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VERTEBRAL FRACTURES ARE A

well-recognized conse-
quence of postmenopausal
bone loss and are the most

common osteoporotic fractures.1 It is
estimated that less than one third of all
vertebral fractures are clinically diag-
nosed.2 However, all vertebral frac-
tures, whether symptomatic or radio-
graphically identified, are associated
with increased mortality and morbid-
ity, including back pain and de-
creased activity, with consequent in-
creased days of bed rest.3-5 Vertebral
fractures are associated with in-
creased risk of further vertebral frac-
tures, with resulting height loss and ky-
phosis, as well as increased risk of
nonvertebral fractures.6-10 This in-
creased risk remains after correction for
bone mineral density (BMD), itself a po-
tent risk factor for fracture.6,10,11

Since many vertebral fractures are
found by chance and it is difficult to date
these fractures, we do not know whether
time from fracture modifies the risk con-
ferred by the fracture. It has been sug-
gested but not confirmed by data that the

greatest risk of a second fracture exists
during the time immediately following
the initial fracture.12 If true, this high-
lights the clinical importance of frac-
ture identification as soon after the event
as possible. To evaluate this issue, we
analyzed data from women in the pla-
cebo groups of 4 large clinical trials con-
ducted at 373 study centers in North
America, Europe, Australia, and New
Zealand to determine whether risk of
vertebral fracture is increased in the pe-
riod immediately following a vertebral
fracture.

METHODS
The study population consisted of
women who had been randomly as-

signed to a placebo group in 4 large
3-year clinical trials conducted from
November 1993 to April 1998 evalu-
ating the efficacy of risedronate, a bis-
phosphonate, for treatment of post-
menopausal osteoporosis.13-15 These
women had either prevalent vertebral
fractures (2 studies),13,14 low femoral
neck BMD, or risk factors for hip frac-
ture.15 All subjects received calcium
supplementation (1000 mg/d). Women
with serum 25-hydroxyvitamin D lev-
els of less than 16 ng/mL (40 nmol/L)
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Context Vertebral fractures significantly increase lifetime risk of future fractures, but
risk of further vertebral fractures in the period immediately following a vertebral frac-
ture has not been evaluated.

Objective To determine the incidence of further vertebral fracture in the year fol-
lowing a vertebral fracture.

Design and Setting Analysis of data from 4 large 3-year osteoporosis treatment
trials conducted at 373 study centers in North America, Europe, Australia, and New
Zealand from November 1993 to April 1998.

Subjects Postmenopausal women who had been randomized to a placebo group
and for whom vertebral fracture status was known at entry (n=2725).

Main Outcome Measure Occurrence of radiographically identified vertebral frac-
ture during the year following an incident vertebral fracture.

Results Subjects were a mean age of 74 years and had a mean of 28 years since
menopause. The cumulative incidence of new vertebral fractures in the first year was
6.6%. Presence of 1 or more vertebral fractures at baseline increased risk of sustain-
ing a vertebral fracture by 5-fold during the initial year of the study compared with
the incidence in subjects without prevalent vertebral fractures at baseline (relative risk
[RR], 5.1; 95% confidence interval [CI], 3.1-8.4; P,.001). Among the 381 partici-
pants who developed an incident vertebral fracture, the incidence of a new vertebral
fracture in the subsequent year was 19.2% (95% CI, 13.6%-24.8%). This risk was
also increased in the presence of prevalent vertebral fractures (RR, 9.3; 95% CI, 1.2-
71.6; P=.03).

Conclusion Our data indicate that women who develop a vertebral fracture are at
substantial risk for additional fracture within the next year.
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at baseline also received vitamin D
supplementation (up to 500 IU/d).

Lateral spine radiographs were ob-
tained at baseline for evaluation of preva-
lent vertebral fractures and annually
thereafter for incident vertebral frac-
tures, as previously described.13,14 The
vertebral fracture analyses included all
placebo subjects who had both baseline
and postbaseline evaluable radio-
graphs. Clinical vertebral fractures were
recorded as adverse events and diag-
nosed by a physician.

Demographic and baseline character-
istics were summarized using descrip-
tive statistics for subjects receiving pla-
cebo. The incidence of new vertebral
fractures, based on time to first inci-
dent fracture, was analyzed using sur-
vival analysis methods. The cumula-
tive incidence was calculated using
Kaplan-Meier estimates. A Cox regres-
sion model was used to compare risk of
incident vertebral fracture in subjects
with prevalent fracture compared with
those without prevalent fracture; simi-
lar methods were used to investigate risk
of additional vertebral fracture within 1
year of a vertebral fracture that oc-
curred during the study. The effect of po-
tential baseline covariates (age, weight,
lumbar spine BMD, and vitamin D sta-
tus) was investigated by adjusting for
these covariates as continuous vari-
ables in the Cox regression model.

RESULTS
A total of 4356 subjects were ran-
domly assigned to placebo study arms;
of these, vertebral fracture status was
known for 2725 (57%). The baseline
characteristics of these subjects (98%
white) are shown in TABLE 1 and were
similar across studies. Because of dif-
ferences in study design and recruit-
ment among trials, baseline lumbar
spine BMD values were available for 885
subjects (32%); the mean (SD) lum-
bar spine T score was −2.6 (1.3).

Over the course of the studies, verte-
bral fractures were observed in 381 of the
2725 women. The Kaplan-Meier esti-
mate of the vertebral fracture incidence
over 3 years was 16.9%. Of the 381
women who sustained vertebral frac-

tures, 23% had symptomatic vertebral
fractures. Risk of sustaining a vertebral
fracture increasedwithpresenceofpreva-
lent fractures (relative risk [RR], 3.7; 95%
confidence interval [CI], 2.8-4.9;
P,.001). During the first year, the pro-
portion of women who developed ver-
tebral fractures was 6.6% (TABLE 2) and,
again, risk increased with presence of
prevalent vertebral fractures (RR, 5.1;
95% CI, 3.1-8.4; P,.001) (FIGURE 1A).
In subjects with baseline BMD values,
risk of incident vertebral fracture over 1
year increased significantly for each 1-SD
decrease inbaselineBMDvaluebelowthe
mean for a young, healthy population
(RR, 1.6; 95% CI, 1.1-2.2; P=.007).

Among subjects in whom incident
fractures were confirmed, occurrence of
a second incident vertebral fracture
within 1 year of the initial fracture was

19.2% overall (95% CI, 13.6%-24.8%)
(TABLE 3). Risk also increased with
prevalent vertebral fractures (RR, 9.3;
95% CI, 1.2-71.6; P=.03) (Figure 1B).
Twenty-four percent of subjects with 2
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Table 1. Baseline Characteristics of the
Study Population (n = 2725)*

Age, y 74 (7.1)
Time since menopause, y 28 (9.5)
Weight, kg 63 (11.7)
Height, cm 157 (7.1)
Smoking status, No. (%)

Never 1636 (60)
Current or previous 1089 (40)

Lumbar spine T score† −2.6 (1.3)
Vertebral fractures

at baseline, No. (%)
0 1151 (42)
1 523 (19)
$2 1051 (39)

*Data are presented as mean (SD) unless otherwise noted.
†The T score expresses bone mineral density in terms of

the SD above or below the mean for healthy young adult
women. Measurements were obtained for 885
subjects.

Table 2. Incidence of New Vertebral Fracture in First Year of Study

Subjects With New
Vertebral Fracture

in First Year
of Study, No. (%)*

Relative Risk
(95% Confidence Interval)† P Value†

Overall population (n = 2570) 163 (6.56) . . . . . .

Vertebral fractures
at baseline, No. (%)

0 (n = 1076) 20 (1.9) . . . . . .

1 (n = 495) 22 (4.6) 2.6 (1.4-4.9) .002

$1 (n = 1494) 143 (9.9) 5.1 (3.1-8.4) ,.001

$2 (n = 999) 121 (12.5) 7.3 (4.4-12.3) ,.001

*Kaplan-Meier estimate of the survival function.
†Cox regression model; data are for comparison vs group with 0 baseline vertebral fractures. Ellipses indicate data not

applicable.
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or more prevalent fractures at baseline
had an incident vertebral fracture within
1 year of their first observed fracture. The
RR did not change when adjusted for age,
weight, or baseline vitamin D status.

COMMENT
Vertebral fractures are a serious and ir-
reversible outcome of osteoporosis. Pre-
vious data have demonstrated that risk
of vertebral fracture is increased among
women in whom a prior vertebral frac-
ture is identified. Our data are consis-
tent with these reports, with the RR of
new vertebral fracture increasing with
the number of baseline vertebral frac-
tures. The design of our clinical trials also
allowed for identification of vertebral
fractures on an annual basis (incident
fractures). These incident vertebral frac-
tures also increased risk of future ver-
tebral fractures and this increased risk
appeared to be greatest in the initial year
following the fracture. Twenty-three per-
cent of incident fractures were clinical
events, similar to the relationship be-
tween clinical and radiological frac-
tures observed previously.2 Our find-
ing that almost 20% of women will
experience another fracture within 1 year
of an incident vertebral fracture has im-
portant clinical implications. The in-
creased fracture risk in the immediate
period following a fracture demon-
strates the urgency of identification and
intervention for this segment of the
population and was observed despite
that all subjects received calcium and vi-
tamin D.

The presence of prevalent fractures
significantly enhanced risk after an in-
cident fracture (4% with 0 vs 24% with
$2). While BMD values were avail-
able only for a subset of the popula-
tion, there was a 60% increase in risk
of vertebral fracture during the first year
of the study for each 1-SD decrease in
baseline BMD value below the mean for
a young, healthy population. Thus, the
combination of low lumbar spine BMD
and prevalent fractures is the best pre-
dictor of increased fracture risk in the
immediate period after a fracture.

There are some limitations to our
findings. First, clinical trial subjects may
differ from patients commonly seen in
clinical practice. The similarity of our
findings to those already reported with
regard to the effect of prevalent frac-
tures in predicting future fractures sug-
gests that our results may be general-
ized to the postmenopausal population
with osteoporosis. As in observational
studies, we do not know the timing of
the fractures observed at baseline. Some
may have been recent, which would lead
to a higher-than-expected incidence in
the first year and would be expected to
diminish the differences we observed.
Because we do not know the timing of
the fractures that existed at baseline, our
data do not allow us to evaluate an im-
portant clinical question: whether an in-
cident fracture, compared with a his-
tory of fracture, leads to greater risk for
fracture. Baseline BMD values were avail-
able for approximately one third of our
subjects; thus, we cannot completely

correct for the effects of BMD. How-
ever, other studies have shown consis-
tently that the effects of prevalent frac-
tures are independent of BMD.6,9,10

Wehaveconfirmedthatprevalent frac-
tures increase risk of further vertebral
fractures and have shown for the first
time, toourknowledge, that incidentver-
tebral fracturesexacerbate thiseffect.Our
finding that approximately 20% of
women will experience another frac-
ture within the first year of a vertebral
fracture justifies a degree of urgency for
clinicians in identifying and treating all
patients who present with vertebral frac-
tures. These data indicate that osteopo-
rosis actually may be a quickly progress-
ingdiseaseonceafractureoccurs.Further
research should be carried out to deter-
mine whether an incident fracture, com-
pared with a history of fracture, leads to
greater future risk for fracture.
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Table 3. Incidence of New Vertebral Fracture in Year Following Vertebral Fracture During
Study

Subjects With New
Vertebral Fracture in Year

Following Incident
Vertebral Fracture, No. (%)*

Relative Risk
(95% Confidence Interval)†

P
Value†

Overall population (n = 381) 36 (19.18) . . . . . .

Vertebral fractures
at baseline, No. (%)

0 (n = 69) 1 (3.6) . . . . . .

1 (n = 61) 3 (11.5) 4.1 (0.4-38.5) .22

$1 (n = 312) 35 (21.9) 9.3 (1.2-71.6) .03

$2 (n = 251) 32 (24.0) 11.6 (1.5-90.1) .02

*Kaplan-Meier estimate of the survival function.
†Cox regression model; data are for comparison vs group with 0 baseline vertebral fractures. Ellipses indicate data not

applicable.

VERTEBRAL FRACTURE RISK FOLLOWING RECENT FRACTURE

322 JAMA, January 17, 2001—Vol 285, No. 3 (Reprinted) ©2001 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



revision of the manuscript for important intellectual
content.
Dr Licata participated in acquisition of data, analysis
and interpretation of data, critical revision of the manu-
script for important intellectual content, and admin-
istrative, technical, or material support.
Dr Benhamou participated in analysis and interpreta-
tion of data, drafting of the manuscript, and critical
revision of the manuscript for important intellectual
content.
Dr Geusens participated in acquisition of data, analy-
sis and interpretation of data, drafting of the manu-
script, critical revision of the manuscript for impor-
tant intellectual content, and study supervision.
Ms Flowers participated in study concept and design,
analysis and interpretation of data, drafting of the
manuscript, critical revision of the manuscript for im-
portant intellectual content, and administrative, tech-
nical, or material support.

Dr Stracke participated in acquisition of data, draft-
ing of the manuscript, and administrative, technical,
or material support.
Dr Seeman participated in acquisition of data, draft-
ing of the manuscript, critical revision of the manu-
script for important intellectual content, and study su-
pervision.
Financial Disclosures: Dr Lindsay has received re-
search support from the Alliance for Better Bone Health,
Wyeth Ayerst, and Parke-Davis; has served as a con-
sultant for Procter & Gamble Pharmaceuticals, Eli Lilly
& Co, and Parke-Davis; and has served on speaker
boards for the Alliance for Better Bone Health, Proc-
ter & Gamble Pharmaceuticals, Eli Lilly & Co, and Merck
& Co. Dr Silverman has received research support and
served as a consultant for Procter & Gamble Pharma-
ceuticals. Dr Hanley has participated in ad hoc speak-
ing engagements and has served as a consultant for
Procter & Gamble Pharmaceuticals. Dr Licata has re-

ceived research support from Procter & Gamble Phar-
maceuticals, Merck & Co, Eli Lilly & Co, Pfizer, and
SKF. Dr Geusens has received research support from
Procter & Gamble Pharmaceuticals, Celtrix-Insmed,
Merck Sharp & Dohme, Searle, Roche Pharmaceuti-
cals, Novartis, Eli Lilly & Co, SmithKline Beecham, AHP
Wyeth Lederle, Centocor, Hoescht Marion Roussel,
Pfizer, Bristol-Myers Squibb, Kendle, Sanofi, and Am-
gen; and has served on speaker boards for Merck
Sharpe & Dohme, Procter & Gamble Pharmaceuti-
cals, Boehringer Ingelheim, Hologic, and Metra Bio-
systems. Dr Seeman is a member of medical advisory
committees for Merck Sharpe & Dohme, Roche Phar-
maceuticals, Aventis, and SKB.
Funding/Support: This study was supported by Proc-
ter & Gamble Pharmaceuticals and Aventis Pharma.
Acknowledgment: The authors acknowledge Lisa C.
Bosch for assistance in the preparation of the manu-
script.

REFERENCES

1. Ross PD. Clinical consequences of vertebral frac-
tures. Am J Med. 1997;103(suppl):30S-43S.
2. Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ.
Incidence of clinically diagnosed vertebral fractures:
a population-based study in Rochester, Minnesota,
1985-1989. J Bone Miner Res. 1992;7:221-227.
3. Nevitt MC, Thompson DE, Black DM, et al. Effect
of alendronate on limited activity days and bed-
disability days caused by back pain in postmeno-
pausal women with existing vertebral fractures. Arch
Intern Med. 2000;160:77-85.
4. Kado DM, Browner WS, Palermo L, et al. Vertebral
fractures and mortality in older women: a prospective
study. Arch Intern Med. 1999;159:1215-1220.
5. Melton LJ, Atkinson EJ, Cooper C, et al. Vertebral
fractures predict subsequent fractures. Osteoporos Int.
1999;10:214-221.
6. Black DM, Arden NK, Palermo L, et al. Prevalent
vertebral deformities predict hip fractures and new ver-

tebral deformities but not wrist fractures. J Bone Miner
Res. 1999;14:821-828.
7. Klotzbuecher CM, Ross PD, Landsmen PB, et al.
Patients with prior fractures have an increased risk of
future fractures: a summary of the literature and sta-
tistical synthesis. J Bone Miner Res. 2000;15:721-
739.
8. Lauritzen JB, Lund B. Risk of hip fracture after os-
teoporosis fractures: 451 women with fracture of lum-
bar spine, olecranon, knee or ankle. Acta Orthop Scand.
1993;64:297-300.
9. Melton LJ III, Atkinson EJ, Cooper C, O’Fallon WM,
Riggs BL. Vertebral fractures predict subsequent frac-
tures. Osteoporos Int. 1999;10:214-221.
10. Ross PD, Davis JW, Epstein RS, Wasnich RD. Pre-
existing fractures and bone mass predict vertebral frac-
ture incidence in women. Ann Intern Med. 1991;114:
919-923.
11. Ross PD, Genant HK, Davis JW, Miller PD,

Wasnich RD. Predicting vertebral fracture incidence
from prevalent fractures and bone density among
non-black, osteoporotic women. Osteoporosis Int.
1993;3:120-126.
12. Kanis JA. Treatment of osteoporotic fracture. Lan-
cet. 1984;8367:27-33.
13. Harris ST, Watts NB, Genant HK, et al. Effects of
risedronate treatment on vertebral and nonvertebral
fractures in women with postmenopausal osteopo-
rosis: a randomized controlled trial. JAMA. 1999;282:
1344-1352.
14. Reginster J-Y, Minne HW, Sorensen OH, et al. Ran-
domized trial of the effects of risedronate on vertebral
fractures in women with established postmenopausal
osteoporosis. Osteoporos Int. 2000;11:83-91.
15. Miller P, Roux C, McClung M, et al. Risedronate
reduces hip fractures in patients with low femoral neck
bone mineral density [abstract]. Arthritis Rheum. 1999;
42(suppl):S287.

If anything is sacred the human body is sacred.
—Walt Whitman (1819-1892)
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