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Abstract
Summary In men and women with opportunistically identifiable vertebral fractures (VFs) on routine CT scans including 
the chest and/or abdomen, the risk of death is 51% higher than in those with no VF on the CT scan, and 325% higher than 
an age- and sex-matched general population cohort.
Purpose There is little knowledge about the risk of death in patients with VFs present on routine radiological imaging. We 
evaluated the risk of death in men and women aged 50 years or older with opportunistically identifiable VFs on routine CT 
scans and not treated with osteoporosis medications.
Methods Thoracic and lumbar VFs were identified through a blinded, two-step approach on CT scans performed as part of 
normal clinical care in a Danish hospital in 2010 or later. Subjects with VF were matched on age and sex against those with 
no VF (1:2-ratio) and a general population cohort (1:3-ratio), respectively, and followed for up to 7 years through the national 
Danish registers. Subjects treated with an osteoporosis medication in the year prior to baseline were excluded.
Results Subjects with VF had a significantly higher risk of death during follow-up as compared to subjects with no VF 
on the CT scan (adjusted hazard ratio [HR] 1.51 [95% confidence interval 1.27–1.79; p < 0.001]) and even more so when 
compared to the general population cohort (HR 4.25 [3.53–5.12; p < 0.001]). In subjects with versus without VF on the CT 
scan, the risk was higher in those with moderate or severe VF, in those with no malignancy prior to baseline, and in those 
with a lower Charlson comorbidity index score.
Conclusion Subjects with VF available for identification on routine CT scans face a substantially increased risk of death. 
Opportunistic identification and reporting of VF is important to identify these patients to allow intervention if indicated.
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Introduction

With age, VFs are an increasingly frequent adverse health 
event (except a small decline in incidence rates in the oldest 
old in some studies) [1–3], and they constitute a substantial 

part of incident fractures [4, 5]. Patients with VF are at 
increased risk of additional fractures [6, 7], and overall 
experience an impaired quality of life in terms of physical 
health [8].
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In addition, a link between VFs and death exists. In sub-
jects with clinical or radiographic VF, an increased mortality 
has been demonstrated in a substantial number of studies as 
compared to subjects with no VF or to the general popula-
tion [1, 9–17]. The relative risk of death is generally higher 
in the first years – or even months – after a clinical VF [1, 
10, 11, 18], and in younger as compared to older subgroups 
[1, 11–13].

Vertebral fractures – of which approximately 1 in 3 or 
less are clinically diagnosed [19, 20] – are frequently present 
on routine radiological investigations, yet the majority of 
these VFs go unreported [21–24]. Contrary to the extensive 
body of literature on the consequences of VFs in general, the 
impact of such opportunistically identifiable VFs on clini-
cal outcomes – in a context of competing morbidities and 
healthcare priorities – is only scarcely evaluated. For mor-
tality, a single publication has shown an increased cumula-
tive mortality in older patients with VFs on CT pulmonary 
angiograms. However, the study lacked detailed baseline 
information on the participants as well as adjusted assess-
ments of the relative risk of death [24].

The opportunistic identification of a VF may signal an 
opportunity for intervention to improve patient outcomes. 
However, given the lack of evidence on the burden of mor-
tality in this particular patient population, more detailed 
studies are needed to delineate the potential and guide the 
development of such interventions. The primary objective 
of this analysis is to evaluate the risk of death in men and 
women with VF as compared to those without VF available 
for identification on CT scans performed as part of routine 
clinical practice and not treated with osteoporosis medica-
tions. As a secondary objective, we evaluate the risk of death 
in subjects with VF available on such routine CT scans as 
compared to an age- and sex-matched general population 
sample. We shall refer to the second objective as the scaling 
analysis.

Methods

We established an observational cohort study to evaluate the 
consequences of VFs available for identification on radio-
logical imaging performed as part of routine clinical care, in 
subjects not treated with osteoporosis medications (OMs). 
The setting and fracture outcomes of this study have been 
described previously [25]. In this paper, we report the mor-
tality findings from this study, which was a pre-specified, 
secondary outcome. In brief, we reevaluated 2,000 CT scans 
performed as part of daily clinical care to identify subjects 
with thoracolumbar VF, and linked these data to the national 
Danish registers to assess the risk of death during up to 
seven years of follow-up. This report follows the STROBE 
statement [26].

This study is covered by the Danish Data Protection 
Agency approval for Region Zealand healthcare research 
(REG-101–2018). Furthermore, the Danish Patient Safety 
Authority (3–3013-2687/1) and Statistics Denmark (707480) 
approved the study. The need for formal patient consent 
was waived by the authorities under Sect. 46 of the Danish 
Health Act, and ethics committee approval is not required 
for this type of study.

Study population

The first 2,000 men and women with a CT scan encompass-
ing the chest and/or abdomen, performed at Holbæk Hos-
pital (Denmark) from 1st January 2010 and onwards, were 
identified in the local radiology database and included in this 
study. Subjects needed to be 50 years or older at the time of 
the scan. The last included CT scan was performed in 2011. 
There were no requirements to the number of visible verte-
brae per scan, as to mimic data available in clinical practice.

We retrieved the 2,000 scans – if subjects had multiple 
scans, we retrieved the first scan meeting the inclusion cri-
teria – and re-evaluated them to identify cases with certain, 
potential or no VF. This triage was performed by one of 
the authors (CL). All cases with certain (n = 261) or poten-
tial (n = 207) VF, and a sample (5%) of scans with no VF 
 (ntotal = 1,532), were then further evaluated by trained radi-
ologists at an external radiology service (Clario, Princeton, 
NJ 08540, USA) to identify and grade prevalent VF from T1 
to L5 (including L6 if available), according to the Genant 
Semiquantitative method [27]. Both steps in the re-evalua-
tion process were blinded to clinical information. We did not 
include cervical VFs.

Information from this CT scan re-evaluation was linked 
with the national Danish registers. Using registry data, we 
excluded subjects with no or less than 1 year of data avail-
able prior to baseline (date of CT scan), those who migrated 
out of Denmark (and did not return) before baseline, or were 
treated with OM within the year before baseline. To assem-
ble the analysis population, we then matched subjects with 
prevalent VF against those with no visible VF on age (at 
baseline, in 5-year age bands) and sex in a 1:2-ratio. Treat-
ment with OM was defined as at least one filled prescription 
for a bisphosphonate, raloxifene, strontium ranelate, deno-
sumab, or teriparatide, and/or at least one hospital admin-
istration of an intravenous bisphosphonate or denosumab.

We speculated that the CT population would constitute 
a selected, more diseased group as compared to the general 
population (referral bias). Therefore, to evaluate the risk of 
death in subjects with VF as compared to the general pop-
ulation, we matched subjects with VF on the CT scan on 
age group (in 5-year age bands according to birth year) and 
sex against a general population sample identified from the 
Danish registers. Pre-matching, subjects with VF on the CT 
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scan were excluded following the procedure described above, 
while subjects from the general population sample were 
excluded if conflicting individual-level registry data were 
observed. General population sample subjects were excluded 
post-matching if < 1 year of registry data was available before 
baseline (date of CT scan of the matched case), the subject 
migrated out of Denmark (and did not return) prior to base-
line, were treated with OM within the year before baseline, 
or if age < 50 years or dead at baseline. In the final step of 
assembling this scaling analysis population, matched com-
parator subjects were randomly selected in a 3:1-ratio.

For elaboration on sample size determination, please see 
Skjødt et al. (JBMR Plus, 2023) [25]. A post-hoc power 
calculation for the “primary” analysis reported in this paper 
estimated 80% power to detect a 15% increase in deaths 
(from 57% to 66.5%) based on a total N of 927 with 1 in 3 
having a VF on the CT scan. The analysis had 85% power to 
detect an 18% increase in deaths, and 90% power to detect 
a 20% increase.

Outcomes

The primary outcome is the risk of all-cause death in sub-
jects with VF on the CT scan as compared to subjects with 
no VF on the CT scan, assessed from baseline and up to 
7 years of follow-up. The secondary outcome evaluates 
a similar endpoint in subjects with VF on the CT scan as 
compared to the general population sample (i.e. within the 
scaling analysis population). Finally, we examined the distri-
bution of causes of death, using the primary cause of death 
for each deceased subject.

Date and cause of death were identified in the Danish 
Register of Causes of Death. Cause of death is listed in the 
register using the ICD-10 (International Classification of 
Diseases 10th revision) classification [28].

Covariate definition and sources

Date of birth, sex, migration, medical history, and use of 
pharmaceutical drugs (including hospital-administered 
drugs) were retrieved from the national Danish registers, 
using the Civil Registration System, the National Patient 
Register from 1994 onwards, and the National Prescription 
Register from 1995 onwards [29].

Baseline medical history is defined by the occurrence 
of at least one relevant diagnosis code prior to baseline or, 
for a small number of diseases, at least one filled prescrip-
tion for certain medications. Medication use is defined by a 
filled prescription and/or hospital-administration of selected 
drugs. To calculate the Charlson Comorbidity Index (CCI) 
score we used the previously described updated weights [30]. 
For details and applied codes see Skjødt et al. (JBMR Plus, 
2023), with codes specified in Supplemental Table 1 [25].

Statistical analyses

Baseline is the date of the CT scan. For the general popula-
tion cohort, it is the date of the CT scan of the matched case. 
We present continuous baseline characteristics as median 
and interquartile range or mean and standard deviation, 
whereas counts and proportions are used for categorical 
characteristics.

For the risk of death, we report the number of deaths, the 
proportion of the cohorts who died, and the mortality rate; 
subjects contribute from baseline until censored. We used 
conditional Cox proportional hazards regression models to 
assess the risk of death in subjects with VF on the CT scan 
vs subjects with no VF on the CT scan (primary outcome), 
and vs the general population sample (secondary outcome). 
Subjects were censored at the time of death, emigration, 
initiation of OM, or at seven years follow-up, whichever 
occurred first.

Pre-specified adjusted Cox models were developed by 
backwards selection, using a p-value < 0.1 for inclusion 
in the final model. The covariates applied in the selection 
procedure were defined a priori for the primary endpoint 
of the overarching study – which was the risk of any 
subsequent fracture – and used here for consistency1 [25]. 
For the adjusted Cox models, statistical matching was 
lifted, and age and sex forced into the models. We examined 
exposure-confounder interactions; the confounders are 
those covariates included in the final model. In the analysis 
population, the interaction term with malignancies was 
borderline significant, while in the scaling analysis 
population it was statistically significant for age; therefore, 
we report exploratory subgroup analyses stratifying the 
outcome according to these variables. We used Schönfelds 
residuals to examine the proportional hazards assumption, 
and if statistically significant (p < 0.05) a time varying 
covariate was implemented in the adjusted model, using 
the logarithmic function of time. The proportional hazards 
assumption was not evaluated in the subgroup and sensitivity 
analyses.

1 Baseline covariates applied in the selection procedure: History 
of any prior fracture (except face, skull, and fingers), osteoporosis, 
Paget’s disease, any malignancy, benign tumours, hyperthyroidism, 
primary hyperparathyroidism, Cushing’s syndrome, hypogonadism, 
acromegaly, Addison’s disease, monogenetic osteoporosis, anorexia 
nervosa, bulimia, malabsorptive diseases, inflammatory bowel dis-
ease, pernicious anaemia, Bechterew’s disease (ankylosing spondy-
litis), mastocytosis, systemic lupus erythematosus, juvenile arthritis, 
rheumatoid arthritis, myelomatosis, type 1 diabetes mellitus, type 
2 diabetes mellitus, and any prior use of sodium glucose cotrans-
porter-2 (SGLT-2) inhibitors, thiazolidinediones, glucocorticoids, 
anticoagulants, antidepressants, cancer agents, antiepileptics, GnRH 
agonists, and proton pump inhibitors.
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Post-hoc subgroup and sensitivity analyses were per-
formed for the primary outcome. Subgroup analyses include 
stratification by age group (50–59, 60–69, 70–79, and 80 +), 
sex, number (1, 2, 3, 4 +) of VFs, severity (mild, moderate, 
severe) of the worst VF, position (chest, lumbar, both) of VF, 
Charlson comorbidity index score (0, 1, 2, 3 +), and base-
line presence of prior malignancies. These subgroups were 
evaluated by the implementation of interaction terms. Two 
sensitivity analyses were performed: 1) not censoring at the 
time of OM initiation; 2) only including comparators with 
the full thoracolumbar spine (T1-L5) visible on the CT scan. 
The latter sensitivity analysis was conducted to evaluate the 
potential impact of non-differential misclassification of the 
exposure, which could occur if a VF was present outside 
the CT field-of-view in the comparator subjects (who were 
deemed to have no VF on the CT scan).

There were no missing data for sex nor age. Loss to fol-
low-up could occur if a subject migrated out of Denmark 
after baseline (at which point they would be censored from 

this study), yet this occurred in less than five subjects across 
the cohorts in both the analysis and the scaling analysis pop-
ulation, respectively.

We used Stata version 16 and 17 (StataCorp, College Sta-
tion, Texas 77845, USA) to perform the analyses.

Results

Participants

Analysis population

Based on the re-evaluation of the CT scans, 423 (21.2%) 
of the 2,000 subjects had one or more VF on the CT scan. 
In the assembly of the analysis population (Table 1, panel 
a), 91 subjects (22%) were excluded from this VF group, 
while 61 (4%) were excluded from the no VF group. After 

Table 1  Flow table

This table shows the formation of the analysis population (Panel a; subjects with vs without VF on CT scan) and the scaling analysis population 
(Panel b; subjects with VF on CT scan vs general population sample). Adapted from Skjødt et al. (JBMR Plus, 2023) [25]
a Reasons for exclusion pooled, as n < 5 in some of the subgroups
b Cohorts matched on sex and age group. Exposed (VF) subjects with no comparators allocated after the matching procedure were removed from 
the analysis population [25]
c For the VF on CT scan cohort, these eligibility criteria were applied in the initial selection of the CT scans or in the pre-matching exclusion as 
listed in the table. For the general population cohort, BL is the date of the CT scan of the matched case
BL baseline, CT computed tomography, N/A not applicable, OM osteoporosis medication, VF vertebral fracture, y years

Panel a Analysis population
Source population CT scan; n = 2,000
Identification of VF VF on CT scan; n = 423 No VF on CT scan; n = 1,577
Exclusion; n (%)a

• No or < 1 year of registry data
• OM in year before baseline
• Emigrated before baseline

91 (22%) 61 (4%)

Matching  ratiob 1:2
Analysis population; n 321 606 

Panel b Scaling analysis population
Source population CT scan; n = 2,000 General population; n = 20,000
Identification of VF VF on CT scan; n = 423 N/A
Exclusion; n (%)a • No or < 1 year of registry data

• OM in year before baseline
• Emigrated before baseline

91 (22%) Conflicting registry data 17 (0.1%)

Matchingb

Post-matching exclusion; n (%)a,c

• Age < 50y at BL
• Dead at BL
• < 1 year of registry data
• OM in year before baseline
• Emigrated before baseline

N/A 805 (4%)

Random selection of matched pairs in 1:3-ratio
Scaling analysis population; n 332 996
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matching, the VF on CT scan cohort consisted of 321 sub-
jects while the no VF on CT scan cohort consisted of 606 
subjects.

Mean age was 73 years in both the VF and no VF cohorts, 
while approximately 53–54% of the cohorts were male 
(Table  2). Baseline characteristics were largely similar 
across the cohorts, although a larger proportion of the VF 
cohort had a medical history of any major osteoporotic frac-
ture in the year prior to baseline (9.0% vs 2.3%). Baseline 
characteristics stratified according to sex are available in the 
appendix, Table 6.

Scaling analysis population

For the scaling analysis population (Table 1, panel b), the 
VF group underwent an exclusion procedure similar to 
what is described above. For the general population sample, 
20,000 subjects were identified in the registries as planned. 
Seventeen (0.1%) of these were excluded due to conflicting 
registry data. Following matching, post-matching exclusion 
from the general population sample (n = 805 [4.0%]), and 
random selection of matched pairs, the VF cohort was com-
posed of 332 subjects, while the general population cohort 
consisted of 996 subjects.

Across the cohorts, mean age was 73–74 years and 54.5% 
were male (Table 2). The median CCI-score was higher in 
the VF cohort as compared to the general population cohort 

(2 vs 0). Larger proportions of the VF cohort had a history 
any major osteoporotic fracture (9.3% vs 1.0% in the year 
prior to baseline), type 1 diabetes mellitus (5.4% vs 2.2%), 
type 2 diabetes mellitus (12.0% vs 5.9%), and any malig-
nancies (39.8% vs 12.4%). Baseline characteristics stratified 
according to sex are available in the appendix, Table 7.

Risk of death in subjects with VF vs without VF 
on the CT scan (analysis population)

In the VF cohort, 222 (69.2%) subjects died during a total 
of 804 years of follow-up, as compared to 345 (56.9%) sub-
jects in the no VF cohort during 2,231 years of follow-up 
(Table 3). This translated into mortality rates of 276 (95% 
CI 242–315) and 155 (139–172) per 1,000 subject-years, 
respectively. Sex-specific mortality rates are listed in the 
appendix, Table 8. Overall, 13 (4%) and 27 (4%) subjects 
in the VF and no VF cohorts sustained at least one fracture 
(any fracture, except face, skull, and digits) between baseline 
and time of death, whereas 18 (6%) and 38 (6%) subjects 
sustained a fracture and did not die during follow-up. Cen-
soring due to initiation of osteoporosis medication occurred 
in 39 (12%) of the subjects in the VF cohort, as compared to 
43 (7%) in the no VF cohort.

The crude mortality hazard ratio (HR) was 1.59 (95% 
CI 1.34–1.89; p < 0.001). For the adjusted Cox model 
– with covariates identified by backwards selection – we 

Table 2  Baseline characteristics

This table shows the baseline characteristics of the analysis population (subjects with vs without VF on 
CT scan) and the scaling analysis population (subjects with VF on CT scan vs general population sam-
ple), respectively. Results for systemic lupus erythematosus and Bechterew’s disease – though both were 
included as confounders in our multivariable models—not shown here, as n < 5 in all cohorts
a Adapted from Skjødt et al. (JBMR Plus, 2023) [25]
b In the year prior to baseline. The MOF category includes hip, vertebral (not including cervical VF), 
humerus and distal forearm fractures; the VF on the index CT scan is not included
c Given by ≥ 1 prescription filled at any time prior to baseline
CCI Charlson comorbidity index, CT computed tomography, IQR interquartile range, MOF major osteo-
porotic fracture, SD standard deviation, VF vertebral fracture

Analysis population Scaling analysis population

VF on CT scan
N = 321

No VF 
on CT scan
N = 606

VF on CT scan
N = 332

General population
N = 996

Age, years; mean (SD) 73.2 (9.7) 72.9 (9.6) 73.5 (9.7) 73.3 (9.8)
Sex,  malea; n (%) 172 (53.6%) 322 (53.1%) 181 (54.5%) 543 (54.5%)
CCI-scorea; median (IQR) 2 (0–3) 1 (0–2) 2 (0–3) 0 (0–1)
Any  MOFb; n (%) 29 (9.0%) 14 (2.3%) 31 (9.3%) 10 (1.0%)
Type 1 Diabetes  Mellitusa; n (%) 18 (5.6%) 38 (6.3%) 18 (5.4%) 22 (2.2%)
Type 2 Diabetes  Mellitusa; n (%) 37 (11.5%) 73 (12.0%) 40 (12.0%) 59 (5.9%)
Any  malignancya; n (%) 127 (39.6%) 219 (36.1%) 132 (39.8%) 124 (12.4%)
Antidepressantsc; n (%) 16 (5.0%) 34 (5.6%) 16 (4.8%) 30 (3.0%)
Glucocorticoidsc; n (%) 124 (38.6%) 238 (39.3%) 129 (38.9%) 314 (31.5%)
Proton pump  inhibitorsc; n (%) 173 (53.9%) 319 (52.6%) 178 (53.6%) 350 (35.1%)
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incorporated a time-varying covariate (age) because the pro-
portional hazards assumption was not met. The subsequent 
model yielded a mortality HR of 1.51 (1.27–1.79; p < 0.001), 
adjusted for sex, age, baseline presence of systemic lupus 
erythematosus, malignancies, type 1 diabetes mellitus, type 
2 diabetes mellitus, ever use of antidepressants, and ever use 
of glucocorticoids.

These findings are reflected in the Kaplan–Meier fail-
ure function (Fig. 1, panel a). The difference in mortality 
rates between the VF and no VF cohorts is clearly visible 
as a steeper increase in the former group in the first 500 to 
1,000 days from baseline, after which the curves become 
almost parallel, indicating much more similar mortality 
between the two groups with time.

Subgroup analyses for the primary outcome (Table 4) 
reflects a higher risk of death in female vs male subjects, 
and in those aged 60–69 years while lowest in the oldest 
subgroup (80 + years). Similarly, mortality was higher in 
subjects with moderate or severe VF at baseline, in those 
with both chest and lumbar VF as compared to either loca-
tion alone, in those with a CCI score of 0 or 1 as compared 
to 2 or 3 + , and in those with no prior malignancies at base-
line. While the p-values for interaction were statistically sig-
nificant for the subgroup analysis by number of VF at base-
line, the findings were not clinically meaningful (showing a 
higher risk in those with 2 or 4 + VF as compared to those 
with 1 or 3 VF). Sensitivity analyses found no clinically 
relevant impact of not censoring upon AOM initiation, while 

only including those comparator subjects with the full thora-
columbar (T1-L5) spine available on the CT yielded a reduc-
tion in the adjusted HR point estimate (1.32; 0.99–1.75).

Risk of death in subjects with VF vs the general 
population (scaling analysis population)

In the scaling analysis population, 231 (69.6%) and 287 
(28.8%) subjects in the VF and general population cohorts 
died during 825 and 5,529 years of follow-up, respectively 
(Table 3). This yielded mortality rates of 280 (246–319) and 
52 (46–58) deaths per 1,000 subject-years. Again, Table 8 
shows the sex-specific mortality rates.

The crude HR was 6.54 (5.38–7.93; p < 0.001). In the 
analysis of the proportional hazards assumption for both the 
unadjusted and adjusted Cox models, Schönfelds residuals 
were highly statistically significant (p < 0.001). Therefore, 
we again introduced a time-varying covariate (age) in the 
adjusted model, which then yielded a HR of 4.25 (95% CI 
3.53–5.12; p < 0.001), when adjusting for sex, age, baseline 
presence of systemic lupus erythematosus, Bechterew’s dis-
ease (ankylosing spondylitis), malignancies, type 1 diabetes 
mellitus, type 2 diabetes mellitus, and ever use of proton 
pump inhibitors. Because of significant interaction between 
exposure and age, we assessed mortality in subgroups of age, 
and found a markedly higher risk of death in the younger 
subgroups: adjusted HR 24.60 (7.11–85.16) if 50–59 years, 
7.82 (5.09–12.01) if 60–69  years, 4.40 (3.27–5.91) if 

Table 3  Mortality findings

This table shows the key mortality findings for the two analysis populations. On the left is shown the analysis population, comparing subjects 
with VF on the CT scan against subjects without VF on the CT scan. On the right is shown the scaling analysis population, comparing subjects 
with VF on the CT scan against the general population cohort. For both analysis populations are shown the number of deaths, mortality rates, 
and the crude and adjusted hazard ratios
a Schönfelds residuals statistically significant (p < 0.05) for this analysis. A time-varying covariate (age) was added to the adjusted models, using 
the logarithmic function of time
b Adjusted for sex, age (tvc), baseline presence of systemic lupus erythematosus, malignancies, type 1 diabetes mellitus, type 2 diabetes mellitus, 
ever use of antidepressants, and ever use of glucocorticoids. Matching lifted
c Adjusted for sex, age (tvc), baseline presence of systemic lupus erythematosus, Bechterew’s disease (ankylosing spondylitis), malignancies, 
type 1 diabetes mellitus, type 2 diabetes mellitus, and ever use of proton pump inhibitors. Matching lifted
CI confidence interval, CT computed tomography, gen. pop. general population, tvc time-varying covariate, VF vertebral fracture

Analysis population Scaling analysis population

Subjects with VF on CT vs subjects with no VF on CT Subjects with VF on CT vs general popula-
tion cohort

Number of subjects, n VF on CT 321 VF on CT 332
No VF on CT 606 Gen. pop 996

Number of deaths, n (%) VF on CT 222 (69.2%) VF on CT 231 (69.6%)
No VF on CT 345 (56.9%) Gen. pop 287 (28.8%)

Mortality rate per 1,000 subject-years 
(95% CI)

VF on CT 276 (242–315) VF on CT 280 (246–319)
No VF on CT 155 (139–172) Gen. pop 52 (46–58)

Hazard ratio (95% CI; p-value) Crude 1.59 (1.34–1.89; p < 0.001) Crudea 6.54 (5.38–7.93; p < 0.001)
Adjusteda,b 1.51 (1.27–1.79; p < 0.001) Adjusteda,c 4.25 (3.53–5.12; p < 0.001)
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70–79  years, and 2.76 (2.06–3.69) if 80 + years (p for 
interaction < 0.001).

The Kaplan–Meier failure function (Fig. 1, panel b) is 
consistent with the overall findings, showing a stable mor-
tality rate throughout follow-up in the general population 
cohort, while in the VF cohort a steep increase is observed 
shortly after baseline, and with the curves continuously 
diverging throughout the follow-up period.

Cause of death

Neoplasms, diseases of the circulatory system and diseases 
of the respiratory system were the most frequently observed 
causes of death (Table 5). We observed only minor differ-
ences between the VF and no VF cohorts (analysis popula-
tion) in the distribution of causes of death, with neoplasms 
being slightly more common in the no VF cohort (48.4% 
vs 43.2%).

Within the scaling analysis population, a substantially 
larger proportion of VF subjects had neoplasms listed as the 
primary cause of death (43.3% vs 23.3%), while the general 
population subjects more frequently died from mental and 
behavioural disorders (7.7% vs 2.2%) and diseases of the 
circulatory system (34.8% vs 14.7%).

Discussion

This study found a substantially increased risk of death in 
subjects with opportunistically identifiable VF on CT scans 
obtained during routine practice. This was observed both 
in comparison to subjects with no VF on routine CT scans, 
and – even more pronounced – when compared to a general 
population sample. The difference in mortality rates between 
the cohorts was most notable early after baseline, and the 
mortality became more similar over time. Critically, the 
impact of VF on mortality was strongest in subgroups with 
little or no comorbid conditions, and in those with no prior 
malignancies; it was also stronger in women than in men, 
in those aged 60–79 years, and if the VF was moderate or 
severe. We found no major differences between the VF and 
no VF cohorts in the distribution of cause of death, while 
subjects in the VF cohort died substantially more frequently 
from neoplasms and less frequently from mental and behav-
ioural disorders as well as diseases of the circulatory system 
as compared to the general population sample.

The association between VFs and an increased risk of 
death has been shown previously in terms of both clini-
cal VF as well as radiographic (prevalent) VF [1, 9–17], 
although it must be noted that a few studies generally failed 

Fig. 1  This figure shows the Kaplan–Meier failure functions for the 
cumulative mortality in the analysis population and the scaling analy-
sis population, respectively. Also shown is the adjusted hazard ratio 
(HR) for death in the respective population. Panel a: Subjects with 
VF on the CT scan vs subjects with no VF on the CT scan (analysis 
population). Hazard ratio adjusted for sex, age (tvc), baseline pres-
ence of systemic lupus erythematosus, malignancies, type 1 diabetes 
mellitus, type 2 diabetes mellitus, ever use of antidepressants, and 
ever use of glucocorticoids. Matching lifted to perform this analy-

sis. Panel b: Subjects with VF on the CT scan vs a general popula-
tion comparator cohort (scaling analysis population). Hazard ratio 
adjusted for sex, age (tvc), baseline presence of systemic lupus ery-
thematosus, Bechterew’s disease (ankylosing spondylitis), malignan-
cies, type 1 diabetes mellitus, type 2 diabetes mellitus, and ever use 
of proton pump inhibitors. Matching lifted to perform this analysis. 
CI, confidence interval; CT, computed tomography; general pop., 
general population; GP, general population; HR, hazard ratio; tvc, 
time-varying covariate; VF, vertebral fracture
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to replicate this finding [31, 32]. The first of these two stud-
ies, however, did show that the subgroup of women with 
two or more radiographic VFs had a statistically signifi-
cant 56% increased risk of death as compared to those with 
no VFs; this was not shown in men [31]. The latter study 
showed that women with incident radiographic VFs sus-
tained over an average of 3.7 years had a 32% increased 
mortality in age-adjusted analyses, but this finding disap-
peared in the fully adjusted analyses (relative hazard 1.06 

[95% confidence interval 0.88–1.28]) [32]. The findings 
from our study extend the VF-mortality association to also 
include patient populations with VFs identified opportun-
istically on CT scans. This has only been assessed in one 
prior study, which was confined to a fairly narrow clinical 
context: Jones et al. (Geriatrics, 2020) demonstrated a crude 
cumulative mortality of 68.5% in older subjects (75 + years) 
with VF on CT pulmonary angiograms vs 45.8% in subjects 
without such VFs (p = 0.0063) during up to 3.5–4.5 years of 

Table 4  Subgroup and 
sensitivity analyses for the 
primary outcome

This table demonstrates the subgroup and sensitivity analyses for the primary outcome (risk of death in 
subjects with VF on the CT scan vs subjects without VF on the CT scan; overall results shown in the top 
row). “p” denotes the p-value for interaction
a Adjusted for sex, age (tvc; not included in the adjusted subgroup analysis according to age group), base-
line presence of systemic lupus erythematosus, malignancies, type 1 diabetes mellitus, type 2 diabetes mel-
litus, ever use of antidepressants, and ever use of glucocorticoids. Matching lifted
b According to the reference standard reading for the case in each matching group
CI confidence interval, CT computed tomography, HR hazard ratio, N/A not applicable, tvc time-varying 
covariate, VF vertebral fracture

Crude HR (95% CI) p Adjusted HR (95% CI)a p

Primary outcome: Risk of death 1.59 (1.34–1.89) 1.51 (1.27–1.79)  

Subgroup analyses
Sex
  Male (n = 494)
  Female (n = 433)

1.50 (1.20–1.88)
1.70 (1.31–2.21)

 < 0.001 1.40 (1.11–1.75)
1.68 (1.30–2.17)

 < 0.001

Age group
  50–59 years (n = 81)
  60–69 years (n = 283)
  70–79 years (n = 336)
  80 + years (n = 227)

1.46 (0.77–2.77)
1.81 (1.29–2.54)
1.64 (1.24–2.16)
1.29 (0.95–1.76)

 < 0.001 1.44 (0.76–2.73)
1.84 (1.31–2.59)
1.57 (1.19–2.07)
1.25 (0.92–1.70)

 < 0.001

Number of vertebral  fracturesb

  1 (n = 415)
  2 (n = 233)
  3 (n = 111)
  4 + (n = 168)

1.38 (1.07–1.79)
1.99 (1.43–2.79)
1.32 (0.78–2.26)
1.91 (1.30–2.81)

 < 0.001 1.20 (0.93–1.55)
2.11 (1.52–2.94)
1.47 (0.86–2.52)
1.77 (1.21–2.59)

 < 0.001

Most severe vertebral  fractureb

  Mild (n = 286)
  Moderate (n = 339)
  Severe (n = 302)

1.27 (0.93–1.74)
1.93 (1.45–2.56)
1.63 (1.21–2.19)

 < 0.001 1.20 (0.88–1.65)
1.69 (1.27–2.23)
1.69 (1.26–2.26)

 < 0.001

Position of vertebral fracture(s)b

  Chest (n = 468)
  Lumbar (n = 194)
  Both (n = 265)

1.56 (1.23–1.98)
1.66 (1.14–2.42)
1.59 (1.15–2.19)

 < 0.001 1.49 (1.18–1.88)
1.34 (0.92–1.94)
1.70 (1.23–2.34)

 < 0.001

Charlson comorbidity index score
  0 (n = 358)
  1 (n = 102)
  2 (n = 246)
  3 + (n = 221)

1.67 (1.19–2.35)
2.15 (1.29–3.60)
1.32 (0.97–1.81)
1.18 (0.86–1.62)

 < 0.001 1.67 (1.19–2.33)
2.11 (1.27–3.49)
1.30 (0.96–1.76)
1.24 (0.91–1.68)

 < 0.001

Any malignancy prior to baseline
  No (n = 581)
  Yes (n = 346) 

1.78 (1.40–2.25)
1.34 (1.02–1.74)

 < 0.001 1.76 (1.40–2.22)
1.26 (0.98–1.62)

 < 0.001

Sensitivity analyses
  Not censoring at AOM initiation 1.65 (1.40–1.94) N/A 1.57 (1.34–1.85) N/A
  Only comparators with T1 

through L5 visible
1.17 (0.88–1.54) N/A 1.32 (0.99–1.75) N/A
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follow-up [24]. This is comparable to our mortality estimates 
of 69.2% and 56.9% in those with vs without VFs on routine 
CT scans. As compared to the previous study, the novelty 
of our analyses is observed in the detailed survival analysis 
risk estimates, and the comparison of subjects with VF on 
CT scans to those with no VF on such CT scans (a broader 
source population, thus extending the generalizability of our 
findings) and to a general population sample.

Longitudinal studies have noted an increasing risk of 
death by number and severity of VF (at least numerically) 
in patients with radiographic VF identified purposively at 
baseline [14, 17, 33]. While this has not previously been 
evaluated in subjects with opportunistically identifiable VF, 
we showed a higher risk of death in those with moderate or 
severe VF, whereas in subjects with mild VF the increased 
HR did not reach statistical significance. While the mortal-
ity risk point estimates generally increased with the num-
ber of VFs at baseline, we found the highest risk in those 
with 2 VFs. The reasons for this are not clear, yet it may 
merely reflect a higher base risk in this subgroup, or the 
presence of VF outside the CT field-of-view leading to an 
erroneously low VF count among subjects in this subgroup. 
Another notable finding from the subgroup analyses was the 
higher impact of prevalent VF in those with a CCI-score of 
0 or 1 as compared to a CCI-score of 2 or 3 + . It could be 
speculated that there is a saturation of morbidity, so that 
the baseline risk of death in those with a CCI-score of at 
least 2 is already so high that also having a VF does not 
significantly add to that risk. An analogous inference could 
be made about subjects with vs without prior malignancies; 

subjects with prior diagnosis code(s) for any malignancy 
may be at such increased risk of death that also having a VF 
contributes less to mortality risk than in subjects with no 
prior malignancies. An alternative explanation could arise if 
subjects with advanced disease – leading to a higher risk of 
death – and prevalent VF are less likely to undergo CT scans 
as part of their routine care for other conditions than similar 
subjects without VF (i.e. referral bias based on severity of 
osteoporosis). If present, this would mean that the observed 
risk estimates in VF subjects within the high CCI- and any 
malignancy-strata are underestimated. Finally, we observed 
a reduction in the risk estimate when excluding comparators 
from the analysis population if the full T1 to L5 spine was 
not available on the CT scan. This may reflect that subjects 
undergoing a CT scan including the full thoracolumbar spine 
overall constitute a subpopulation with a particularly high 
risk of death, hence the effect on mortality of prevalent VF 
in this group becomes less impactful. The wide confidence 
intervals of this sensitivity analysis should be noted.

In terms of prevalent comorbidities and risk of death, a 
recent study identified clusters of comorbidities in Danish 
fracture patients, and showed how the excess 1-year mortal-
ity following VF was highest for those patients in the malig-
nant comorbidity cluster, followed by the hepatic and/or 
inflammatory cluster (men only), and then the cardiovas-
cular or diabetic cluster (depending on sex) [34]. If these 
comorbidity clusters translates into distinct causes of death 
was not examined, but several other studies have evaluated 
the cause of death specifically in VF subjects. In a study 
population of all ages, Choi et al. (Spine, 2020) found that 

Table 5  Cause of death according to ICD-10 chapter

This table lists the primary cause of death according to ICD-10 chapter for subjects who died during follow-up (and were not censored due to 
other reasons). ICD-10 chapters not shown if the number of deaths is smaller than five across all cohorts. ICD-10 chapters attributed > 10% of 
deaths in any one of the cohorts highlighted by bold typeface
CT computed tomography, ICD-10 International Classification of Diseases 10th revision, VF vertebral fracture

Analysis population Scaling analysis population

VF on CT scan No VF on CT scan VF on CT scan General population

I: Certain infectious and parasitic diseases n < 5 8 (2.3%) n < 5 n < 5
II: Neoplasms 96 (43.2%) 167 (48.4%) 100 (43.3%) 67 (23.3%)
IV: Endocrine, nutritional and metabolic diseases 5 (2.3%) 8 (2.3%) 5 (2.2%) 8 (2.8%)
V: Mental and behavioural disorders 5 (2.3%) n < 5 5 (2.2%) 22 (7.7%)
VI: Diseases of the nervous system n < 5 n < 5 n < 5 10 (3.5%)
IX: Diseases of the circulatory system 34 (15.3%) 58 (16.8%) 34 (14.7%) 100 (34.8%)
X: Diseases of the respiratory system 33 (14.9%) 42 (12.2%) 35 (15.2%) 36 (12.5%)
XI: Diseases of the digestive system 13 (5.9%) 24 (7.0%) 13 (5.6%) 9 (3.1%)
XIV: Diseases of the genitourinary system 9 (4.1%) 7 (2.0%) 9 (3.9%) n < 5
XVIII: Symptoms, signs and abnormal clinical and 

laboratory findings, not elsewhere classified
9 (4.1%) 12 (3.5%) 11 (4.8%) 15 (5.2%)

XX: External causes of morbidity and mortality 5 (2.3%) 6 (1.7%) 6 (2.6%) 7 (2.4%) 

TOTAL 222 (100.0%) 345 (100.0%) 231 (100.0%) 287 (100.0%)
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larger proportions of subjects died in the VF cohort – as 
compared to a matched general population control group 
without VF – due to infections, neoplasms, neurologic dis-
eases, circulatory diseases, respiratory diseases, digestive 
diseases, muscular diseases, and trauma. While statistically 
significant, the absolute differences between the cohorts 
were negligible (maximum of 0.7%-points of the respective 
cohorts) [12]. In the Study of Osteoporotic Fractures, the 
risks of death due to cancer and pulmonary diseases, respec-
tively, were higher in those with vs those without VF [14]. 
In comparison, Tran et al. (JCEM, 2018) listed the primary 
cause of death in subjects with VF in Denmark, and found 
that the major sources of mortality were diseases of the cir-
culatory or respiratory systems, together with neoplasms 
[15]. We found similar causes of death to be predominant 
across the cohorts. However, while we showed an overall 
increased risk of death in those with vs those without VF 
on CT scans, there were no major discernible differences 
between the cohorts in the distribution of the primary cause 
of death. It may be that presence of a VF in this setting is 
a marker of an overall reduced resilience to adverse health 
events. In the scaling analysis population, a larger proportion 
of deaths in subjects with VF were due to neoplasms, while 
smaller proportions died from circulatory diseases as well 
as mental and behavioural disorders.

Following our study, at least two major topics remain 
unresolved in the discussion of VF and mortality. First, the 
amount of excess mortality due to the VF itself as compared 
to the amount due to comorbidities. While Kanis et  al. 
(Osteoporos Int, 2004) suggested that 28% of the excess 
mortality after a clinical VF was linked to the VF (the rest 
being due to the burden of comorbidities) [3], more research 
is needed to explore the underlying mechanisms and the 
specific contributions of each. Second, interventions to 
modify this increased risk of death need to be explored. To 
this end, one study found that in subjects with any fracture, 
subsequent fractures contributed > 10% to population 
attributable risk of death [11]. Similarly, substantially 
increased risks of death have been shown in subjects with 
any subsequent fracture(s) vs those with only one fracture 
[4], while a study from Taiwan reported significantly 
increased hazard ratios for death during a 2-year follow-up 
in subjects with an index VF and subsequent hip (HR 1.99 
[95% CI 1.87–2.13]), vertebral (1.10 [1.00–1.20]), or upper 
humerus (1.64 [1.39–1.93]) fracture as compared to those 
with only the index VF [35]. Thus, it would be logical to 
infer that avoiding subsequent fractures by treating the 
osteoporosis would reduce mortality risk. In our study, 
31 of 321 and 65 of 606 subjects in the VF and no VF 
cohorts, respectively, sustained at least one fracture after 
baseline [25]; in both cohorts, 42% of these patients died 
during the remainder of the follow-up. While our study 
was not powered for such analyses, the previous findings 

indicate, as noted, that secondary fracture prevention 
may be important in reducing mortality. Accordingly, 
implementation of a fracture liaison service (FLS) has been 
associated with reductions in mortality (adjusted HR 0.84 
[95% CI 0.73–0.96]) in patients belonging to a composite 
index fracture group (hip/pelvis/proximal humerus or tibia/
vertebral/multiple rib/distal femur); a significant reduction 
in mortality was not observed in patients with other fractures 
(similarly pooled in one composite group) [36]. However, 
a meta-analysis of clinical trials of pharmaceutical anti-
fracture treatments for osteoporosis showed no statistically 
significant effect of these treatments on mortality [37]. 
Similarly, Levy and colleagues (2012) found no significant 
effect of vertebro- or kyphoplasty nor osteoporosis treatment 
(alone or in combination, as compared to no treatment) on 
mortality in patients with VF [38], although small numbers 
and residual confounding may have influenced their findings. 
Together, this highlights the need for additional studies on 
the cause and potential mitigation of the excess mortality 
following VF. An important aspect is if VF subjects survive 
long enough to benefit from OM treatment. From the risk 
table in Fig. 1a, 159/321 (50%) of VF subjects remain at risk 
(i.e. alive, residing in Denmark, and not treated with OM) at 
500 days after baseline. It seems reasonable to assume that 
most of these subjects would have benefitted from timely 
VF identification and subsequent fracture risk assessment.

Strengths of this study include the minimal loss to 
follow-up and the possibility for long-term follow-up. 
Furthermore, the use of routine CT scans in an observational 
study design with registry-based follow-up makes the 
results directly applicable to clinical practice; however, 
as this was a single-center study using only CT scans to 
identify baseline VF, generalizability to other countries and 
imaging modalities may be reduced. Another limitation is 
that the referral for the CT scan was not available in this 
study, precluding subgroup analyses according to CT scan 
indication (e.g. trauma, cancer, etc.). Other limitations 
include a risk of residual confounding in the adjusted 
risk estimates, as important mortality risk factors – e.g. 
smoking – are not available in the Danish registers. We 
would, however, expect that most of the risk imparted 
by such missing covariates is reflected in the available 
medical history of the subjects in this trial. Similarly, as 
the covariates applied in the backwards selection procedure 
for the adjusted models were a priori chosen to align with 
the primary outcome of the overarching study (fractures) 
[25], relevant confounders may have been omitted from 
the adjusted analyses. Important covariates – e.g. cancer 
and diabetes – were, however, included in the model 
development. It is important to note that this study does not 
aim to delineate the pathophysiological paths by which the 
presence of a VF may influence survival prospects. This 
would have necessitated a random population screening 



701Osteoporosis International (2024) 35:691–703 

study with invitation to VF imaging and subsequent 
observational follow-up without intervention, something 
that would have been ethically problematic. As can be seen 
clearly in the baseline tables, the patients who undergo CT 
scans are a highly selected population, and the presence of 
some comorbid conditions will increase the probability of a 
CT exam while other comorbidities may have the opposite 
influence. However, this reflects clinical decision-making, 
and only patients who – based on these decisions – undergo 
a CT scan (or other imaging) present an opportunity for 
opportunistic VF identification. Therefore, focusing on this 

group is essential to gain an understanding of the rationale 
for implementing screening for VF.

In conclusion, this study demonstrated that patients with 
VF available for identification on CT scans performed as 
part of routine clinical care and not treated for osteoporosis, 
are at increased risk of death as compared to those without 
visible VF on such scans, and even more so when compared 
to a general population sample. This highlights the impor-
tance of identification and reporting of opportunistically 
identifiable VF, and the need for tailored management strat-
egies to overcome this increased mortality.

Table 6  Baseline characteristics 
of the analysis population 
stratified according to sex

This table shows selected baseline characteristics of the analysis population (subjects with vs without VF 
on CT scan), stratified according to sex
a In the year prior to baseline
CCI Charlson comorbidity index, CT computed tomography, IQR interquartile range, MOF major osteo-
porotic fracture, SD standard deviation, VF vertebral fracture

Male Female

VF on CT scan
N = 172

No VF on CT scan
N = 322

VF on CT scan
N = 149

No VF on CT scan
N = 284

Age, years; mean (SD) 72.2 (9.2) 71.7 (9.1) 74.4 (10.3) 74.3 (9.9)
CCI-score; median (IQR) 2 (0;2) 1 (0;2) 2 (0;3) 1 (0;2)
Any  MOFa; n (%) 5 (2.9%) 5 (1.6%) 24 (16.1%) 9 (3.2%)
Any malignancy; n (%) 69 (40.1%) 112 (34.8%) 58 (38.9%) 107 (37.7%)

Table 7  Baseline characteristics 
of the scaling analysis 
population stratified according 
to sex

This table shows selected baseline characteristics of the scaling analysis population (subjects with VF on 
CT scan vs general population sample), stratified according to sex
a In the year prior to baseline. Not reportable as n < 5 in one or more cells
CCI Charlson comorbidity index, CT computed tomography, IQR interquartile range, MOF major osteo-
porotic fracture, N/R not reportable, SD standard deviation, VF vertebral fracture

Male Female

VF on CT scan
N = 181

General population
N = 543

VF on CT scan
N = 151

General population
N = 453

Age, years; mean (SD) 72.6 (9.2) 72.5 (9.1) 74.5 (10.2) 74.3 (10.4)
CCI-score; median (IQR) 2 (0;2) 0 (0;1) 2 (0;3) 0 (0;1)
Any  MOFa; n (%) N/R N/R N/R N/R
Any malignancy; n (%) 73 (40.3%) 66 (12.2%) 59 (39.1%) 58 (12.8%)

Appendix

Tables 6, 7, and 8
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