
UC Davis
UC Davis Previously Published Works

Title
Validation of self-reported cancers in the California Teachers Study.

Permalink
https://escholarship.org/uc/item/9mc8j8w0

Journal
American journal of epidemiology, 157(6)

ISSN
0002-9262

Authors
Parikh-Patel, Arti
Allen, Mark
Wright, William E
et al.

Publication Date
2003-03-01

DOI
10.1093/aje/kwg006

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9mc8j8w0
https://escholarship.org/uc/item/9mc8j8w0#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


539  Am J Epidemiol   2003;157:539–545

American Journal of Epidemiology
Copyright  © 2003 by the Johns Hopkins Bloomberg School of Public Health
All rights reserved

Vol. 157, No. 6
Printed in U.S.A.

DOI: 10.1093/aje/kwg006

PRACTICE OF EPIDEMIOLOGYPRACTICE OF EPIDEMIOLOGY

Validation of Self-reported Cancers in the California Teachers Study

Arti Parikh-Patel1, Mark Allen2, William E. Wright3, and the California Teachers Study 
Steering Committee

1 Cancer Epidemiology Research Unit, Public Health Institute, Sacramento, CA. 
2 Cancer Surveillance Research Unit, Public Health Institute, Sacramento, CA. 
3 California Department of Health Services, Cancer Surveillance Section, Sacramento, CA.

Received for publication July 5, 2002; accepted for publication October 1, 2002.

Self-reported cancer data from the California Teachers Study were validated by using California Cancer
Registry data. The California Teachers Study cohort consists of 133,479 active and retired California teachers.
In 1995–1996, data from a mailed questionnaire were linked to the California Cancer Registry data. Sensitivity
and specificity of 11 types of cancer were calculated. Multivariate analyses were conducted to evaluate correlates
of false-positive and false-negative reporting. Sensitivities showed great variation by cancer site. The highest
sensitivities were observed for breast (96.4%) and thyroid (92.9%) cancers, whereas the lowest sensitivities were
those for cervical (44.3%), endometrial (69.1%), and other skin (53.6%) cancers. The sensitivities for in situ
cancers (at the time of diagnosis) were considerably lower than those for invasive cancers in about half of the
cancer types surveyed. The specificities for individual cancer sites ranged from 90% to 99%; the highest were
those for lung cancer, leukemia, and Hodgkin’s disease (all 99.9%). The lowest specificity was for other skin
cancer (90.2%). In situ stage at diagnosis and older age were significantly associated with false-positive
reporting. Age and non-White race were associated with false-negative reporting. These findings suggest that the
feasibility of using self-reported data without verification in epidemiologic studies of cancer varies by site.

cohort studies; neoplasms; questionnaires; recall; registries

Abbreviations: SEER, Surveillance, Epidemiology, and End Results; SES, socioeconomic status.

For a variety of reasons, self-reported disease outcomes
are frequently used without verification in epidemiologic
research. One such reason is the difficulty of verifying
responses in studies with large samples and limited funds.
Although a number of studies have examined agreement
between self-reported outcomes and medical records (1–7),
few have verified self-reported cancers with cancer registry
data (8–12). Reported estimates of the overall sensitivity of
self-reported cancer range from 27 percent to more than 90
percent (1, 5, 9, 12). Accuracy of reporting has been found to
vary by cancer site. Self-reports of breast and colon cancers

were found to have higher sensitivities, for instance, whereas
ovarian and uterine cancers were reported to have lower
sensitivities (1, 5, 9, 10). Accuracy of self-report also varies
by demographic characteristic across the study population.
In a comparison of self-reported responses with registry
data, false-negative reporting was found to correlate with
older age, non-White race, and increased time since cancer
diagnosis (10). Schrijvers et al. reported that underestima-
tion of cancer by a survey was higher among men and among
urban residents (12). Although past research has shed some
light on the validity of self-reported data, patterns of misclas-
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sification of self-report are still not well understood, espe-
cially in the context of large population-based studies.

The objectives of this study were to determine the sensitivity
and specificity of self-reported cancers within the California
Teachers Study cohort and to identify determinants of false-
positive and false-negative reporting within the cohort by using
California Cancer Registry data as the “gold standard.” Data
from California Teachers Study and California Cancer
Registry data files were linked to accomplish these objectives.

MATERIALS AND METHODS

Description of the cohort/questionnaire

The California Teachers Study is a prospective study of
133,479 current and former female public school teachers and
administrators. Members of this cohort belong to the Cali-
fornia State Teachers Retirement System (STRS). Demo-
graphic characteristics of the study population and details of
cohort recruitment and maintenance have been described else-
where (13). During the period 1995–1996, cohort members
completed a mailed survey, which included questions
regarding cancer history, diet, and reproductive history. The
response rate for the mailed survey was 41 percent. The ques-
tions on the various types of cancer were phrased as follows:
“Have you ever had <type> of cancer?” The 11 cancer types
were breast, endometrial (body of the uterus/womb), cervix,
ovary, lung, leukemia, Hodgkin’s disease or lymphoma, colon
and rectum, thyroid, melanoma, and other skin. Respondents
were asked about the date of diagnosis for breast cancer only;
self-reported dates of diagnosis were not available from the
questionnaire for any of the other types of cancers.

Overview of California Cancer Registry data

The California Cancer Registry is the largest population-
based cancer registry for a geographically contiguous area in
the world, collecting incidence reports on more than 130,000
new cases of cancer diagnosed annually in California.
Cancer reporting in California is legally mandated and was
fully implemented in 1988 with standardized data collection
and quality control procedures (14–17). The California
Cancer Registry participates in the National Cancer Insti-
tute’s Surveillance, Epidemiology, and End Results (SEER)
program. On several standard measures of the quality of case
finding recommended by the North American Association of
Central Cancer Registries (NAACR), the California Cancer
Registry performs very favorably (18). The completeness of
case reporting exceeds 95 percent within 18 months after the
end of each calendar year. Case reporting for 1999 was esti-
mated to be 100 percent complete as of April 2002.

Data linkage/data management

Probabilistic record linkage of California Teachers Study
and California Cancer Registry databases was performed by
using Integrity software (19). A probabilistic linkage uses a set
of identifiers contained in both data sets to calculate the prob-
ability that records from the different data sets are matches.
Weights corresponding to different probabilities are assigned

to each set of matches. Matches with weights higher than a
predetermined cutoff weight are accepted, whereas those that
are much lower than the cutoff are rejected. The variables used
to calculate weights in this record linkage were complete
name, social security number, date of birth, and complete
address of residence. Any California Cancer Registry record
matched to more than one California Teachers Study record,
or vice versa, was reviewed manually. Checks were conducted
for transposed digits in social security numbers and to make
sure that the date of death listed on the California Cancer
Registry record was not before the date on which the question-
naire was completed. A total of 14,410 tumors were matched
to 12,739 California Teachers Study members.

Exclusion criteria

Data on only the first tumor of each type were retained for
analysis, although a respondent could be counted multiple
times if she had more than one cancer. Only those cancers
diagnosed prior to completion of the California Teachers
Study questionnaire were included in the analysis file. Addi-
tionally, respondents who were not California residents at
the time of the survey, and those who were diagnosed with
breast cancer before 1988 on the basis of either their
response on the survey (for breast cancer) or the date of diag-
nosis in the California Cancer Registry database, were
excluded. This exclusion was made since standardized,
statewide, population-based cancer reporting in California
was not fully implemented until 1988; it is likely that cancers
diagnosed before this date might not have been captured by
the registry. These exclusions resulted in an analytic file
containing 9,023 tumors in 8,499 people. Approximately 4
percent of the women had more than one type of cancer.
Separate analysis files were created for each of the 11 types
of cancers included in the questionnaire.

Analytic methods

The sensitivity (the proportion of California Teachers Study
members in the registry who self-reported their cancer) and
specificity (the proportion of California Teachers Study
members not found in the registry who did not report cancer)
were calculated for each of the 11 types of cancer by using the
cancer registry data as the gold standard. In addition, separate
sensitivity estimates for invasive and in situ cancers were
calculated. For breast cancer, the only cancer type with a self-
reported date of diagnosis, we examined correlates of false-
positive and false-negative reporting. Unadjusted odds ratios
were calculated for covariates associated with false-positive
and false-negative reporting separately. The variables exam-
ined in relation to false-negative reporting were race/ethnicity,
age, time between diagnosis and questionnaire response date,
stage at diagnosis, marital status, and socioeconomic status
(SES). Since, for false-positive reports, we were limited to the
information available on the questionnaire, we looked at only
age, race/ethnicity, and SES.

These variables were then entered into a logistic regres-
sion model. Race/ethnicity was divided into two categories:
non-Hispanic White and all others. Age at questionnaire
completion was categorized into the following groups: <45,
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45–64, 65–74, 75–84, ≥85 years. The index of SES used in
this analysis was a composite variable created by principal
components analysis using a number of variables from 1990
US Census data at the block-group level (20). Block-group
quintiles based on statewide measurement of the SES vari-
able were used in the analysis.

RESULTS

Sensitivity/specificity

Site-specific sensitivities showed great variation (table 1).
The highest sensitivities were observed for breast (96.4

percent) and thyroid (92.9 percent) cancers; the lowest sensi-
tivities were those for cervical (44.3 percent), endometrial
(69.1 percent), and other skin (53.6 percent) cancers. The
sensitivities for in situ cancers (at the time of diagnosis) were
considerably lower than those for invasive cancers in about
half of the cancer types surveyed (table 2). Although the
survey picked up about 98 percent of invasive breast cancers,
the proportion of in situ breast cancers dropped to 88
percent. The sensitivity for endometrial cancer diagnosed at
the in situ stage was 42.6 percent compared with 70.9
percent diagnosed at the invasive stage. Only 43.0 percent of
in situ melanomas found in the registry were reported on the

TABLE 1.   Sensitivity of self-reported cancers (in situ and invasive) in the California Teachers Study, by site, 
1995–1996*

* The standard error for the specificities of several cancer types was < 0.01.
† CI, confidence interval.

Type of cancer

Cancers 
found in 
registry 

(no.)

True-
positive 
reports 

(no.)

Sensitivity 
(%) 95% CI†

Cancer 
not found 
in registry 

(no.)

True-
negative 
reports 

(no.)

Specificity 
(%) 95% CI

Breast 3,103 2,991 96.4 96.5, 97.5 118,093 115,849 98.1 98.1, 98.2

Endometrial 837 578 69.1 65.9, 72.2 132,642 131,664 99.3 99.2, 99.3

Cervix 531 235 44.3 40.0, 48.5 132,948 131,514 98.9 98.9, 99.0

Ovary 277 238 85.9 81.8, 90.0 133,202 132,763 99.7 99.6, 99.7

Lung 135 108 80.0 73.3, 86.8 133,344 133,247 99.9 99.9, 99.9

Leukemia 61 50 82.0 72.3, 91.6 133,418 133,304 99.9 99.9, 99.9

Hodgkin’s disease/ 
lymphoma 213 179 84.0 79.1, 89.0 133,266 133,097 99.9 99.9, 99.9

Colon/rectum 583 481 82.5 79.4, 85.6 132,896 132,478 99.7 99.7, 99.7

Thyroid 198 184 92.9 89.4, 96.5 133,281 132,886 99.7 99. 7, 99.7

Melanoma 574 420 73.2 69.6, 76.8 132,905 131,200 98.7 98.7, 98.8

Other skin 28 15 53.6 35.1, 72.0 133,451 120,407 90.2 90.1, 90.4

TABLE 2.   Sensitivity of cancer questions on the California Teachers Study 
questionnaire, by stage at diagnosis, 1995–1996

* CI, confidence interval.

Type of cancer

In situ Invasive

No. Sensitivity 
(%) 95% CI* No. Sensitivity 

(%) 95% CI

Breast 507 87.8 84.9, 90.6 2,596 98.1 97.6, 98.6

Endometrial 783 42.6 29.4, 55.8 54 70.9 67.7, 74.1

Cervix 433 38.6 34.0, 43.2 98 69.4 60.3, 78.5

Ovary 0 277 85.9 81.8, 90.0

Lung 0 135 80.0 73.3, 86.8

Leukemia 0 61 82.0 72.3, 91.6

Hodgkin’s disease/
lymphoma 0 213 84.0 79.1, 89.0

Colon/rectum 60 63.3 51.1, 75.5 523 84.7 81.6, 87.8

Thyroid 0 198 92.9 89.4, 96.5

Melanoma 165 43.0 35.5, 50.6 409 85.3 81.9, 88.8

Other skin 0 28 55.6 36.8, 74.3
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survey compared with 85.0 percent of invasive cases. All of
the cases of cancer were invasive for the following types:
ovarian, lung, leukemia, Hodgkin’s disease, thyroid, and
other skin. Specificity ranged from 90 percent to 99 percent,
depending on the type of cancer; lung cancer, leukemia, and
Hodgkin’s disease had the highest specificities, while other
skin cancer had the lowest.

Predictors of false-negative reports of breast cancer

The results of both the unadjusted and multivariate anal-
yses of correlates of false-negative reporting of breast cancer
are presented in table 3. Stage at diagnosis was the most
significant determinant of false-negative reporting in both
sets of analyses. Breast cancer cases that were in situ at diag-
nosis according to the California Cancer Registry database
were approximately seven times more likely than invasive
cases not to be reported by respondents on the California
Teachers Study survey. Cases among older respondents were

also less likely to be reported on the survey. When <45 years
was used as the referent, the likelihood of false-negative
reporting increased as age categories increased. Those cases
in respondents aged ≥85 years at the time of survey comple-
tion were approximately five times more likely to be false
negative. False-negative reporting did not differ signifi-
cantly by race, time between dates of diagnosis and survey
completion, marital status, or SES.

The multivariate model for false-negative reporting
produced results similar to the unadjusted estimates (table
3). Older respondents were less likely to report breast cancer
compared with those less than 45 years of age after we
adjusted for the other variables. This effect was particularly
pronounced for those in the oldest age categories. Respon-
dents in the age categories 75–84 and ≥85 years were three
and nine times more likely, respectively, to not report their
breast cancer. The variable most strongly associated with
false-negative reporting after adjustment was, again, stage at
diagnosis. After multivariate adjustment, race, time between

TABLE 3.   Predictors of false-negative reports of breast cancer, California Teachers Study, 1995–1996†

* p < 0.01; ** p < 0.001.
† In the multivariate analysis, all variables in the table were included in the model to calculate adjusted estimates.
‡ OR, odds ratio; CI, confidence interval.

Variable

True positive 
(n = 2,991)

False negative 
(n = 112)

Unadjusted 
estimates

Adjusted 
estimates

No. % No. % OR‡ 95% CI‡ OR 95% CI

Race

White 2,681 96.5 98 3.5 1.00 1.00

Non-White 285 95.6 13 4.4 1.25 0.69, 2.25 1.46 0.76, 2.80

Age at questionnaire completion 
(years)

<45 186 97.9 4 3.1 1.00 1.00

45–64 1,624 96.8 53 3.2 1.51 0.54, 4.24 1.51 0.52, 4.33

65–74 715 96.4 27 3.7 1.76 0.61, 5.08 1.64 0.55, 4.93

75–84 393 95.2 20 4.8 2.37 0.80, 7.02 3.06 0.98, 9.55

≥85 73 90.1 8 9.9 5.10* 1.49, 17.44 8.79* 2.37, 32.7

Time (years) between diagnosis 
and survey completion date

<5 2,092 96.5 77 3.6 1.00 1.00

≥5 879 96.8 29 3.2 0.90 0.58, 1.38 0.83 0.53, 1.32

Stage at diagnosis

Invasive 2,546 98.1 50 1.9 1.00 1.00

In situ 445 87.8 62 12.3 7.10** 4.82, 10.44 8.22** 5.42, 12.49

Marital status

Married 1,912 96.8 64 3.2 1.00 1.00

Not married 991 96.3 38 3.7 1.15 0.76, 1.72 0.94 0.60, 1.47

Socioeconomic status index

1 (lowest) 116 95.9 5 4.1 1.00 1.00

2 32 96.4 12 3.6 0.87 0.30, 2.53 1.31 0.40, 4.35

3 502 96.4 19 3.6 0.88 0.32, 2.40 1.13 0.36, 3.59

4 737 96.7 25 3.3 0.79 0.30, 2.10 1.01 0.33, 3.11

5 (highest) 1,315 96.3 51 3.7 0.90 0.35, 2.30 1.17 0.40, 3.44
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dates of diagnosis and survey completion, marital status, and
SES were not significant determinants of false-negative
reporting.

Predictors of false-positive reports of breast cancer

Older age also increased the likelihood of false-positive
reporting (table 4). Compared with respondents less than age
45 years, those aged 45–64 years were three times more
likely to falsely report breast cancer on the survey. The odds
ratios increased as age increased. Respondents older than
age 85 years were 16 times more likely than those younger
than age 45 years to falsely report breast cancer. The odds
ratios for all age categories were significant at the 0.05 level.
SES appeared to be protective for false-positive reporting,
although the odds ratio for only the highest SES quintile was
significant at the 0.05 level. Race was not significantly asso-
ciated with false-positive reporting.

The logistic regression model for false-positive reporting
yielded slightly different estimates than those from the unad-
justed analyses (table 4). Non-White respondents were 34
percent more likely to falsely report breast cancer on the
California Teachers Study survey, after we adjusted for age
and SES. Again, a dose-response relation was detected for
age and false-positive reporting. As age increased, the likeli-
hood of false-positive reporting increased. The odds ratios in
all age categories were significant at the 0.0001 level. Higher
SES was increasingly protective for false-positive reporting,
although these results were not statistically significant.

DISCUSSION

Our validation study of self-reported cancer diagnosis
using registry data has a few major advantages over previous
studies. First, the quality and completeness of California’s
registry data are unmatched by most cancer registries. Cali-
fornia’s registry adopts the high standards instituted by the
North American Association of Central Cancer Registries
(18). In addition, this validation study is by far the largest to
date using cancer registry data. To our knowledge, ours is
also the only study to include a measure of SES.

Despite these strengths, this study has a few limitations
that are important to consider when interpreting our results.
First, the California Cancer Registry did not initiate state-
wide data collection until 1988. We were able to exclude
women who indicated breast cancer before this time because
the survey included a question about date of diagnosis for
this cancer. Questions about dates of diagnosis of other
cancers were not included in the survey. As a result, it is
likely that cancers diagnosed before 1988 were included in
our analyses. Such inclusion would have affected specificity
estimates more than sensitivity estimates. Second, if a case
were diagnosed outside of California, it is possible that the
registry might have missed it, although we did exclude from
the analysis all California Teachers Study participants who
resided out of state at the time of the survey. It is also
possible that we may have missed cases because of our
linkage algorithm, although we used a widely accepted
method. Finally, general errors in completing the survey
might account for the discrepancy between California

TABLE 4.   Predictors of false-positive reports of breast cancer, California Teachers Study, 1995–1996†

* p < 0.001.
† In the multivariate analysis, all variables in the table were included in the model to calculate adjusted estimates.
‡ OR, odds ratio; CI, confidence interval.

Variable

True negative 
(n = 115,849)

False positive 
(n = 2,244) Unadjusted estimates Adjusted estimates

No. % No. % OR‡ 95% CI‡ OR 95% CI

Race

White 101,544 99.7 349 0.3 1.00 1.00

Non-White 15,075 99.6 55 0.4 1.06 0.80, 1.41 1.34 1.00, 1.79

Age (years) at 
questionnaire 1

<45 34,098 99.9 34 0.1 1.00 1.00

45–64 57,238 99.7 173 0.3 3.03* 2.10, 4.38 3.27* 2.24, 4.75

65–74 16,151 99.5 78 0.5 4.84* 3.24, 7.25 5.31* 3.52, 7.99

75–84 8,217 98.9 95 1.1 11.60* 7.83, 17.17 11.97* 8.01, 17.89

≥85 1,977 98.4 32 1.6 16.23* 10.00, 26.36 17.40* 10.65, 28.41

Socioeconomic status 
index

1 (lowest) 4,896 99.5 23 0.5 1.00 1.00

2 13,765 99.6 62 0.5 0.96 0.59, 1.55 1.00 0.62, 1.63

3 21,794 99.6 89 0.4 0.87 0.55, 1.38 0.93 0.59, 1.48

4 32,161 99.6 115 0.4 0.76 0.49, 1.19 0.85 0.54, 1.33

5 (highest) 45,065 99.7 123 0.3 0.58 0.37, 0.91 0.66 0.42, 1.04
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Teachers Study and California Cancer Registry data. Gener-
alizability of our results is limited to female populations,
because no males were included in our study. Additionally,
since the California Cancer Registry is a well-established,
high-quality registry, these results may not be generalizable
to newer, non-SEER state cancer registries.

The sensitivities of the cancer questions on the California
Teachers Study survey showed great variation by cancer
type, which is consistent with findings from previous studies
using registry data as the gold standard (9–12). As in most
other studies, breast cancer was the most accurately reported
cancer by survey respondents (1, 5, 12). Self-reports of
endometrial, cervical, and other skin cancers had the lowest
sensitivities in our study. Several explanations are possible
for the reporting patterns observed in our study of different
types of cancers. It has been suggested that cancers with very
clear-cut diagnostic criteria, such as breast and thyroid
cancer, are more likely to be reported than cancers whose
diagnostic procedures are more ambiguous (1). Chambers et
al. suggested that reporting might be lower for cancers that
have a large proportion of less severe histologic types, such
as cervical cancer (21). For all types of cancer, respondents
were less likely to report in situ cancers than invasive ones.
Respondents may be less likely to report in situ cancers
because they do not regard them as cancer, which may be an
issue that stems from how the physician presents the cancer
diagnosis to the patient.

Older age at the time of questionnaire completion was
positively associated with both false-positive and false-
negative reporting in our study. Whether this finding may be
due to declining cognitive functioning or perceived taboos
regarding cancer among older people is unclear. It has also
been suggested that a lack of communication between physi-
cians and older patients regarding their cancer diagnoses
may affect whether they think they have cancer (12, 22, 23).
Higher SES levels were protective for false-positive
reporting but did not affect false-negative reporting.

Our findings suggest that the feasibility of using self-
reported data without verification in epidemiologic studies
of cancer varies by site. Self-reported breast cancer on the
California Teachers Study survey was reported quite accu-
rately, but endometrial and cervical cancers less so. In situ
cancer has much higher rates of misclassification than inva-
sive cancer regardless of site. Use of self-reported data
without validation in studies that include in situ cancers and
the elderly could lead to especially biased prevalence esti-
mates. Validation may be particularly valuable in studies of
certain cancers, such as those involving the cervix or uterus.
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