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Inaccurate self-reported data on medication exposure lead to less reliable study findings. From 2013 to 2015, we
assessed the validity of information on medication use collected via a mailed medication inventory among 223
Women’s Health Initiative participants who were members of a health-care delivery system. Self-reported information on medication use was compared with pharmacy records for statins, calcium channel blockers, β-blockers, and
bisphosphonates. We assessed sensitivity, specificity, and positive predictive value (PPV) for current medication
use. We assessed agreement on duration of use (<2, 2, 3, 4, or ≥5 years) by means of the weighted κ statistic. The
mean age of participants was 77 years. Statins, β-blockers, and calcium channel blockers were each reported by
over 15% of women, and bisphosphonates were reported by 4.5%. Compared with pharmacy records, the sensitivity, specificity, and PPV for self-reported use of statins, β-blockers, and calcium channel blockers were all 95% or
greater. The sensitivity and PPV for bisphosphonate use were both 80% (95% confidence interval: 44, 97), and
specificity was 99% (95% confidence interval: 97, 100). The κ statistic for duration of use was 0.87 or greater for
all 4 medication classes. Compared with pharmacy records, self-reported information on current medication use
and duration of use collected via mailed medication inventory among older women had almost perfect agreement
for use of statins, β-blockers, and calcium channel blockers.
data collection; medications; questionnaires; pharmacy records; self-reporting; validity

Abbreviations: GH, Group Health; PPV, positive predictive value; WHI, Women’s Health Initiative.

medications (1, 3–8). In particular, the accuracy of data on
use of statin and antihypertensive medications collected via
interviewer-administrated forms as compared with pharmacy
records has been established among older women (3), but the
accuracy of data collected via self-administered mailed forms
has not been studied. Additionally, good accuracy of selfreported bisphosphonate use as compared with pharmacy records was found among chronic glucocorticoid users, but it has
not been studied in a general population of older women (9).
The accuracy of data from self-administered mailed forms
may differ from the accuracy of data derived from intervieweradministered forms and forms that query about speciﬁc
medications. Thus, we conducted a validity study to compare
self-reported medication use data collected via a mailed
medication inventory with pharmacy records among older
Women’s Health Initiative (WHI) participants for 4 classes

Medication use is commonly assessed by self-report in research studies, but its accuracy is limited by participant recall
error (1, 2). Inaccurate self-reported data can lead to exposure
misclassiﬁcation and, thereby, to less reliable study ﬁndings.
Validity studies can estimate misclassiﬁcation in self-reported
data and help determine whether study results may be biased.
Pharmacy and medical records are often used as a “gold standard” for validity studies of self-reported medication use, and
pharmacy records may be more complete than medical records
(1, 2). Increased age is associated with diminished accuracy
of self-reported events (1, 2), which makes validity studies
among older women an important research topic.
Existing validity studies have demonstrated good agreement between self-reported medication use and pharmacy
or medical records among older women, but most studies
used interviewer-administered forms or asked about speciﬁc
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METHODS

Exposure classification

Women’s Health Initiative

In WHI, duration of medication exposure was self-reported
on the 2008–2009 medication inventory, which was mailed
to participants, self-administered, and returned to WHI investigators by mail. Instructions on the medication inventory
indicated that telephone assistance was available if needed,
but only 1 of the 223 validity study participants completed
the form by telephone. Current medication use was deﬁned
by the answer to the question, “Are you currently taking
any medications that require a prescription from a doctor or
health care provider?” The form instructed participants who
answered “yes” to gather all of their current prescription medications. The form included 1 example prescription label with a
completed entry. Participants wrote down the name, strength,
type (tablet, capsule, etc.), and duration of use (<1 month,
1–12 months, a continuous number of years) of each prescription medication. Medications were categorized into medication classes using Medi-Span (Medi-Span Inc., Indianapolis,
Indiana), a pharmaceutical reference database. We deﬁned
women as users of a medication class if they reported using
any medication in that class. We categorized self-reported duration of use from the medication inventory into groups (<2, 2,
3, 4, and ≥5 years).
The reference date for medication exposure was the date on
which the participant completed the 2008–1009 WHI medication inventory. For this analysis, we used GH pharmacy records for the period 5 years before the reference date through
60 days after the reference date. From the GH data, we deﬁned the duration of medication use as the reference date
minus the date of the ﬁrst pharmacy prescription during a period of continuous use that included the reference date. We
deﬁned a period of use as continuous if there was at least 1
prescription for a medication class during a 60-day period
after the run-out date of the last prescription. We calculated
the run-out date as the prescription date plus the number of
days’ worth of medication supplied in the prescription. We
deﬁned a woman as a true current user of a medication
class if the period of continuous use for that medication
class included the reference date. We categorized duration
of use into groups (<2, 2, 3, 4, and ≥5 years).

The WHI is an ongoing research study with the primary
aim of developing strategies that reduce disease morbidity
and mortality in older women. Between 1993 and 1998, WHI
investigators recruited 161,808 postmenopausal women aged
50–79 years at enrollment to participate in randomized clinical trials and an observational study, conducted between
1993 and 2005. The clinical trials included studies of hormone
therapy with estrogen alone and with estrogen plus progestin,
dietary modiﬁcation, and calcium and vitamin D supplementation (10). Beginning in 2005, a total of 115,407 women agreed
to continue participation as part of the WHI Extension Studies.
The WHI study design and methods have been described
in detail elsewhere (11–13). In 2008–2009, a current medication inventory was administered by mail to all active WHI
participants (14).
Group Health Cooperative

Subjects for the present study were WHI participants who
had also been enrollees in the Group Health Cooperative (Seattle, Washington) for at least 5 years at the completion of the
2008–2009 medication inventory. Group Health (GH) is an
integrated health-care delivery system that provides comprehensive health care to approximately 600,000 residents of
Washington State and Idaho. GH’s electronic pharmacy database was created in 1977 and has been used in numerous
observational studies (15). In a study of seniors who were
GH enrollees, 91% of enrollees with a drug beneﬁt and
78% of enrollees without a drug beneﬁt reported that they
ﬁlled their prescriptions exclusively at GH-owned pharmacies (16). In 2009, 84% of female GH enrollees aged 65
years or older had a drug beneﬁt.
Study participants and recruitment

We identiﬁed 580 WHI participants who completed the
2008–2009 medication inventory, were enrolled in WHI at
the Seattle clinic site, and reported having insurance through
a health maintenance organization. We mailed letters to these
women asking them if they were members of GH and, if so,
asking permission to use existing WHI self-report data and
GH pharmacy records for the validity study. Several Seattle
health clinics offer health maintenance organization insurance. We asked women to respond only if they were GH enrollees. A total of 278 (48%) consented to participate, 130
(22%) responded that they were not GH enrollees, and 172
(30%) did not respond. Of the 278 women who consented,
223 were actually GH enrollees for at least 5 years at the
2008–2009 medication inventory date and were eligible for
the study. For these 223 women, we analyzed self-reported
medication use as compared with GH pharmacy records for
4 classes of chronically used medications: statins, calcium
channel blockers, β-blockers, and bisphosphonates.
The validity study was conducted from 2013 to 2015.
The Institutional Review Ofﬁce of the Fred Hutchinson

Covariates

Self-reported characteristics of interest included age, race,
educational level, income level, marital status, and self-rated
general health status (11, 17). We used the most recent value
collected in WHI on or before the medication inventory date.
Statistical analysis

We determined the characteristics of validity study participants and WHI participants not enrolled in the validity study.
Accuracy of self-reported medication use reported on the
2008–2009 medication inventory was examined using pharmacy records as the gold standard for the 4 medication classes
(statins, calcium channel blockers, β-blockers, and bisphosphonates). We assessed sensitivity ( proportion of positives
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of chronically used medications: statins, calcium channel
blockers, β-blockers, and bisphosphonates.
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as predictors of disagreement between self-reported medication use and pharmacy records and one to examine age, educational level, and marital status as predictors of disagreement
between duration of self-reported medication use and duration
from pharmacy records. All statistical tests were 2-tailed (α =
0.05), and all analyses were conducted with Stata statistical
software, version 13 (StataCorp LP, College Station, Texas).

in the pharmacy records that were also reported on the medication inventory), speciﬁcity ( proportion of negatives in the
pharmacy records that were also reported as negatives on the
medication inventory), and positive predictive value (PPV;
proportion of positives reported by the medication inventory
that were veriﬁed by pharmacy records) for each medication
class. We assessed the accuracy of self-reported duration of
medication use (<2, 2, 3, 4, or ≥5 years) using the weighted
κ statistic. The κ statistic measures the amount of interrater
agreement beyond agreement expected by chance alone,
and the weighted κ statistic gives partial credit for close
agreement between individual answers in 2 sets of ordered
categorical variables (18–20). Conﬁdence intervals for the
κ statistic were bias-adjusted using 1,000 naive bootstrap repetitions (21–23). The number of women with missing information on duration of use ranged from 0 to 6 for the 4
medication classes; these women were excluded from calculation of the κ statistic for that medication class. We also conducted a logistic regression analysis to assess participant
characteristics as predictors of the accuracy of self-reported
data. For each medication class, we ﬁtted 2 multivariate logistic regression models: one to examine age, educational level,
marital status, and a general health rating of “fair” or “poor”

RESULTS
Descriptive characteristics

Accuracy of self-reported medication use

Self-reported current medication use was over 15% for statins, β-blockers, and calcium channel blockers and was 4.5%
for bisphosphonates. The sensitivity, speciﬁcity, and PPV were
all 95% or greater for statins, β-blockers, and calcium channel

Table 1. Characteristics of 223 Validity Study Participants and 97,225 Participants Not in the Validity Study Who
Completed the 2008–2009 Medication Inventory, Women’s Health Initiative, 2013–2015

Characteristic

Other WHI Study
Participants
(n = 97,225)

WHI Validity Study
Participants (n = 223)
No.

Age, yearsa

%

No.

77.4 (6.4)

White/Caucasian race

%

75.4 (6.6)

211

94.6

84,833

87.3

High school diploma/GED or less

26

11.7

18,413

18.9

Schooling after high school

71

31.8

35,462

36.5

124

55.6

42,709

43.9

b

Educational attainment

College degree or higher
Marital statusb
Never married
Married/marriage-like relationship
Divorced/separated/widowed

5

2.2

3,970

4.1

166

74.4

65,022

66.9

52

23.3

27,875

28.7

b

Annual income, dollars
<20,000

13

5.8

10,810

11.1

20,000–34,999

43

19.3

20,556

21.1

35,000–49,999

68

30.5

19,554

20.1

≥50,000
General self-rated health of “fair” or “poor”

94

42.2

40,945

42.1

14

6.3

9,261

9.5

80

35.9

38,764

39.9

Self-reported medication use
Statin
β-blocker

66

29.6

26,398

27.2

Calcium channel blocker

35

15.7

17,305

17.8

Bisphosphonate

10

4.5

17,075

17.6

Abbreviations: GED, General Educational Development; WHI, Women’s Health Initiative.
a
Values are expressed as mean (standard deviation).
b
Numbers for subgroups do not sum to the total because of missing data.
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Validity study participants (n = 223) were more likely to be
white and had higher educational attainment compared with
WHI participants not in the validity study (n = 97,225; Table 1).
Self-reported bisphosphonate use was less common among validity study participants.

Abbreviations: CI, confidence interval; PPV, positive predictive value.
a
Aged 50–79 years at enrollment.
b
Weighted bias-adjusted κ statistic for duration of medication use (<2, 2, 3, 4, or ≥5 years). Participants with incomplete data on duration of use were excluded from calculation of the κ statistic for
that medication class (6 from statins, 6 from β-blockers, 3 from calcium channel blockers, and 0 from bisphosphonates).

0.75, 0.97

0.67, 1.00
0.95
Bisphosphonates

8

2

2

211

80 44, 97

99 97, 100

80 44, 97

0.73, 0.96

0.89
100 90, 100
35
Calcium channel blockers

0

0

188

100 90, 100

100 98, 100

0.87
98 92, 100

0.92, 0.98
0.96
99 93, 100

99 96, 100

99 96, 100
95 88, 99

97 90, 100
155

139
1

1
2
65
β-blockers

4
79
Statins

95% CI
κ Statisticb

Medication
Class

Self-Report Yes,
Pharmacy Yes

Self-Report Yes,
Pharmacy No

Self-Report No,
Pharmacy Yes

Self-Report No,
Pharmacy No

%

Sensitivity

95% CI

%

Specificity

95% CI

%

PPV

95% CI

Accuracy of
Self-Report of
Duration of Current
Medication Use
Accuracy of Self-Report of Current Medication Use

No. of Participants

blockers (Table 2). For bisphosphonates, the sensitivity and
PPV were 80% and the speciﬁcity was 99%. The weighted κ
statistic comparing self-reported duration of medication use
with true duration of use showed almost perfect agreement
for all 4 medication classes; κ values ranged from 0.87 to
0.96. In the multivariate-adjusted logistic regression analysis,
none of the participant characteristics were predictive of accuracy of self-reported medication use or self-reported duration
of medication use for any medication class.
DISCUSSION

Our study, carried out among 223 older WHI participants,
suggested that a mailed medication inventory is an excellent
source of medication exposure data for chronically used medications. Compared with pharmacy records, we found nearperfect sensitivity and PPV for self-reported use of statins,
β-blockers, and calcium channel blockers and 80% sensitivity and PPV for bisphosphonates. Speciﬁcity of self-reported
medication use was nearly perfect, and the κ statistic for selfreported duration of medication use showed near-perfect
agreement for all 4 drug classes.
We are not aware of any other studies examining the validity of a self-administered mailed medication inventory that
asked participants to report all current medications without
prompting them for speciﬁc medications. Our results are similar to those of Boudreau et al. (3), who used an intervieweradministered form that prompted respondents for speciﬁc
medications and found near-perfect agreement between selfreported data and pharmacy records for recent (within 6 months)
use of statins and antihypertensive drugs among older members of GH. Compared with the ﬁndings of Boudreau et al.
(3), current self-reported medication use collected via a mailed
medication inventory was as accurate as data collected by an
interviewer. Using mailed study forms can provide substantial
economic savings compared with interviewer-administered
forms, especially for studies as large as the WHI, which collected a mailed medication inventory form from over 97,000
women. It is notable that the WHI medication inventory asked
participants to refer to their prescription labels while completing
the form. This technique could be utilized in other studies that
collect self-reported data on current medication use.
Advanced age has been associated with decreased accuracy of self-reported events (2), and validity studies of selfreported medication use have found associations between
older age and decreased recall accuracy for medication use
(1, 9). Our study found no association between increased
age and recall accuracy. However, our study had limited power
to detect differences by age.
There were several limitations to our study. The study sample may not have been representative of the general population of older women, because 95% of the subjects were white,
and 56% had a college degree or higher educational attainment. The relatively high proportion of whites and the relatively high educational attainment in the sample studied here
reﬂect the characteristics of the Seattle population in this age
group (24) and the WHI’s targeted recruitment of members of
minority groups at other WHI clinic sites (11, 12). Additionally, our ﬁndings should not be generalized to past medication use, infrequently used medications, or less socially
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Downloaded from http://aje.oxfordjournals.org/ at University of Washington on August 15, 2016
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223 Oldera Postmenopausal Women, Women’s Health Initiative, 2013–2015
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acceptable medications. Furthermore, we had few bisphosphonate users, which may have limited the accuracy of estimates related to bisphosphonates. As with any validity study
using pharmacy records, disagreement between self-reported
medication use and pharmacy records may have been due to
subjects’ not taking a medication after ﬁlling a pharmacy prescription or ﬁlling prescriptions at pharmacies other than the
pharmacies included in the validity study.
In conclusion, in this population of older women, a mailed
medication inventory appears to be a highly accurate means of
assessing current use and duration of use of 4 classes of chronically used medications. Our ﬁndings are important for epidemiologic research, because self-reported medication data from the
WHI are used in numerous analyses of medication associations.
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