
UCSF
UC San Francisco Previously Published Works

Title
Risk factors for a first-incident radiographic vertebral fracture in women &gt;= 65 years of age: The 
study of osteoporotic fractures

Permalink
https://escholarship.org/uc/item/0x74r09f

Journal
Journal of Bone and Mineral Research, 20(1)

ISSN
0884-0431

Authors
Nevitt, M C
Cummings, S R
Stone, K L
et al.

Publication Date
2005
 
Peer reviewed

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

https://escholarship.org/uc/item/0x74r09f
https://escholarship.org/uc/item/0x74r09f#author
https://escholarship.org
http://www.cdlib.org/


Risk Factors for a First-Incident Radiographic Vertebral Fracture in
Women �65 Years of Age: The Study of Osteoporotic Fractures

Michael C Nevitt,1 Steven R Cummings,1,2 Katie L Stone,2 Lisa Palermo,1 Dennis M Black,1 Douglas C Bauer,3

Harry K Genant,4 Marc C Hochberg,5 Kristine E Ensrud,6 Teresa A Hillier,7 and Jane A Cauley8

ABSTRACT: Vertebral fractures in older women signal an increased risk of additional osteoporotic fractures.
To identify risk factors for first vertebral fractures, we studied 5822 women ≥65 years of age who had no
fracture on baseline radiographs of the spine. Several modifiable risk factors increased an older woman’s risk
of developing a first vertebral fracture, and women with multiple risk factors and low BMD had the highest
risk. Risk factors and low BMD should be useful to help focus efforts to prevent these fractures.

Introduction: Vertebral fractures are a common cause of back pain and disability and signal an increased risk
of additional osteoporotic fractures in older women. Little is known about the risk factors for the first
occurrence of a vertebral fracture.
Materials and Methods: To identify risk factors for a first vertebral fracture, we studied 5822 women �65 years
of age from the Study of Osteoporotic Fractures who had no fracture on baseline radiographs of the spine. We
measured potential risk factors and BMD of the wrist and calcaneus at baseline and BMD of the spine and
hip halfway through follow-up. Fractures were assessed by standard methods from spine radiographs obtained
at baseline and follow-up an average of 3.7 years later.
Results and Conclusions: In multivariable analyses, older age, previous nonspine fracture, low BMD at all
sites, a low body mass index (BMI), current smoking, low milk consumption during pregnancy, low levels of
daily physical activity, having a fall, and regular use of aluminum-containing antacids independently increased
the risk of a first vertebral fracture. Women using estrogen and those who engaged in recreational physical
activity had a decreased risk. The effects of low BMI, smoking, use of estrogen and antacids, and previous
fracture were partially mediated by BMD. Women in the lower third of wrist BMD with five or more risk
factors had a 12-fold greater risk than women in the highest third of BMD who had zero to three risk factors.
The 27% of women at highest risk suffered 60% of the incident fractures. In conclusion, several modifiable
risk factors and BMD independently increase an older woman’s risk of developing a first vertebral fracture.
The combination of risk factors and BMD should be useful for focusing efforts to prevent vertebral fractures.
J Bone Miner Res 2005;20:131–140. Published online on October 11, 2004; doi: 10.1359/JBMR.041003
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INTRODUCTION

OSTEOPOROSIS IS A common disorder that results in mil-
lions of fractures and a substantial burden in health

care costs and disability among older women.(1) Vertebral

fractures detected by radiograph are a sentinel and clini-
cally important event in postmenopausal osteoporosis. In-
dependently of their BMD, women with an existing radio-
graphic vertebral fracture have a risk of subsequent
vertebral fracture that is four to five times higher than
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women without an existing fracture,(2–4) and they also have
an increased risk of subsequent hip(2,5–7) and other non-
spine fractures.(2,6,7) Vertebral fractures cause back pain,
physical disability, and reduced quality of life in older
women.(8–12) A woman’s first vertebral fracture usually oc-
curs well past menopause. Less than 1 in 20 white women
50–54 years of age have had a vertebral fracture, but the
proportion with an existing fracture more than doubles with
each additional 10 years of age, rising to 1 in 3 among
women �80 years of age.(13,14)

In contrast to hip fracture,(15) few risk factors for verte-
bral fracture in women have been established in prospec-
tive studies. Cross-sectional studies suggest that prevalent
vertebral fractures are associated with older age, low BMD,
a shorter reproductive span, and long-term use of oral cor-
ticosteroids,(13,14,16–18) but findings for other factors are
conflicting.(19) Low BMD, older age, and a shorter fertile
period are associated with the risk of vertebral fracture in
recent prospective studies of older women.(20–23)

Developing a vertebral fracture signals a high risk of sub-
sequent vertebral and nonvertebral fractures. Thus, it may
be particularly valuable to identify risk factors that help
target treatments to prevent the first occurrence of a ver-
tebral fracture and avert a cascade of subsequent fractures.
However, no studies have specifically examined risk factors
for a first vertebral fracture in older women. Therefore, we
analyzed risk factors for a first vertebral fracture in a large
cohort of older women.

MATERIALS AND METHODS

Subjects

Subjects were participants in the Study of Osteoporotic
Fractures, recruited from population-based listings in four
U.S. metropolitan areas. Details of the design of this study,
recruitment, and measurements have been pub-
lished.(15,24–26) Spine radiographs were obtained in 9677
white women between the ages of 65 and 99 years (median
age, 70 years) who attended the baseline examination be-
tween 1986 and 1988. Repeat radiographs suitable for ver-
tebral morphometry were obtained for 7238 (78%) of the
9288 women surviving at the second follow-up clinic visit
3.7 ± 0.4 years (range, 1.3–5.1 years) later. The study was
approved by the appropriate committees on human re-
search, and all the women gave written informed consent.

Vertebral morphometry

Lateral radiographs of the thoracic and lumbar spine
were taken in accordance with current guidelines.(27) Quan-
titative vertebral morphometry was performed as previ-
ously described(28,29) to calculate the anterior (Ha), middle
(Hm), and posterior (Hp) height for each vertebral body
from T4 to L4. Radiographs were first screened for probable
fractures, using methods described previously,(28,30) to re-
duce the number undergoing morphometric measurements.
Briefly, highly trained technicians separated sets of radio-
graphs into three groups: “normal,” “uncertain,” and
“probably fractured,” using a binary semiquantitative grad-
ing scheme that classified women by the most abnormal

vertebral level on her follow-up films. Those that were un-
certain were further classified by the study radiologist
(HKG) as “normal” or “probably fractured.” Morphom-
etry on paired films was performed for women (42%) clas-
sified as “probably fractured.”

Definitions of vertebral fractures

A vertebra was classified as having a prevalent fracture
on the baseline radiograph if any of the following ratios
were >3 SD below the trimmed normal mean(31) for that
vertebral level: (Ha/Hp), (Hm/Hp), or a combination of
(Hpi/Hpi ± 1) and (Hai/Hai ± 1).(28) We defined a new (inci-
dent) fracture as a decrease of 20% or more, and at least 4
mm, in any of the three vertebral heights (Ha, Hm, or Hp)
on follow-up compared with the baseline radiograph.(26)

The performance of the technician triage was evaluated in
a random sample of 503 women, all of whose radiographs
were triaged and underwent morphometry. The sensitivity
of triage for prevalent and incident fractures, as defined in
this study, was 97% and 100%, respectively.(26,28,30)

Assessment of risk factors

Questionnaire and interview: Questionnaire and inter-
view methods for our study have been previously de-
scribed.(15,25,32) In brief, at baseline, we ascertained years of
education, height, and nonpregnant weight at age 25, ethnic
or national origin, number of pregnancies, children breast
fed, hysterectomy, oophorectomy, age at last menstrual pe-
riod, parental history of fractures, falls during the past year,
smoking and alcohol intake, and self-rated health. We
asked about physician-diagnosed medical conditions in-
cluding fractures since age 50, osteoporosis, spine fracture,
hyperthyroidism, osteoarthritis, gastric surgery, cataracts,
and stroke. Participants were asked about current and past
use of calcium supplements, estrogen, diuretics, corticoste-
roids, thyroid supplements, anticonvulsants, antacids, sleep-
ing aids, and anxiolytics during the past year. Long-acting
benzodiazepines were those with �24-h half-lives.

Dietary calcium excluding supplements was assessed by a
food frequency questionnaire.(33) Past milk consumption
and current caffeine intake were estimated by direct ques-
tions.(25) We asked about the number of blocks walked
daily and about the number of hours spent on household
chores and hours spent sitting and lying down per day, and
administered the Paffenbarger questionnaire, which grades
current recreational physical activities as low, moderate, or
high intensity.(34) We asked about falls during the past year
at baseline, and participants reported falls every 4 months
by mail questionnaire during the first year of follow-up.

Examinations: We measured weight, height (by wall-
mounted stadiometer), knee height, and waist and hip cir-
cumferences.(35) Knee height is the distance, measured with
a sliding caliper, from the bottom of the heel to the epicon-
dyles of the distal femur with the knee flexed to 90°.(36)

Tests of physical function included standing from a chair
(without use of arms) five times, grip strength, isometric
triceps, quadriceps and hip abductor strength (using a hand-
held dynamometer),(32) walking speed (over a 6-m course),
and tandem balance. Cognitive function was assessed with a
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modified version of the Mini-Mental State Examination.(37)

Measures of visual function included visual acuity, low spa-
tial frequency contrast sensitivity,(38) and distance depth
perception.(39) Resting blood pressure and pulse were as-
sessed with the participant supine.

BMD: Baseline calcaneal and distal radius BMD (g/cm2)
was measured using single photon absorptiometry (Osteo-
Analyzer; Siemens-Osteon, Wahiawa, HI, USA). During
the second examination (1988–1990), BMD of the proximal
femur and lumbar spine was measured using DXA (QDR
1000; Hologic, Waltham, MA, USA) in 95.2% of the
women who had a follow-up spine radiograph.(40)

Analysis

We used logistic regression to identify potential risk fac-
tors for first incident fractures (p < 0.10 after adjusting for
age and clinic) and used best subset analysis(25) and back-
ward stepwise elimination analysis to identify independent
risk factors. We examined the sensitivity of our results to
using p < 0.20 in screening potential risk factors, but this did
not alter our results. Continuous measures were catego-
rized by quintile to evaluate linearity and cut-points for
nonlinear relationships. We analyzed a modified body mass
index (BMI: weight in kg/height in m2) calculated using
knee height, which is highly correlated with young adult
height and not altered by vertebral fractures in later life.(36)

We analyzed milk consumption during pregnancy, except
for nulliparous women, for whom we analyzed consump-
tion as a teenager. Walking only one or fewer blocks per
day versus two or more and spending <1 h/day on house-
hold chores versus �1 h were combined to form an indica-
tor variable for low daily physical activity (positive if low on
both activities). We compared woman of Southern Euro-
pean ethnic or national origin (Portuguese, Spanish, Italian,
and Greek) with women of all other ethnic or national
origins, the vast majority of which were Western, Central,
or Northern European. We checked for interactions be-
tween risk factors and clinical center or age <75 versus �75
by including interaction terms in regression models. We
also explored whether the effects of certain risk factors
could be explained by their effect on BMD. We performed
similar analyses of factors associated with baseline preva-
lent fractures. For analyses of risk factors for prevalent frac-
tures, we excluded variables that are likely to be strongly
influenced by prior fracture, including height loss, back
pain, and current use of calcium supplements. Unless speci-
fied, the correlations between variables tested in multivari-
able models were <0.5. We report adjusted odds ratios
(which are labeled relative risks in the text and tables) with
95% confidence limits (RR; 95% CI). Analyses were per-
formed using Statistical Analysis Software (SAS, Cary, NC,
USA).

RESULTS

Baseline prevalent fractures

Prevalent vertebral fractures were present at baseline in
1416 (19.6%) of the 7238 women with follow-up radio-
graphs and in 499 (20.4%) of the 2444 women without a

follow-up radiograph. Women who did not have a follow-
up radiograph were older, weighed less, had a lower BMD,
reported worse health status and more back pain, and
walked fewer blocks than those who had a follow-up X-ray
(data not shown).

The prevalence of vertebral fractures at baseline in-
creased steadily with age, more than doubling between the
age groups of 65–69 and �80 years (Fig. 1). A large number
of factors in addition to age were independently associated
(p < .05 in multivariable models) with prevalent vertebral
fractures (Table 1), including parental history of hip frac-
ture (paternal and maternal hip fractures carried similar
risks), younger age at menopause, current smoking, use of
oral corticosteroids and antacids containing aluminum,
slower walking speed, and a history of nonspine fracture
since age 50. Southern European ancestry and a greater
weight gain from age 25 to the present were associated with
a decreased risk, as was a surgical menopause despite ad-
justment for current and past use of estrogen. When we
adjusted for distal radius BMD, all the above variables ex-
cept current smoking (p � 0.17) remained significantly as-
sociated with prevalent fractures.

First incident vertebral fractures

Among women who did not have a baseline prevalent
fracture, 181 (3.1%; annual risk, 0.9%; 95% CI, 0.7–1.0%)
had a first incident vertebral fracture during follow-up. Of
these, 33 (18.2%) women had two or more new fractures.
The incidence of first vertebral fractures increased >3-fold
between the ages of 65–69 and �80 years (Fig. 1). There
were 118 first fractures among women ages 65–74 and 60 in
women �75 years of age.

Risk factors for incident fracture

BMD was a strong predictor of a first vertebral fracture;
this relationship was stronger for BMD of the spine than
BMD at other sites. Because spine and hip BMD were
measured halfway through follow-up and in only 94% of
women, we included distal radius BMD in the multivariable
models (Table 2).

A variety of behavioral and constitutional variables were
potential risk factors for a first vertebral fracture (Table 3).
Women with a previous hip fracture (RR, 2.71; 95% CI,
1.21, 6.08) and those with other nonspine fracture after age
50 (RR, 1.40; 1.02, 1.88) had an increased risk. Because

FIG. 1. Vertebral fracture prevalence (%) and annual incidence
(%), with upper 95% CI, in women from the SOF cohort, by age
at baseline.
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prior hip fractures were uncommon (<1%), we combined
prior hip fractures with other nonspine fractures in subse-
quent analyses. Several pairs of closely related variables
were each associated with an increased risk, but when ana-
lyzed together, only one of the pair remained eligible for
the multivariate model (p < 0.10). This included weight
change since age 25 and BMI calculated using knee height
(BMI remained eligible), hip abductor and triceps weak-
ness (hip weakness remained eligible), and poor contrast
sensitivity and reduced visual acuity (contrast sensitivity re-
mained eligible). The protective effect of current use of
estrogen did not differ by years of use, nor did it differ for

women with surgical versus natural menopause. The in-
creased risk associated with smoking was not attenuated by
adjustment for variables measuring neuromuscular func-
tion. The increased risk of fracture associated with falling
remained after excluding women who had a clinically de-
tected vertebral fracture during follow-up.(9)

In multivariable models of 16 potential risk factors, not
including BMD, 12 remained independent predictors (p <
0.05) of a first vertebral fracture (Table 3). Hip abductor
strength (p � 0.21), back pain (p � 0.09), contrast sensi-
tivity (p � 0.07), and gastric surgery (p � 0.06) were no
longer significantly related to fracture risk. Results for mul-
tivariable models were similar when we analyzed either
BMI calculated using knee height or BMI using young adult
height.

Risk factors after adjustment for BMD

In models that adjusted for baseline distal radius BMD,
smoking, use of estrogen, and frequent use of aluminum-
containing antacids were no longer significant predictors of
fracture, but attenuation of the relative risks for these pre-
dictors was minimal (Table 3). All other risk factors were
independent of BMD. Results were essentially the same

TABLE 1. BASELINE CHARACTERISTICS OF SUBJECTS BY PREVALENT VERTEBRAL FRACTURE STATUS

Characteristic

Baseline vertebral fracture?

No (n = 5822) Yes (n = 1416)

Age, years, mean (SD) 70.8 (4.7) 72.5 (5.5)†‡

Distal radius BMD, g/cm2; mean (SD) 0.37 (0.08) 0.33 (0.08)†

Lumbar Spine BMD, g/cm2, mean (SD) 0.87 (0.16) 0.80 (0.16)†

Nonspine fracture after age 50, % (n) 32.5 (1883) 51.4 (724)†‡

Parental Hx of hip fracture, % (n) 11.8 (686) 14.1 (199)*‡

Mother hip fracture, % (n) 10.3 (597) 11.9 (169)*
Father hip fracture, % (n) 1.8 (106) 2.5 (36)

Southern European ancestry, % (n) 5.6 (328) 3.7 (52)*‡

Milk during pregnancy (or teens if nulliparous) <1 glass/day, % (n) 32.3 (1884) 36.7 (520)*
Age at menopause <45 years, mean, % (n) 12.7 (604) 17.6 (205)†‡

Bilateral oophorectomy, % (n) 13.2 (738) 10.5 (141)*‡

Walks �1 block daily and does household chores <1 h/daily, % (n) 47.2 (2745) 48.0 (680)
Currently does moderate or high intensity recreational physical activity at least

monthly, % (n) 32.6 (1900) 30.2 (428)
Current smoker, % (n) 8.9 (515) 10.8 (152)†‡

History of gastrectomy, % (n) 1.3 (77) 1.8 (25)
Estrogen, current user, % (n) 14.8 (851) 13.7 (191)
Calcium supplements, current user, % (n) 41.5 (2409) 51.4 (727)†§

Oral corticosteroids, ever use for �1 yr, % (n) 2.5 (143) 4.5 (62)†‡

Antacids with aluminum, ever use � weekly, % (n) 10.9 (636) 14.4 (204)†‡

BMI using recalled height age 25, mean (SD) 25.6 (4.5) 24.8 (4.2)†

Percent weight change since age 25, mean (SD) 20.7 (19.2) 16.6 (18.2)†‡

�1 fall in past year, % (n) 28.7 (1672) 31.6 (447)
Resting pulse >80 bpm, % (n) 10.0 (581) 12.6 (178)*
Walking speed, m/s, mean (SD) 1.04 (0.21) 1.00 (0.22)†‡

Uses arms to rise from chair, % (n) 2.3 (134) 4.9 (69)†

Hip abductor strength, kg of force, mean (SD) 11.4 (3.3) 10.8 (3.3)†

Contrast sensitivity low spatial frequency, mean (SD) 1.28 (0.57) 1.17 (0.58)*
Height loss since age 25, cm, mean (SD) 2.8 (2.6) 4.5 (3.2)†§

Moderate-severe back pain in past year, % (n) 52.5 (3056) 60.5 (856)†§

* p < 0.05, †p < 0.01 compared with no baseline vertebral fracture, adjusted for age and clinic.
‡ Independently associated with prevalent vertebral fractures in a multivariable model that did not include BMD.
§ Probable result of prevalent vertebral fracture and therefore not included in multivariable models.

TABLE 2. ASSOCIATION OF BMD WITH FIRST INCIDENT

VERTEBRAL FRACTURES

BMD site Adjusted OR (95% CI)*

Lumbar spine 1.89 (1.57, 2.26)
Total hip 1.54 (1.29, 1.63)
Femoral neck 1.56 (1.29, 1.87)
Distal radius 1.52 (1.28, 1.79)
Calcaneus BMD 1.46 (1.24, 1.71)

* Per −1 SD of BMD, adjusted for age and clinic.
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adjusting for hip BMD, but adding spine BMD to the model
more substantially attenuated the effect of a low BMI (RR,
1.18; 0.92, 1.82) and a history of nonspine fracture (RR,
1.12; 0.80, 1.56).

We used tertile cut-points for wrist BMD and 11 dichoto-
mous risk factors to categorize women by their risk of ver-
tebral fracture (Fig. 2). In all three BMD strata, the risk of
a first vertebral fracture increased sharply with the number
of risk factors present. The two highest risk subgroups com-
bined (five or more risk factors and the low and middle
BMD tertiles) included 27% of the women in the cohort
and 60% of those with first incident fractures. Thirty-eight
percent of women in all BMD categories combined had
three or fewer risk factors, but suffered only 14% of the
fractures. Results were similar using spine or hip BMD
(data not shown).

Interaction with age

An elevated resting pulse (>80 versus �80 bpm) was
associated with an increased risk of fracture in women 65–
74 years of age, but not in those older than 74 (p < 0.05 for
interaction with age). In the younger women, a high pulse
was an independent predictor (RR, 1.72; 1.03, 2.86) after
adjusting for the other risk factors in Table 3 and radius
BMD. There were no other interactions of risk factors with
age or clinical center.

Effect of possible mild prevalent
vertebral deformities

Among the women we considered at risk for a first ver-
tebral fracture (i.e., those who did not have a �3 SD preva-
lent fracture at baseline), 403 (5.9%) had a possible mild
baseline vertebral deformity (defined as vertebral height

TABLE 3. MULTIVARIABLE MODELS OF RISK FACTORS FOR FIRST VERTEBRAL FRACTURE WITH AND WITHOUT ADJUSTMENT FOR

FRACTURES AND BMD

Measurement (comparison or unit)

Odds ratios and 95% CIs

Age-adjusted§ Base MV model Add radius BMD

Age (+5 yrs) 1.33 (1.14, 1.55) 1.34 (1.15, 1.55) 1.28 (1.11, 1.49)
Maternal history of wrist fracture (vs. none) 0.10 (0.01, 0.71) 0.10 (0.01, 0.69) 0.09 (0.01, 0.66)
Paternal Hx of hip fracture (vs. none) 2.17 (0.99, 4.78) 2.27 (1.02, 5.07) 2.22 (1.00, 4.96)
Milk when pregnant or teen (<1 glass/day) 1.49 (1.09, 2.04) 1.43 (1.05, 1.96) 1.42 (1.04, 1.94)
Current estrogen user (vs. never user)* 0.54 (0.31, 0.95) 0.53 (0.30, 0.93) 0.60 (0.33, 1.08)
Current smoker (vs. never smoked)* 1.68 (1.04, 2.71) 1.70 (1.05, 2.76) 1.61 (0.98, 2.63)
Walks �1 blocks/day and does household chores <1 h/day 1.59 (1.18, 2.22) 1.59 (1.16, 2.18) 1.60 (1.16, 2.20)
High to moderate intensity recreational activity (any vs. none) 0.50 (0.31, 0.80) 0.54 (0.37, 0.80) 0.67 (0.37, 0.82)
Use of antacids with aluminum weekly (vs. < weekly) 1.54 (1.01, 2.37) 1.54 (1.02, 2.36) 1.48 (0.95, 2.28)
History of gastrectomy (vs. none) 2.46 (1.03, 5.83) — —
BMI with knee height, quintile 1–2 (vs. >2)† 1.64 (1.20, 2.22) 1.70 (1.25, 2.33) 1.53 (1.11, 2.08)
Back pain past year (all/some of time vs. less) 0.76 (0.56, 1.02) — —
Hip abductor weakness (per −3.3 kg‡) 1.22 (1.04, 1.44) — —
Contrast sensitivity (per −0.6‡) 1.22 (1.02, 1.46) — —
One or more fall in first 12 months FU (vs. none) 1.55 (1.05, 2.13) 1.71 (1.24, 2.35) 1.75 (1.27, 2.42)
Nonspine fracture since age 50 (vs. none) 1.50 (1.11, 2.03) 1.40 (1.03, 1.91) 1.32 (0.96, 1.81)
Distal radius BMD (per −1 SD) — — 1.40 (1.17, 1.67)

* Models include variables for past estrogen user and past smoking.
† <258.1 vs. �258.1 kg/m2.
‡ Equivalent to 1 SD.
§ Candidate variables, p � 0.10 adjusted for age and clinical center.

FIG. 2. Cumulative incidence of first incident vertebral fracture
during 3.7 years of follow-up in women �65 years of age at base-
line by the number of risk factors present and tertile cut-point of
baseline distal radius BMD. Risk factors are age � 70, a prior
nonspine fracture after age 50, BMI (calculated with knee height)
in the lowest 40%, current smoker, low level of physical activity
(walks �1 block/day and does household chores <1 h/day), does
no moderate or high intensity recreational physical activities, fell
one or more times in the first 12 months of follow-up, not cur-
rently on estrogen replacement therapy, low milk consumption
(<1 glass/day) when pregnant (or teenager for nulliparous
women), ever used aluminum-containing antacids weekly, and pa-
ternal history of hip fracture. First (lowest) tertile of BMD: 0–3
risk factors, n � 435; 4 risk factors, n � 423; 5+ risk factors, n �
861. Second tertile of BMD: 0–3 risk factors, n � 731; 4 risk
factors, n � 498; 5+ risk factors, n � 728. Third tertile of BMD:
0–3 risk factors, n � 1008; 4 risk factors, n � 559; 5+ risk factors,
n � 542.
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ratios from 2.5 to 3 SD below normal). These women were
no more likely to report a previous spine fracture or diag-
nosis of osteoporosis (2.6%) than those without a mild de-
formity (2.3%). Women with a possible mild deformity had
an increased risk of incident vertebral fracture (10.9% ver-
sus 2.5% cumulative incidence; RR versus no mild defor-
mity: 4.2; 2.9, 6.1) after adjusting for all other independent
risk factors and spine BMD. The addition of mild deformity
to the models in Table 3 did not alter the relative risks for
other predictors, including radius BMD. Excluding women
with mild deformities at baseline similarly had no appre-
ciable effect on our results.

Factors not significantly associated with
incident fracture

Many putative risk factors for osteoporosis were not as-
sociated with the risk of developing a vertebral fractures
(Table 4). These include all reproductive history variables
assessed, use of thiazide diuretics, and recent intake of cal-
cium, caffeine, and alcohol. Past smokers and corticosteroid
users did not have an increased risk. Several prominent risk
factors for hip fractures were not related to first vertebral
fractures, including weight, BMI calculated using height at
baseline, maternal hip fracture, use of long-acting benzodi-
azepines, previous hyperthyroidism, cognitive impairment,
and certain neuromuscular disabilities, such as inability to
arise from a chair without the use of arms. Women with a
history of falls in the year before baseline had a nonsignif-
icant trend toward increased risk (p � 0.13).

Excluding calcium supplement users and women taking
estrogen did not alter the lack of association for dietary
calcium intake. The results for calcium supplement use
were similar in women with, and without, a previous diag-
nosis of osteoporosis. Excluding women with a surgical
menopause did not alter the null results for age at meno-
pause or reproductive years.

DISCUSSION

Among white women �65 years of age and free of preva-
lent vertebral fractures when the study began, 3.1% suf-
fered a first vertebral fracture during an average of 3.7 years
of follow-up. The risk of a first vertebral fracture was inde-
pendently associated with behavioral and constitutional fac-
tors, some modifiable, of importance for both skeletal and
general health. These factors may be useful in identifying
women with the greatest need for interventions to prevent
the development of vertebral fractures and in devising ap-
proaches to reduce this risk. Low BMD accounted, at least
in part, for the effect of several variables on vertebral frac-
ture risk, whereas other factors increased risk indepen-
dently of BMD. Classifying women by their distal radius
BMD and the number of risk factors they have produced a
steep gradient of risk between women with high BMD and
few or no risk factors and those with low BMD and multiple
risk factors and permitted identification of a relatively small
subgroup of women in whom most of the vertebral frac-
tures occurred.

Our study has several unique features and strengths. It is
one of only three(21,22) large, prospective population radio-

graphic surveys of incident vertebral fractures and the only
such study in North America. Ours is also the only study to
evaluate risk factors for a first vertebral fracture. We
achieved a high rate (75%) of radiographic follow-up in
surviving women. We evaluated a comprehensive set of risk
factors for osteoporosis and fracture, the same large set of
risk factors that we previously examined in this cohort for
association with a first hip fracture.(15) We used rigorously
standardized protocols for the acquisition of spine radio-
graphs, and our methods for defining prevalent(28) and in-
cident(26) vertebral fractures have been extensively vali-
dated in comparison with criterion measures and alternative
qualitative and morphometric approaches.(8,9,26,28,30,41,42)

Our definition of incident fracture (a 20% and at least
4-mm decrease in vertebral height) is widely used and is
accepted in clinical trials by the FDA. The age-specific in-
cidences of first vertebral fractures in our study were similar
to that for first fractures in another study of white

TABLE 4. VARIABLES NOT ASSOCIATED WITH A FIRST

VERTEBRAL FRACTURE, AFTER ADJUSTING FOR AGE AND

CLINIC (p � 0.10)

Variable (comparison or unit)
Age-adjusted RR

(95% CI)

Maternal hip fracture (vs. none) 0.70 (0.39, 1.24)
Southern European ancestry (vs. other) 0.53 (0.21, 1.29)
Number of term pregnancies (per +1) 0.97 (0.88, 1.08)
Nulliparous (vs. parous) 1.09 (0.76, 1.59)
Ever breast fed �1 child (vs. none) 1.14 (0.84, 1.55)
Age at menarche (per +5 years) 1.14 (0.68, 1.93)
Age at menopause (per +5 years) 0.93 (0.81, 1.08)
Years from menarche to menopause (per

+5 years) 0.94 (0.81, 1.08)
Bilateral oopherectomy (vs. all others) 1.02 (0.65, 1.61)
Milk intake since age 50 (per +7 glasses/

week*) 0.99 (0.85, 1.15)
Current weight (per −1 SD) 1.13 (0.96, 1.33)
BMI with current height (per −1 SD) 1.13 (0.97, 1.35)
Current daily dietary calcium intake (per

+425 mg*) 0.95 (0.81, 1.11)
Current use of calcium supplements (vs.

none) 1.15 (0.85, 1.58)
Current daily caffeine intake (per +190

mg/day*) 0.98 (0.84, 1.14)
Past cigarette smoking (vs. never smoked) 1.15 (0.82, 1.61)
Current alcohol: 1–7 drinks per week (vs.

none) 1.22 (0.89, 1.68)
Current alcohol: �7 drinks per week (vs.

none) 1.14 (0.70, 1.91)
Current use of corticosteroids (vs. never

used) 1.21 (0.44, 3.35)
Past estrogen use (vs. never used estrogen) 0.90 (0.64, 1.29)
Current thiazide diuretic use (vs. never

used) 1.03 (0.74, 1.44)
Previous hyperthyroidism (vs. none) 0.85 (0.50, 1.83)
Self-rated health fair or poor (vs.

good/excellent) 1.29 (0.87, 1.92)
Sedentary: �4 h on feet per day (vs. >4

h/day) 1.02 (0.61, 1.70)
�1 fall in year before baseline (vs. none) 1.28 (0.95, 1.75)
Inability to rise from chair (vs. no inability) 0.86 (0.34, 2.15)

* Equivalent to 1 SD.
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women,(22) but direct comparisons of rates requires cau-
tion because we used a different definition of fracture and
the frequency of incident vertebral fractures varies by defi-
nition.(26) Nevertheless, overall agreement among the
methods for defining incident fractures is very high, and
associations of risk factors and outcomes with incident frac-
tures are broadly consistent regardless of the method
used.(21,26,28,43) Thus, it is unlikely that differences in ver-
tebral fracture determinants between ours and other stud-
ies are caused by different definitions of fracture.

Ours is the only study of risk factors for vertebral fracture
focusing on women who have not already had one. About
one-fifth of the full cohort had already had a vertebral frac-
ture by our definition at study start, and our findings do not
apply to the risk of recurring vertebral fracture in these
women. Women with an existing vertebral fracture are
known to have a very high risk of further vertebral,(2–4,22)

hip, and other nonspine fractures.(2,6,7) As a result, an ex-
isting vertebral fracture by itself is usually sufficient to es-
tablish a diagnosis of osteoporosis and warrant treatment in
a postmenopausal woman.(44) In addition, women with prev-
alent and incident vertebral fractures experience acute and
chronic back pain, disability, and physical impairment,(8–12)

which may alter physical activity and other health behaviors
and lead to medical treatment. These consequences of frac-
ture may bias associations of risk factors with vertebral frac-
tures in cross-sectional studies of prevalent fractures and in
prospective studies that include large numbers of women
with existing vertebral fractures. In our study, for example,
women with baseline prevalent vertebral fractures did not
differ in physical activity compared with women without a
fracture, but greater physical activity protected women
without a baseline fracture from developing one.

We found that women with mild abnormalities in verte-
bral shape at baseline, defined as vertebral height ratios just
under our threshold for defining prevalent fractures (be-
tween 2.5 and 3.0 SD below normal), had an increased risk
of incident fractures. The presence of such mild abnormali-
ties may be a marker for emergent skeletal fragility or for
the presence of other biomechanical conditions in the spine
that increase fracture risk. Our definition of prevalent frac-
ture, based on vertebral height ratios �3 SD below popu-
lation normal values, is widely used.(28) It is likely that ver-
tebrae with height ratios between 2.5 and 3.0 SD below
normal include a mixture of mild osteoporotic and degen-
erative deformities, normal vertebrae with extreme shapes,
and normal vertebrae with errors in measured height. Thus,
some of the women included in our analysis of first frac-
tures may have had a mild osteoporotic deformity at base-
line. In the absence of a gold standard for vertebral frac-
ture, the number of such women is not known. Importantly,
our results for other risk factors did not change after ad-
justing for, or excluding women with, mild baseline abnor-
malities of vertebral shape. Very few (3%) of the women in
our study with these mild abnormalities had been told by a
physician that they had a spine fracture or osteoporosis.
Mild osteoporotic deformities are not identified reliably
even by expert radiologists trained in standardized qualita-
tive assessments(45) and may be associated with little pain
or disability,(8) making accurate routine clinical detection

unlikely. Development of accurate and inexpensive meth-
ods to detect mild osteoporotic changes in vertebral shape
while maintaining a low false positive rate may help focus
prevention efforts.

Relative risks of incident vertebral fracture per SD de-
crease in BMD were somewhat lower in our study than
reported in a meta-analysis of five prospective studies.(46)

In addition, in our study, the relative risk per SD for spine
BMD was greater than that for BMD at other measurement
sites, a pattern not seen in previous studies. These differ-
ences may reflect our focus on first fractures, whereas other
studies have included women both with, and without, ex-
isting vertebral fractures. In addition, we measured hip and
spine BMD part way through follow-up, and fractures oc-
curring during follow-up may have affected the BMD at
these sites. Our primary analyses used distal radius BMD,
which was measured at baseline. In our study, a previous
nonspine fracture predicted the risk of a first vertebral frac-
ture and should be useful in targeting prevention efforts.
However, a prior nonspine fracture did not seem to be a
marker for spinal fragility independently of spine BMD.

We found that greater age and a lower BMI each inde-
pendently increased the risk of vertebral fractures, con-
firming previous cross-sectional and prospective stud-
ies.(13,14,18,21,47,48) The rate of first fracture was more than
three times higher in women �80 years of age compared
with those 65–69 years of age, strong evidence that the
emergence of spinal fragility occurs with increasing fre-
quency with age. Low BMI, calculated using either knee
height or young adult height, as well as smaller weight gains
since age 25, were strong risk factors for vertebral fracture.
These associations were largely mediated by spine BMD.
Women whose BMI was <24 kg/m2, calculated using mea-
sured baseline weight and recalled height at age 25, had a
70% increased risk of fracture. BMI calculated using height
at baseline was not a risk factor, suggesting that even in
women without definite vertebral fractures, height loss may
bias the association of the standard measure of BMI with
vertebral fracture risk.

Several lifestyle and behavioral variables were associated
with the risk of a first vertebral fracture. Women who par-
ticipated in any moderate- or high-intensity recreational
physical activity were much less likely to develop vertebral
fractures, whereas at the other end of the spectrum, those
who were inactive, spending very little time walking and
doing household chores, had an increased risk. These find-
ings provide support for the skeletal and neuromuscular
benefits accruing to older women who remain active and
engage in moderate exercise.(49,50) Our results also support
smoking cessation as an important part of efforts to prevent
osteoporosis. Current cigarette smokers had a 70% greater
risk of vertebral fracture, an effect that was not caused by
low BMI or reduced weight gain but was partly explained
by low BMD. Smoking has been found to increase risk in
one previous study of vertebral fractures(23) but not in sev-
eral others.(18,21,48) Less than one glass of milk per day
during pregnancy (or during teenage years for nulliparous
women) was associated with a greater risk of fractures oc-
curring many years later, even after adjusting for BMD,
suggesting that a permanent impairment of vertebral
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strength may result from low-calcium intake during periods
of high-calcium need. As previously reported,(51) we did not
find a relationship of vertebral fractures with milk con-
sumption at other periods of life nor with current dietary
calcium intake and use of calcium supplements. Our find-
ings differ from the European Prospective Osteoporosis
Study (EPOS), which did not find early milk consumption,
current smoking, and current physical activity related to
vertebral fractures,(21) a difference that may reflect our fo-
cus on first fractures. Alcohol consumption was not related
to vertebral fracture risk, consistent with other stud-
ies,(18,21,48) but few women in any of these studies reported
heavy drinking.

Women in our study using estrogen at baseline had about
a 40% lower risk of a first vertebral fracture, which was
partly explained by their higher BMD. This is consistent
with protective effects of estrogen treatment on vertebral
fractures found in randomized trials(52,53) and with previous
results from our cohort showing that women with very low
serum estradiol levels had an increased risk of incident ver-
tebral fractures.(54) Women who had regularly used alumi-
num-containing antacids had an increased risk of fracture,
in part through lower BMD. Therapeutic doses of alumi-
num-containing antacids increase obligatory calcium loss
and have been found to substantially elevate urine cal-
cium.(55) Just over 1% of women had undergone surgery to
remove part of their stomach, and they had a 2.5-fold
greater risk of vertebral fracture. This was independent of
smoking and weight change and may be a result of reduced
vitamin D and calcium absorption after gastrectomy.

Women who fell during the first year of the study had a
70% increased risk of incident vertebral fracture. Com-
pared with hip and other limb fractures, falls are not usually
considered to play a large role in vertebral fractures. How-
ever, a significant proportion of falls may result in traumatic
forces to the spine sufficient to cause vertebral fractures. In
a population study of clinically diagnosed vertebral frac-
tures, Cooper et al. found that 30% of these fractures in
both genders combined were associated with a fall from a
standing height or less and that women were three times as
likely as men to have a vertebral fracture caused by mod-
erate or minimal trauma, including a fall.(56) Our study ex-
tends these observations by showing that falls were associ-
ated with an increased risk of vertebral fractures detected
by serial radiograph in analyses that excluded women with
clinically detected vertebral fractures during follow-up. It is
possible that specific diseases and impairments that in-
crease the risk of falls and that we did not evaluate account
for the association of falls and vertebral fractures.

In women <75 years old, a resting pulse >80 bpm in-
creased the risk of vertebral fracture. An elevated pulse,
which we also found associated with hip fracture in this
cohort, may be caused by undiagnosed hyperthyroidism(57)

or may indicate decreased fitness or impaired cardiac func-
tion. Surprisingly, we found that women who reported that
their mother had a wrist fracture rarely had vertebral frac-
tures. Mother’s wrist fractures had no association with
prevalent vertebral fractures in our study, so this most likely
represents a chance finding, and this variable was not in-
cluded in the stratification by number of risk factors.

Reproductive factors were not associated with incident
vertebral fractures. This contrasts with two European pro-
spective studies, one of which found that late menarche(21)

and the other that early menopause(23) increased the risk of
vertebral fracture. However, in our study, natural meno-
pause before age 45 was independently associated with
prevalent vertebral fractures, suggesting that a short fertile
period may be associated with an early onset of spinal fra-
gility.

A comparison of risk factors for first vertebral and hip
fractures in our cohort(15,58,59) reveals both broad similari-
ties and some differences in their epidemiology and patho-
physiology. A variety of heterogeneous factors influenced
the risk of both types of fracture, and most of these re-
mained predictors of fracture after adjusting for BMD.
Women with multiple risk factors and low BMD are at
especially high risk of both vertebral fracture and hip frac-
ture. Using BMD and risk factors that are common to both
types of fractures could help focus preventive efforts more
efficiently. In addition, age is a strong predictor of both
types of fracture after adjusting for other risk factors and
BMD, indicating that there are important age-related de-
terminants of these fractures that remain to be elucidated.

Similar to hip fracture, factors related to bone strength
(including some that are independent of BMD) and factors
that result in trauma and abnormal loads on the skeleton
are both likely to play a role in the pathophysiology of
vertebral fractures. Nearly all hip fractures involve falls
from a standing height or less.(60) Our findings confirm evi-
dence from a previous study(61) that falls also play a role in
vertebral fractures. However, the fact that several impor-
tant fall-related risk factors such as measures of physical
frailty, neuromuscular impairment, general poor health,
and sedative use, which we found to be strong predictors of
hip fracture, were not associated with first vertebral frac-
tures is consistent with a more limited role of falls in the
pathogenesis of vertebral fractures. In an osteoporotic spine,
routine activities such as lifting a moderately heavy object
or holding it in outstretched arms or with trunk flexed can
also generate forces sufficient to result in a fracture.(62)

Obesity is protective for both vertebral and hip fractures
in our cohort, an effect largely mediated by higher
BMD.(58) In contrast to hip fracture, BMI but not body
weight was a significant risk factor for developing a verte-
bral fracture, suggesting that adiposity might play a more
important role than weight per se in influencing bone
strength at the spine. Higher levels of physical activity are
also protective for both vertebral and hip fracture.(15,59)

However, in contrast to hip fracture, we did not find that
extremely sedentary women (i.e., those who spent only a
few hours a day on their feet) had an elevated risk, sug-
gesting that short periods of weight-bearing per se are not
sufficient to provide protection from vertebral fractures. A
parental history of hip fracture increased the risk of both
first vertebral and hip fractures in our cohort, but for ver-
tebral fractures, this was limited to paternal history,
whereas for hip fractures, maternal history was important.

Our study has several limitations. All of the women were
�65 years of age at baseline, and thus our findings may not
apply to younger women. However, based on tests for in-
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teractions between risk factors and age, our results were
largely consistent between the younger and older women
within the age range of our sample. In addition, many of the
risk factors that we found for first vertebral fractures were
also associated with prevalent vertebral fractures at base-
line. This consistency suggests that our findings for some
risk factors may apply to postmenopausal women younger
than those in our study, but this needs to be verified in
studies of women this age. Our findings may also not apply
to men, and because our cohort was nearly all white, to
other racial or ethnic groups.

In conclusion, elderly women have a high risk of devel-
oping spinal fragility, as indicated by the first occurrence of
a vertebral fracture, which continues to increase with age.
Risk factors for a first vertebral fracture seem to be fewer in
number and somewhat weaker than those for hip fracture.
However, as with hip fracture, women with multiple risk
factors and low BMD have the greatest risk of vertebral
fracture, and this potent combination could be used to focus
efforts at preventing vertebral fractures.

ACKNOWLEDGMENTS

This study was supported by Public Health Service
Grants 1-RO1-AG05407, 1-RO1-AR35582, 5-RO1-
AG05394, 1-RO1-AM35584, and 1-RO1-AR35583.

REFERENCES
1. Ray NF, Chan JK, Thamer M, Melton LJ III 1997 Medical

expenditures for the treatment of osteoporotic fractures in the
United States in 1995: Report from the National Osteoporosis
Foundation. J Bone Miner Res 12:24–35.

2. Black DM, Arden NK, Palermo L, Pearson J, Cummings SR
1999 Prevalent vertebral deformities predict hip fractures and
new deformities but not wrist fractures. Study of Osteoporotic
Fractures Research Group. J Bone Miner Res 14:821–828.

3. Ross PD, Davis JW, Epstein RS, Wasnich RD 1991 Pre-
existing fractures and bone mass predict vertebral fracture in-
cidence in women. Ann Intern Med 114:919–923.

4. Nevitt MC, Ross PD, Palermo L, Musliner T, Genant HK,
Thompson DE 1999 Association of prevalent vertebral frac-
tures, bone density, and alendronate treatment with incident
vertebral fractures: Effect of number and spinal location of
fractures. The Fracture Intervention Trial Research Group.
Bone 25:613–619.

5. Kotowicz MA, Melton LJ III, Cooper C, Atkinson EJ,
O’Fallon WM, Riggs BL 1994 Risk of hip fracture in women
with vertebral fracture. J Bone Miner Res 9:599–605.

6. Burger H, van Daele PL, Algra D, Hofman A, Grobbee DE,
Schutte HE, Birkenhager JC, Pols HA 1994 Vertebral deformi-
ties as predictors of non-vertebral fractures. BMJ 309:991–992.

7. Ismail AA, Cockerill W, Cooper C, Finn JD, Abendroth K,
Parisi G, Banzer D, Benevolenskaya LI, Bhalla AK, Armas JB,
Cannata JB, Delmas PD, Dequeker J, Dilsen G, Eastell R,
Ershova O, Falch JA, Felsch B, Havelka S, Hoszowski K, Jajic
I, Kragl U, Johnell O, Lopez Vaz A, Lorenc R, Yriti GL,
Marchand F, Masary P, Matthis C, Miazgowski T, Pols HA,
Poor G, Rapado A, Raspe HH, Reid DM, Reisinger W, Janott
J, Scheidt-Nave C, Stepan J, Todd C, Weber K, Woolf AD,
Ambrecht G, Gowin W, Felsenberg D, Lunt M, Kanis JA,
Reeve J, Silman AJ, O’Neill TW 2001 Prevalent vertebral de-
formity predicts incident hip though not distal forearm frac-
ture: Results from the European Prospective Osteoporosis
Study. Osteoporos Int 12:85–90.

8. Ettinger B, Black DM, Nevitt MC, Rundle AC, Cauley JA,
Cummings SR, Genant HK 1992 Contribution of vertebral de-
formities to chronic back pain and disability. J Bone Miner Res
7:449–455.

9. Nevitt MC, Ettinger B, Black DM, Stone K, Jamal SA, Ensrud
K, Segal M, Genant HK, Cummings SR 1998 The association of
radiographically detected vertebral fractures with back pain and
function: A prospective study. Ann Intern Med 128:793–800.

10. Huang C, Ross PD, Wasnich RD 1996 Vertebral fractures and
other predictors of back pain among older women. J Bone
Miner Res 11:1026–1032.

11. Lips P, Cooper C, Agnusdei D, Caulin F, Egger P, Johnell O,
Kanis JA, Kellingray S, Leplege A, Liberman UA, McCloskey
E, Minne H, Reeve J, Reginster JY, Scholz M, Todd C, de
Vernejoul MC, Wiklund I 1999 Quality of life in patients with
vertebral fractures: Validation of the Quality of Life Question-
naire of the European Foundation for Osteoporosis
(QUALEFFO). Working Party for Quality of Life of the Euro-
pean Foundation for Osteoporosis. Osteoporos Int 10:150–160.

12. Silverman SL, Minshall ME, Shen W, Harper KD, Xie S 2001
The relationship of health-related quality of life to prevalent
and incident vertebral fractures in postmenopausal women
with osteoporosis: Results from the Multiple Outcomes of Ral-
oxifene Evaluation Study. Arthritis Rheum 44:2611–2619.

13. O’Neill TW, Felsenberg D, Varlow J, Cooper C, Kanis JA,
Silman AJ 1996 The prevalence of vertebral deformity in eu-
ropean men and women: The European Vertebral Osteoporo-
sis Study. J Bone Miner Res 11:1010–1018.

14. Melton LJ, Kan SH, Frye MA, Wahner HW, O’Fallon WM,
Riggs BL 1989 Epidemiology of vertebral fractures in women.
Am J Epidemiol 129:1000–1011.

15. Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM,
Ensrud KE, Cauley J, Black D, Vogt TM 1995 Risk factors for
hip fracture in white women. Study of Osteoporotic Fractures
Research Group. N Engl J Med 332:767–773.

16. Aloia JF, Cohn SH, Vaswani A, Yeh JK, Yuen K, Ellis K 1985
Risk factors for postmenopausal osteoporosis. Am J Med
78:95–100.

17. Cooper C, Shah S, Hand DJ, Adams J, Compston J, Davie M,
Woolf A 1991 Screening for vertebral osteoporosis using indi-
vidual risk factors. Osteoporos Int 2:48–53.

18. Huang C, Ross PD, Fujiwara S, Davis JW, Epstein RS,
Kodama K, Wasnich RD 1996 Determinants of vertebral frac-
ture prevalence among native Japanese women and women of
Japanese descent living in Hawaii. Bone 18:437–442.

19. Melton LJ III 1997 Epidemiology of spinal osteoporosis. Spine
22:2S–11S.

20. Stone KL, Seeley DG, Lui LY, Cauley JA, Ensrud K, Browner
WS, Nevitt MC, Cummings SR 2003 BMD at multiple sites and
risk of fracture of multiple types: Long-term results from the
Study of Osteoporotic Fractures. J Bone Miner Res 18:1947–
1954.

21. Roy DK, O’Neill TW, Finn JD, Lunt M, Silman AJ, Felsenberg
D, Armbrecht G, Banzer D, Benevolenskaya LI, Bhalla A,
Bruges Armas J, Cannata JB, Cooper C, Dequeker J, Diaz
MN, Eastell R, Yershova OB, Felsch B, Gowin W, Havelka S,
Hoszowski K, Ismail AA, Jajic I, Janott I, Johnell O, Kanis JA,
Kragl G, Lopez Vaz A, Lorenc R, Lyritis G, Masaryk P, Mat-
this C, Miazgowski T, Gennari C, Pols HA, Poor G, Raspe
HH, Reid DM, Reisinger W, Scheidt-Nave C, Stepan JJ, Todd
CJ, Weber K, Woolf AD, Reeve J 2003 Determinants of inci-
dent vertebral fracture in men and women: Results from the
European Prospective Osteoporosis Study (EPOS). Osteopo-
ros Int 14:19–26.

22. Van der Klift M, De Laet CE, McCloskey EV, Hofman A, Pols
HA 2002 The incidence of vertebral fractures in men and
women: The Rotterdam Study. J Bone Miner Res 17:1051–1056.

23. Van der Klift M, De Laet C, McCloskey E, Johnell O, Kanis J,
Hofman A, Pols HA 2002 Risk factors for incident vertebral
fractures in men and women: The Rotterdam Study. Osteopo-
ros Int 13:S67.

24. Cummings SR, Black DM, Nevitt MC, Browner WS, Cauley
JA, Genant HK, Mascioli SR, Scott JC, Seeley DG, Steiger P,
Vogt TM 1990 Appendicular bone density and age predict hip
fracture in women. JAMA 263:665–668.

25. Bauer DC, Browner WS, Cauley JA, Orwoll ES, Scott JC,
Black DM, Tao JL, Cummings SR 1993 Factors associated with

RISK FACTORS FOR FIRST VERTEBRAL FRACTURES 139



appendicular bone mass in older women. Ann Intern Med
118:657–665.

26. Black DM, Palermo L, Nevitt MC, Genant HK, Christensen L,
Cummings SR 1999 Defining incident vertebral deformity: A
prospective comparison of several approaches. The Study of
Osteoporotic Fractures Research Group. J Bone Miner Res
14:90–101.

27. National Osteoporosis Foundation Working Group on Verte-
bral Fractures 1995 Assessing vertebral fractures: A report by
the National Osteoporosis Working Group on Vertebral Frac-
tures. J Bone Miner Res 10:518–523.

28. Black DM, Palermo L, Nevitt MC, Genant HK, Epstein R,
Valentin RS, Cummings SR, the Study of Osteoporotic Frac-
tures Research Group 1995 Comparison of methods for defin-
ing prevalent vertebral deformities: The Study of Osteoporotic
Fractures. J Bone Miner Res 10:890–902.

29. Jergas M, San Valentin R 1995 Techniques for the assessment
of vertebral dimensions in quantitative morphometry. In:
Genant HK, Jergas M, van Kuijk C (eds.) Vertebral Fracture
in Osteoporosis. Radiology Research and Education Founda-
tion, San Francisco, CA, USA.

30. Genant HK, Jergas M, Palermo L, Nevitt MC, San Valentin R,
Black DM, Cummings SR 1996 Comparison of semiquantita-
tive visual and quantitative morphometric assessment of preva-
lent and incident vertebral fractures in osteoporosis. J Bone
Miner Res 11:984–996.

31. Black DM, Cummings SR, Stone K, Hudes E, Palermo L,
Steiger P 1991 A new approach to defining normal vertebral
dimensions. J Bone Miner Res 6:883–892.

32. Nelson HD, Nevitt MC, Scott JC, Stone KL, Cummings SR
1994 Smoking, alcohol, and neuromuscular and physical func-
tion of older women. JAMA 272:1825–1831.

33. Cummings SR, Block G, McHenry K, Baron RB 1987 Evalu-
ation of two food frequency methods of measuring dietary cal-
cium intake. Am J Epidemiol 126:796–802.

34. Paffenbarger RS, Hyde RT, Wing AL, Chung-Cheng H 1986
Physical activity, all-cause mortality, and longevity of college
alumni. N Engl J Med 314:605–613.

35. Lohman T, Roche A, Martorell R 1988 Anthropometric Stan-
dardization Reference Manual. Human Kinetics Books, Cham-
paign, IL, USA.

36. Chumlea WC, Roche AF, Steinbaugh ML 1985 Estimating
stature from knee height for persons 65 to 90 years of age. J
Am Geriatr Soc 33:116–120.

37. Teng E, Chui HC 1987 The modified Mini-Mental State (3MS)
Examination. J Clin Psychiatry 48:314–317.

38. Ginsburg AP 1984 A new contrast sensitivity vision test chart.
Am J Optom Physiol Opt 64:403–407.

39. Gibson JJ 1950 The Perception of the Visual World. Houghton
Mifflin, Boston, MA, USA.

40. Steiger P, Cummings SR, Black DM, Spencer NE, Genant HK
1992 Age-related decrements in bone mineral density in
women over 65. J Bone Miner Res 7:625–632.

41. McCloskey EV, Spector TD, Eyres KS, Fern ED, O’Rourke N,
Vasikaran S, Kanis JA 1993 The assessment of vertebral de-
formity: A method for use in population studies and clinical
trials. Osteoporos Int 3:138–147.

42. Eastell R, Cedel SC, Wahner HW, Riggs BL, Melton LJ 1991
Classification of vertebral fractures. J Bone Miner Res 6:207–
215.

43. Lunt M, Ismail AA, Felsenberg D, Cooper C, Kanis JA, Reeve
J, Silman AJ, O’Neill TW 2002 Defining incident vertebral
deformities in population studies: A comparison of morpho-
metric criteria. Osteoporos Int 13:809–815.

44. National Osteoporosis Foundation 1998 Osteoporosis: Review
of the Evidence for Prevention, Diagnosis, and Treatment and
Cost-Effectiveness Analysis. Status Report. Osteoporos Int
8:S1–S88.

45. Wu CY, Li J, Jergas M, Genant HK 1995 Comparison of semi-
quantitative and quantitative techniques for the assessment of
prevalent and incident vertebral fractures. Osteoporos Int
5:354–370.

46. Marshall D, Johnell O, Wedel H 1996 Meta-analysis of how
well measures of bone mineral density predict occurrence of
osteoporotic fractures. BMJ 312:1254–1259.

47. Johnell O, O’Neill T, Felsenberg D, Kanis J, Cooper C, Silman
AJ 1997 Anthropometric measurements and vertebral defor-
mities. European Vertebral Osteoporosis Study (EVOS)
Group. Am J Epidemiol 146:287–293.

48. Melton LJ III, Atkinson EJ, Khosla S, O’Fallon WM, Riggs BL
1999 Secondary osteoporosis and the risk of vertebral defor-
mities in women. Bone 24:49–55.

49. Krall EA, Dawson-Hughes B 1994 Walking is related to bone
density and rates of bone loss. Am J Med 96:20–26.

50. Wallace BA, Cumming RG 2000 Systematic review of random-
ized trials of the effect of exercise on bone mass in pre- and
postmenopausal women. Calcif Tissue Int 67:10–18.

51. Cumming RG, Cummings SR, Nevitt MC, Scott J, Ensrud KE,
Vogt TM, Fox K 1997 Calcium intake and fracture risk: Results
from the study of osteoporotic fractures. Am J Epidemiol
145:926–934.

52. Lufkin EG, Wahner HW, O’Fallon WM, Hodgson SF, Ko-
towicz MA, Lane AW, Judd HL, Caplan RH, Riggs BL 1992
Treatment of postmenopausal osteoporosis with transdermal
estrogen. Ann Intern Med 117:1–9.

53. Writing Group for the Women’s Health Initiative Investigators
2002 Risks and benefits of estrogen plus progestin in healthy
postmenopausal women: Principal results From the Women’s
Health Initiative randomized controlled trial. JAMA 288:321–
333.

54. Cummings SR, Browner WS, Bauer D, Stone K, Ensrud K,
Jamal S, Ettinger B 1998 Endogenous hormones and the risk of
hip and vertebral fractures among older women. Study of Os-
teoporotic Fractures Research Group. N Engl J Med 339:733–
738.

55. Spencer H, Kramer L, Norris C, Osis D 1982 Effect of small
doses of aluminum-containing antacids on calcium and phos-
phorus metabolism. Am J Clin Nutr 36:32–40.

56. Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ 1992 Inci-
dence of clinically diagnosed vertebral fractures: A population-
based study in Rochester, Minnesota, 1985-1989. J Bone Miner
Res 7:221–227.

57. Bauer DC, Ettinger B, Nevitt MC, Stone KL 2001 Risk for
fracture in women with low serum levels of thyroid-stimulating
hormone. Ann Intern Med 134:561–568.

58. Ensrud KE, Cauley J, Lipschutz R, Cummings SR 1997 Weight
change and fractures in older women. Study of Osteoporotic
Fractures Research Group. Arch Intern Med 157:857–863.

59. Gregg EW, Cauley JA, Seeley DG, Ensrud KE, Bauer DC
1998 Physical activity and osteoporotic fracture risk in older
women: The Study of Osteoporotic Fractures. Ann Intern Med
129:81–88.

60. Nevitt MC, Cummings SR 1993 Type of fall and risk of hip and
wrist fractures: The Study of Osteoporotic Fractures. J Am
Geriatr Soc 41:1226–1234.

61. Cooper C, Atkinson EJ, O’Fallon WM, Melton LJ 1992 Inci-
dence of clinically diagnosed verterbral fractures: A popula-
tion-based study in Rochester, Minnesota, 1985-1989. J Bone
Miner Res 7:221–227.

62. Bouxsein M 2001 Biomechanics of age-related fractures. In:
Marcus R, Feldman D, Kelsey J (eds.) Osteoporosis, 2nd ed.
Academic Press, San Diego, CA, USA, pp. 509-534.

Address reprint requests to:
Michael C Nevitt, PhD

Prevention Sciences Group
Suite 600, 74 New Montgomery Street

San Francisco, CA 94105, USA
E-mail: mnevitt@psg.ucsf.edu

Received in original form January 19, 2004; revised form July 14,
2004; accepted August 12, 2004.

NEVITT ET AL.140




