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Abstract

Summary Vertebral fracture (VF) is a strong predictor of subsequent fracture. In this study of older women, VF, identified 
by dual-energy X-ray absorptiometry (DXA) vertebral fracture assessment (VFA), were associated with an increased risk 
of incident fractures and had a substantial impact on fracture probability, supporting the utility of VFA in clinical practice.
Purpose Clinical and occult VF can be identified using VFA with dual-energy X-ray absorptiometry (DXA). The aim of this 
study was to investigate to what extent VFA-identified VF improve fracture risk prediction, independently of bone mineral 
density (BMD) and clinical risk factors used in FRAX.
Methods A total of 2852 women, 75–80 years old, from the prospective population-based study SUPERB cohort, were 
included in this study. At baseline, BMD was measured by DXA, VF diagnosed by VFA, and questionnaires used to collect 
data on risk factors for fractures. Incident fractures were captured by X-ray records or by diagnosis codes. An extension of 
Poisson regression was used to estimate the association between VFA-identified VF and the risk of fracture and the 5- and 
10-year probability of major osteoporotic fracture (MOF) was calculated from the hazard functions for fracture and death.
Results During a median follow-up of 5.15 years (IQR 4.3–5.9 years), the number of women who died or suffered a MOF, 
clinical VF, or hip fracture was 229, 422, 160, and 124, respectively. A VFA-identified VF was associated with an increased 
risk of incident MOF (hazard ratio [HR] = 1.78; 95% confidence interval [CI] 1.46–2.18), clinical VF (HR = 2.88; 95% 
[CI] 2.11–3.93), and hip fracture (HR = 1.67; 95% [CI] 1.15–2.42), adjusted for age, height, and weight. For women at age 
75 years, a VFA-identified VF was associated with 1.2–1.4-fold greater 10-year MOF probability compared with not taking 
VFA into account, depending on BMD.
Conclusion Identifying an occult VF using VFA has a substantial impact on fracture probability, indicating that VFA is an 
efficient method to improve fracture prediction in older women.

Keywords Clinical risk factors and bone mineral density · Fracture risk · Older women · Vertebral fracture · Vertebral 
fracture assessment
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Introduction

It is well established that a previous fracture increases the 
risk of a subsequent fracture in men and women [1]. A 
patient with a previous fracture should, therefore, be eval-
uated for the risk for subsequent fractures, and if appropri-
ate, treatment with osteoporosis medication should be ini-
tiated, according to applicable osteoporosis evaluation and 
treatment guidelines [2–6]. A prior vertebral fracture (VF) 
is a particularly strong risk indicator and the risk is nearly 
doubled for subsequent nonvertebral fracture and quad-
rupled for a new VF [7]. It is challenging to diagnose VF 
when only a quarter of women with VF are symptomatic 
[8, 9]. All VF are important to identify as the associations 
with subsequent VF and non-vertebral fractures do not dif-
fer between symptomatic (clinical and morphometric) and 
asymptomatic (morphometric) VF, and the risk increases 
with the number of prior VF [7]. Also, mild VF constitute 
a risk factor for future VF, although moderate or severe 
VF are an even stronger risk factor for subsequent VF and 
for non-vertebral fractures [10].

Vertebral fracture assessment (VFA) is used to detect 
VF from lateral spine imaging by dual-energy X-ray 
absorptiometry (DXA) [11, 12]. During the past 20 years, 
the method has been well established and validated, and 
is recommended as a routine screening tool in clinical 
practice [5, 13–16]. The examination is performed in con-
junction with bone mineral density (BMD) measurement 
and the radiation dose is only a small fraction of the dose 
generated by conventional spine radiography. It has been 
shown that VFA-identified VF predict future fractures 
independent of age, weight, and BMD, in elderly women 
[17–19]. By using VFA, more individuals with asymp-
tomatic VF can be identified, and with a prevalent VF 
included in the fracture risk assessment, more high-risk 
individuals will be identified for fracture preventive inter-
ventions, such as anti-osteoporosis medication [20, 21].

During the first decade of the 2000s, several fracture 
risk assessment tools have been developed, of which 
FRAX® (the fracture risk assessment tool) is the most 
used worldwide [22, 23]. FRAX provides an estimate of 
10-year fracture probability for hip or major osteoporotic 
fracture (MOF; hip, clinical spine, proximal humerus, or 
distal forearm), based on age, sex, body mass index (BMI), 
and clinical risk factors, such as prior fragility fracture, 
parental hip fracture, smoking, systemic glucocorticoid 
use, rheumatoid arthritis, other causes of secondary osteo-
porosis, and excess alcohol intake, with or without BMD. 
Incorporating BMD into the fracture probability calcula-
tion increases the model’s predictive ability [24]. FRAX 
has been validated in 11 independent cohorts, and is 
available in 77 countries [25] corresponding to more than 

80% of the world population [23, 24]. Previous fractures 
at different skeletal sites have different importance for 
subsequent fractures. VF (moderate and severe) are much 
stronger predictors compared to, for example, distal fore-
arm fractures with recent data suggesting that adjustments 
for fracture site could be accommodated within fracture 
risk algorithms [26–28].

VFA is established as a reliable means of identifying VF, 
and the potential use of this technique as a routine part of 
DXA assessment, to provide adjunctive risk information, 
independent of BMD and clinical risk factors, has been stud-
ied [18, 19]. The aim of the present study was to determine 
to which extent VFA-identified VF, in addition to BMD and 
clinical risk factors used in FRAX, affect fracture probabili-
ties in a large cohort of older Swedish women.

Subjects and methods

Subjects

Between March 2013 and May 2016, 3028 women, age 
75–80 years, were recruited from the Gothenburg area in 
Sweden, via the Swedish population register, to a popula-
tion-based study, the Sahlgrenska University hospital Pro-
spective Evaluation of Risk of Bone fractures (SUPERB). 
Women were excluded if non-ambulant, unable to under-
stand Swedish, or unable to have a hip BMD measurement. 
The inclusion process has been described previously [29]. 
Information about lifestyle factors influencing the risk of 
osteoporosis and fractures, medical history and medication, 
and prior fracture were collected through a standardized self-
reported questionnaire [30]. Standardized equipment was 
used for height and weight measures, and the mean values 
from two measurements were used in the analyses. At base-
line, the 10-year probabilities for MOF and hip fracture were 
assessed with and without BMD, but without VFA results, 
using the Swedish FRAX model. The participants underwent 
DXA including VFA. Of 3028 women, 90 (3%) women’s 
VFA could not be analyzed due to poor image quality and 15 
(0.5%) women were not able to undergo a lateral spine scan. 
No vertebrae had the appearance of primary malignancy or 
metastasis. Of the 2923 women with assessable VFA, 70 
women did not provide answers to all the questions about 
clinical risk factors included in FRAX and were therefore 
excluded from the analyses. One subject did not receive a 
serial number when codes of diagnosis were retrieved from 
the National Board of Health and Welfare and was therefore 
excluded. The 71 women who were excluded were shorter 
(p = 0.03), had a more frequent history of previous falls 
(p = 0.01), and were more likely to smoke (p = 0.02) and 
drink alcohol (p < 0.01), than women who answered all the 
questions about clinical risk factors (Supplemental Table 1). 
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A regional register was used to collect data on mortality. 
All examinations took place at the Osteoporosis Clinic, 
Department of Geriatric Medicine, Sahlgrenska University 
Hospital, Mölndal, Sweden. The ethical review board at the 
University of Gothenburg approved the study and all the 
study participants provided written informed consent.

DXA

DXA was used for measurement of BMD (g/cm2) at the 
femoral neck (FN) (Discovery A S/N 86,491; Hologic, 
Waltham, MA, USA). Vertebrae which were fractured and/
or contained osteosynthesis materials in the LS  (L1 to  L4) 
were excluded. The coefficient of variation (CV) for BMD 
FN was 1.3%.

VFA

At baseline, with the patient in the supine position, DXA 
lateral spine imaging was performed, and prevalent VF were 
identified using the software program Physician’s Viewer 
(Hologic). The procedure of VFA has been previously 
described [19]. Briefly, six markers were manually placed 
on each vertebra  T4 to  L4 [31]. By using the height measure-
ments from point placements and the Genant semiquantita-
tive method (GSQ), the VF were classified as mild (grade 
1), moderate (grade 2), or severe (grade 3), corresponding to 
height reduction of 20–25%, > 25–40%, and > 40%, respec-
tively [32]. Other morphologic deformities of the vertebral 
bodies, which had to be differentiated from VF, were short 
vertebral height, Schmorl’s nodes, Scheuermann’s dis-
ease, degenerative remodeling, scoliosis, and Cupid’s bow 
deformities [33]. To assess the vertebrae and to detect sco-
liosis, also, the whole body and the lumbar anteroposterior 
spine images were used. Both assessors were blinded with 
regard to incident fracture status at the time of VFA analysis. 
Reproducibility was tested on VFA from 50 women  (T4 to 
 L4). The intraobserver agreements were 98.9% and 97.8%, 
and kappa scores were 0.85 and 0.67, respectively, for the 
two examiners. The interobserver agreement was 98.6% and 
kappa score 0.77. When separating grade 1 VF from grade 
2 to 3 VF, the interobserver agreement and kappa score for 
grade 1 was 99.1% and 0.66, respectively, and for grade 2–3 
99.4% and 0.84 [19].

In order to examine if the combined number and severity 
of VFA-identified VF were associated with fracture risk, 
the Spinal Deformity Index (SDI) was calculated [34, 35]. 
SDI is a validated method for assessing subsequent verte-
bral fracture risk. SDI is the sum of the vertebral fracture 
grades from T4 to L4. Thus, an individual without a VF has 
SDI = 0, and an individual with one grade 1 VF and two 
grade 2 VF has SDI = 5 (1 + 2 + 2). In order to achieve more 
comparable number of women in subgroups with increasing 

SDI, the women were divided into those having SDI = 0 
(n = 2163), SDI = 1 (n = 228), SDI = 2 (n = 213), SDI = 3 
(n = 112), SDI = 4–6 (n = 103), and SDI =  > 7 (n = 33). The 
highest recorded SDI was 20.

Incident fracture assessment

In this study, VFA was only performed at baseline. Incident 
fractures were identified in two ways. During the first period, 
from baseline to 24th of May 2018, the incident fractures 
were X-ray-verified using regional registers [19]. Data on 
incident fractures were also collected through the National 
Patient Register (NPR) at the National Board of Health and 
Welfare. From this register, incident fractures were collected 
from baseline to the 31th of December 2019 using Inter-
national Classification of Diseases 10th Revision (ICD-10) 
codes [36]. Regarding incident clinical VF, 20 women with 
VF were identified through the NPR (from baseline until 
31st of Dec 2019) and 145 women with VF were X-ray-
verified (from baseline to 24th of May 2018), of which 5 VF 
also were registered in the NPR. X-ray images of incident 
clinical VF were compared with baseline VFA images and 
only new or worsened VF during follow-up were considered 
incident. The incident clinical VF were considered clinical 
since they were identified by spine imaging (using X-ray, 
computed tomography, or magnetic resonance imaging of 
the thoracic and/or lumbar spine) ordered on the suspicion of 
a VF. Only 15 incident clinical VF were identified solely by 
using ICD-10 codes from the NPR. Normally, only sympto-
matic clinical VF are diagnosed in contrast to asymptomatic 
VF [9].

Statistical analyses

Independent samples t test was used for analyzing difference 
in means of continuous variables at baseline between women 
without VF and women with any VF, and ANOVA followed 
by Bonferroni post hoc test were used between women without 
VF and women with grade 1 VF, grade 2 VF, or grade 3 VF. 
Results are presented as means ± standard deviation (SD). Cat-
egorical variables at baseline were analyzed by χ2 test. Statisti-
cal significance was defined by a p value < 0.05. The associa-
tion between VFA and the risk of fracture was examined using 
an extension of the Poisson regression model in the whole 
cohort [37, 38]. The observation period of each participant 
was divided in intervals of 1 month. The first endpoint per 
person was counted for each relevant outcome. Adjustments 
for confounders were performed in three steps with increas-
ing numbers of covariates included, to establish associations 
independent of clinical risk factors and BMD. Model 1 was 
adjusted for age, height, and weight, whereas model 2 was 
also adjusted for clinical risk factors used in FRAX includ-
ing self-reported previous fracture (after the age of 50 years, 
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fractures of the skull, and face excluded), family history of 
hip fracture, current smoking, oral glucocorticoid use (daily 
treatment with at least 5 mg prednisolone or equivalent for 
3 months or more ever during lifetime), rheumatoid arthritis, 
excessive alcohol intake (21 or more units per week), and sec-
ondary osteoporosis (diabetes mellitus (type 1 and 2), men-
opause before 45 years of age, inflammatory bowel disease 
and chronic liver disease), but without FN BMD. In model 3, 
also, FN BMD was included. The hazard function for MOF 
and death was calculated using the extension of the Poisson 
regression model mentioned above. For fracture, the variables 
in the hazard function were current time since baseline, cur-
rent age, BMI, previous fracture, family history of hip frac-
ture, smoking, corticosteroids, rheumatoid arthritis, alcohol 
use, secondary osteoporosis, and BMD. One additional model 
was constructed using the variables mentioned above and add-
ing VFA. For death, the variables in the hazard function were 
current time since baseline, current age, BMI, current smok-
ing, per oral corticosteroid use, and BMD, the same variables 
used in the FRAX model. Also, here, one additional model 
was constructed adding VFA. From the hazard functions for 
fracture and death, the 5- and 10-year probability of MOF was 
calculated [22, 39]. Follow-up was approximately 5 years for 
the SUPERB cohort, so when calculating 10-year probability, 
the hazard functions were extrapolated in time. It is impor-
tant to note that the probability models used were based on 
purpose-built models similar, but not identical, to FRAX. The 
10-year probabilities of MOF for women 75 and 80 years old, 
with previous fracture, were calculated, setting BMI to 26 kg/
m2, but no other clinical risk factors, according to femoral neck 
BMD T-score, with VFA-identified VF and without consider-
ing VFA in the analyses. Incidence per 1000 person-years was 
calculated as number of events divided by total follow-up time 
(until fracture, death, or censoring) per 1000 years. For any 
VFA-identified VF, grade 2 VF, grade 3 VF, one VF, two VF, 
and three or more VF, post hoc statistical power analyses were 
performed, demonstrating > 80% power (with an alpha of 0.05) 
for incident MOF and clinical VF. For incident hip fracture, 
the post hoc power was > 80% for grade 3 VF and two VF but 
inferior for any, grade 2 VF, one VF, and three or more VF 
(78%, 7%, 35%, 40%, respectively). The results are presented 
as hazard ratios (HR) with 95% confidence interval (CI). All 
statistical analyses were performed with SPSS Statistics Ver-
sion 25 (IBM Corporation, Armonk, NY, USA).

Results

Characteristics

In total, 2852 women were included in the analysis, of which 
2163 (76%) did not have any VFA-identified VF. Of the 689 
remaining women (24%), 260 (9%) had a sole grade 1 VF, 

216 (8%) had a grade 2 VF (with or without grade 1 VF), 
and 213 (7%) had a grade 3 VF (with or without grade 1 or 
grade 2 VF). A total of 481 women (17%) had one VF, 141 
(5%) had two VF, and 67 (2%) had three or more VF. Out 
of 1805 women who did not report a prior (any) fracture 
359 (20%) had a VFA-identified VF. Out of 125 women 
that reported a prior VF, 33 (26.4%) did not have any VFA-
identified VF. Baseline characteristics of women without 
VF and any VF, and VF according to severity and number 
are presented in Table 1 and Table 2, respectively. Women 
with VF had lower FN, were older, and shorter than women 
without VF. Women with VF had higher FRAX 10-year 
probability, more frequently prior fracture, osteoporosis and 
heart failure, and more were using osteoporosis medication 
and glucocorticoids, than women without VF.

VF and associations with incident fracture

Associations between VF and three different categories of 
first incident fracture, MOF, clinical VF, and hip fracture, 
are presented in Table 3. During a median follow-up time 
of 5.15 years (IQR 4.3–5.9 years), 229 women died, and 
422 women sustained a MOF. Of those with an incident 
MOF, 160 women sustained a clinical VF, and 124 women 
a hip fracture. Extension of the Poisson regression model, 
adjusted for age, height, and weight revealed that having 
a VFA-identified VF (any) was associated with increased 
risk of sustaining an incident MOF (HR 1.78 [95% CI 
1.46–2.18]), a clinical VF (HR 2.88 [95% CI 2.11–3.93]), 
and a hip fracture (HR 1.67 [95% CI 1.15–2.42]). These 
associations were independent of prevalent self-reported 
fracture and other clinical risk factors included in FRAX 
and FN BMD, with the exception of hip fracture (Table 3). 
There was no interaction between VFA-identified VF and 
prevalent self-reported fracture regarding MOF (adjusted 
for age, height, weight, clinical risk factors, and FN BMD) 
(p = 0.81). In a subgroup analysis, where the cohort was 
divided into those with or without self-reported fracture, 
VFA-identified VF predicted MOF independent of clini-
cal risk factors and FN BMD similarly in both groups (HR 
1.52 [95% CI 1.15–2.00], and HR 1.53 [95% CI 1.14–2.07], 
respectively).

VF was divided into severity (grade 1 VF, grade 2 VF, 
or grade 3 VF) and having a grade 3 VF was associated 
with more than doubled risk of MOF (HR 2.38 [95% CI 
1.79–3.17]), tripled risk of hip fracture (HR 3.08 [95% CI 
1.91–4.98]), and quadrupled risk of clinical VF (4.15 [95% 
CI 2.77–6.22]). Associations between any VFA-identified 
VF and VFA-identified VF according to severity and num-
ber, with incident MOF and clinical VF, remained after 
adjustments for clinical risk factors and FN BMD, except 
for grade 1 VF. Having any VFA-identified VF, grade 3 
VF, or three or more VF was associated with hip fracture 
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Table 1  Characteristics of older 
women without VFA-diagnosed 
VF and with any VF

Values are presented as mean ± standard deviation for continuous variables and as percentage and number 
for categorical variables

Significance was defined by a p-value < 0.05 and significant values are presented in bold

VFA vertebral fracture assessment, VF vertebral fracture, BMD bone mineral density
a Independent samples t test for continuous variables
b Categorical variables χ2 test
c After 50 years of age, fractures of the skull and face are excluded
d 21 or more units per week
e Diabetes (type 1 and type 2), menopause before 45 years of age, inflammatory bowel disease, chronic kid-
ney disease
f Daily oral treatment with at least 5 mg for 3 months or more ever during lifetime
g Current treatment with bisphosphonates, teriparatide, or denosumab
h Self-reported
i 666
j Fisher’s exact test. FRAX-scores were calculated without information from VFA

No VF

n = 2163

Any VF

n = 689

p valuea,b

Age (years) 77.7 ± 1.6 78.0 ± 1.6  < 0.001

Height (cm) 162.2 ± 5.9 161.3 ± 5.8  < 0.001

Weight (kg) 68.5 ± 11.9 68.7 ± 12.1 0.650

Body mass index (kg/m2) 26.1 ± 4.3 26.4 ± 4.3 0.059

Femoral neck BMD (g/cm2) 0.67 ± 0.11 0.64 ± 0.10  < 0.001

Femoral neck BMD (T-score)  − 1.57 ± 0.90  − 1.83 ± 0.82  < 0.001

FRAX hip fracture without BMD (%) 17.7 ± 12.2 19.4 ± 12.6 0.003

FRAX MOF with BMD (%) 22.0 ± 11.3 26.1 ± 12.8  < 0.001

FRAX hip fracture with BMD (%) 10.3 ± 10.5 13.2 ± 12.5  < 0.001

Fall within the last year, % (n) 28.9 (626) 29.9 (206) 0.630

Self-reported prior fracture, % (n)c 33.1 (717) 47.9 (330)  < 0.001

Family history of hip fracture, % (n) 17.2 (373) 18.9 (130) 0.330

Current smoking, % (n) 5.0 (109) 5.1 (35) 0.966

Excessive alcohol consumption, % (n)d 0.5 (10) 0.6 (4) 0.754j

Secondary osteoporosis, % (n)e 22.7 (492) 19.9 (137) 0.126

Medications

Glucocorticoid use, % (n)f 3.0 (64) 4.8 (33) 0.021

Osteoporosis medication, % (n)g 8.2 (178) 18.0 (124)  < 0.001

Medical history

Rheumatoid arthritis, % (n) 3.7 (79) 4.2 (29) 0.505

Hyperthyroidism, % (n) 5.1 (110) 4.7 (32) 0.645

Osteoporosis, % (n)h 16.5 (356) 32.4 (223)  < 0.001

Hypertension, % (n) 52.3 (1131) 51.8 (357) 0.828

Stroke, % (n) 6.4 (139) 7.8 (54) 0.199

Myocardial infarction, % (n) 4.4 (95) 5.7 (39) 0.171

Angina, % (n) 5.0 (107) 6.4 (44) 0.144

Heart failure, % (n) 7.7 (166) 10.4 (72) 0.022

Diabetes, % (n) 9.6 (207) 10.2 (70) 0.649

Chronic bronchitis, asthma, emphysema, % (n) 9.2 (200) 11.0 (76) 0.168

Cancer, % (n) 20.2 (437) 20.9 (144) 0.693

Glaucoma, % (n) 8.6 (187) 6.8 (47) 0.129
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Table 2  Characteristics of older women with VF according to severity and number

No VF

n = 2163

Grade 1 VF

n = 260

Grade 2 VF

n = 216

Grade 3 VF

n = 213

p-

valuea,b

1 VF

n = 481

2 VF

n = 141

 ≥ 3 VF

n = 67

p-valuea,b

Age (years) 77.7 ± 1.6 78.0 ± 1.5§ 78.0 ± 1.6 78.1 ± 1.6#  < 0.01 78.0 ± 1.6† 78.0 ± 1.5 78.2 ± 1.7  < 0.01

Height (cm) 162.2 ± 5.9 161.9 ± 5.6 161.8 ± 5.8 159.9 ± 6.0# Ω€  < 0.01 161.6 ± 5.8 161.2 ± 5.6 159.2 ± 6.3∑ β  < 0.01

Weight (kg) 68.5 ± 11.9 69.3 ± 11.4 69.4 ± 12.4 67.4 ± 12.6 0.28 68.8 ± 11.6 70.7 ± 12.7 64.3 ± 13.4∑ β µ  < 0.01

Body mass 
index (kg/m2)

26.1 ± 4.3 26.4 ± 4.0 26.5 ± 4.5 26.3 ± 4.5 0.29 26.3 ± 4.2 27.2 ± 4.4£ 25.2 ± 4.6 β 0.01

Femoral neck 
BMD (g/cm2)

0.67 ± 0.11 0.65 ± 0.10§ 0.64 ± 0.09¤ 0.62 ± 0.11# Ω  < 0.01 0.64 ± 0.09† 0.64 ± 0.09£ 0.60 ± 0.12∑ β µ  < 0.01

Femoral 
neck BMD 
(T-score)

 − 1.57 ± 0.90  − 1.73 ± 0.81§  − 1.83 ± 0.73¤  − 1.95 ± 0.89# Ω  < 0.01  − 1.79 ± 0.79†  − 1.80 ± 0.79£  − 2.19 ± 0.97∑ β µ  < 0.01

FRAX MOF 
without BMD 
(%)

30.3 ± 11.9 30.9 ± 10.8 32.2 ± 12.0 35.9 ± 13.6# Ω€  < 0.01 32.1 ± 11.9† 33.3 ± 12.1£ 37.4 ± 14.0∑ β  < 0.01

FRAX hip frac-
ture without 
BMD (%)

17.7 ± 12.2 17.7 ± 10.5 18.9 ± 12.3 21.9 ± 14.9# Ω  < 0.01 18.7 ± 12.1 19.5 ± 12.5 23.5 ± 16.0∑ β  < 0.01

FRAX MOF 
with BMD 
(%)

22.0 ± 11.3 23.9 ± 11.4§ 25.2 ± 11.5¤ 29.6 ± 14.8# Ω€  < 0.01 25.1 ± 12.4† 26.4 ± 11.9£ 32.3 ± 15.5∑ β µ  < 0.01

FRAX hip 
fracture with 
BMD (%)

10.3 ± 10.5 11.4 ± 10.8 12.4 ± 11.1¤ 16.1 ± 11.1# Ω€  < 0.01 12.4 ± 12.0† 13.1 ± 11.8£ 18.8 ± 16.3∑ β µ  < 0.01

Fall within the 
last year, 
% (n)

28.9 (626) 25.0 (65) 27.8 (60) 38.0 (81) 0.02 26.6 (128) 39.0 (55) 34.3 (23) 0.03

Self-reported 
prior fracture, 
% (n)c

33.1 (717) 38.1 (99) 45.8 (99) 62.0 (132)  < 0.01 44.1 (212) 53.2 (75) 64.2 (43)  < 0.01

Family history 
of hip frac-
ture, % (n)

17.2 (373) 17.7 (46) 18.5 (40) 20.7 (44) 0.64 18.3 (88) 21.3 (30) 17.9 (12) 0.65

Current smok-
ing, % (n)

5.0 (109) 3.1 (8) 5.6 (12) 7.0 (15) 0.26 4.0 (19) 5.0 (7) 13.4 (9) 0.01

Excessive alco-
hol consump-
tion, % (n)d

0.5 (10) 0.8 (2) 0.0 (0) 0.9 (2) 0.33 k 0.6 (3) 0.7 (1) 0.0 (0) 0.69 k

Secondary 
osteoporosis, 
% (n)e

22.7 (492) 24.2 (63) 16.2 (35) 18.3 (39) 0.06 18.9 (91) 21.3 (30) 23.9 (16) 0.31

Medications

Glucocorticoid 
use, % (n)f

3.0 (64) 3.1 (8) 4.2 (9) 7.5 (16) 0.01 3.7 (18) 6.4 (9) 9.0 (6) 0.01 k

Osteoporosis 
medication, 
% (n)g

8.2 (178) 10.4 (27) 13.4 (29) 31.9 (68)  < 0.01 14.8 (71) 21.3 (30) 34.3 (23)  < 0.01

Medical history

Rheumatoid 
arthritis, % (n)

3.7 (79) 4.6 (12) 2.8 (6) 5.2 (11) 0.51 4.4 (21) 2.8 (4) 6.0 (4) 0.62

Hyperthyroid-
ism, % (n)

5.1 (110) 4.6 (12) 4.6 (10) 4.7 (10) 0.98 4.8 (23) 3.5 (5) 6.0 (4) 0.84

Osteoporosis, 
% (n)h

16.5 (356) 24.2 (63) 27.3 (59) 47.4 (101)  < 0.01 27.2 (131) 38.3 (54) 56.7 (38)  < 0.01

Hypertension, 
% (n)

52.3 (1131) 51.2 (133) 53.2 (115) 51.2 (109) 0.96 51.8 (249) 51.1 (72) 53.7 (36) 0.98

Stroke, % (n) 6.4 (139) 8.5 (22) 4.6 (10) 10.3 (22) 0.06 7.3 (35) 6.4 (9) 14.9 (10) 0.05

Myocardial 
infarction, 
% (n)

4.4 (95) 4.2 (11) 5.1 (11) 8.0 (17) 0.12 4.8 (23) 7.1 (10) 9.0 (6) 0.17

Angina, % (n) 5.0 (107) 4.6 (12) 7.9 (17) 7.0 (15) 0.18 5.8 (28) 7.1 (10) 9.0 (6) 0.33

Heart failure, 
% (n)

7.7 (166) 9.2 (24) 10.2 (22) 12.2 (26) 0.09 8.3 (40) 17.0 (24) 11.9 (8)  < 0.01

Diabetes, % (n) 9.6 (207) 11.9 (31) 6.9 (15) 11.3 (24) 0.26 9.1 (44) 10.6 (15) 16.4 (11) 0.28
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independent of clinical risk factors, and for grade 3 VF 
and 2 VF also independent of FN BMD (Table 3). Having 
a grade 1 VF was associated with 44% increased risk of 
MOF (HR 1.44 [95% CI 1.05–1.96]), and 74% increased 
risk of clinical VF (HR 1.74 [95% CI 1.04–2.89]), inde-
pendent of clinical risk factors but not of FN BMD. Grade 
1 VF was not significantly associated with hip fracture.

Using SDI = 0 as a reference, all remaining SDI groups 
had significantly higher risk of incident MOF and clinical 
VF independently of clinical risk factors and FN BMD, 
with the exception for SDI = 2 for MOF, and HR increased 
according to grade of SDI. Having an SDI =  > 7 was asso-
ciated with 6 times increased risk of clinical incident VF 
(5.99 [2.75–12.57]) (Supplemental Tables 2).

The impact of VFA‑identified VF on fracture 
probabilities

The follow-up time was extrapolated up to 10 years to allow 
for calculations of 10-year fracture probabilities. For a 
75-year-old woman with a previous fracture but no other 
clinical risk factors, a BMD T-score − 2, a VFA-identified 
VF (any) increased the 10-year probability for MOF from 
29.5 (without considering VFA) to 36.7% (having a VFA-
identified VF (any)) (Fig. 1a).

The ratios between the calculated 10-year probability for 
MOF with VFA-identified any VF, and without considering 
VFA for women 75 and 80 years old, with previous frac-
ture, BMI of 26 kg/m2, but no other clinical risk factors, 

Values are presented as mean ± standard deviation for continuous variables and as percentage and number for categorical variables

Significance was defined by a p-value < 0.05 and significant values are presented in bold

VFA vertebral fracture assessment, VF vertebral fracture, BMD bone mineral density
§ Grade 1 VF vs. no VF
¤ Grade 2 VF vs. no VF
# Grade 3 VF vs. no VF
Ω Grade 3 VF vs. grade 1 VF
€ Grade 3 VF vs. grade 2 VF
† One VF vs. no VF
£ Two VF vs. no VF
∞ Two VF vs. one VF
∑ Three or more VF vs. no VF
β Three or more VF vs. one VF
µ Three or more VF vs. two VF
a Continuous variables one way ANOVA followed by Bonferroni post hoc test
b Categorical variables χ2 test
c After 50 years of age, fractures of the skull and face are excluded
d 21 or more units per week
e Diabetes (type 1 and type 2), menopause before 45 years of age, inflammatory bowel disease, chronic kidney disease
f Daily oral treatment with at least 5 mg for 3 months or more ever during lifetime
g Current treatment with bisphosphonates, teriparatide, or denosumab
h Self-reported
i 192
j 46
k Fisher’s exact test. FRAX-scores were calculated without information from VFA

Table 2  (continued)

No VF

n = 2163

Grade 1 VF

n = 260

Grade 2 VF

n = 216

Grade 3 VF

n = 213

p-

valuea,b

1 VF

n = 481

2 VF

n = 141

 ≥ 3 VF

n = 67

p-valuea,b

Chronic bron-
chitis, asthma, 
emphysema,

% (n)

9.2 (200) 10.0 (26) 11.6 (25) 11.7 (25) 0.49 10.6 (51) 11.3 (16) 13.4 (9) 0.48

Cancer, % (n) 20.2 (437) 22.3 (58) 20.8 (45) 19.2 (41) 0.84 21.8 (105) 17.0 (24) 22.4 (15) 0.61

Glaucoma, 
% (n)

8.6 (187) 7.7 (20) 7.9 (17) 4.7 (10) 0.24 7.1 (34) 6.4 (9) 6.0 (4) 0.49
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Table 3  Associations between VF identified using VFA and fracture risk in older women

No VF

n = 2163

Any VF

n = 689

Grade 1 VF

n = 260

Grade 2 VF

n = 216

Grade 3 VF

n = 213

1 VF

n = 481

2 VF

n = 141

 ≥ 3 VF

n = 67

MOF

No. (%) 273 (12.6) 149 (21.6) 47 (18.1) 44 (20.4) 58 (27.2) 97 (20.2) 33 (23.4) 19 (28.4)

Rate per 1000  
person-years

26.7 48.1 38.9 44.7 63.7 44.3 51.7 69.2

Time at risk, median 
 (Q3-Q1), years

4.80 (1.83) 4.92 (1.79) 5.10 (1.53) 4.90 (1.97) 4.78 (1.89) 4.93 (1.83) 4.82 (1.70) 4.83 (2.42)

HR (95% CI)

Adjusted for age, 
height, weight

1 (Reference) 1.78 (1.46–2.18) 1.44 (1.05–1.96) 1.65 (1.20–2.66) 2.38 (1.79–3.17) 1.65 (1.31–2.08) 1.91 (1.33–2.74) 2.58 (1.62–

4.12)

 + clinical risk factors 1 (Reference) 1.65 (1.34–2.02) 1.40 (1.03–1.91) 1.54 (1.12–2.13) 2.03 (1.51–2.73) 1.56 (1.23–1.97) 1.75 (1.21–2.52) 2.09 (1.30–

3.37)

 + FN BMD 1 (Reference) 1.52 (1.24–1.87) 1.33 (0.97–1.81) 1.41 (1.02–1.94) 1.82 (1.35–2.44) 1.46 (1.16–1.85) 1.58 (1.10–2.28) 1.79 (1.11–

2.90)

VF (clinical)

No. (%) 83 (3.8) 77 (11.2) 18 (6.9) 25 (11.6) 34 (16.0) 47 (9.8) 14 (9.9) 16 (23.9)

Rate per 1000  
person-years

7.8 23.4 14.0 24.0 35.1 20.2 20.5 56.8

Time at risk, median 
 (Q3-Q1), years

4.96 (1.71) 5.13 (1.61) 5.18 (1.22) 5.15 (1.67) 4.94 (1.82) 5.15 (1.59) 5.14 (1.56) 4.92 (1.99)

HR (95% CI)

Adjusted for age, 
height, weight

1 (Reference) 2.88 (2.11–3.93) 1.74 (1.05–2.90) 2.92 (1.86–4.56) 4.15 (2.77–6.22) 2.51 (1.76–3.60) 2.42 (1.37–4.26) 6.70 (3.89–

11.53)

 + clinical risk factors 1 (Reference) 2.75 (2.01–3.77) 1.72 (1.03–2.86) 2.90 (1.84–4.56) 3.89 (2.55–5.93) 2.47 (1.72–3.55) 2.32 (1.30–4.13) 6.35 (3.60–

11.21)

 + FN BMD 1 (Reference) 2.61 (1.90–3.58) 1.65 (0.99–2.75) 2.71 (1.72–4.26) 3.64 (2.38–5.56) 2.36 (1.64–3.39) 2.19 (1.23–3.90) 5.79 (3.26–

10.28)

Hip

No. (%) 81 (3.7) 43 (6.2) 12 (4.6) 9 (4.2) 22 (10.3) 25 (5.2) 13 (9.2) 5 (7.5)

Rate per 1000  
person-years

7.5 12.5 9.1 8.2 21.4 10.4 18.6 15.3

Time at risk, median 
 (Q3-Q1), years

4.99 (1.69) 5.19 (1.38) 5.25 (1.17) 5.27 (1.39) 5.05 (1.62) 5.21 (1.36) 5.14 (1.45) 5.16 (1.67)

HR (95% CI)

Adjusted for age, 
height, weight

1 (Reference) 1.67 (1.15–2.42) 1.18 (0.64–2.16) 1.07 (0.54–2.13) 3.08 (1.91–4.98) 1.37 (0.87–2.15) 2.58 (1.43–4.65) 2.09 (0.84–
5.19)

 + clinical risk factors 1 (Reference) 1.53 (1.05–2.22) 1.16 (0.63–2.14) 1.03 (0.51–2.05) 2.58 (1.57–4.22) 1.31 (0.83–2.06) 2.41 (1.33–4.37) 1.64 (0.65–
4.12)

 + FN BMD 1 (Reference) 1.34 (0.92–1.95) 1.07 (0.58–1.97) 0.90 (0.45–1.80) 2.12 (1.29–3.48) 1.19 (0.76–1.87) 2.08 (1.15–3.77) 1.24 (0.49–
3.16)
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according to femoral neck BMD T-score are presented in 
Fig. 2a. The figure shows that a 75-year-old woman has 
a 1.24-fold increased 10-year probability of MOF than a 
woman with the same risk factors but without considering 
VFA. The relative importance of having VFA-identified VF 
on fracture probability was slightly greater at higher BMD 
values in both 75 and 80-year-old women (due to higher 
risk of death at lower BMD levels) (Fig. 2a), but the impact 
on absolute probability was small at higher BMD levels 
(Fig. 1a). For grade 1 VF, a similar pattern was seen, i.e., 
the relative importance of having a VF vs. not having one 
was greater with higher BMD, but the absolute risk differ-
ences were quite small at higher BMD-values (Supplemental 
Tables 4a–b).

The 5-year probabilities of MOF for women 75 and 
80 years old, with previous fracture, BMI of 26 kg/m2, but no 
other clinical risk factors, with BMD T-score − 2, increased 
from 17.2 to 22.0% and 20.3 to 25.2%, respectively, when 
VFA-identified VF (any) was taken into account. The 5-year 
probabilities and ratios, according to age and BMD T-score, 
are presented in the Supplemental Tables 3a–b.

The impact of severity and number of VFA‑identified 
VF on fracture probabilities

Similar analyses, as for any VF, were performed also for 
grade 3 VF and three or more VF, separately. For women 
75 years old, with a BMD T-score − 2, a VFA-identified 
grade 3 VF or three or more VF increased the 10-year prob-
ability of MOF, from 29.3 to 41.1% and 28.2 to 40.6%, 
respectively (Fig. 1b, c).

The ratios between the calculated 10-year probabilities 
with VFA-identified grade 3 VF, and without considering 
VFA, show that a 75-year-old woman, with previous frac-
ture but no other clinical risk factors, BMI of 26 kg/m2, and 
with BMD T-score − 2, has a 1.40-fold increased 10-year 
probability of MOF compared with a woman with the same 
risk factors but without considering VFA. For VFA-iden-
tified three or more VF, the 10-year probability of MOF is 
increased by 44% (a factor of 1.44), when taking into con-
sideration the identified VF compared to no consideration 
to VFA (Fig. 2b, c).

Discussion

In this study of older Swedish women, VF identified using 
VFA by DXA was associated with an increased incidence 
of MOF and clinical VF, independently of FN BMD and 
clinical risk factors, including self-reported prior fracture, 
in FRAX. Fracture risk increased with severity and number 
of VF. Having a VF (independently of severity) increased 
the 10-year probability of MOF substantially, indicating A
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that VFA-identified VF should be taken into account when 
assessing the fracture risk in older women.

In Sweden, new clinical recommendations from the 
National Board of Health and Welfare, covering target levels 
of evaluation and treatment of diseases of the musculoskel-
etal system, were published in 2021 [40]. In these new rec-
ommendations, the target level for the proportion of VFA’s 
in conjunction with central DXA was set to 100%. However, 
due to an insufficient number of DXA devices in Sweden (66 
devices in a population of 10.5 million), implementing VFA 
as a routine measurement could be challenging [41].

The hypothesis of the present study was to examine if 
incorporating VFA with other clinical risk factors into a 
fracture risk calculation would enhance the fracture risk 
assessment and have a major impact on fracture probabili-
ties. In this study, the FRAX tool was chosen since it is cur-
rently the best validated and used fracture risk assessment 
algorithm worldwide [22]. FRAX is currently incorporated 
in 80 guidelines globally [42]. One important difference to 
other fracture risk tools, such as the Garvan Fracture Risk 
Calculator [43] and Qfracture [44], is that FRAX (using a 
Poisson regression) takes into account the probability of 
death [22, 27]. In FRAX, some of the clinical risk factors 
for hip fracture and MOF are also risk factors for death, 
increasing age, low BMI, low BMD, smoking, and oral glu-
cocorticoid use, and are therefore entered in the death hazard 
function [45, 46]. Hazard functions for fracture and death are 
then computed for four models (10-year probability of hip or 
MOF with or without BMD) and significant interactions for 
each risk factor, determined from meta-analyses, are entered 
in the models. Being aware that the FRAX algorithm takes 
the competing risk of death into the calculation of fracture 
probability is especially important when studying fracture 
risk in populations with advanced age, such as the presently 
investigated SUPERB cohort.

However, there are some limitations with the FRAX tool. 
The algorithm does not take into account the dose and dura-
tion effect of smoking, alcohol, and glucocorticoid exposure, 
or if there are more than one prior fracture at any site pre-
sent, and history of falls is not included as a risk factor for 
fracture. Since 2008, post-FRAX modifications have been 
presented to address some of these limitations [23, 47–50]. 
For example, the recency and site of a prior fracture have 
been shown to affect subsequent fracture risk [51], lead-
ing to the development of age- and sex-specific adjustment 
ratios that can be applied if the past fracture occurred within 
the previous 2 years [28]. Likewise, the probability ratios 
(ratio of probability calculated for an individual with VFA-
identified VF and probability calculated without using VFA 
results) derived in the present study suggest a substantial 
impact on 10-year fracture probabilities. It is important to 
emphasize that VFA-identified VF contributes to the frac-
ture probability independently of self-reported fracture, 

demonstrating the importance of prevalent fracture type 
on future risk. Interestingly, this relationship was BMD-
dependent, with greater absolute fracture probability differ-
ences seen between women with and without a VF, in the 
lower than in the higher BMD ranges. However, the relative 
risk difference increased with BMD, indicating that identi-
fied VF contributes considerably to fracture probabilities 
across the BMD spectrum. The results of the present study 
are consistent with the results presented by Schousboe et al. 
[18], although the latter study used calculated FRAX scores 
based on the Canadian FRAX model, rather than incorporat-
ing the FRAX risk variables in Poisson similar but not equal 
to the FRAX-model. Thus, future similar studies analyzing 
the effect of incorporating VFA results in the FRAX are 
required, and if the results are consistent, it is possible that 
VFA-identified VF could be used to adjust FRAX, using 
either a post-FRAX modification algorithm, such as for 
glucocorticoid treatment or TBS, or be incorporated in the 
FRAX tool [47, 50]. In the meantime, it could be argued that 
prevalent fracture should be inputted in the current FRAX 
model, when a VFA detected VF is identified, given the 
similar hazard ratios for self-reported and VFA-identified 
VF for MOF [1].

To identify a VF (symptomatic or asymptomatic), pref-
erably by VFA, is of great clinical importance as it might 
change that person’s risk of fracture from “high risk” to “very 
high risk” [52]. Individuals at high risk for fracture are usu-
ally recommended treatment with an antiresorptive drug (e.g., 
bisphosphonates, denosumab) while individuals at very high 
risk for fracture benefit from an anabolic treatment (e.g., 
teriparatide, romosozumab) followed by an antiresorptive 
drug (sequential treatment) [4, 52], a treatment regimen that 
reduces fractures more efficiently than a bisphosphonate alone 
[53, 54]. Recently, several publications have approached the 
categorization of fracture risk into low, high, or very high 
based on the 10-year probability of MOF from FRAX (clini-
cal risk factors with or without BMD), and age-dependent 
intervention FRAX thresholds [5, 55]. Our study demon-
strates that a VFA-identified VF substantially uplifts the MOF 
probability, beyond that captured by a previous fracture at any 
site, with greater impact seen with VF severity and number, 
for example, having three or more VF, increased the 10-year 
probability of MOF from 28.2 to 40.6% in a 75-year-old 
woman with BMD t-score − 2 SD. This additional knowledge 
from VFA would impact treatment decisions and considera-
tion of sequential treatment as the first line option.

It has previously been demonstrated that VF accord-
ing to number and severity [56], and regardless if VF are 
symptomatic or asymptomatic [57], are associated with 
increased mortality. In this study, women with at least one 
grade 3 VFA-identified VF or ≥ 3 VFA-identified VF had an 
increased risk of death independently of clinical risk factors 
and BMD (Table 3), consistent with previous reports.
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There are some strengths of the present study. It is a large 
population-based prospective study and incident fractures 
were identified with high accuracy through X-ray verification 
and ICD-10 codes from the NPR. This is the first study inves-
tigating the impact of VFA-identified VF on fracture prob-
ability tested within the FRAX framework, including FRAX 

clinical risk factors and BMD. The meticulous evaluation of 
VF and differential diagnosis and exclusion of other vertebral 
deformities constitutes a strength of this study and most likely 
contributes to the associations seen between grade 1 VF and 
incident fractures. As a result, the prevalence of mild VF was 
lower than expected and similar to the prevalence of moderate 
and/or severe VF in this study, which is in contrast to previous 
studies, reporting a higher prevalence of mild than moderate 
or severe VF [58, 59]. However, similar studies as well as 
meta-analyses will be needed to investigate if VFA-identified 
VF in future FRAX-models could provide additional value. 

Fig. 1  Ten-year probability of a major osteoporotic fracture (MOF) 
in a 75-year-old woman with a self-reported fracture, according to 
T-score of femoral neck BMD and VFA-identified VF. The closed 
circle denotes probabilities calculated without information from the 
VFA, the triangle represents the probability with a VFA-identified 
VF, and the closed square represents the probability without any 
VFA-identified VF. Probabilities are shown for any VFA-identified 
VF (a), grade 3 VFA-identified VF (b), and three or more VFA-iden-
tified VF (c). BMI is set to 26 kg/m2, previous fracture to yes, but all 
other clinical risk factors set to no

Fig. 2  The ratio between the 10-year probability of a major osteo-
porotic fracture (MOF) with VFA-identified any VF (a), grade 3 
VF (b), three or more VF (c), and without considering VFA results, 
shown for women 75 and 80  years old with self-reported fracture, 
according to femoral neck BMD T-score. BMI is set to 26 kg/m2, pre-
vious fracture to yes, but all other clinical risk factors set to no
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A limitation is that only ambulatory, Swedish, older women, 
75 to 80 years old, were included, implying that the results 
cannot be generalized to women residing in nursing homes, 
to those with other origin, or to women of other ages. One of 
the limitations of this study is that only those with clinical 
VF were included in MOF outcome. The number of incident 
clinical VF identified via the NPR (ICD 10-codes) was fewer 
than X-ray-identified clinical VF (from baseline until 24th of 
May 2018), indicating that the number of clinical VF identi-
fied via the NPR between 24th of May 2018 and 31st of Dec 
2019 was underestimated. Overall, it is a fair assumption that 
the impact of VFA-identified VF in predicting future clinical 
VF (and MOF) would be even stronger if also asymptomatic 
VF had been captured. It has been reported that a recent prior 
MOF is associated with an even higher subsequent risk of 
MOF compared to an older one [51]. Thus, a recent VFA-
identified VF would have a larger impact on fracture risk than 
an old one, but information regarding recency was not avail-
able here. In the clinical setting, recency of a prevalent VF is 
often known, and if considered, the fracture risk assessment 
could be further improved [28]. An additional limitation is 
that data on incident bone-specific treatment during the fol-
low-up were not available. Furthermore, 71 women were not 
included because of missing information about all clinical risk 
factors in FRAX. Compared to the 2852 women included in 
the analyses, they were shorter, had more previous falls, and 
smoked and used alcohol more frequently, which might imply 
risk of bias; however, the number of individuals was limited, 
and we believe that the exclusion of these women did not have 
a substantial impact on the results of this study. Lastly, the 
power for detecting significant associations between grade 
1 VF, grade 2 VF, one VF, three or more VF, and incident 
hip fracture was inferior compared to the power for the other 
fracture groups.

In conclusion, VFA-identified VF in older women were 
associated with incident MOF and clinical VF, indepen-
dently of self-reported fracture and other clinical risk factors 
included in FRAX and FN BMD. By adding VFA-identified 
VF in models including FRAX clinical risk factors and BMD, 
the 10-year probability of MOF increased substantially, indi-
cating that VFA by DXA should be used in the clinical prac-
tice to improve fracture prediction in older women.
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