
Risk of Subsequent Fractures in Postmenopausal Women
After Nontraumatic vs Traumatic Fractures
Carolyn J. Crandall, MD, MS; Joseph C. Larson, MS; Andrea Z. LaCroix, PhD; John A. Robbins, MD, MHS;
Jean Wactawski-Wende, PhD; Karen C. Johnson, MD, MPH; Maryam Sattari, MD, MS;
Katie L. Stone, PhD; Julie C. Weitlauf, PhD; Tanya R. Gure, MD; Jane A. Cauley, DrPH

IMPORTANCE The burden of fractures among postmenopausal women is high. Although
nontraumatic fractures are strong risk factors for future fracture, current clinical guidelines
do not address traumatic fractures.

OBJECTIVE To determine how future fracture risk varies according to whether an initial
fracture is traumatic or nontraumatic.

DESIGN, SETTING, AND PARTICIPANTS We conducted a prospective observational study
using data from the Women’s Health Initiative Study (WHI) (enrollment, September
1994-December 1998; data analysis, September 2020 to March 2021), which enrolled
postmenopausal women aged 50 to 79 years at baseline at 40 US clinical centers.
The WHI Clinical Trials and WHI Bone Density Substudy, conducted at 3 of the clinical
centers, asked participants to report the mechanism of incident fractures. Of 75 335
participants, information regarding incident fracture and covariates was available for
66 874 participants (88.8%), who comprised the analytic sample of this study. Mean (SD)
follow-up was 8.1 (1.6) years.

INTERVENTIONS None.

MAIN OUTCOMES AND MEASURES Incident clinical fractures were self-reported at least
annually and confirmed using medical records. Participants reported the mechanism of
incident fracture as traumatic or nontraumatic.

RESULTS Among the 66 874 participants in the analytic sample (mean [SD] age, 63.1 [7.0]
years and 65.3 [7.2] years among women without and with clinical fracture, respectively),
7142 participants (10.7%) experienced incident fracture during the study follow-up period.
The adjusted hazard ratio (aHR) of subsequent fracture after initial fracture was 1.49
(95% CI, 1.38-1.61). Among women whose initial fracture was traumatic, the association
between initial fracture and subsequent fracture was significantly increased (aHR, 1.25;
95% CI, 1.06-1.48). Among women whose initial fracture was nontraumatic, the association
between initial fracture and subsequent fracture was also increased (aHR, 1.52; 95% CI,
1.37-1.68). Confidence intervals for associations between initial fracture and subsequent
fracture were overlapping for traumatic and nontraumatic initial fracture strata.

CONCLUSIONS AND RELEVANCE In this cohort study, among postmenopausal women older
than 50 years, fracture was associated with a greater risk of subsequent fracture regardless
of whether the fracture was traumatic or nontraumatic. These findings suggest that clinical
osteoporosis assessment should include high-trauma as well as low-trauma fractures.
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O ne in 2 postmenopausal women will have an osteo-
porosis-related fracture during their remaining
lifetimes.1 Fractures can result in loss of indepen-

dence, chronic pain and disability, decreased quality of life,
and increased mortality.2 Nontraumatic, or fragility frac-
tures, are strong risk factors for future fracture. However, it is
unclear whether traumatic fractures are associated with in-
creased risk of subsequent fractures, particularly among
younger postmenopausal women (age 50-64 years). More-
over, clinical osteoporosis guidelines do not mention trau-
matic fractures. For example, to our knowledge, clinical guide-
lines recommend considering pharmacologic therapy for
postmenopausal women and men 50 years or older who have
experienced fragility fractures3 or certain types of fragility frac-
tures (ie, vertebral or hip fragility fractures),4 but do not pro-
vide guidance regarding traumatic fractures.

To our knowledge, no published studies have prospec-
tively examined whether subsequent fracture risk differs
according to whether an initial fracture is traumatic or non-
traumatic among younger postmenopausal women in the US.
A comparison of traumatic fractures and nontraumatic frac-
tures in association with risk of subsequent fracture has the
potential to affect clinical counseling and future clinical prac-
tice guidelines. The goal of this study was to determine how
future fracture risk varies according to whether an initial
fracture is traumatic or nontraumatic.

Methods
The Women’s Health Initiative Study Design
Between 1993 and 1998, the Women’s Health Initiative (WHI)
study enrolled 161 808 postmenopausal women aged 50 to 79
years who were recruited at 40 US clinical sites.5 The WHI
Observational Study (WHI-OS) examined risk factors for, and

the course of, important causes of morbidity and mortality in
postmenopausal women. Women with serious cardiac, pul-
monary, kidney, and liver conditions were excluded from the
study. The WHI Clinical Trials (WHI-CT) tested 3 interven-
tions: menopausal hormone therapy, calcium plus vitamin D
supplementation, and dietary modification (low-fat eating
pattern). The current study is focused on data collected dur-
ing the main study period (September 1994-December 1998;
baseline through annual visit 9).

Institutional review board approval was obtained by
each participating institution. Written informed consent was
provided by all participants. At baseline, weight and height
were measured, and body mass index (BMI; calculated as
weight in kilograms divided by height in meters squared)
was calculated.

WHI Medical Record–Confirmed Fracture Cohort
The analytic sample included women for whom self-
reported fractures were confirmed by medical records as
well as the WHI Bone Density Substudy and the WHI-CT.
In the WHI Bone Density Substudy, participants at 3 of the 40
clinical centers (Tucson/Phoenix, Arizona; Pittsburgh, Penn-
sylvania; and Birmingham, Alabama) were invited to un-
dergo bone mineral density (BMD) measurement. Similarly,
WHI conducted medical record confirmation of self-reported
fractures in the WHI-CT participants using the same proto-
col. Together, the WHI Bone Density Substudy and the
WHI-CTs provide medical record confirmation of incident
fractures for 75 335 WHI participants during the main study.

Of the 75 335 participants, we excluded data from partici-
pants who did not provide follow-up information regarding
incident fractures (253 [0.3%]) and participants for whom
we lacked covariate information (8208 [10.9%]), resulting in
analytic sample of 66 874 participants (Figure).

Fracture Ascertainment
Annually (and semiannually in the WHI-CT), participants were
asked about incident fracture with the following question:
“Has a doctor told you for the first time that you have a new
broken, crushed, or fractured bone?” Participants who an-
swered affirmatively were asked to report which bone was frac-
tured. Response choices included hip, upper leg (not hip), pel-
vis, knee (patella), lower leg or ankle, foot (not toe), tailbone
(coccyx), spine or back (vertebra), lower arm or wrist, hand

Figure. Strengthening the Reporting of Observational Studies
in Epidemiology Analytic Sample Flow Diagram

253 Participants excluded
with no follow-up for
incident fracture

8208 Excluded for missing
information regarding
model covariates

66 874 Participants in analysis sample

7142 Participants with initial
fracture

721 Participants with subsequent
fracture

59 732 Participants with no initial
fracture

75 335 Participants with fracture
events were randomized

75 082 Participants followed up
for incident fracture

Key Points
Question What is the risk of fracture subsequent to traumatic
fractures vs nontraumatic fractures among postmenopausal
women?

Findings In this large prospective cohort study of 66 874
postmenopausal women, future fracture risk after initial traumatic
fracture was similar to that after nontraumatic fracture.

Meaning Clinical osteoporosis assessment of postmenopausal
women should include high-trauma as well as low-trauma
fractures.
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(not finger), elbow, upper arm or shoulder, or other. Frac-
tures of the jaw, nose, face, skull, finger, toe, ribs, and ster-
num were excluded from this analysis.

Self-reported fractures (the first fracture at a given ana-
tomical location) were confirmed by medical record review.
Fracture confirmation was confirmed centrally by WHI study
physicians. Hip fracture was confirmed by review of written
reports of radiographic studies; if written reports by a radiolo-
gist mentioned possible”, probable”, or suspected” hip frac-
tures, hip fractures were confirmed by the University of
California, San Francisco Bone Density Center radiologist.
Nonhip fractures were confirmed by review of written radi-
ography reports, clinic notes, emergency department notes,
and operative reports stating that a new, acute, or healing
fracture of a bone was clearly present based on a review of a
radiograph. In the case of uncertain or equivocal results on an
initial radiography report, confirmation of fracture required
clear diagnosis of the fracture or healing fracture on a subse-
quent report. The following phrases were required for confir-
mation of a fracture using radiographic reports: fracture, defi-
nite fracture, break, hairline fracture, or healing fracture.

For this analysis, each incident fracture was classified into
1 of the following categories of body region: lower extremity
(ankle, hip, patella, pelvis, shaft of femur, tibia/fibula,
tibial plateau), upper extremity (carpal, elbow, lower end
of humerus, radius/ulna, upper end of humerus, shaft of
humerus, upper radius/ulna), or spine (lumbar spine and/or
thoracic spine). In addition, we defined any clinical fracture
as a fracture of the upper extremity, lower extremity, or clini-
cal spine. We excluded the following types of fractures: foot
(not toes), tailbone (sacrum and/or coccyx), hand (metacar-
pal bone(s), and collarbone (clavicular and scapular).

In addition to asking about incident fracture events, a
questionnaire item assessed the mechanism of the fracture.
Response choices included a car crash or being hit by a car,
falling downstairs, a fall from a height (eg, fall while standing
on a ladder or chair), other fall or trip (eg, while walking
or getting out of bed), sports activity (eg, snow- or water-
skiing, horse riding, or climbing), or other. We defined trau-
matic fractures as fractures that resulted from motor vehicle
collisions, falls downstairs, falls from a height, or a sports ac-
tivity. Fractures resulting from an other fall or trip were con-
sidered nontraumatic, and responses of other were defined
as unknown mechanism.

Other Covariates
Information regarding age, race/ethnicity, education, income
levels, cigarette smoking, supplemental calcium and vitamin
D intake, alcohol intake, frequency of falls in the past year,
medical history (including diabetes and previous fractures),
and medication use was assessed on the baseline self-report
questionnaire. Dietary calcium and vitamin D intakes were as-
sessed by a food frequency questionnaire.6 We calculated the
RAND 36-item health survey physical functioning construct
(range, 0-100, in which a higher score indicates a more favor-
able health state).7-9 Using the WHI validated physical activ-
ity questionnaire,10-12 we quantified physical activity level
as total metabolic equivalent task hours per week.

Statistical Analysis
We compared baseline characteristics among women who did
and did not experience any initial (incident) fracture of the
lower extremity, upper extremity, or spine. We calculated frac-
ture event rates for initial fracture and subsequent fractures
overall, and then stratified by age group (<55, 55-59, 60-64,
65-69, 70-74, or ≥75 years old) and racial/ethnic group (White,
African American, Hispanic, other/unknown) as reported by
the participant.

We used an extension of the Cox proportional hazards
model for repeated failures to estimate the associations of a
fracture during the study, by type, with a subsequent clinical
fracture. Occurrence of a fracture was initially classified at
study entry as none for all participants and then reclassified
at the time of the first fracture during the study according to
whether this fracture was traumatic, nontraumatic, or of un-
known trauma status. This time-dependent categorical expo-
sure allowed us to make head-to-head comparisons of the
adjusted fracture rates that were associated with history of
traumatic vs nontraumatic fractures as well as comparisons
of each with no history of fracture, the reference condition.
Participants were censored at time of death, loss to follow-
up, or the end of the follow-up period. We adjusted for age,
race/ethnicity, BMI, treated diabetes, frequency of falls (none,
once, twice, 3 times, or more during the previous year), and
physical function and activity. The baseline hazard was jointly
stratified on use of hormone therapy (trial assigned or self-
initiated), WHI Calcium + Vitamin D trial assignment, previ-
ous fracture (before study entry), and the WHI study compo-
nent (WHI-CT or WHI-OS). Analyses were conducted using
SAS, version 9.4 (SAS Institute), and statistical significance was
set at P< .05.

Results
The mean (SD) follow-up time between the initial fracture and
the subsequent clinical fracture or last follow-up date (which-
ever occurred first) was 8.1 (1.6) years; the median follow-up
time (interquartile range) was 8.2 (7.4-9.1) years. Among the
66 874 participants in the analytic sample, 7142 participants
(10.7%) experienced incident fracture during the study
follow-up period (13.9 per 1000 person-years) (Table 1). Of
those 7142 participants, 721 participants (10.1%) experienced
a second fracture after the initial incident fracture.

At baseline, the mean (SD) age of participants was 63.1 (7.0)
years among women without clinical fracture during study fol-
low-up and 65.3 (7.2) years among participants who experi-
enced incident fracture (Table 2). Compared with partici-
pants who did not experience fracture, a higher proportion of
participants who experienced fracture were White, had ≥1 fall
in the past year, and had never used hormone therapy before
enrollment in WHI. Compared with women who experienced
traumatic fractures or fractures with unknown trauma sta-
tus, more women who experienced nontraumatic fractures had
a BMI of 30 or greater and had never received estrogen therapy.

Absolute unadjusted rates of subsequent fracture were
similar after initial traumatic and initial nontraumatic frac-
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tures (Table 3). After initial traumatic and nontraumatic
fractures, rates of subsequent fracture were higher among
older women.

Overall, the hazard ratio (HR) of subsequent fracture af-
ter initial fracture was 1.70 (95% CI, 1.57-1.84) (Table 4). After
adjustment for covariates, the association between initial
fracture and subsequent fracture remained statistically sig-
nificant (adjusted HR, 1.49; 95% CI, 1.38-1.61; P< .001). In fully
adjusted models, among women whose initial fracture was
traumatic, the association between initial fracture and subse-
quent fracture was statistically significant, although of slightly
lower magnitude (adjusted HR, 1.25; 95% CI, 1.06-1.48). For par-
ticipants who experienced a nontraumatic initial fracture, the
risk of subsequent fracture was comparable with that of
the overall group (adjusted HR, 1.52; 95% CI, 1.37-1.68). The
risk of subsequent fracture among women whose initial mecha-
nism of fracture was unknown was also comparable with that
of the overall group (adjusted HR, 1.67; 95% CI, 1.44-1.93). The
adjusted HR for subsequent fracture after traumatic fracture
vs nontraumatic fracture was 0.82 (95% CI, 0.68-1.00; P = .05).

Discussion
In this large prospective study of postmenopausal women, the
risk of subsequent fracture after an initial fracture was signifi-
cantly elevated among women whose initial fracture was trau-
matic (HR, 1.25; 95% CI, 1.06-1.48) as well as women whose
initial fracture was nontraumatic (HR 1.52; 95% CI, 1.37-1.68).
The confidence intervals of these 2 estimates overlap, indi-

cating that nontraumatic and traumatic initial fractures are
similarly associated with risk of subsequent fracture.

To our knowledge, previously published studies have
not prospectively compared the risk of subsequent fractures
after traumatic and nontraumatic fractures among young
postmenopausal women (younger than 65 years) in the US.
However, our results are generally consistent with a study of
older US women. A population-based study of women in
Rochester, Minnesota (mean age at initial fracture, 66 years,
1975-1994) focused on initial forearm fracture; it found that
there was no statistically significant difference in the risk of
subsequent fractures at any site comparing those whose in-
dex forearm fracture was “due to severe vs moderate trauma”
(except for greater risk of a subsequent vertebral fracture fol-
lowed by distal forearm fractures that were caused by severe
trauma).13 While the Study of Osteoporotic Fractures did not
include women younger than 65 years (postmenopausal
women who had a mean age of 73 years), it demonstrated that
the increased risk of subsequent fracture was similar for
initial low-trauma fractures (31% higher risk) and initial high-
trauma fractures (34% higher risk) during 9-year the fol-
low-up period.14 Leslie et al15 demonstrated associations be-
tween high-trauma fractures and subsequent fracture risk
among women in Canada (mean age, approximately 65 years).
Ensrud and colleagues16 demonstrated the importance of
high-trauma fractures among older men in the MrOS study. Al-
though these previous studies did not focus on younger post-
menopausal women in the US, they are important in highlight-
ing the importance of considering high-trauma fractures in
association with subsequent fracture risk.

Table 1. Frequencies, Events, and Event Rates per 1000 Person-Years of Initial and Subsequent Clinical Fracture,a

Stratified by Age and Race/Ethnicity

Characteristic

Fracture outcome

Initial fracture Subsequent fracture

No. (%) Events
Rate per 1000
(95% CI) No. (%) Events

Rate per 1000
(95% CI)

All participants 66 874 (100) 7142 13.9 (13.6-14.3) 7142 (100) 721 26.1 (24.3-28.1)

Age, y

<55 7713 (11.5) 574 9.0 (8.3-9.7) 574 (8.0) 33 13.2 (9.4-18.5)

55-59 13 695 (20.5) 1101 10.0 (9.4-10.6) 1101 (15.4) 63 13.8 (10.8-17.7)

60-64 16 440 (24.6) 1498 11.9 (11.3-12.6) 1498 (21.0) 115 19.5 (16.2-23.4)

65-69 14 876 (22.2) 1781 16.0 (15.3-16.8) 1781 182 26.7 (23.1-30.9)

70-74 9859 (14.7) 1403 19.6 (18.6-20.6) 1403 (19.6) 179 34.9 (30.1-40.4)

≥75 4291 (6.4) 785 26.6 (24.8-28.6) 785 (11.0) 149 54.7 (46.6-64.2)

Race/ethnicity

White 54 131 (80.9) 6392 15.4 (15.1-15.8) 6392 (89.5) 678 27.5 (25.5-29.7)

African American 7111 (10.6) 331 5.9 (5.3-6.6) 331 (4.6) 14 10.6 (6.3-17.9)

Hispanic 2900 (4.3) 191 8.8 (7.6-10.1) 191 (2.7) 14 19.0 (11.2-32.0)

Other/unknown 2732 (4.1) 228 11.1 (9.7-12.6) 228 (3.2) 15 16.2 (9.8-26.9)

American Indian/Alaska Native 370 (0.6) 29 10.6 (7.3-15.2) 29 (0.4) 2 16.7 (4.2-66.8)

Asian/Pacific Islander 1469 (2.2) 106 9.5 (7.8-11.5) 106 (1.5) 7 15.0 (7.1-31.4)

Unknown 893 (1.3) 93 14.1 (11.5-17.2) 93 (1.3) 6 17.8 (8.0-39.6)
a Fracture sites included lower extremity (ankle, hip, patella, pelvis, shaft of

femur, tibia/fibula, tibial plateau), upper extremity (carpal, elbow, lower end of
humerus, radius/ulna, upper end of humerus, shaft of humerus, upper
radius/ulna), and spine (lumbar spine, thoracic spine) fractures.
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Table 2. Baseline Characteristics by Initial Fracture Locationa for 66 874 Participants

Characteristic

No. (%) P value

No fracture
(n = 59 732)

Traumatic
(n = 1624)

Nontraumatic
(n = 3891)

Unknown
trauma
(n = 1627)

Fracture vs
no fracture

Traumatic vs
nontraumatic vs
unknown trauma

Age at enrollment, mean (SD), y 63.1 (7.0) 64.0 (7.0) 65.6 (7.2) 65.8 (7.2)

<55 7139 (12.0) 147 (9.1) 311 (8.0) 116 (7.1)

<.001 <.001

55 to <60 12 594 (21.1) 327 (20.1) 552 (14.2) 222 (13.6)

60 to <65 14 942 (25.0) 384 (23.6) 768 (19.7) 346 (21.3)

65 to <69 13 095 (21.9) 377 (23.2) 993 (25.5) 411 (25.3)

70 to <75 8456 (14.2) 258 (15.9) 809 (20.8) 336 (20.7)

≥75 3506 (5.9) 131 (8.1) 458 (11.8) 196 (12.0)

Race/ethnicity

White 47 739 (79.9) 1436 (88.4) 3490 (89.7) 1466 (90.1)

<.001 .69

African American 6780 (11.4) 84 (5.2) 176 (4.5) 71 (4.4)

Hispanic 2709 (4.5) 49 (3.0) 107 (2.7) 35 (2.2)

American Indian/Alaska Native 341 (0.6) 4 (0.2) 18 (0.5) 7 (0.4)

Asian/Pacific Islander 1363 (2.3) 27 (1.7) 55 (1.4) 24 (1.5)

Unknown 800 (1.3) 24 (1.5) 45 (1.2) 24 (1.5)

Education

≤High school/GED 14 638 (24.5) 363 (22.4) 969 (24.9) 362 (22.2)

.28 .08School after high school 23 468 (39.3) 621 (38.2) 1500 (38.6) 675 (41.5)

≥College graduate 21 208 (35.5) 631 (38.9) 1397 (35.9) 579 (35.6)

BMI, mean (SD) 28.9 (6.0) 27.9 (5.3) 28.6 (5.7) 28.2 (5.7)

<25 16 811 (28.1) 521 (32.1) 1139 (29.3) 517 (31.8)

<.001 <.00125 to <30 20 978 (35.1) 613 (37.7) 1426 (36.6) 593 (36.4)

≥30 21 943 (36.7) 490 (30.2) 1326 (34.1) 517 (31.8)

≥1 Fall during the past year

Yes 18 251 (30.6) 600 (36.9) 1491 (38.3) 580 (35.6)

<.001 .19No 41 037 (68.7) 1011 (62.3) 2376 (61.1) 1030 (63.3)

Unknown 444 (0.7) 13 (0.8) 24 (0.6) 17 (1.0)

Fracture at age 55 y or older

Yes 4903 (8.2) 219 (13.5) 613 (15.8) 284 (17.5)

<.001 <.001No 54 354 (91.0) 1396 (86.0) 3249 (83.5) 1320 (81.1)

Unknown 475 (0.8) 9 (0.6) 29 (0.7) 23 (1.4)

Smoking

Never 30 424 (50.9) 802 (49.4) 1973 (50.7) 822 (50.5)

.51 .32Past 24 041 (40.2) 690 (42.5) 1582 (40.7) 654 (40.2)

Current 4681 (7.8) 119 (7.3) 286 (7.4) 137 (8.4)

Alcohol drinks/wk, mean (SD) 2.1 (4.4) 2.4 (4.4) 2.4 (5.0) 2.1 (4.7)

0 26 261 (44.0) 655 (40.3) 1669 (42.9) 727 (44.7)

<.001 .13>0 to <7 27 200 (45.5) 783 (48.2) 1759 (45.2) 740 (45.5)

≥7 6108 (10.2) 181 (11.1) 451 (11.6) 155 (9.5)

Physical activity (total MET h/wk),
mean (SD)

10.8 (12.8) 12.0 (12.9) 10.4 (12.0) 10.6 (12.6)

0 11 377 (19.0) 264 (16.3) 721 (18.5) 295 (18.1)

.84 <.001
>0 to <5 14 125 (23.6) 357 (22.0) 902 (23.2) 419 (25.8)

5 to <12 14 321 (24.0) 388 (23.9) 1004 (25.8) 379 (23.3)

≥12 19 909 (33.3) 615 (37.9) 1264 (32.5) 534 (32.8)

Estrogen therapy use
(pill or transdermal patch)b

<.001 .004

Never 21 140 (35.4) 642 (39.5) 1691 (43.5) 634 (39.0)

<.001 .004Past 8368 (14.0) 245 (15.1) 608 (15.6) 270 (16.6)

Current 30 224 (50.6) 737 (45.4) 1592 (40.9) 723 (44.4)

(continued)
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Our study’s results are clinically important because, in
contrast to a nontraumatic fracture, a fracture that is consid-
ered traumatic often does not trigger further evaluation for
osteoporosis or counseling regarding increased subsequent
fracture risk, which could lead to underevaluation and under-
treatment of at-risk women. High-trauma and low-trauma
fractures show similar associations with low BMD.15 This
suggests that osteoporosis intervention trials and future
observational studies should include traumatic fractures as
important outcomes14 and clinical osteoporosis assessment
should include assessment for high-trauma as well as low-
trauma fractures.

These study results will also help to inform future clini-
cal guidelines regarding osteoporosis. Current guidelines do
not focus on traumatic fractures. Regarding osteoporosis di-
agnosis, some guidelines consider previous fragility fracture
to be diagnostic of osteoporosis3,4 but do not specifically men-
tion traumatic fracture. Other clinical guidelines consider hip
or vertebral fractures in the absence of major trauma to be
diagnostic of osteoporosis but do not specifically mention

other fracture types, or traumatic fracture, as being diagnos-
tic of osteoporosis.17 Similarly, regarding treatment, some clini-
cal guidelines recommend that women with hip fracture or ver-
tebral fracture initiate pharmacologic therapy (regardless of
bone density level), but women with other types of fracture,
including traumatic fracture, would not automatically qualify
for pharmacologic treatment unless they had bone density lev-
els in the osteoporotic range.4,17 Other treatment guidelines
recommend treatment for any type of previous fragility frac-
ture, but, again, do not include specific guidance regarding
traumatic fractures.3

This study highlights the high prevalence with which
women do not specify whether their fracture mechanism was
traumatic or nontraumatic fractures, as reflected by the many
women with fractures who selected other (ie, designated
a mechanism other than nontraumatic or traumatic) as the
mechanism of fracture. Future studies that ascertain fracture
incidence should work toward characterizing the specific rea-
sons for this, because it presents a barrier to understanding how
the degree of trauma that causes the initial fracture affects

Table 2. Baseline Characteristics by Initial Fracture Locationa for 66 874 Participants (continued)

Characteristic

No. (%) P value

No fracture
(n = 59 732)

Traumatic
(n = 1624)

Nontraumatic
(n = 3891)

Unknown
trauma
(n = 1627)

Fracture vs
no fracture

Traumatic vs
nontraumatic vs
unknown trauma

Calcium intake,c mg/d, mean (SD) 1132.2 (685.5) 1182.7 (698.1) 1145.0 (668.0) 1176.5 (673.1)

<400 4984 (8.3) 110 (6.8) 266 (6.8) 117 (7.2)

<.001 .10
400 to <800 16 468 (27.6) 456 (28.1) 1119 (28.8) 411 (25.3)

800 to <1200 15 003 (25.1) 384 (23.6) 978 (25.1) 419 (25.8)

≥1200 22 049 (36.9) 642 (39.5) 1444 (37.1) 644 (39.6)

Vitamin D intake,d IU/d, mean (SD) 351.6 (266.9) 359.9 (271.9) 356.5 (259.2) 374.9 (264.4)

<200 23 693 (39.7) 633 (39.0) 1480 (38.0) 575 (35.3)

.004 .06
200 to <400 11 184 (18.7) 313 (19.3) 745 (19.1) 302 (18.6)

400 to <600 13 643 (22.8) 353 (21.7) 907 (23.3) 401 (24.6)

≥600 9984 (16.7) 293 (18.0) 675 (17.3) 313 (19.2)

Physical Function Score,e mean (SD) 80.7 (19.8) 82.2 (18.5) 78.3 (20.6) 77.1 (21.5)

≤60 9788 (16.4) 227 (14.0) 736 (18.9) 369 (22.7)

<.001 <.00160 to <90 20 402 (34.2) 555 (34.2) 1474 (37.9) 573 (35.2)

≥90 29 542 (49.5) 842 (51.8) 1681 (43.2) 685 (42.1)

History of treated diabetes

Yes 2953 (4.9 79 (4.9) 218 (5.6) 96 (5.9)
.04 .04

No 56 779 (95.1) 1545 (95.1) 3673 (94.4) 1531 (94.1)

History of cancer

Yes 2808 (4.7) 88 (5.4) 205 (5.3) 87 (5.3)
.07 .80

No 56 593 (94.7) 1524 (93.8) 3668 (94.3) 1531 (94.1)

WHI component

Clinical trial 53 603 (89.7) 1480 (91.1) 3527 (90.6) 1447 (88.9)
.10 NA

Observational study 6129 (10.3 144 (8.9) 364 (9.4) 180 (11.1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); GED, general educational developmental
certificate; MET, metabolic equivalent task; WHI, Women’s Health Initiative.
a Fracture sites included lower extremity (ankle, hip, patella, pelvis, shaft of

femur, tibia/fibula, tibial plateau), upper extremity (carpal, elbow, lower end
of humerus, radius/ulna, upper end of humerus, shaft of humerus, upper
radius/ulna), and spine (lumbar spine, thoracic spine) fractures. Individual
fracture site columns do not include 89 participants who had initial fractures

at multiple body areas.
b Hormone use incorporates self-report and Women’s Health Initiative Hormone

Therapy Trial assignment.
c From dietary intake and supplement use.
d From dietary intake and supplement use.
e RAND 36-item physical function score. Range is 0 to100, in which a higher

score indicates a more favorable health state.

Research Original Investigation Risk of Subsequent Fractures in Postmenopausal Women After Nontraumatic vs Traumatic Fractures

1060 JAMA Internal Medicine August 2021 Volume 181, Number 8 (Reprinted) jamainternalmedicine.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Harvard University User  on 10/12/2021

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.2617


subsequent fracture risk. Such information will be important
for clinicians when they perform patient counseling regard-
ing the risk of subsequent fracture after an initial fracture.
Our study’s results also underscore the issue of difficulty
in assessing whether fractures are traumatic or nontrau-
matic. Information regarding the optimal way for clinicians to
perform such assessment is needed to inform high-quality
clinical practice.

Strengths and Limitations
Our study has several potential limitations. We only captured
the first initial fracture at each anatomic location. For ex-
ample, if a participant had a lower arm/wrist fracture, a sub-
sequent lower arm/wrist fracture would not be captured. As
a result, our results may be conservative (ie, underestimate
the associations of initial traumatic and nontraumatic frac-
ture with subsequent fracture). Because BMD was only mea-
sured in 3 of the 40 WHI clinical centers, there were low num-
bers of events within BMD T score strata, limiting the statistical
power to examine differences in associations across T score cat-
egories. Finally, although we adjusted for numerous poten-

tial confounders, residual confounding is possible, as in all ob-
servational studies. Our study also has several strengths,
including the prospective study design, the large number of
study participants from across the US (including 37 848 women
aged between 50 and 64 years) who were not the focus of pre-
vious studies, medical record confirmation of fractures, in-
formation regarding the events (mechanisms) leading to
the fractures, and detailed information regarding potential
confounders. Moreover, this study contains many younger
postmenopausal women who were not examined in previous
prospective studies that compared traumatic and nontrau-
matic fractures among women in the US.

Conclusions
Future fracture risk is similar among postmenopausal women
with initial traumatic fracture and women with initial non-
traumatic fracture. Currently, nontraumatic fractures are
characterized as osteoporotic. This study’s findings suggest
that all fractures, whether traumatic or nontraumatic, should

Table 3. Frequencies, Events, and Event Rates per 1000 Person-Years of Subsequent Clinical Fracture,a Stratified by Whether the Initial Fracture
Was Traumatic or Nontraumatic and Baseline Age

Characteristic

Subsequent fracture by initial fracture trauma

Traumatic Nontraumatic Unknown traumatic

No. (%) Events
Rate per 1000
(95% CI) No. Events

Rate per 1000
(95% CI) No. (%) Events

Rate per 1000
(95% CI)

All participants 1624 (100.0) 137 20.3 (17.2-24.0) 3891
(100.1)

398 27.0 (24.5-29.8) 1627 (100.0) 186 30.2 (26.2-34.9)

Age, y

<55 147 (9.1) 8 11.9 (5.9-23.8) 311 (8.0) 15 11.6 (7.0-19.3) 116 (7.1) 10 18.5 (9.1-34.4)

55-59 327 (20.1) 14 9.9 (5.9-16.8) 552 (14.2) 38 17.08
(12.3-23.3)

220 (13.6) 11 12.1 (6.7-21.9)

60-64 384 (23.7) 26 16.3 (11.1-23.9) 768 (19.7) 58 19.3 (14.9-25.0) 346 (21.3) 31 23.9 (16.8-34.0)

65-69 377 (23.2) 38 23.7 (17.2-32.5) 993 (25.5) 95 25.9 (21.2-31.7) 411 (25.1) 49 32.0 (24.2-42.3)

70-74 258 (15.9) 34 35.2 (25.2-49.3) 809 (20.8) 104 34.9 (28.8-42.3) 336 (20.7) 41 34.4 (25.3-46.7)

≥75 131 (8.1) 17 34.2 (21.2-55.0) 458 (11.8) 88 57.2 (46.4-70.5) 196 (12.1) 44 63.9 (47.5-95.9)
a Fracture sites included lower extremity (ankle, hip, patella, pelvis, shaft of

femur, tibia/fibula, tibial plateau), upper extremity (carpal, elbow, lower end of
humerus, radius/ulna, upper end of humerus, shaft of humerus, upper
radius/ulna), and spine (lumbar spine, thoracic spine) fractures.

Table 4. Associations between Initial Clinical Fracture,a Overall and by Traumatic vs Nontraumatic Mechanism, and Subsequent Clinical Fracture

Initial fracture mechanism

Unadjusted Age/race adjusted Multivariate adjustedb

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

All fracture 1.70 (1.57-1.84) <.001 1.53 (1.42-1.66) <.001 1.49 (1.38-1.61) <.001

By trauma

Traumatic vs no initial fracture 1.36 (1.15-1.62) <.001 1.28 (1.08-1.51) .01 1.25 (1.06-1.48) .01

Nontraumatic vs no initial fracture 1.75 (1.58-1.94) <.001 1.56 (1.41-1.72) <.001 1.52 (1.37-1.68) <.001

Unknown traumatic vs no initial fracture 1.94 (1.68-2.25) <.001 1.72 (1.49-2.00) <.001 1.67 (1.44-1.93) <.001

Traumatic vs nontraumatic initial fracture 0.78 (0.64-0.95) .01 0.82 (0.67-1.00) .04 0.82 (0.68-1.00) .05

Abbreviations: HR: hazard ratio; WHI, Women’s Health Initiative.
a Fracture sites included lower extremity (ankle, hip, patella, pelvis, shaft of

femur, tibia/fibula, tibial plateau), upper extremity (carpal, elbow, lower end
of humerus, radius/ulna, upper end of humerus, shaft of humerus, upper
radius/ulna), and spine (lumbar spine, thoracic spine) fractures.

b Multivariate models were adjusted for age, race, body mass index (calculated

as weight in kilograms divided by height in meters squared), previous fracture,
diabetes, physical function, physical activity, and frequency of falls in the past
year. All models were stratified within the model to allow the baseline hazard
to vary by hormone therapy use, WHI Calcium + Vitamin D intervention trial
assignment, and WHI study component (WHI-CT or WHI-OS).
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warrant evaluation for osteoporosis (including BMD testing)
and counseling regarding subsequent increased fracture risk.
These results advance our understanding of the burden of
potentially preventable fractures, which is higher in women
with initial traumatic fractures as well as those with initial non-

traumatic fractures. Fracture in postmenopausal women older
than 50 years is associated with a greater risk of subsequent frac-
ture, regardless of mechanism (traumatic or nontraumatic). This
information will inform the development of targeted second-
ary prevention strategies and future clinical guidelines.
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Invited Commentary

A Distinction Without a Difference—Does It Matter Whether Fractures
Are Nontraumatic or Traumatic?
Anne L. Schafer, MD; Dolores M. Shoback, MD

“A 54-year-old woman presents with a hip fracture after a fall
from standing.”

“A 70-year-old woman presents with a fracture of the
radius after a fall from a 6-foot ladder.”

“A 64-year-old woman presents with fractures of her
pelvis and tibia after a high-speed motor vehicle collision.”

In approaching a patient who has fractured a bone, clini-
cians are trained to detail the circumstances of the fracture.
Was it the result of a ground-level fall or a higher level of
trauma? We do this because we believe that the fracture

sustained after minimal or no
trauma constitutes a fragility
fracture and that fragility frac-
tures are the only ones that

warrant evaluation and interventions to prevent future frac-
ture. Clinical practice guidelines reinforce this behavior.1

When clinicians communicate that a fracture was non-
traumatic, we signal to each other that additional attention to
the patient’s bone health is indicated. As we do this, though,
we implicitly signal that fracture sustained after higher trauma
is the predictable result of the trauma and not a reflection
of impaired bone strength. In this issue of JAMA Internal
Medicine, Crandall and colleagues2 present evidence that
differentiating nontraumatic from traumatic fractures may be
a distinction without a difference.

Using data from the landmark Women’s Health Initiative
study, the authors2 determined the risk of a subsequent frac-
ture in the 7142 postmenopausal women who sustained an ini-
tial fracture during the study period. Fractures were carefully
adjudicated, including ascertainment of mechanism, in these
women aged 50 to 70 years at study baseline. An initial non-
traumatic fracture was associated with an increased risk of
subsequent fracture over a mean of 8.1 years, as expected
(adjusted hazard ratio, 1.52; 95% CI, 1.37-1.68), but so was an
initial traumatic fracture (adjusted hazard ratio, 1.25; 95% CI,
1.06-1.48). The P value for the difference in the risk of subse-
quent fracture after traumatic vs nontraumatic fracture was
.05, indicating that the risk after traumatic fracture was not
quite as strong comparatively.

However, Crandall and colleagues2 demonstrate clearly
that fracture is associated with a greater risk of subsequent frac-
ture in postmenopausal women, regardless of whether the first
fracture is nontraumatic or traumatic. This pearl from the Wo-
men’s Health Initiative extends to younger postmenopausal
women the phenomenon previously reported in older post-
menopausal women in the Study of Osteoporotic Fractures3;
among these study participants who experienced an initial frac-
ture during the study period, risk of subsequent fracture was
similarly elevated after low-trauma and high-trauma frac-
tures (34% and 31%, respectively). In a Canadian study4 that
considered fracture records from population-based health
care data, prior low-trauma and high-trauma fractures were
associated with greater future fracture risk in both women and
men. It is important to note that the predictive value of low-
trauma and high-trauma fractures has not been determined
in premenopausal women or younger men.

What is lost when traumatic fractures are overlooked is that
patients do not receive attention to their bone health. This over-
sight may contribute to the widening osteoporosis treatment
gap,5 with missed opportunities for case-finding and targeted
nonpharmacologic and pharmacologic secondary fracture pre-
vention efforts. Time and money may be spent unnecessarily
repeating bone density scans in patients already determined to
have high or low risk of fracture, and meanwhile, patients who
have demonstrated skeletal fragility—perhaps even sustaining
multiple traumatic fractures—may not even be offered any
evaluation or interventions. Older men may be particularly dis-
advantaged because major osteoporotic fractures are more likely
to be related to high trauma in men than in women.6

What evaluation and interventions may be warranted in
the person with fracture, be it nontraumatic or traumatic?
Evaluation should include a thorough history with attention
to other risk factors for skeletal fragility, individualized labo-
ratory evaluation for secondary causes of osteoporosis, and
bone density assessment when indicated. Appropriate inter-
ventions may include counseling about adequate nutrition,
weight-bearing exercise, smoking cessation, alcohol mod-
eration, and avoidance of medications with detrimental
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