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OBJECTIVE: To quantify repeat Pap testing and colpo-
scopic biopsies among women in the National Breast and
Cervical Cancer Early Detection Program between 2003
and 2006 (N�955,494).

METHODS: Rates of repeat Pap testing (two tests within
9 months) and colposcopic biopsies were estimated
along with 95% confidence intervals (CIs). Odds ratios
and 95% CIs for receipt of colposcopic biopsy compared
with repeat Pap testing were estimated from multivari-
able logistic regression models. Finally, we estimated
positive predictive values and 95% CIs of cervical intra-
epithelial neoplasia (CIN) 2 or worse (CIN 3, carcinoma in
situ, invasive cancer) for two strategies: 1) repeat Pap
testing followed by colposcopic biopsy and 2) colpo-
scopic biopsy alone.

RESULTS: There were 39,583 and 53,880 women with
repeat Pap testing and colposcopic biopsy, respectively,
from 2003 to 2006. Overall, age-standardized rates of repeat
Pap testing and colposcopic biopsies were 37.2 per 1,000
women and 39.3 per 1,000 women, respectively. Younger
women, Hispanic women, and African-American women
were more likely to receive colposcopic biopsies compared
with repeat Pap tests. Positive predictive values of colpo-
scopic biopsy were highest after abnormal Pap test results

(27% after a result of atypical squamous cells, cannot
exclude high-grade squamous intraepithelial lesion, 70%
after a result of high-grade squamous intraepithelial lesion/
squamous cell cancer).

CONCLUSION: Colposcopic biopsies are common
among young women after being screened for cervical
cancer and, except among those with the most severe Pap
test results, may not be efficient in detecting serious disease.
These results conflict with current recommendations for
less aggressive follow-up for most young women.
(Obstet Gynecol 2009;114:1049–56)

LEVEL OF EVIDENCE: II

The Centers for Disease Control and Prevention’s
(CDC) National Breast and Cervical Cancer Early

Detection Program (NBCCEDP) provides screening
and early detection for underserved women in the
United States.1 Although follow-up for mammogra-
phy in the NBCCEDP has been studied,2,3 less atten-
tion has been focused on rescreening and diagnostic
procedures associated with cervical cancer screening.
Follow-up after cervical cancer screening depends on
the original screening results, previous screening his-
tory and results, and factors such as human papillo-
mavirus (HPV) status when known. Women living in
low-socioeconomic areas have higher rates of cervical
cancer,4 and this may influence the treatment prefer-
ences of local providers. Prior reports using NBCCEDP
data5–9 have not estimated the rate of colposcopic biop-
sies in the NBCCEDP and the positive predictive value
of those biopsies.

The American Society for Colposcopy and Cer-
vical Pathology guidelines for the treatment of women
with cervical cytological abnormalities10 are summa-
rized in Table 1. Each treatment algorithm has trade-
offs in terms of ability to detect disease, economic
costs, inconvenience to patients, and potential loss to
follow-up.10–15 In particular, low-grade lesions among
young women may not require colposcopic biopsy as
suggested in older age groups.14 Creating a balance
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between adequate diagnostic follow-up to rule out se-
vere disease without overtreatment of potentially benign
conditions is a critical challenge, particularly in a setting
of limited resources. Overtreatment could lead to unex-
pected harms and increased costs; however, undetected
lesions could lead to cancer.16 Our study aims were to
quantify diagnostic and follow-up procedures performed
after cervical cancer screening in the NBCCEDP during
2003–2006, to estimate how rates of these procedures
differed by age and race, and to calculate positive
predictive values as a measure of their clinical effi-
ciency in detecting serious disease.

MATERIALS AND METHODS
The NBCCEDP collects a series of standardized
minimal data elements on women enrolled in the
program, including basic demographic information
(eg, age, race). Also collected is information on breast
and cervical cancer screening and diagnostic and
follow-up tests paid for by the NBCCEDP. The study
population for this report was all women receiving at
least one NBCCEDP-supported Pap test between
January 1, 2003, and June 30, 2006. The screening
cutoff of June 30, 2006, allowed for complete screen-
ing and diagnostic follow-up data to be available for
our analysis. The study timeframe (2003–2006) also
allowed time for physicians to implement the new
2001 American Society for Colposcopy and Cervical
Pathology Consensus Guidelines on the management
of cervical cytological abnormalities10 and the up-
dated 2001 Bethesda classification system, which in-
cludes the following categories: normal; atypical squa-
mous cells of undetermined significance (ASC-US);
low-grade squamous intraepithelial lesions (LSIL);
atypical squamous cells, cannot exclude high-grade
squamous intraepithelial lesions; atypical glandular
cells; high-grade squamous intraepithelial lesions
(HSIL); and squamous cell cancer.17

Race/ethnicity was self-reported. If a woman
considered herself to be of Hispanic ethnicity, she was

classified as such, regardless of her race, resulting in
mutually exclusive race/ethnicity groups (Hispanic,
white, African American, Asian or Pacific Islander,
American Indian/Alaska Native, or multiracial).
Women reporting neither Hispanic ethnicity nor ra-
cial classification were classified as unknown. Age in
years at first program Pap test between 2003 and 2006
was categorized (18–29, 30–39, 40–49, 50–64, and
65 or older for rate standardization and 18–20, 21–29,
30–39, 40–49, 50–64, and 65 or older for modeling).
The proportion of women 65 years of age or older is
small because the NBCCEDP serves only those
women not covered by Medicare Part B.1 The CDC’s
institutional review board has approved secondary
analyses of minimal data elements data by CDC
scientists to address specific research questions con-
cerning breast and cervical cancer screening.

Rates of short-interval repeat Pap testing were
calculated as the number of women with two Pap tests
within a 9-month period in the NBCCEDP per 1,000
women. A maximum interval of 9 months was cho-
sen, rather than 4–6 months as the clinical guidelines
recommend, to allow lag time for follow-up Pap tests
to be completed. A time period of less than 1 year was
necessary to differentiate between rescreening and
regular, annual Pap screening. The colposcopic bi-
opsy rate was calculated as the number of women
with at least one colposcopic biopsy per 1,000
women. Women who received both repeat Pap test-
ing and colposcopic biopsy were included in the
numerators for calculating both the repeat Pap testing
and colposcopic biopsy rates (n�11,783). Rates were
age-standardized to the age distribution of the NBC-
CEDP population in 2000 using the five age groups
stated previously. Age standardization is a way to age
adjust estimates using the age distribution of a “stan-
dard” population, in this case the entire NBCCEDP
population in 2000.

To investigate predictors of the procedure used
(colposcopic biopsy or repeat Pap), we constructed a

Table 1. American Society for Colposcopy and Cervical Pathology Consensus Guidelines for Initial
Treatment of Women With Cervical Cytological Abnormalities,10 2003–2006

Pap Test Result

Possible Follow-Up Schemes

Repeat Pap Test at
4–6 mo

Immediate
Colposcopy

High-Risk HPV
DNA Testing

Atypical squamous cells of undetermined significance X X X
Atypical squamous cells, cannot exclude high-grade squamous

intraepithelial lesion
X

Low-grade squamous intraepithelial lesions, high-grade
squamous intraepithelial lesions, atypical glandular cells

X

HPV, human papillomavirus.
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multivariable model for receipt of colposcopic biopsy
only compared with repeat Pap testing only. Logistic
regression was used to estimate odds ratios (ORs) and
95% confidence intervals (CIs) adjusted for age, race
and ethnicity, and Pap test result (preceding the
biopsy or the repeat Pap test).

The positive predictive value of colposcopic bi-
opsy only was calculated as the number of women
with a diagnosis of cervical intraepithelial neoplasia
(CIN) 2 or worse (CIN 3, carcinoma in situ, or
invasive cancer) divided by the number of women
receiving only a colposcopic biopsy. The positive
predictive value of repeat Pap testing followed by
colposcopic biopsy was calculated as the number of
women diagnosed with CIN 2 or worse divided by
the number of women receiving repeat a Pap test
followed by colposcopic biopsy. For this calculation,
the colposcopic biopsy had to occur more than 2
weeks after the second Pap test was done to exclude
Pap tests done in conjunction with a colposcopic
biopsy and had to be part of the management for the
second Pap test result. Positive predictive values were
age standardized to the 2000 NBCCEDP population.
The positive predictive values were not calculated to
compare each strategy with each other but merely to
quantify the degree to which each strategy detects
serious disease.

RESULTS
During the study period, 955,494 women had at least
one valid Pap test. About 45% of the population was
white, 13% was African American, and 29% was
Hispanic; 80% was 40 years of age or older. African-
American and Asian or Pacific Islander women were
older than white women in the program, whereas
American Indian/Alaska Native women were younger
(Table 2). Missing data were minimal; race had the

greatest amount of missing data (those classified as
unknown) at approximately 2%.

Of the 955,494 women, 39,583 (4%) had a repeat
Pap test and 53,880 (6%) had a colposcopic biopsy.
Ninety-one percent of the population (n�873,814)
received neither procedure, 3% (n�27,800) received
a repeat Pap test but not a colposcopic biopsy, 4%
(n�42,097) received a colposcopic biopsy but not a
repeat Pap test, and 1% received both (n�11,783).
Table 3 details age-specific and age-adjusted rates of
repeat Pap tests and colposcopic biopsy by race and
ethnicity. The overall age-adjusted rates of repeat Pap
tests and colposcopic biopsies were 37.2 per 1,000
women and 39.3 per 1,000 women, respectively.
When stratified by race and ethnicity, the highest rate
of repeat Pap testing was observed among multiracial
and American Indian/Alaska Native women. The
highest colposcopic biopsy rate was among white
women. For all races, the rates of both types of
procedure were highest among women 18–29 years
and decreased with increasing age.

To better elucidate the factors that might influ-
ence a provider’s choice of a repeat Pap test com-
pared with a colposcopic biopsy, the initial Pap test
results of those receiving repeat Pap testing only or
colposcopic biopsy only were examined (data not
shown). Among women with repeat Pap test only,
50% had a test result of normal on the initial and
repeat Pap tests. Among women with colposcopic
biopsy only, 22% of women had a preceding Pap test
result of ASC-US and 68% had a Pap test result of
LSIL or worse (LSIL 44%, atypical squamous cells,
cannot exclude high-grade squamous intraepithelial
lesions 5%, or HSIL/squamous cell cancer 19%). After
the colposcopic biopsy, 26% of women had no abnor-
mality found, 42% had CIN 1, and 31% had CIN 2 or
worse.

Table 2. Age-by-Race Distribution of Women Who Received At Least One Pap Test in the National
Breast and Cervical Cancer Early Detection Program, 2003–2006*

All White
African

American
Asian/Pacific

Islander

American
Indian/
Alaska
Native Hispanic Multiracial Unknown

955,494 (100) 432,434 (45.3) 124,768 (13.1) 52,349 (5.5) 50,397 (5.3) 272,062 (28.5) 4,994 (0.5) 18,490 (1.9)
Age (y)

18–29 90,171 (9.4) 40,471 (9.4) 8,361 (6.7) 2,277 (4.4) 12,190 (24.2) 24,149 (8.9) 1,084 (21.7) 1,639 (8.9)
30–39 98,170 (10.3) 35,191 (8.1) 8,262 (6.6) 4,052 (7.7) 8,570 (17.0) 39,505 (14.5) 527 (10.6) 2,063 (11.2)
40–49 347,036 (36.3) 160,550 (37.1) 45,108 (36.2) 17,106 (32.7) 15,364 (30.5) 100,565 (37.0) 1,693 (33.9) 6,650 (36.0)
50–64 405,543 (42.4) 193,825 (44.8) 61,150 (49.0) 26,902 (51.4) 13,734 (27.3) 100,611 (36.7) 1,658 (33.2) 7,663 (41.4)
65 or

older
14,574 (1.5) 2,397 (0.6) 1,887 (1.5) 2,012 (3.8) 539 (1.1) 7,232 (2.7) 32 (0.6) 475 (2.6)

Data are n (%).
* Complete screening data available through 6/30/06.
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After adjusting for race and ethnicity and prior
Pap test result, women aged 18–20 and 21–29 years
were substantially more likely than women aged
50–64 years to receive colposcopic biopsy instead of
repeat Pap test (OR 10.96, 95% CI 9.90, 12.15 and
OR 7.92, 95% CI 7.38, 8.49, respectively) (Table 4).
The likelihood of receiving colposcopic biopsy rather
than repeat Pap test decreased with age until age 50.
Compared with white women, Asian or Pacific Is-
lander and American Indian/Alaska Native women
were less likely to receive biopsy than repeat Pap
testing, whereas Hispanic and African-American
women were more likely to receive biopsy.

The positive predictive value of repeat Pap test-
ing followed by colposcopic biopsy was lower than
that of colposcopic biopsy alone in detecting CIN 2 or
worse (Table 5). The more severe the Pap test result,
the higher the positive predictive value for CIN 2. For
colposcopic biopsy alone, the positive predictive
value was about 70% for HSIL/squamous cell cancer
compared with 12–13% for ASC-US or LSIL Pap
results, respectively. Similar results were observed for
the positive predictive value of repeat Pap testing

followed by colposcopic biopsy. Within each Pap-
test-result category, positive predictive value de-
creased with age. Age-adjusted positive predictive
values did not differ substantially by race and ethnic-
ity for either procedure.

DISCUSSION
Similar to previous NBCCEDP results,7 younger
women (younger than 39 years) in this analysis were
most likely to receive colposcopic biopsy. These
results are, in part, inconsistent with updated guide-
lines that follow-up should be less aggressive for
adolescent women (younger than 21 years) with ab-
normal tests.14 The exact reasons that young women
were more likely to receive colposcopic biopsies are
unknown. One explanation might be that younger
women in our study population could have been
referred into the NBCCEDP after obtaining an abnor-
mal screening result elsewhere, representing a group
at higher risk of HPV exposure and abnormal Pap
results than that in the general population. Therefore,
our findings among younger women may not reflect
those in the general population.

Table 4. Predictors of Type of Procedure (Colposcopic Biopsy Compared With Short-Interval Repeat
Pap Testing), National Breast and Cervical Cancer Early Detection Program, 2003–2006*

Characteristic

Women With
Colposcopic

Biopsy (n)
Women With Repeat

Pap Testing (n)
Adjusted OR†

(95% CI)

Age (y)
18–20 6,293 999 10.96 (9.90–12.15)
21–29 15,363 3,356 7.92 (7.38–8.49)
30–39 6,641 3,402 3.51 (3.26–3.78)
40–49 8,265 10,406 1.37 (1.29–1.46)
50–64 5,357 9,438 1.0 (reference)
65 or older 178 199 1.34 (0.99–1.81)

Race/ethnicity
African American 4,552 2,974 1.14 (1.06–1.23)
Asian/Pacific Islander 967 1,277 0.72 (0.64–0.82)
American Indian/Alaska Native 1,071 3,534 0.15 (0.13–0.17)
Hispanic 11,235 6,401 1.24 (1.17–1.31)
Other‡ 976 764 0.69 (0.60–0.80)
White 23,296 12,850 1.0 (reference)

First Pap test result§

Atypical squamous cells of undetermined significance 10,146 9,799 6.46 (6.10–6.83)
Low-grade squamous intraepithelial lesion 17,963 1,395 60.20 (55.89–64.84)
Atypical squamous cells, cannot exclude high-grade

intraepithelial lesion
2,187 117 142.65 (117.03–173.88)

High-grade squamous intraepithelial lesion/squamous
cell cancer

7,319 100 506.90 (412.84–622.38)

Atypical glandular cells 2,278 186 124.53 (106.0–146.29)
Normal 2,204 16,203 1.0 (reference)

OR, odds ratio; CI, confidence interval.
* Complete screening data available through June 30, 2006.
† Comparing odds of colposcopic biopsy only compared with repeat Pap testing only; ORs are adjusted for all other variables in the column.
‡ Includes multiracial and unknown.
§ From the first test of the repeat Pap testing sequence or from the test preceding the biopsy.
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To investigate whether a woman’s Pap test history
before the start of the study may have influenced what
type of procedure she received, we classified women on
the basis of their program Pap test history in the 2 years
before the study (January 1, 2001–December 31, 2002).
Approximately 80% of women did not have a Pap test
that was provided through the NBCCEDP in the 2 years
before the study, and, as such, data on these women are
unavailable for that time period. This lack of informa-
tion may have lead clinicians to do the more definitive
procedure to rule out severe disease. However, addition-
ally adjusting for Pap test history in the 2 years before
the start of the study did not change the findings,
suggesting that this did not explain fully why some
groups of women were more likely to receive colpo-
scopic biopsies than repeat Pap tests. Therefore, to the
extent possible, we have ruled out prior Pap-test history
as the reason younger women were more likely to

receive colposcopic biopsies than repeat Pap tests. This
suggests some of the medical practices reported in this
article may not be indicated and that findings of both
low-grade and high-grade disease in the younger age
groups are amenable to more conservative management
for up to 2 years of follow-up as is recommended.

Compared with other race/ethnicities, Asian or
Pacific Islander and American Indian/Alaska Native
women were more likely to receive repeat Pap tests
than colposcopic biopsy, whereas Hispanic and Afri-
can-American women were more likely to receive
colposcopic biopsy. The reasons for this are un-
known, and further investigation is needed. However,
because the entire study population is of similar
socioeconomic status, differences in race are probably
not entirely caused by differences in socioeconomic
status. There is variation across programs (eg, some
reach more women than others); thus, some of the

Table 5. Positive Predictive Values With 95% Confidence Intervals of Short-Interval Repeat Pap Testing
Followed by a Colposcopic Biopsy* and Colposcopic Biopsy Alone† in Determining CIN 2 or
Worse Disease National Breast and Cervical Cancer Early Detection Program, 2003–2006‡

Pap Test Result§

Normal ASC-US LSIL ASC-H
HSIL/Squamous

Cell Cancer

Short-interval repeat Pap testing
followed by a colposcopic
biopsy

N 229 1,697 1,720 214 526
All�� 4.8 (2.0–7.6) 11.5 (10.0–13.1) 11.9 (10.3–13.4) 23.4 (17.6–29.1) 54.2 (49.9–58.5)
Age (y)¶

18–29 2.8 (�2.9–8.4) 16.9 (13.1–20.7) 14.8 (12.1–17.6) 28.8 (16.1–41.6) 54.7 (47.4–62.1)
30–39 2.6 (�2.6–7.8) 14.7 (10.1–19.2) 15.8 (11.2–20.4) 39.3 (20.0–58.6) 54.2 (43.3–65.2)
40–49 5.1 (0.7–9.4) 10.6 (8.1–13.1) 9.4 (6.8–11.9) 16.2 (7.6–24.8) 57.7 (49.9–65.5)
50–64 7.3 (0.2–14.4) 7.3 (5.0–9.5) 7.0 (4.2–9.8) 20.0 (9.6–30.4) 48.6 (38.9–58.3)

Age-adjusted PPV# 5.8 (1.9–9.7) 9.2 (7.7–10.7) 8.7 (6.9–10.4) 20.2 (14.0–26.4) 52.1 (46.3–57.9)
Colposcopic biopsy alone

N 2,187 10,059 17,859 2,160 7,225
All�� 8.1 (6.9–9.2) 16.9 (16.1–17.6) 19.6 (19.0–20.2) 31.3 (29.3–33.2) 70.4 (69.3–71.4)
Age (y)¶

18–29 12.6 (9.8–15.4) 20.1 (19.0–21.2) 21.5 (20.8–22.3) 34.7 (31.5–37.8) 68.2 (66.6–69.9)
30–39 10.8 (7.4–14.3) 17.4 (15.5–19.2) 20.9 (19.3–22.5) 37.6 (32.5–42.8) 75.8 (73.5–78.0)
40–49 5.1 (3.5–6.8) 12.4 (10.9–13.8) 14.3 (13.0–15.7) 26.9 (22.9–30.8) 71.2 (69.0–73.3)
50–64 6.0 (4.1–7.9) 9.8 (8.2–11.5) 10.2 (8.5–11.9) 23.2 (19.2–27.2) 68.2 (65.4–71.1)

Age-adjusted PPV# 6.3 (5.1–7.5) 11.8 (10.7–12.8) 12.8 (11.8–13.9) 26.7 (24.1–29.2) 69.9 (68.2–71.6)

ASC-US, atypical squamous cells of undetermined significance; LSIL, low-grade squamous intraepithelial lesions; ASC-H, atypical
squamous cell, cannot exclude high-grade squamous intraepithelial lesion; HSIL, high-grade squamous intraepithelial lesion; PPV,
positive predictive value.

* PPV calculated as proportion of women with a diagnosis of CIN 2 or worse among those getting a repeat Pap test followed by a colposcopic
biopsy in same cycle as second Pap test and occurring more than 2 weeks after the second Pap test.

† PPV calculated as proportion of women with a diagnosis of CIN 2 or worse among those getting a colposcopic biopsy only.
‡ Complete screening data available through 6/30/06.
§ Result of Pap test before biopsy.
�� Women 65 years or older are included in the “All” category, but estimates are not shown separately for that group.
¶ Age at first program Pap test between 2003 and 2006.
# Age-standardized to the 2000 National Breast and Cervical Cancer Early Detection Program population.
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observed differences by race may reflect program-
level differences. Given the number of programs, it is
not feasible to present program-specific results, and
data-sharing restrictions prevent the presentation of
such data. The minimal data elements data undergo
extensive quality assurance, monitored at the national
level, including comparing minimal data elements
data with clinical and service standards.1

Positive predictive values were less than 13% for
test results that were LSIL or less severe. Coupled
with the observation that 71% of women who under-
went biopsy had a preceding Pap test result of LSIL or
worse, this suggests that there may be little clinical
advantage to biopsies in this group. The positive
predictive values reported here are similar to those
from other programs,18,19 including the NBCCEDP.3,6

This analysis has limitations. First, our minimal
data elements data set may not capture fully all
elements used for clinical decision making. Data on
clinician’s impression at colposcopy, receipt and re-
sults of screening and diagnostic tests received outside
of the program, and results of HPV testing were not
available. Positive HPV test may explain the type of
follow-up procedure. However, immediate colpos-
copy for cytologically normal, HPV-positive women
younger than 35 years of age may lead to overtreat-
ment and should be avoided,20 although retesting is
necessary.21 Finally, the NBCCEDP is not population-
based and covers a small percentage of eligible
women.22

Strengths of the analysis are that the NBCCEDP
is the only nationwide cervical cancer screening pro-
gram in the United States. Data quality is high;
variables for Pap test results, final diagnosis and
receipt of colposcopy with biopsy from the minimal
data elements data have more than 90% concordance
with data abstracted from medical records (unpub-
lished results). The availability of data from a wide
variety of providers and clinical settings provides a
unique picture of clinical practices in this country.
Providers who serve women enrolled in the NBCCEDP
are more often mid-level providers but provide med-
ical care comparable with that of nonprogram provid-
ers,9 suggesting that variations in provider care may
reflect individual differences in clinical decision mak-
ing and not necessarily reflect program-level differ-
ences. Minimal data elements data often are used to
monitor public health practice and can provide data
on the timeliness, adequacy, and appropriateness of
follow-up of clinical care.1

Our findings may have important cost implica-
tions for the NBCCEDP, given the estimated $3.6
billion spent on direct costs related to abnormal test

results and low-grade lesions.23 We estimate addi-
tional direct costs (95% CI) of $1.94 ($0.96–$2.95)
and $10.53 ($3.95–$16.10) to the NBCCEDP for
repeat Pap testing or colposcopic biopsy.24,25 These
additional costs are substantial when extrapolated to
the more than 300,000 women who receive screen-
ing annually in the NBCCEDP (http://www.cdc.
gov/cancer/nbccedp/data/summaries/national_
aggregate.htm).

In conclusion, colposcopic biopsies were common
among young women in the NBCCEDP, in whom
serious disease was not most common. Such results have
not been published previously for a large, screened
population in the United States, particularly for the
vulnerable population served by the NBCCEDP. The
observed strategies had low positive predictive values
for test results of LSIL or less severe, suggesting these
common strategies might not be efficient in detecting
serious disease.
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