICD-9 

Procedure codes from HEDIS(19) within a 6 month window around the due date in the letter 

as shown in Figure 2:

• Women up-to-date with screening who received a letter with a due date >3 months 

in the future had to have a Pap test within the 3 months before or after her due date 

to be adherent (example (a))

• Women up-to-date with screening who received a letter with a due date <3 months 

in the future had to have a Pap test within 6 months after receiving the letter to be 

adherent (example (b)).

• Women who were overdue for a Pap test had to have a Pap test within 6 months of 

receiving the letter to be adherent (example (c)).

In this manner, all women had an equal window of time (6 months) to obtain cervical cancer 

screening.

Covariates

We used Group Health’s Virtual Data Warehouse,(20) which contains administrative, 

diagnostic, and procedure data for all Group Health enrollees, to obtain covariate data at the 

time each letter was sent.(21) Administrative and demographic covariates included age at 

letter receipt, race, education level, and body mass index (BMI in kg/m2). We calculated the 

Charlson comorbidity score using ICD-9 diagnosis codes from the 12 months before the 

letter was sent.(22) We used procedure data to count the number of primary care, preventive 

care, and OB/GYN visits in the 12 months prior to letter receipt. From the birthday letter 

only, we collected information on the number of recommendations included in the letter. We 

also examined elements of their insurance benefit including whether they had a preventive 

care waiver covering all preventive services in full, including Pap tests, and whether the 

person was enrolled in a plan with an annual deductible ≥$500.

Statistical analysis

All analyses were stratified by whether women were up-to-date or overdue for screening at 

the time they received each letter. We calculated unadjusted adherence rates with 95% 

confidence intervals (CIs) for each letter type overall, and each letter type stratified by 

covariates to determine whether any substantially modified adherence. Women could receive 

more than one letter over time (i.e. a Pap letter each time they were due or a birthday letter at 

each birthday); we used letters as the level of analysis. Therefore, we used logistic 

regression to account for repeated measures per woman to estimate adjusted odds ratios 

(with 95% CIs) for cervical cancer screening adherence following the birthday letter 

compared with the Pap letter. To understand whether the number of recommendations in the 
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birthday letter impacted adherence, we categorized birthday letters into 3 groups in adjusted 

analyses: letters with 1–2 recommendations, letters with 3–5 recommendations, and letters 

with 6–7 recommendations. Each of these groups was compared to the Pap letter reference 

group. We adjusted models for age (continuous), ≥$500 deductible plan, preventive care 

waiver, Charlson score (0/1+), and number of healthcare visits in the 12 months prior to 

receiving the letter (0/1+, primary care, preventive care, and OBGYN visits were combined 

due to small numbers). Variables with substantial amounts of missing data (BMI, education, 

and race) were not included in the adjusted models; no other covariates included in the 

models had missing data. We ran models stratified by each covariate to evaluate whether any 

substantially modified the association between reminder letter type and adherence; in these 

models, we included all adjustment variables except the one used for stratification (for 

example, models stratified by high deductible plan were not adjusted for high deductible 

plan). Age was the exception – models stratified by age group were adjusted for age as a 

continuous variable. Last, we examined whether the due date on the birthday letter 

influenced adherence by plotting adherence rates by the number of months between the date 

the letter was mailed and the due date. For this analysis, we examined adherence for three 

years after receipt of the birthday letter, even though women would have received an 

additional birthday letter each year with a closer due date. All analyses were conducted 

using SAS (Cary, NC).

Results

Approximately 57% of letters were sent to women who were up-to-date with screening, and 

43% were sent to women who were overdue (Table 1). The mean ages were 46.5 years for 

women up-to-date with screening and 45.7 years for women overdue for screening. The 

majority of our population was white with at least some college education. Women who 

were up-to-date tended to have lower BMIs, more preventive care visits, and more OB/GYN 

visits suggesting a slightly healthier population compared to overdue women. Women who 

received birthday letters were slightly more likely to have health plans with a deductible ≥

$500 than women who received Pap letters, reflecting changes in health insurance options 

over time.

Among women who were up-to-date, unadjusted cervical cancer screening adherence was 

significantly higher following the Pap-specific compared with the birthday letter (Table 2, 

46.8% vs 26.0%, respectively, p<0.001). Adherence following the birthday letter increased 

over time from 22.9% in 2009 to 44.6% in 2012, which was similar to adherence in the last 

year of the Pap-specific letter (47.2% in 2007). Among overdue women, adherence did not 

differ by type of letter (21.1% for Pap-specific reminder vs 21.6% for birthday reminder). 

Adherence following the birthday letter also increased overtime from 16.7% in 2009 to 

24.4% in 2012.

After adjustment, adherence was still significantly worse among up-to-date women 

following the birthday letter compared with the Pap letter whether the birthday letter had 1–

2 recommendations (OR=0.37, 95%CI=0.36–0.39), 3–5 recommendations (OR=0.44, 

95%CI=0.42–0.45), or 6–7 recommendations (OR=0.36, 95%CI=0.32–0.40) (Table 3). 

Adherence for up-to-date women varied slightly when stratified by patient characteristics. 
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Among overdue women, adjusted adherence did not differ by letter type whether the 

birthday letter had 1–2 recommendations (OR=0.99, 95%CI=0.95–1.04), 3–5 

recommendations (OR=0.96, 95%CI=0.91–1.00), or 6–7 recommendations (OR=0.95, 

95%CI=0.85–1.06). However, adherence was slightly worse for the birthday letters with 1–2 

recommendations compared to the Pap letter when limiting to women with a high-deductible 

health plan (OR=0.88, 95%CI=0.79–0.99), and slightly better among women with a 

Charlson score of 1 or higher (OR=1.17, 95%CI=0.99–1.38 for letters with 1–2 

recommendations and OR=1.20, 95%CI=1.06–1.35 for 3–5 recommendations).

Adherence to screening following the birthday letter was related to the amount of time 

between when the birthday letter was sent and a woman’s due date (Figure 3). For example, 

8.3% of women due at the time they received their letter had a Pap test right away; an 

additional 12.2% had a Pap test within 1 month of receiving the letter. Among women due 

within 1–6 months of receiving their letter, 7.3% had a Pap test within 1 month, 8.1% within 

1–2 months, 6.8% within 2–3 months, 7.0% within 3–4, months, 5.8% within 4–5 months, 

and 5.1% within 5–6 months for a total of 40% . Many women received screening outside of 

their due date window. Approximately 24% percent of women due within 7–12 months of 

receiving their birthday letter came in before 7 months, whereas 26% came in within 7–12 

months. Women who were overdue were less likely to come in for a Pap test at any point in 

time after receiving the birthday letter.

Conclusions

Group Health’s birthday letter was implemented to facilitate a whole-person, patient-

centered approach to prevention by including multiple reminders in a single letter; but it was 

not as clinically effective as a targeted, single-service reminder in promoting Pap test 

adherence. In evaluating adherence following each letter, it is important to note the 

differences between the letters in terms of purpose, timing, and recommendations. The Pap-

specific letter only included a reminder for a Pap test due in the near future; whereas, the 

birthday letter contained multiple preventive reminders, including a Pap test reminder, which 

may not have been due for up to 12 months in the future. Importantly, the number of 

recommendations in the birthday letter did not adversely impact Pap screening rates. It is 

possible that adherence to other preventive services increased following the birthday letter, 

but we could not evaluate this in our study. Increased adherence to other services could 

improve overall prevention increasing the value of the birthday letter, even if cervical cancer 

adherence decreased, because it fits with the whole-person approach to prevention and 

eliminates the need for a separate reminder letter for each test.

We cannot definitively conclude why the birthday letters resulted in lower adherence 

compared to the Pap letters among up-to-date women, because the letters were mailed as a 

natural experiment without a true control group comparison. However, we can hypothesize 

potential reasons for the differences in adherence rates. The timing of these letters is one 

possible explanation – the Pap-specific letters were sent just before a woman was due 

whereas the birthday letters were sent up to a year before a woman was due. This 

explanation is consistent with our observation that women came in early for their Pap test 

when they received their birthday letter. Consistent with prior literature, women who 
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regularly come in for screening may also be in the habit of doing so, and would come in 

whether they received a reminder letter or not.(23–26) Additionally, we may have observed a 

learning effect in our population for the birthday letter. Screening adherence following the 

birthday letter was 22.9% in 2009, but increased to 44.6% in 2012. As with most changes in 

clinical practice, it takes time for both patients and providers to get used to new ideas and 

methods.(27–31)

Neither letter was very effective among women overdue for cervical cancer screening. This 

highlights an important public health issue of effectively encouraging overdue women to 

come in for cervical cancer screening. The lack of effectiveness of reminders on women 

overdue for cervical cancer screening has been demonstrated in previous studies.(15) 

Women who are overdue for screening are more likely to have cancer detected at a later 

stage because they do not seek care until they are symptomatic.(32–34) Adherence in 

overdue women in our study was slightly higher among women with a Charlson score of 1 

or more following the birthday letter compared to the Pap-specific letter. It is possible that 

these women had comorbidities that required them to seek healthcare more often, and 

additional healthcare visits provided convenient opportunities for a Pap test. Overdue 

women with an annual deductible ≥$500 or no preventive care waiver were less likely to be 

adherent following the birthday letter compared to the Pap-specific letter; these results 

suggest cost of care could have been a barrier to screening, consistent with other screening 

studies.(35, 36)

Our results also demonstrate that even with preventive care coverage, innovative methods are 

needed to encourage women who are overdue for cervical cancer testing to obtain screening 

in a timely manner. Studies have explored text messages, electronic medical record prompts, 

and web-based campaigns (e.g. social media) to promote cancer screening;(37, 38) although 

the practicality of these methods are limited by Health Insurance Portability and 

Accountability Act restrictions to prevent unintentional disclosures of identifiable health 

information.(39–42) Approaches beyond reminders and education, such as navigators and 

other strategies to increase convenience of testing may be necessary to increase screening 

participation in overdue women.(43–45)

Overall, our Pap test adherence results were lower than in other studies because we 

calculated adherence differently than other commonly used methods such as HEDIS.(19) 

Our approach resulted in lower screening adherence rates than other studies because our 

window for adherence was only six months; whereas HEDIS calculates adherence over three 

years. Therefore, adherence rates in our analysis should not be directly compared to HEDIS 

or other studies that evaluated adherence over longer time periods.

Our study has several additional limitations. First, we did not have a true control group. We 

conducted this evaluation using data from a natural experiment. Second, we could not 

evaluate overuse of cervical cancer screening. Overuse is an important issue in cervical 

cancer screening because women tend to be screened more often than current guidelines 

recommend.(46, 47) We did not have enough follow-up time to study overuse given the 

years of our data (2003–2012). Third, one reminder letter was phased in as the other was 

phased out; therefore, we could not compare the two letters during the same time period. 
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Instead, we took advantage of a natural experiment when a health plan changed reminder 

systems. If adherence changed over time in our population regardless of the letter, our results 

may have been affected. However, Pap test adherence rates at GH during the later years of 

our study were fairly constant and similar to adherence rates in the surrounding community,

(48) suggesting changes over time had little impact on our results. Fourth, we could not 

account for other interventions at GH that may have contributed to the increase in Pap test 

adherence following the birthday letter. For example, clinics implemented electronic medical 

record reports to highlight women overdue for screening tests and contact them directly. 

These types of interventions occur regularly at GH and other organizations to increase and 

maintain cancer-screening adherence. These were not recorded systematically and we have 

no way of knowing which patients received additional interventions. Nonetheless, this 

natural experiment could also increase the generalizability and applicability of our results to 

other community practices because the letters were sent as part of clinical care, not as part of 

a controlled trial. Finally, our use of deductibles and preventive care waivers as measures of 

out-of-pocket costs and access to care may be considered crude assessments of these 

potential barriers to screening. Obtaining information on the cost of care at any given point 

in time for an individual is nearly impossible given one has to take into account what a 

person has already paid in terms of premiums, co-pays, co-insurance, and deductibles. 

However, we were able to eliminate a complete lack of health insurance as a barrier to 

screening in our population, because all of our study participants had some level of 

healthcare.

In conclusion, a single reminder letter with multiple preventive services sent around the time 

of a person’s birthday and not timed to due dates was not as effective for cervical cancer 

screening as a reminder letter tied to one specific screening service sent just before a woman 

is due. While it had a patient-centered focus by using a whole-person approach to 

prevention, it did not initially result in similar adherence to Pap testing compared with the 

Pap-specific reminder letter. This study should have relevance for other health plans and 

organizations looking to adopt new or modify current preventive reminder systems - it 

appears an appropriately timed, test-specific letter is more effective in promoting appropriate 

screening adherence compared to an annual, multi-service reminder letter.
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Figure 1. CONSORT diagram of women (and letters) included in the study after each exclusion 
criterion was applied
Figure 1 is a CONSORT-like diagram showing the number of women (and letters in 

parenthesis) in the initial sample and remaining after each exclusion criterion was applied. 

At the bottom of the figure are the final sample sizes of women (and letters) included by 

letter type and whether women were up-to-date or overdue for screening.
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Figure 2. Adherence definitions for screening based on timing of reminder letter and whether 
women were overdue for a Pap test
Figure 2 depicts the definitions we used for cervical cancer screening adherence by the 

timing of the reminder letter and by whether women were up-to-date with screening or 

overdue for a Pap test from 2003–2012 in Washington State. Each inset figure (a-c) shows 

that each group had a 6-month window around the test due date to be adherent.
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Figure 3. Percent of women who received a Pap test within 36 months after receiving their 
birthday letter, according to their due dates
Figure 3 applies to birthday letters only. It depicts the percent of women who received a Pap 

test within 3 years after receiving their birthday letter over time from 2009–2012 in 

Washington State. Each line represents a different group depending on when women were 

due. The first blue line represents women who were due now (within 1 month of receiving 

the letter) and shows the percent of women who received a subsequent Pap test peaked a 1 

month and trailed off thereafter. The numbers in parentheses in the legend show that 21.1% 

of women who were “due now” did not have a Pap test within 36 months of receiving their 

letter. The red line represents women who were due between 1–6 months after receiving 

their letter, and the percent of women who came in after receiving their letter peaked at 2 

months. Percents declined thereafter but women due 1–6 months after receiving their letter 

had Pap tests throughout the 36 months depicted in the figure. The green line shows that 

women due within 7–12 months after receiving their letter peaked at 13 months – but many 

came in for a Pap test before and after that time. The pink line represents the percent of 

women overdue for a Pap test at the time they received their letter. The percent of overdue 

women who received a Pap test peaked at 1 month following the letter and sharply declined 

thereafter with 53.7% of these women not receiving a Pap test within 36 months.
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Table 2

Unadjusted adherence* to cervical cancer screening within 6 months of letter receipt by reminder letter type 

and patient characteristics from 2003–2012 in Washington state

Up-to-date with screening Overdue for screening

Pap letter Birthday letter Pap letter Birthday letter

Unadjusted
adherence
(95% CI)

Unadjusted
adherence
(95% CI)

Unadjusted
adherence
(95% CI)

Unadjusted
adherence
(95% CI)

N=30,474 N=67,409 N=42,141 N=32,809

Overall 46.8 (46.3, 47.4) 26.0 (25.7, 26.3) 22.1 (21.7, 22.5) 21.6 (21.2, 22.1)

Age

   21–30 37.3 (35.4, 39.2) 22.7 (21.8, 23.7) 18.2 (17.3, 19.2) 17.5 (16.5, 18.6)

   31–40 44.3 (43.0, 45.6) 24.7 (24.0, 25.5) 24.1 (23.0, 25.1) 24.8 (23.6, 26.1)

   41–50 46.6 (45.6, 47.6) 25.5 (24.8, 26.1) 22.5 (21.8, 23.2) 23.0 (22.0, 23.9)

   51–64 49.9 (49.1, 50.8) 27.8 (27.3, 28.3) 22.5 (21.8, 23.1) 21.3 (20.6, 21.9)

Preventive care waiver

   Yes 46.8 (46.1, 47.4) 26.5 (26.1, 26.8) 22.2 (21.7, 22.7) 21.9 (21.4, 22.4)

   No 46.9 (45.8, 48.0) 24.4 (23.7, 25.1) 21.9 (21.1, 22.6) 20.2 (19.1, 21.3)

Deductible ≥$500 annually

   Yes 45.3 (43.6, 47.0) 25.2 (24.4, 26.0) 20.4 (19.2, 21.6) 18.5 (17.6, 19.4)

   No 47.0 (46.4, 47.6) 26.1 (25.8, 26.5) 22.3 (21.9, 22.7) 22.5 (22.0, 23.0)

Race

   Non-white 47.3 (45.9, 48.7) 26.5 (25.8, 27.3) 25.5 (24.4, 26.6) 23.9 (22.8, 25.0)

   White 49.0 (48.4, 49.7) 27.2 (26.8, 27.6) 25.5 (25.0, 26.1) 24.5 (23.9, 25.0)

   Unknown 32.6 (31.1, 34.2) 12.6 (11.7, 13.6) 12.2 (11.6, 12.9) 7.6 (6.9, 8.3)

Education

   <=High School 46.1 (44.2, 48.1) 25.9 (24.8, 27.1) 28.5 (26.8, 30.2) 26.2 (24.2, 28.3)

   Some College 47.9 (46.7, 49.1) 26.4 (25.6, 27.2) 30.3 (29.1, 31.5) 31.1 (29.6, 32.5)

   College Graduate 54.4 (53.0, 55.8) 28.5 (27.7, 29.3) 36.7 (35.2, 38.3) 35.1 (33.4, 36.8)

   Post-College 58.3 (57.0, 59.6) 30.4 (29.6, 31.2) 38.0 (36.4, 39.6) 37.6 (35.7, 39.5)

   Unknown 37.5 (36.6, 38.4) 22.7 (22.2, 23.2) 15.7 (15.3, 16.1) 15.7 (15.2, 16.2)

BMI (kg/m2)

   <25 54.5 (53.5, 55.5) 27.1 (26.5, 27.6) 32.9 (31.9, 34.0) 26.5 (25.6, 27.4)

   25–29.9 50.2 (49.1, 51.4) 27.0 (26.4, 27.6) 31.0 (29.9, 32.1) 27.3 (26.2, 28.3)

   30–34.9 46.8 (45.2, 48.3) 25.2 (24.4, 26.0) 26.2 (24.9, 27.5) 23.0 (21.8, 24.2)

   35+ 41.6 (40.1, 43.1) 23.1 (22.4, 23.9) 22.8 (21.7, 23.9) 20.6 (19.7, 21.6)

   Unknown 34.3 (33.2, 35.5) 17.6 (14.9, 20.4) 13.0 (12.5, 13.5) 4.9 (4.3, 5.5)

Charlson score

   0 47.2 (46.6, 47.8) 25.9 (25.6, 26.3) 22.2 (21.8, 22.6) 21.4 (20.9, 21.9)

   1+ 44.6 (43.0, 46.1) 26.4 (25.5, 27.3) 21.3 (20.2, 22.4) 23.1 (21.9, 24.3)

# healthcare visits in past 12 months

   0 46.4 (45.3, 47.4) 25.7 (25.1, 26.4) 17.6 (17.1, 18.2) 18.3 (17.7, 18.8)

   1 47.0 (46.3, 47.7) 26.1 (25.7, 26.5) 26.0 (25.4, 26.6) 25.4 (24.7, 26.0)

Prev Med. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Aiello Bowles et al. Page 19

Up-to-date with screening Overdue for screening

Pap letter Birthday letter Pap letter Birthday letter

Unadjusted
adherence
(95% CI)

Unadjusted
adherence
(95% CI)

Unadjusted
adherence
(95% CI)

Unadjusted
adherence
(95% CI)

N=30,474 N=67,409 N=42,141 N=32,809

Year letter received

   2003 43.9 (42.7, 45.1) 16.4 (15.5, 17.3)

   2004 46.5 (45.2, 47.7) 25.3 (24.6, 26.1)

   2005 46.7 (45.5, 47.9) 21.2 (20.5, 22.0)

   2006 49.4 (48.4, 50.5) 21.3 (20.4, 22.1)

   2007 47.2 (44.7, 49.7) 32.0 (29.4, 34.6)

   2009 22.9 (22.5, 23.4) 16.7 (15.8, 17.6)

   2010 25.9 (25.2, 26.6) 19.6 (18.6, 20.5)

   2011 32.0 (31.2, 32.8) 23.6 (22.9, 24.3)

   2012 44.6 (42.4, 46.8) 24.4 (23.4, 25.5)

Number of services recommended in birthday letter

   1–2 24.6 (24.2, 25.1) 21.9 (21.3, 22.6)

   3–5 27.8 (27.3, 28.3) 21.4 (20.7, 22.0)

   6–7 23.9 (22.5, 25.4) 21.2 (19.5, 22.9)

*
Adherence defined using CPT codes, HCPCS, and ICD-9 codes found within the 6 month window around the due date in the reminder letter.
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