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ABSTRACT

Objective: The purpose of this study is to examine the validity of, and factors associated with, the
accuracy of self-report (participant-report and proxy-report) for fractures.

Design: Study participants were from the Women’s Health Initiative Clinical Trial and Obser-
vational Study cohorts. All women were postmenopausal; populations included American Indian,
Asian/Pacific Islander, black, Hispanic, and non-Hispanic white. The average length of follow-up
was 4.3 years. Self-reported fractures were adjudicated by reviewing medical records. The first
adjudicated self-report of fractures for each participant was included in the analysis (n = 6,652).

Results: We found substantial variations in validity of self-report by the fracture site. Agree-
ments between self-reports for single-site fractures and medical records were high for hip (78%)
and forearm/wrist (81%) but relatively lower for clinical spine fractures (51%). The average con-
firmation rate for all single-site fractures was 71%. Misidentification of fracture sites by partici-
pants or proxy-reporters seemed to be a cause of unconfirmed self-reports. Higher confirmation
rates were observed in participant-reports than in proxy-reports. Results of the multivariate analysis
indicated that multiple factors, such as ethnicity, a history of osteoporosis or fractures, body mass
index, years since menopause, smoking status, and number of falls in the past year were signifi-
cantly (P < 0.05) related to the validity of self-report.

Conclusion: The validity of self-reports for fracture varies by fracture sites and many other
factors. The assessed validity in this study is likely conservative because some of the unconfirmed
self-reports may be due to poor medical record systems. The validity of self-reports for hip and
forearm/wrist fractures is high in this study, supporting their use in epidemiological studies among
postmenopausal women.
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S
ystematic review of medical records is often
prohibited by regulations, technical difficul-
ties, and high cost, especially in population-
based research. Hence, ascertaining health in-

formation from participant-reports or proxy-reports is
widely used in large epidemiologic studies. Validity of
these reports directly affects the accuracy of measure-
ments on exposures, outcomes, or other important co-
variates and ultimately determines our ability to pre-
cisely assess associations between risk factors and
disease outcomes. Therefore, validation studies play an
important role in epidemiological research.

Fractures are a major health problem around the
world. In general, previous studies have indicated good
agreement between self-reports of fractures and medi-
cal records.1-6 However, the validity of self-reports
may vary, depending on skeletal sites,3,4,6 age, educa-
tion, previous history of osteoporosis and risk of falls.4

In the Nurses’ Health Study, a perfect agreement be-
tween self-reports of fractures and medical records was
reported,1 but results from other studies suggested ei-
ther overreporting2,4-6 or underreporting.4-8 These
findings indicate that validity of self-reports for frac-
tures is related to participants’ characteristics.

Studies on the validity of self-reports for fractures
are lacking among minorities and participants in clini-
cal trials. The purpose of this study was to examine
the validity of self-reported fractures and factors
associated with the validity of these reports among
multiethnic participants from the Women’s Health Ini-
tiative (WHI) Observational Study (OS) and Clinical
Trials (CT).

METHODS

Participants

As of August 31, 2001, 161,809 participants had en-
rolled in either the OS (N = 93,676) or CT (N = 68,133)
of the WHI, and had been followed for an average
length of 4.3 years (0-7.6). Detailed descriptions of the
WHI study methods can be found in a previous publi-
cation.9 Briefly, WHI is a large, nationwide, longitudi-
nal study investigating factors that contribute to the de-
velopment of major health outcomes affecting
postmenopausal women, including cancer, heart dis-
ease, and osteoporotic fractures. There are four clinical
trials and one observational study in the WHI. The CT
arms include two hormone therapy trials (estrogen trial
and estrogen plus progestin trial), a low-fat diet modi-
fication trial, and a calcium-vitamin D trial. Partici-
pants were recruited from communities where the 40
WHI clinical centers are located. Eligibility for the

WHI included being postmenopausal, 50 to 79 years of
age, unlikely to move or die within three years, and not
currently participating in any other clinical trials. The
WHI cohort consists of non-Hispanic white, Hispanic,
black, American Indian, and Asian/Pacific Islander
women. The WHI study was reviewed and approved by
the Human Subjects Review Committee at each partici-
pating institution.

Procedure

At baseline, women completed self-administered or
interviewer-administered questionnaires for eligibility
screening and collection of baseline characteristics
(such as demographic, reproductive, and health status
information). Physical examinations were conducted,
and a blood specimen was collected. The WHI OS
women visited the WHI clinical center at year 3 to get
additional physical measurements and to provide a
blood specimen. The WHI CT women visited the clinic
every year for follow-up measurements. Additional
follow-up data collection was done through mail and
telephone questionnaires. The CT participants com-
pleted questionnaires every 6 months and OS partici-
pants every year.

Fracture assessments

During the follow-up, 160,703 women (CT = 67, 838
and OS = 92,865) had completed at least one medical
history update, which included questions about frac-
tures occurring in the previous 12 months for OS and 6
months for CT. The initial question on fracture was
phrased like this: “Since (last reporting date), has a doc-
tor told you that you had a broken, fractured, or crushed
bone?” If people selected “yes,” they were asked to an-
swer a question, “Which bone did you break, fracture,
or crush?” by marking all that apply from the following
list: 1) hip, 2) upper leg (not hip), 3) pelvis, 4) knee
(patella), 5) lower leg or ankle, 6) foot (not toe), 7) tail-
bone (coccyx), 8) spine or back (vertebra), 9) lower arm
or wrist, 10) hand (not finger), 11) elbow, 12) upper
arm or shoulder, 13) other (specify). Additional ques-
tions were asked regarding whether fractures were di-
agnosed or treated during an overnight hospital stay,
and if an x-ray or imaging scan (MRI) was taken at the
same medical facility where fractures were treated.

Fracture events were reported by either WHI partici-
pants or proxy respondents, which include family
members, friends, health care professionals, and other
informants. Proxy-reports were obtained when tracing
participants with missed follow-up contacts or those
who had died. Approximately 79% of the fracture re-
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ports were from the participants themselves. For our
purposes, we defined reports from WHI participants as
“participant-reports” and reports from sources other
than the participants as “proxy-reports.” The term
“self-report” was used to refer to both proxy- and par-
ticipant-reports. All self-reported hip fractures in the
WHI were reviewed against medical records for con-
firmation by trained adjudicators. However, fractures
reported at sites other than the hip were reviewed only
for the CT participants (N = 67,838) and in a subset of
the OS participants (n = 7,151) who were recruited at
one of the three WHI bone mineral density centers
(Pittsburgh, PA; Birmingham, AL; or Tucson/Phoenix,
AZ). Fractures were initially adjudicated at the WHI
local center. All self-reported hip fractures (either lo-
cally confirmed or reviewed and denied) and locally
confirmed upper leg fractures were further reviewed at
the WHI Bone Density Center at the University of Cali-
fornia, San Francisco. In the CT, the mean length of
follow-up was 4.6 years; in the OS, it was 4.1 years. In
the subset of the OS from the three bone mineral den-
sity centers, the mean length of follow-up was 4.6
years.

Fracture definitions

Hip fractures in the WHI were radiographically con-
firmed fractures of the proximal femur, including frac-
tures of the femoral neck, intertrochanteric region, and
greater trochanter. Fractures reported at the ribs,
chest/sternum, skull/face, fingers, toes, and cervical
vertebrae or neck were collected but not adjudicated in
the WHI. All other clinical fractures were defined as
radiographically confirmed new or acute fractures at a
certain bone site: upper leg (shaft of femur), pelvis,
knee (patella or tibial plateau), lower leg or ankle (tibia,
fibula, or talus), foot (tarsal, metatarsal, heel, or calca-
neus), tailbone (sacrum or coccyx), spine or back (tho-
racic or lumbar spine), lower arm or wrist (radius, ulna,
or carpal), hand (metacarpal), elbow (distal humerus,
upper radius, or ulna), and upper arm or shoulder or
collarbone (humerus, clavicle, or scapula).

Assessments of covariates

Information on age, years since menopause, race and
ethnicity, education, income, smoking, alcohol intake,
use of hormone therapy, history of fracture, number of
falls in last 12 months, physical activity, and nutrient
intakes were assessed from baseline questionnaires.
Physical function and depression at baseline were mea-
sured using the 10-item Medical Outcomes Study
Scale10 and the shortened Center for Epidemiologic

Studies Depression Scale (CES-D), respectively.11

Weight was measured to the nearest 0.1 kg on a balance
beam scale, with the participant dressed in indoor
clothing without shoes. Height was measured to the
nearest 0.1 cm using a wall-mounted stadiometer.
Body mass index (BMI) was calculated as: weight
(kg)/height (m)2.

Statistical analysis

Descriptive analyses of baseline characteristics were
conducted separately for all WHI women with follow-
up medical information (n = 160,703) and in a subset of
women (n = 6,652) who had adjudicated self-reports of
fractures. Only the first adjudicated fracture report of
each participant was included in the subsequent analy-
ses. To assess the accuracy of reported fractures, con-
firmation rates were computed using fracture as the unit
of measure. These rates were simply the proportion of
self-reported fractures with a fracture confirmed at the
exact site, or at the exact or adjacent site, out of the total
number of fractures reported at that site. These rates
were computed overall, and by each fracture location.
Fracture reports were further categorized into partici-
pant-reports and proxy-reports, and confirmation rates
were calculated for each category. Confirmed fracture
at the exact site required agreement on location be-
tween self-reports and medical records. Fractures con-
firmed at an adjacent site were those fractures found by
medical record review to be immediately contiguous to
the self-reported site. For example, the pelvis and the
upper leg served as adjacent fracture sites for a self-
reported fracture of the hip (Appendix 1). An unrelated
fracture was confirmed at neither the exact nor an ad-
jacent site to that reported.

We use “unconfirmed self-reports” to refer both to
no fracture(s) on radiological records and to self-
reports that cannot be confirmed because we were un-
able to obtain the medical records (no records or no
access to the records). Percentages for each type of un-
confirmed self-reports were calculated by skeletal site.
This analysis was restricted to self-reports where a frac-
ture was the only outcome needing adjudication to limit
the possibility that a fracture was accidentally identi-
fied when reviewing medical records for other health
outcomes.

There were 281 multiple-site fracture reports (frac-
tures that occurred at more than one skeletal site simul-
taneously in one fracture event). Considering the small
number of women who had 3 or more fractures in one
event (n = 20), we restricted our analyses to only single-
site and two-site fractures.
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Logistic regression models were used to compute
odds ratio (OR) and 95% confidence interval (95% CI)
for predictors of unconfirmed fractures. Here, partici-
pants were the unit of analysis so that those participants
with two fractures were considered to have an uncon-
firmed fracture if one or both were not confirmed at
their exact skeletal sites. Factors that were either asso-
ciated with accuracy of self-reports in previous studies
or potential predictors for validity of fracture reports in
this cohort were included in the models.

To evaluate the accuracy of reported date of fracture
by the participants, we compared the difference be-
tween the participant-reported hospitalization date and
that determined from the confirmation process for
single-site hip fractures. Because the majority of hip
fractures result in immediate hospitalization, the date
of admission to the hospital for hip fracture was used as
the surrogate of fracture date in this analysis. Any non-
hospitalized hip fractures were excluded.

All analyses were performed using SAS, version 8.2
(SAS Institute Inc., Cary, NC).

RESULTS

Baseline characteristics of the participants

Table 1 displays selected baseline characteristics of
the study participants. Compared with all WHI partici-
pants, the subgroup of WHI participants in this study
were older, more likely to have had previous fractures,
and had an increased number of falls in the last 12
months. Most of the women in this study were from
the WHI CT cohorts because only a small percentage
of WHI OS women had adjudicated self-reports for
fractures.

Agreements between self-reports and medical record
for fractures

The accuracy of self-reports for fractures is pre-
sented for single-site fractures (Table 2) and two-site
fractures (Table 3) separately. The overall confirmation
rates at the exact site were 71% for single-site fractures
and 57% for two-site fractures. The confirmation rate for
single-site fractures at the hip was 78.2%; 80.7% at the
lower arm or write; 51.4% at the spine. Considering the
adjacent sites as confirmed fractures improved the confir-
mation rates for all the fractures, but the improvement dif-
fered across the skeletal sites, with the greatest improve-
ment occurring in upper leg fractures. Overall, higher
confirmation rates were observed at the hip, lower arm,
upper arm, and lower leg site. The fracture sites with
the lowest proportion of confirmed fractures were tail-
bone, upper leg, hand, and spine.

Among the 261 women with self-reports for two-site
fractures (the total number of fractures was 522), only
31.8% of the self-reports were confirmed exactly for
both sites; 26.1% were confirmed for one exact site and
one adjacent site; 23.8% confirmed for one exact site
and one unrelated site; 1.1% both at the adjacent sites;
1.5% for one adjacent site and one unrelated site; and
for 15.7%, neither of the two were confirmed at an ex-
act or adjacent site (data not shown).

Comparisons of validity between participant-reports
and proxy-reports for fractures

The confirmation rates of participant-reports and
proxy-reports for single-site and two-site fractures are
presented separately in Table 4. The accuracy of par-
ticipant-reports for single-site fractures was better than
that for two-site fractures. Similarly, except for the el-

TABLE 1. Selected baseline characteristics

WHI participants
(N = 160,703)

Participants in
this studya

(N = 6,652)

n % n %

Age group at screening (y)
50-59 53,088 33.03 1,895 28.49
60-69 72,168 44.91 2,952 44.38
70-79 35,447 22.06 1,805 27.13

Ethnicity
White 132,942 82.73 5,886 88.48
Black 14,405 8.96 382 5.74
Hispanic 6,301 3.92 175 2.63
American Indian 699 0.43 36 0.54
Asian/Pacific Islander 4,157 2.59 99 1.49
Unknown 2,199 1.37 74 1.11

Study
CT randomized 67,838 42.21 5,701 85.70
OS enrolled 92,865 57.79 951 14.30

U.S. region
Northeast 36,755 22.87 1,815 27.29
South 41,569 25.87 1,624 24.41
Midwest 35,289 21.96 1,279 19.23
West 47,090 29.30 1,934 29.07

Education
< HS 8,443 5.29 317 4.80
HS/post HS 87,969 55.16 3,888 58.90
College degree or higher 63,076 39.55 2,396 36.30

History of fracture
Never 93,548 64.10 2,752 50.43
< Age 55 35,818 24.54 1,730 31.70
� Age 55 16,568 11.35 975 17.87

Number of falls in last 12 mo
None 104,032 67.48 3,632 60.20
1-2 43,695 28.34 2,022 33.52
� 3 6,429 4.17 379 6.28

WHI, Women’s Health Initiative; CT, WHI Clinical Trials; OS, WHI
Observational Study; HS, high school.
aA subgroup of WHI participants whose self-reports of fractures were
adjudicated.
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bow and upper leg, single-site proxy-reports were more
accurate than two-site proxy-reports, although there
were few of these fractures. Overall, the confirmation
rates were higher for participant-reports compared with
proxy-reports.

Reasons for unconfirmed fractures

Among the unconfirmed self-reports for single-site
fractures, 54% of them showed no fractures on the ra-
diological records and the remainder were unconfirmed
due to reasons that included no radiological records or
inability to access the medical records (Table 5).

Predictors for validity of self-reported fractures

Predictors for having unconfirmed (not confirmed at
the exact reported fracture site) self-reports of single-

site and two-site fractures are presented in Table 6. In
univariate models, factors associated with a more accu-
rate reporting of fractures were older age (60+ y),
longer time since menopause (>5 y), and having a
higher education and better physical function (physical
function construct >90). In contrast, being black, living
in the South or Midwest regions of the United States,
drinking alcohol in the past, having a BMI greater than
30, having a history of osteoporosis or fracture, having
sustained more than two falls in the past year, being in
poor health or suffering from depression were signifi-
cantly associated with poorer accuracy of self-reports.
In addition, two-site fracture reports were about five
times more likely to be unconfirmed compared with
single-site fractures, and proxy-reports were more
likely to be unconfirmed compared with participant-
reports. The confirmation rate did not significantly dif-
fer by study component (CT vs OS).

TABLE 2. Accuracy of self-reports for single-site fracturesa

Self-report Total
Confirmed
exact site

Confirmed
adjacent
fracture

Confirmed
unrelated
fracture

No fracture
confirmed

% Confirmed
exact site

% Confirmed
exact or

adjacent site

Hip 623 487 16 0 120 78.2 80.7
Spine or back (vertebra) 510 262 3 3 242 51.4 52.0
Hand (not finger) 220 110 39 4 67 50.0 67.7
Lower arm or wrist 1,433 1,157 65 17 194 80.7 85.3
Elbow 267 187 34 0 46 70.0 82.8
Upper arm or shoulder 497 409 6 6 76 82.3 83.5
Tailbone (coccyx) 65 28 2 1 34 43.1 46.2
Pelvis 138 95 8 4 31 68.8 74.6
Upper leg (not hip) 92 26 38 7 21 28.3 69.6
Knee (patella) 284 177 17 1 89 62.3 68.3
Lower leg or ankle 1,196 931 64 14 187 77.8 83.2
Foot (not toe) 1,046 625 63 4 354 59.8 65.8
Total 6,371 4,494 355 61 1,461 70.5 76.1
aSelf-reports include both proxy-reports and participant-reports; N = 6,371.

TABLE 3. Accuracy of self-reports for two-site fracturesa

Self-report Total
Confirmed
exact site

Confirmed
adjacent site

% Confirmed
exact site

% Confirmed
exact or adjacent site

Hip 41 30 0 73.2 73.2
Spine or back (vertebra) 30 8 0 26.7 26.7
Hand (not finger) 32 9 9 28.1 56.3
Lower arm or wrist 113 76 12 67.3 77.9
Elbow 47 27 14 57.4 87.2
Upper arm or shoulder 57 33 6 57.9 68.4
Tailbone (coccyx) 11 0 0 0.0 0.0
Pelvis 21 14 3 66.7 81.0
Upper leg (not hip) 14 3 6 21.4 64.3
Knee (patella) 41 23 8 56.1 75.6
Lower leg or ankle 65 44 10 67.7 83.1
Foot (not toe) 50 29 10 58.0 78.0
All 522 296 78 56.7 71.6

N = 261 self-reports, indicating 522 fractures.
aSelf-reports include both proxy-reports and participant-reports. Fracture is used as the unit of analysis (eg, for a report with two fractures, hip and spine,
the confirmation of each fracture is counted separately for the corresponding fracture site).
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In the multivariate models, after adjustment for all
the other covariates, being black, living in the South,
being a past smoker, having a BMI greater than 30, a
history of osteoporosis or fractures, more than three or
more falls in the past 12 months, a two-site fracture
report, and proxy-reports were related to a lower con-
firmation rate (P < 0.05). On the other hand, higher ac-
curacy of self-reports for women who were 10 to 15
years post-menopausal were found in comparison with
reports for women who were fewer than 5 years past
menopause.

Validity of self-reported fracture dates

The mean difference between the reported hospital-
ization date and the confirmed date for single-site hip

TABLE 5. Reasons for unconfirmed self-reports of
single-site fractures

Unconfirmed self-reports

No fracture on
the radiological

record (%)
Radiological record
unobtainablea (%)

Hip 74 (69) 33 (31)
Spine or back (vertebra) 151 (65) 81 (35)
Hand (not finger) 37 (57) 28 (43)
Lower arm or wrist 93 (49) 96 (51)
Elbow 21 (51) 22 (49)
Upper arm or shoulder 32 (44) 41 (56)
Tailbone (coccyx) 15 (45) 18 (55)
Pelvis 19 (70) 8 (30)
Upper leg (not hip) 10 (56) 8 (44)
Knee (patella) 55 (63) 32 (37)
Lower leg or ankle 92 (51) 90 (49)
Foot (not toe) 177 (52) 164 (48)

N = 1,399.
aNo radiological records or unable to access medical records.

TABLE 4. Accuracy of participant-reports versus proxy-reports

Single-site fractures

Participant-reports Proxy-reports

Total
(n = 4,831)

% Confirmed
exact site

% Confirmed
exact or

adjacent site
Total

(n = 1,540)
% Confirmed

exact site

% Confirmed
exact or

adjacent site

Hip 458 79.3 81.7 165 75.2 78.2
Spine or back (vertebra) 390 52.3 53.1 120 48.3 48.3
Hand (not finger) 162 53.7 72.2 58 39.7 55.2
Lower arm or wrist 1,093 82.9 87.3 340 73.8 78.8
Elbow 211 72.5 82.9 56 60.7 82.1
Upper arm or shoulder 380 83.7 84.5 117 77.8 80.3
Tailbone (coccyx) 56 41.1 44.6 9 55.6 55.6
Pelvis 100 69.0 76.0 38 68.4 71.1
Upper leg (not hip) 71 29.6 73.2 21 23.8 57.1
Knee (patella) 216 63.9 69.9 68 57.4 63.2
Lower leg or ankle 917 80.0 84.6 279 70.6 78.5
Foot (not toe) 777 61.1 66.8 269 55.8 62.8
Total 4,831 72.3 77.6 1,540 65.1 71.6

Two-site fracturesa

Participant-reports Proxy-reports

Total
(n = 396)

% Confirmed
exact site

% Confirmed
exact or

adjacent site
Total

(n = 126)
% Confirmed

exact site

% Confirmed
exact or

adjacent site

Hip 29 72.4 72.4 12 75.0 75.0
Spine or black (vertebra) 22 36.4 36.4 8 0.0 0.0
Hand (not finger) 23 30.4 60.9 9 22.2 44.4
Lower arm or wrist 87 71.3 81.6 26 53.8 65.4
Upper arm or shoulder 42 69.0 78.6 15 26.7 40.0
Tailbone (coccyx) 10 0.0 0.0 1 0.0 0.0
Pelvis 18 72.2 83.3 3 33.3 66.7
Upper leg (not hip) 12 16.7 58.3 2 50.0 100.0
Knee 34 55.9 79.4 7 57.1 57.1
Lower leg or ankle 51 66.7 86.3 14 71.4 71.4
Foot (not toe) 35 65.7 85.7 15 40.0 60.0
Total 396 59.3 75.3 126 48.4 60.3
aFracture is used as the unit of analysis (for a report with two fractures, such as hip and spine, the confirmation of each fracture is counted separately for
the corresponding fracture category).
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TABLE 6. Predictors for unconfirmed self-reported fracturesa

Confirmed
(n = 4,577)b

(%)

Unconfirmed
(n = 2,055)c

%
Crude

OR

Adjustedd

OR 95% CI

Age at time of fracture report (y)
50-59 15.86 20.00 1.00 1.00
60-69 41.60 42.38 0.81 0.96 0.77-1.20
� 70 42.54 37.62 0.70 0.87 0.67-1.13

Ethnicitye

White 90.10 84.82 1.00 1.00
Black 4.33 8.95 2.20 1.47 1.08-2.02
Hispanic 2.60 2.73 1.11 1.14 0.71-1.84
American Indian 0.44 0.78
Asian/Pacific Islander 1.59 1.22
Unknown 0.94 1.51 1.25 1.29 0.86-1.92

Study component
CT randomized 85.82 85.45 1.00 1.00
OS enrolled 14.18 14.55 1.03 0.94 0.77-1.15

U.S. region
Northeast 28.40 24.72 1.00 1.00
South 22.55 28.66 1.46 1.40 1.15-1.71
Midwest 18.92 19.85 1.21 1.23 1.00-1.52
West 30.13 26.76 1.02 1.02 0.84-1.23

Education
< HS 4.41 5.68 1.00 1.00
HS/post HS 58.74 59.24 0.78 1.29 0.89-1.87
College degree or higher 36.85 35.08 0.74 1.38 0.93-2.03

Income
< $35K 46.14 47.42 1.00 1.00
$35-< $50K 22.35 20.67 0.90 0.96 0.79-1.15
$50-< $75K 17.57 17.86 0.99 0.96 0.78-1.17
� $75K 13.93 14.06 0.98 1.16 0.93-1.46

Smoking
Never smoked 51.69 49.19 1.00 1.00
Past smoker 40.61 42.06 1.09 1.19 1.03-1.38
Current smoker 7.70 8.76 1.20 1.21 0.93-1.59

Alcohol intake
Never drinker 11.61 11.28 1.00 1.00
Past drinker 17.49 22.27 1.31 1.23 0.94-1.61
Current drinker 70.90 66.45 0.96 1.06 0.83-1.34

BMI
< 25 31.78 27.42 1.00 1.00
25.0-29.9 36.90 35.29 1.11 1.04 0.88-1.24
30.0-39.9 28.44 32.11 1.31 1.22 1.01-1.48
� 40.0 2.88 5.18 2.08 1.68 1.15-2.46

Years since menopause
< 5 y 10.53 12.78 1.00 1.00
5-<10 y 15.20 14.68 0.80 0.83 0.63-1.09
10-<15 y 18.30 17.44 0.79 0.73 0.55-0.97
� 15 y 55.97 55.09 0.81 0.80 0.61-1.06

History of osteoporosis
No 90.90 87.19 1.00 1.00
Yes 9.10 12.81 1.47 1.36 1.08-1.70

History of fracture
Never 51.67 47.65 1.00 1.00
< age 55 31.05 33.21 1.16 1.10 0.94-1.29
� age 55 17.28 19.13 1.20 1.31 1.07-1.59

Falls in last 12 mo
None 60.52 59.77 1.00 1.00
1-2 34.18 31.77 0.94 0.87 0.75-1.02
� 3 5.29 8.45 1.62 1.77 1.33-2.35
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fractures was very small and similar for both OS and
CT participants. More than 91% of the participant-
reported dates were within 14 days of the confirmed
hospitalization date, and more than 96% of the partici-
pant-reported dates differed by less than 60 days.

DISCUSSION

In this multiethnic cohort of postmenopausal
women, we found substantial variation in the validity
of participant and proxy fracture reports by skeletal
site. This result is consistent with findings from previ-
ous studies.3,4,6 In our study, fractures reported at
spine, hand, tailbone, and upper leg were less likely to
be confirmed by medical records, whereas fractures at
the hip, lower arm or wrist, upper arm, and lower leg
showed the highest agreement rates with medical re-
cords. A number of unconfirmed reports were due to
misidentification of fracture sites by the participants or
proxy-reporters. Usually, misidentified fracture sites
were located adjacent to the bone where fractures actu-

ally occurred. Misidentifications for fractures that are
anatomically far away from the actual fractured bone
were uncommon. When considering adjacent fracture
sites in medical records as acceptable confirmation, the
confirmation rate increased from 28.3% to 69.6% for a
single-site fracture of the upper leg and from 50.0% to
67.7% for a single-site fracture of the hand. However,
including the adjacent site did not improve the agree-
ment for spine and upper arm fractures, suggesting that
misidentified fracture sites occurred more often for cer-
tain type of fractures than others. In addition, the very
low confirmation rates for hand and foot fractures may
be caused by confusion with finger and toe fractures,
whereas finger and toe fractures were neither adjudi-
cated in the WHI nor included in our analyses.

In our study, the unconfirmed (at the exact site) rates
of self-reports of hip fractures were 22% and 27% for
single-site and two-site fractures, accordingly; and un-
confirmed rates of self-reports of lower arm (or wrist)
fracture were 19% and 23% for single- and two-site
fractures, respectively. These findings indicate good

TABLE 6. Continued

Confirmed
(n = 4,577)b

(%)

Unconfirmed
(n = 2,055)c

%
Crude

OR

Adjustedd

OR 95% CI

Family history of fracture
No 54.08 56.45 1.00 1.00
Yes 45.92 43.55 0.91 0.87 0.76-1.00

Physical function score
� 90 (poor function) 66.95 73.18 1.00 1.00
> 90 (better function) 33.05 26.82 0.74 0.85 0.72-1.01

Episodes/wk moderate/strenuous activity (� 20 min)
No activity 18.10 18.65 1.00 1.00
Some activity 42.78 43.07 0.98 1.08 0.89-1.31
2-< 4 episodes/wk 16.91 16.28 0.94 1.15 0.91-1.46
4+ episodes/wk 22.22 22.00 0.96 1.20 0.95-1.50

General health (self-report)
Excellent 15.65 12.37 1.00 1.00
Very good 40.88 35.16 1.09 0.93 0.75-1.16
Good 34.56 38.44 1.41 1.09 0.86-1.38
Fair/poor 8.91 14.03 1.99 1.28 0.94-1.75

Depression (shortened CES-D)
No 88.49 85.69 1.00 1.00
Yes 11.51 14.31 1.28 1.22 0.99-1.50

Fracture type
Single-site 98.19 91.34 1.00 1.00
Two-site 1.81 8.66 5.14 5.10 3.59-7.26

Proxy reported fracture
No 77.78 71.48 1.00 1.00
Yes 22.22 28.52 1.40 1.31 1.11-1.54

OR, odds ratio; CT, Clinical Trial of Women’s Health Initiative; OS, Observational Study of Women’s Health Initiative; HS, high school; BMI, body
mass index; CES-D, Center of Epidemiological Studies Depression Scale.
aSelf-reported single- or two-site fractures, N = 6,632.
bSelf-reported fractures confirmed by radiological records.
cNo fractures confirmed on radiological records or unable to obtain medical records.
dAdjusted for all other variables in this table.
eAmerican Indian, Asian/Pacific Islanders and unknown combined for logistic regression models.
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validity of self-reports for these major osteoporotic
fracture sites. In contrast, validity for self-reported
spine fractures was poor. The lower confirmation rate
for spine fractures may be due to ambiguity in diagno-
sis of fractures at this skeletal site. Future epidemio-
logical study should selectively rely on fracture data
from self-reports.

Because we did not have medical records for ap-
proximately 46% of the unconfirmed self-reports, ac-
tual overreporting or false-positive rates in our study
could not be assessed. Our study may underestimate the
validity of self-reported fractures because some of the
unconfirmed self-reports may be true fractures that had
not been recorded on medical records or the medical
records were not retrievable. Hence, our results represent
upper bounds for false-positive reporting in this study.

The validity of self-reports for multiple fractures has
not been examined separately in previous studies. In
analyzing the confirmation rate of the two-site frac-
tures, we used fracture site as the unit. For example, if a
woman reported both hip fracture and hand fracture,
but only hip fracture was confirmed, then we counted
the hip fracture as a confirmed report, and the hand
fracture as unconfirmed in the corresponding fracture
site category. In general, our data showed that the va-
lidity of self-reports for single-site fractures was supe-
rior to that for two-site fractures. Overall, self-reports
for two-site fractures were about 5 times more likely to
be unconfirmed (for one or both fractures) than were
self-reports for single-site fractures.

In the WHI, more than 20% of fractures were re-
ported by proxy informants, such as family members,
relatives, friends, health professionals, and care provid-
ers, indicating the importance of using proxies in pro-
spective studies with older adults. However, there is a
possible tradeoff when using proxy-reports because
they were less reliable than the participant-reports. Our
findings were different from the Study of Osteoporotic
Fractures (SOF), in which there were few proxy-
reports (5%) and the proxy-reports were more accurate
than the participant-reports.4 Clearly, the impact of us-
ing proxy-reports needs further investigation.

We have found that women having a history of os-
teoporosis or fractures, or having more than two falls in
the year before the study were more likely to have un-
confirmed fracture-reports, supporting similar findings
as in the SOF.4 Furthermore, we have identified several
new factors related to the accuracy of self-reports for
fractures, which include years since menopause, BMI,
smoking, ethnicity, and region of residence. Uncon-
firmed fracture-reports were more common among
black women, smokers, and those who had higher BMI

or lived in the south region of the United States.
Women who were more than 5 years post-menopausal
may be less likely to have unconfirmed self-reports for
fractures. There are not ready explanations for these as-
sociations. These detected predictors for validity of
self-reports may be proxies of other unmeasured vari-
ables, such as quality of medical care and socioeco-
nomic status, or they may represent residual confound-
ing effects of other predictors. For example, the lower
confirmation rate among black participants may be re-
lated to poor medical recording and retrieving systems.
Since women who are further from menopause have
increased risk for bone fractures, it is possible that these
women and their doctors paid more attention to the di-
agnosis and recording of fractures, which lead to a
higher confirmation rate. Interestingly, we found that
membership in the CT or OS of the WHI was not re-
lated to the validity of the fracture reports, although
women in the CT completed questionnaires every 6
months and women in the OS completed questionnaires
every 12 months. In contrast to the SOF,4 we did not
find any significant associations between age and the
confirmation rate of fracture reports after adjustment
for other covariates, regardless of whether we included
or excluded years since menopause. SOF is an obser-
vational study that included non-Hispanic white
women over age 65, whereas our study was composed
of multiethnic postmenopausal women who were 50 or
older and participated in either the OS or the CT in the
WHI. It is unclear what factors contribute to the differ-
ent findings in the two studies, but differences in the
study populations may be one of the explanations.

For the first time, this study has assessed the validity
of reported fractures among multiethnic, postmeno-
pausal women from diverse backgrounds. Although
this study had the largest minority population, com-
pared with previous studies of this kind, the results
might still be driven by the white women because 83%
of our study participants were white. One of the
strengths of this study is that multiple factors associated
with fracture confirmation rates have been closely ex-
amined. Another strength is that we separately assessed
the validity of fracture reports from participant and
proxy respondents. This provides valuable information
for understanding the role of proxy-reports in studies
with aging populations.

Lacking false-negative data is a common problem in
medical research because we cannot get records from
all possible healthcare providers. We acknowledge that
both overreporting and underreporting of fractures may
lead to misclassification and that the inability to evalu-
ate both types of measurement error in this study is a
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limitation. However, although underreporting may be a
significant problem in older people if they are asked to
recall lifetime fractures or fractures that occurred many
years ago,8 it is less common in older women when
asking about fractures that occurred in recent years.4,6

Examining the validity of self-reports of fractures
among 292 participants in the SOF,4 the false-negative
or underreporting rate was found to be zero. In another
prospective study,6 false-negative reports for fractures
were only 3% at the hip and 2% at the distal forearm
among older women. These results suggest that over-
reporting, not underreporting, is the major cause of in-
accuracy of fracture reports in prospective studies, such
as the WHI.

CONCLUSION

There is moderate to excellent agreement between
self-reported fracture information and medical records
in the WHI. Validity of self-reports for the major os-
teoporotic fracture sites, such as hip and forearm, is bet-
ter than for other fracture sites. Multiple factors may
affect the validity of fracture reports. Self-reports of
single-site fractures are more reliable than reports for
two-site fractures. Proxy-reports account for a signifi-
cant proportion of the self-reported fractures in this
study, but the validity of proxy-reports is lower than for
those reports from the study participants. The finding
of overall high validity of fracture data in our study sup-
ports the utility of self-reports for fractures, particularly
at selective skeletal sites. Meanwhile, this study indi-
cates the importance of assessing variations in the va-
lidity of fracture reports and causes of over- or under-
reporting when studying postmenopausal women from
diverse cultural and geographic backgrounds.
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APPENDIX

Appendix 1. Definition of adjacent fractures

Primary fracture site Adjacent fracture site(s)

Hand (not finger) Lower arm
Lower arm or wrist Hand Elbow
Elbow Lower arm Upper arm
Upper arm or shoulder Elbow
Spine or back (vertebra) Tailbone
Tailbone (coccyx) Spine Pelvis
Pelvis Tailbone Hip
Hip Pelvis Upper leg
Upper leg (not hip) Hip Knee
Knee (patella) Upper leg Lower leg
Lower leg or ankle Knee Foot
Foot (not toe) Lower leg
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