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Abstract
Summary In a prospective cohort study of 395 geriatric
outpatients, mortality after 3 years was associated with
prevalent vertebral fractures at baseline. The mortality risk
was independently associated with the presence of three or
more vertebral fractures at baseline. In the surviving

patients, the risk of incident fractures was noteworthy,
occurring in 26 % of these patients.
Introduction The purpose of this study is to determine mor-
tality rate and the incidence of vertebral fractures in a
geriatric outpatient group, during a 3-year follow-up period,
in a teaching hospital in Amsterdam, The Netherlands.
Methods This study includes a prospective cohort study of
395 geriatric patients who had their baseline visit at a
diagnostic day hospital in 2007 and 2008. They were invited
for follow-up 3 years later. Lateral X-rays of the lumbar
spine and chest were performed at baseline and after 3 years;
vertebral fractures were scored in all patients according to
the semi-quantitative method of Genant.
Results After 3 years, mortality was 46 % and associated
with prevalent vertebral fractures at baseline (odds ratio
(OR), 1.83; 95 % CI, 1.23–2.74). The presence of three or
more vertebral fractures at baseline was an independent risk
factor for mortality (OR, 3.32; 95 % CI, 1.56–7.07). Other
independently associated risk factors were greater age,
higher co-morbidity score, and having more prescriptions.
Higher cognitive capacity protected against mortality after
3 years. In 72 patients, radiography was repeated. Nineteen
patients (26 %) had an incident radiographic vertebral frac-
ture: 16 in those with a prevalent fracture, and 3 in those
without a prevalent vertebral fracture at baseline.
Conclusions In geriatric outpatients, mortality after 3 years
was associated with prevalent vertebral fractures at baseline,
and the mortality risk was independently associated with 3 or
more vertebral fractures at baseline. In survivors, the risk of
incident fractures was noteworthy, since these occurred in
26 % of the patients, particularly in those with a prevalent
vertebral fracture.
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Introduction

Vertebral fractures are caused by severe osteoporosis, and
prevalence in older subjects is up to 40 % in various
population-based studies [1, 2]. Prevalence of vertebral
fractures among geriatric patients who visit a diagnostic
day clinic is even higher: in two different cohorts, preva-
lence was approximately 50 % (Van Hengel et al., unpub-
lished data) [3]. Little is known about the incidence of
vertebral fractures during a follow-up period in the very old.
However, in placebo-controlled trials for anti-osteoporotic
medication with older patients at high risk for incident verte-
bral fractures, the incidence of vertebral fractures was in the
range of 15–31.5 % after 3 years [4–7]. In these trials, all
patients had prevalent vertebral fractures, but they were se-
lected for not having chronic diseases and therefore differed
considerably from the majority of geriatric patients.

Vertebral fractures are associated with high morbidity
such as pulmonary involvement, back pain, and a lower
quality of life [8]. Moreover, they are associated with in-
creased mortality in both older men and women [9–12].
These findings are from population-based studies and usu-
ally in community-dwelling elderly populations. The ques-
tion arises whether geriatric patients suffer from the same
morbidities and mortality risk. It could be hypothesized that
geriatric patients, who have high comorbidity, have different
risk factors for an incident or prevalent vertebral fracture. It
was postulated that the frailty syndrome as a clinical entity
could be associated with incident vertebral fractures in old
age.

The present study was conducted to investigate the inci-
dence of vertebral fractures after 3 years of follow-up in a
geriatric population. Secondly, this study aims to investigate
whether prevalent vertebral fractures at baseline were asso-
ciated with a higher mortality rate. Thirdly, quality of life,
burden of pain, mobility and frailty were investigated
among the patients after 36 months of follow-up to identify
possible associations for incident vertebral fractures in this
patient group.

Methods

Participants

Consecutive geriatric outpatients who visited the diagnostic
day hospital at the Slotervaart Hospital for the first time
between April until August 2007 and between January until
February 2008 were invited to participate. Baseline charac-
teristics and methodology were published recently [3]. Their
general practitioner referred them for various reasons in-
cluding: memory complaints, mobility problems, or to help
reduce polypharmacy. A comprehensive geriatric

assessment was performed as a standard procedure on all
these patients. Patients were included in the present study if
they gave written informed consent, or in case of incapacity
to consent, their legal substitute decision makers did.
Patients were excluded if they were not able to undergo
radiographs. The regional research ethical committee of
the Slotervaart Hospital approved the study.

Measurements

At baseline, all patients had a chest X-ray (posterior–anterior
and lateral) and a lateral lumbar spine X-ray. Comorbidity was
scored using the Charlson Index score [13], the most exten-
sively studied comorbidity index for predicting mortality [14].
Functional mobility was measured by the timed get-up-and-go
test (TUG) [15], which is associated with increased fall risk
[16]. Cognitive function was assessed by the minimal mental
state examination (MMSE) [17]. Furthermore, blood samples
for albumin and 25 OH-vitamin D were taken.

Three years after baseline measurements, patients were
invited to attend a follow-up visit. Reasons for non-
attendance at follow-up were recorded. For all patients
who declined the follow-up visit, medical files were
searched for spinal radiography in the follow-up period. In
case of mortality, the general practitioner was asked for
cause of death. At the follow-up visit, radiography was
repeated. Medication was documented. Quality of life was
investigated by the Qualeffo, a 41 self-reporting question-
naire [18]. The perceived burden of pain was assessed with a
visual analogue scale for pain (VAS). The geriatric depres-
sion scale (15 items) [19] was assessed. Frailty was scored
according to the Fried criteria [20]. Frailty was defined as
the presence of three of the next five items: unintentional
weight loss (5 kg in the past year), self-reported exhaustion,
weakness (grip strength), slow walking speed (less than
0.76 m/s), and low physical activity (kilocalories spent per
week for males, <383 and for women, <270 or more than
4 h/day sitting in a chair without walking a longer distance
once per month or biking or jogging [20]).

Diagnosis of vertebral fractures

Two investigators (HJ and MV) scored vertebral fractures
using the semi-quantitative method of Genant [21]. This meth-
od is validated in comparison to quantitative morphometry in
various studies [22, 23]. Fractures were categorized by severity
(grade 1—mild, 20–25 % loss of height; grade 2—moderate,
25–40 % loss of height; and grade 3—severe, >40 % loss of
height) and fracture type (wedge, biconcave, or crush fracture).
When patients had more than one fracture, the most severe
fracture was categorized. The two observers scored every X-
ray separately for vertebral fractures. In cases where the con-
clusion did not match, consensus was reached by discussion.
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This diagnosis was considered as gold standard. Discussion
was needed in 7 % of the cases, which matches a kappa of
0.73. Incident vertebral fractures were defined as a new verte-
bral fracture, in a vertebra without a preexisting fracture.
Vertebral fractures with progression during follow-up, e.g., a
grade 1 vertebral fracture became a grade 2 or 3 vertebral
fracture, were categorized separately.

Statistics

The Statistical Package for the Social Sciences (version 18.0
for Windows, SPSS, Inc., Chicago IL.) was used for statis-
tical analyses. Baseline data were analyzed for two groups:
patients alive after 3 years and those deceased during
follow-up. In addition, baseline characteristics were com-
pared between the group of non-returners who were still
alive after 3 years and could have returned and patients who
did return for follow-up. The patients examined at follow-up
were categorized into two groups: those with incident ver-
tebral fractures and those without.

Values of TUG above two standard deviations of the
mean (>40 s) were considered outliers and left out of further
analysis. After this adjustment, all variables met the normal-
ity assumptions and parametric tests were used. For univar-
iate analyses, Chi-square tests were used for categorical
variables and independent t tests were used for continuous
variables. Thereafter, binary logistic regression analysis was
performed to select risk factors for mortality. All variables
with p<0.10 were included in the multivariate analysis,
adjusted for sex. The TUG was completed by less than
50 % of the patients, due to severe immobility, and was
therefore left out of the regression analysis. Both forward
and backward analysis was used, and both methods showed
the same risk factors. A two-sided probability of p<0.05
was considered statistically significant.

For group differences between the returners and the non-
returners who might have returned, (leaving out the deceased,
terminally ill, the severe immobile patients, and the dementia
patients), the Chi-square test for categorical variables was
used, and one-wayANOVA for continuous variables. Because
of the selection of returned patients in comparison to the non-
returners and the small groups size, we did not perform a
multivariate regression in this group. To describe the chance
of an incident vertebral fracture for patients with a prevalent
fracture, the Chi-square test was used.

Results

At baseline, 442 patients were screened, of whom 395 were
included in the study. The baseline characteristics of the
cohort are described in Table 1. Fifty-two percent of the
patients had prevalent vertebral fractures, the mean age was

82 years, and 63 % was female. After a follow-up period of
3 years, 182 (46 %) patients had died, 47 % of the men and
45 % of the women.

Mortality

The baseline characteristics of the deceased patients and of
the patients alive after 3 years are shown in Table 1. Both
groups differed significantly at baseline: deceased patients
were older (84 vs. 81 year; p<0.001), had a higher risk of
previous hip fracture (18 % vs. 6 %; p00.005), more chron-
ic diseases (mean, 2.8 vs. 1.7; p<0.001), more prescriptions
per patient (6.1 vs. 4.9; p00.002), a lower serum albumin
(35.0 vs. 36.9.0 g/l; p<0.001), and more often a prevalent
vertebral fracture (61 % vs. 46 %; p00.003).

In the second column of Table 1, the univariate analyses
are shown. The odds ratio (OR) for the chance of dying in
the follow-up period for patients with a prevalent vertebral
fracture is 1.83 (95 % CI, 1.23–2.74), compared with the
patients without a vertebral fracture at baseline. The pres-
ence of a more severe prevalent vertebral fracture raises the
odds of mortality during follow-up: patients with a grade 3
fracture as their most severe fracture had an OR for death of
3.12 (95 % CI, 1.76–5.52) compared with no vertebral
fracture at baseline. The number of prevalent vertebral frac-
tures raises the OR of mortality to 3.07 (95 % CI, 1.61–5.84)
for three or more vertebral fractures.

Multivariate regression analysis (third column of Table 1)
showed several independent risk factors for mortality in this
cohort. For every year of incremental age at baseline, the odds
of dying is raised by a factor of 1.06 (95%CI, 1.02–1.27). For
every point on the Charlson index, the risk of dying was also
elevated (OR, 1.46; 95 % CI, 1.18–1.82). Likewise, every
additional prescription elevated the chance of dying too (OR,
1.15; 95 % CI, 1.04–1.28). A higher score on the MMSE
(every point in this test above the mean of 21 points) was
independently associated with survival (OR, 0.94; 95 % CI,
0.89–0.99). Presence of a grade 3 vertebral fracture at baseline
was not independently associated with mortality at 3 years,
but the presence of three or more vertebral fractures at baseline
was after multivariate regression independently associated
with mortality (OR, 3.32; 95 % CI, 1.56–7.07).

Cause of death was known in 48 % (88 of 182) of the
cases. There were no differences between deceased patients
with and without prevalent vertebral fractures for cause of
death (p value of 0.53; data not shown).

Incident vertebral fractures

Of the 395 included patients at baseline, only 149 could have
attended a follow-up visit (182 deceased, 15 severe immobile
patients, 44 patients with dementia or living in nursing homes,
and 5 terminally ill (395–2460149; Table 2). Only 50
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patients, of whom 37 were women, were able and willing to
come back to the hospital for a follow-up visit after invitation.
The non-returned patients had multiple reasons for declining
the invitation (Table 2). Twenty-two non-returning patients (of
whom 13 women) from the cohort had radiography of the
chest and or lumbar spine during follow-up time for various
reasons. The mean time to follow-up of the 22 patients was
29 months (range, 10–39 months; median, 28 months). The
baseline characteristics of the 50 and 22 patients (72/1490
48 % of the total baseline cohort) are described in Table 3.
Compared with non-returners who could have attended a
follow-up, the returners and the 22 who had radiography,
had a higher prevalence of vertebral fractures at baseline
(p00.04). Their cognitive function measured with the MMSE
was higher than the non-returners (p00.01). Four patients
used anti-osteoporotic medication at the return visit.

Incident vertebral fractures occurred in 19 of the 72 (26 %)
patients; three patients had a worsening of their prevalent
vertebral fracture, and 50 had no change on their radiography
(Fig. 1). Sixteen of the 39 (41 %) patients with a prevalent
vertebral fracture had an incident fracture. Of the 33 patients
without a prevalent vertebral fracture, only 3 (9 %) had a new
vertebral fracture. The OR that a patient with a prevalent
fracture at baseline suffers from an incident vertebral fracture

in the next 3 years, compared with the patient without a
prevalent vertebral fracture was 6.4 (95 % CI, 1.68–24.77; p
value of 0.006).

Quality of life, pain, mobility, and frailty

Of the 50 patients who had a return visit, quality of
life, pain, functional mobility, and frailty were assessed

Table 1 Baseline characteristics of the 395 patients as risk factors for mortality

n0213 alive
after 3 years

n0182
deceased

Univariate analysis Multivariate analysis

Odds ratio 95 % CI p value Odds ratio 95 % CI p value

Age (mean (SD)) 81 (6.7) 84 (6.6) 1.08 1.04–1.11 <0.001 1.06 1.02–1.27 0.02

Sex (% females) 67 % 65 % 0.91 0.60–1.38 0.67 1.47 0.86–2.51 0.16

Hip fracture in history (%) 12 (6 %) 33 (18 %) 2.56 1.35–4.85 0.005 0.39 0.13–1.19 0.97

Comorbidity score (mean (SD)) 1.7 (1.5) 2.8 (1.8) 1.50 1.31–1.72 <0.001 1.46 1.18–1.82 0.001

Prescriptions (mean (SD)) 4.9 (3.3) 6.1 (3.7) 1.10 1.03–1.17 0.003 1.15 1.04–1.28 0.009

BMI (mean (SD)) 26.1 (4.6) 25.3 (5.2) 0.96 0.28–1.01 0.14

Current smoking (%) 17 % 20 % 1.14 0.63–2.09 0.76

25(OH)Vit D (nmol/L; mean (SD)) 37.4 (20.9) 41.4 (28.2) 1.01 1.00–1.02 0.22

Serum albumin (g/l; mean (SD)) 36.9 (4.9) 35.0 (4.7) 0.92 0.88–0.96 <0.001 0.97 0.89–1.05 0.44

MMSE (mean (SD)) 23 (5.4) 21 (5.7) 0.93 0.90–0.97 0.001 0.94 0.89–0.99 0.005

TUG (mean in s (SD)) 13.8 (5.3) 18.7 (7.2) 1.13 1.07–1.19 <0.001

VF of any kind (% at baseline) 98 (46 %) 110 (61 %) 1.83 1.23–2.74 0.003 0.85 0.42–1.72 0.66

VF adjusted for severity

Grade 1 fractures (%) 38 (18 %) 34 (19 %) 1.07 0.64–1.79 0.80

Grade 2 fractures (%) 40 (19 %) 32 (18 %) 0.93 0.56–1.56 0.90

Grade 3 fractures (%) 20 (9 %) 44 (24 %) 3.12 1.76–5.52 <0.001 1.80 0.82–4.00 0.15

VF adjusted for number of VF

1 VF 52 (24 %) 49 (27 %) 1.16 0.74–1.82 0.56

2 VF 31 (14 %) 27 (15 %) 1.04 0.59–1.81 1.00

3 or more VF 15 (7 %) 34 (19 %) 3.07 1.61–5.84 0.001 3.32 1.56–7.07 0.002

MMSE minimal mental state examination, TUG timed up and go test (completed by less than 50 % patients, left out of multivariate regression
analysis), VF vertebral fractures

Table 2 Lost to follow-up after 3 years of 395 patients, 50 returned,
and 345 are listed

Number (%)

Deceased 182 (46 %)

Refused 59 (15 %)

Severe immobility 15 (4 %)

Dementia and or living in nursing home 44 (11 %)

Terminally ill 5 (1 %)

Lost to follow-up 21 (5 %)

Moved outside the area 19 (5 %)

Among these 345, there were 22 patients who did have radiography
during follow-up for various reasons but did not return. Of them, 11
refused, 1 deceased, 5 lived in nursing home, 3 were severe immobile,
1 terminally ill, and 1 lost to follow-up at 36 months
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among 45 patients. Of the remainder, four patients had
severe cognitive impairments and did not understand
and complete the tests and one patient gave consent
for radiography but did not complete the questionnaire.
The scores of the Qualeffo, VAS pain score, TUG,
walking speed test, and the frequency of frailty, were
not significantly different between the group with inci-
dent vertebral fractures and the group without incident
fractures (Table 4).

Discussion

The present study was conducted to determine the mor-
tality and the incidence of vertebral fractures after 3 years
among geriatric outpatients. There was a high mortality
rate in this cohort (as expected), and mortality was

independently associated with three or more vertebral
fractures at baseline.

In the surviving patients who were reassessed, there was
a high incidence of vertebral fractures (26 %). This is
particularly remarkable since the returning patients at the
outpatient clinic after 3 years of follow-up were healthier at
baseline than the non-returners.

To our knowledge, this is the first study that inves-
tigated prevalent vertebral fractures and the association
with mortality in geriatric outpatients. There are recent
studies showing the association between (asymptomatic)
vertebral fractures and mortality [10–12], but none of
these studies had predominantly patients of this high
age.

High mortality rates of 46 % after 3 years are not
surprising in geriatric outpatients who were over 82 years
at baseline, with high frequencies of functional impair-
ment and chronic diseases. Compared with the Dutch
national statistics, mortality in this study was doubled
for both sexes, because in the general population of
Dutch population of persons aged 82 years, 3-year mor-
tality rates were 28 % for men and 19 % for women
[24]. Although a lot of risk factors for mortality were
present, which reflect the underlying health status in this
population, it is striking that in this patient group mor-
tality was also independently and strongly associated
with three or more vertebral fractures at baseline. There
are studies showing that clinical fractures are indepen-
dently associated with mortality [25, 26], but there are
also studies showing the opposite [27–30]. There are two
other studies [31, 32] which showed that prevalent vertebral
fractures and mortality in older women is independently as-
sociated. It has also been reported earlier that there is an

Table 3 Baseline characteristics of the returners vs. non-returners

n077 might have returned
but did not

n050 returned n022 refused participation
but had radiography

p value

Age at baseline (mean (SD)) 81 (6.9) 79 (6.1) 79 (7.1) 0.14

Sex (% females) 70 % 74 % 59 % 0.45

Vertebral fractures (overall prevalence) 27 (35 %) 27 (54 %) 13 (59 %) 0.04

% grade 1 VF as most-severe fracture 12 (16 %) 11 (22 %) 5 (23 %) 0.24

% grade 2 or 3 VF as most-severe fracture 20 (29 %) 16 (32 %) 8 (35 %) 0.03

Comorbidity score (mean (SD)) 1.8 (1.5) 1.3 (1.3) 1.4 (1.2) 0.12

Number of prescriptions (mean (SD)) 5.4 (3.5) 4.8 (3.5) 5.2 (3.2) 0.70

BMI (mean (SD)) 25.7 (4.3) 26.5 (3.9) 27.6 (5.0) 0.20

Current smoking (%) 17 % 20 % 18 % 0.80

25(OH)vitamin D (nmol/L; mean (SD)) 33.5 (22.2) 40.9 (18.7) 34.3 (21.3) 0.27

Serum albumin (g/l; mean (SD)) 36.7 (4.8) 38.3 (3.9) 36.5 (6.7) 0.15

MMSE (mean (SD)) 23 (5.4) 25 (3.8) 24 (4.7) 0.01

Timed up and go test (mean in s (SD)) 13.2 (4.9) 14.3 (5.1) 14.6 (7.3) 0.58

MMSE minimal mental state examination, TUG timed up and go test

Fig. 1 Distribution of the patients with radiography during follow-up
and after 3 years. Nineteen incident vertebral fractures (VF) have
occurred; 16 in the group with prevalent VF at baseline
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association between the number of vertebral fractures and
mortality [10, 11, 33] but not independently.

Vertebral fractures in geriatric patients appear to affect
mortality, but its pathway is not fully elucidated. It could be
that mortality and vertebral fractures are outcomes of the
same underlying factor: age is probably the most important
one. One possibility we did not test was that increasing the
number of vertebral fractures had an adverse affect on
respiratory function through the deforming effects of spinal
kyphosis. In addition, the so-called frailty syndrome is an-
other option. Frailty was identified as independent predictor
for recurrent falls, hip fracture, and death in a population-
based study of women over 80 years old [30]. Unfortunate-
ly, several definitions of the frailty syndrome exist. It is a
limitation of this study that the frailty syndrome was not
measured at baseline.

Only 50 patients had a return visit, and 45 % (72/159) of
the patients who could have returned after 3 years, had radi-
ography during follow-up period. This low number is typical
for this patient group and shows the difficulty of follow-up
studies with a long interval in patients with high comorbidity,
severe immobility, and limited life expectancy. Although this
study did not have many returners, it was a strength that data
of the lost to follow-up patients were collected.

This study also shows that the patients who did come
back for the return visit were the healthier members of the
cohort—the so-called healthy cohort effect [34]. They were
significantly younger, had less comorbidity, and less cogni-
tive disorders at baseline than patients who were not able to
return. Remarkably, returning patients had a higher preva-
lence of vertebral fractures at baseline.

The returning patients had a high incidence rate for
vertebral fractures, but there was a possible underestimation
of the high incidence in the present study. The 22 patients
with radiography during follow-up had a mean follow-up
time of 29 months, and the patients without an incident
vertebral fracture in this group could have had an incident
vertebral fracture some time later but within the 36 months.

In particular, the geriatric patients with prevalent verte-
bral fractures had a very high chance (41 %) of suffering
from an incident vertebral fracture in the next 3 years. This

high rate exceeds the incidence rates of placebo-controlled
trials in osteoporotic patients [4–7] and has not been de-
scribed before. Although these patients would quite likely
have been offered anti-osteoporotic medication, they were
not taking such medication at the return visit. Non-
adherence for oral anti-osteoporotic medications in the gen-
eral population is reportedly up to 50 % at 1 year [35];
theoretically, it can be expected that the non-adherence rate
is even higher in the elderly. Because of the high incidence
of vertebral fractures in this patient group with prevalent
vertebral fractures at baseline, anti-osteoporotic medication
should be proposed more energetically. There are several
well-tolerated anti-osteoporotic drugs, which are also effec-
tive in the older population [36].

Our hypothesis that the patients with an incident vertebral
fracture had more pain, lower quality of life, and were more
frail, was not confirmed in this study, probably related to the
small proportions of patients returning for follow-up. Qual-
ity of life scores were adverse in both groups, suggesting
that in the oldest old who come to attention of this clinical
service quality of life is generally poor. Frailty was more
often present in the group of patients with incident vertebral
fractures and had a trend to significance.

Conclusions

In geriatric hospital outpatients aging an average of 82 years,
about half had at least one vertebral fracture at recruitment.
Mortality at 3 years was associated with prevalent vertebral
fractures at baseline, and the risk of death was independent-
ly associated with three or more vertebral fractures. In
survivors who lived for 3 years and were examined radio-
logically, the incidence of new vertebral fractures was re-
markably high at 41 % of those with a prevalent vertebral
fracture at baseline vs. 9 % in those without. The presence of
vertebral fractures in this age group increases substantially
the risk of further vertebral fractures and is associated with
increased mortality when they become multiple. The oppor-
tunity to protect these frail patients with anti-fracture med-
ication is currently being missed.

Table 4 Quality of life, mobili-
ty, pain and frailty, after 3 years
of follow-up

Data of 45 patients

GDS geriatric depression scale,
TUG timed up and go test, VAS
visual analogue scale

No incident VF Incident VF p value
n034 n011

Qualeffo score (mean (SD)) 48.9 (23.2) 57.8 (13.2) 0.23

GDS score (mean (SD)) 3.9 (3.2) 4.4 (2.9) 0.68

TUG (mean in s (SD)) 11.8 (6.0) 12.3 (9.1) 0.84

Grip strength (mean in kg (SD)) 24.9 (12.2) 22.4 (7.5) 0.53

Walking speed (mean in m/s (SD)) 0.94 (0.27) 0.98 (0.40) 0.69

VAS pain score (mean (SD)) 4.6 (3.7) 5.0 (3.4) 0.75

Frailty (number of patients (%)) 6 (18 %) 5 (45 %) 0.08
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