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A B S T R A C T

Background and objectives: Elderly patients with end-stage kidney disease (ESKD) are at high risk for fractures.
However, the prevalence of vertebral fractures and hyperkyphosis is not studied well. This is relevant, because in
the general population, both vertebral fractures and hyperkyphosis are associated with poor outcome. Therefore,
the primary aim of our study was to assess the prevalence of vertebral fractures and hyperkyphosis in the ESKD
population. The secondary aim was to assess if patients with vertebral fractures and/or hyperkyphosis more
often have poor outcome after starting dialysis, such as accidental falling, functional decline and mortality
compared to the patients without vertebral fractures and/or hyperkyphosis.
Design, setting, participants & measurements: This study included patients ≥65 years with ESKD who were en-
rolled in the Geriatric assessment in Older patients starting Dialysis (GOLD) study of whom a lateral chest
radiograph was available. Chest radiographs were scored independently by two observers for vertebral fractures
(Genant ≥1) and hyperkyphosis (≥50 degrees). The relation between vertebral fractures and hyperkyphosis
with clinical outcomes (falls, decline in ADL and IADL, mortality) was studied using the Chi-square test.
Results: Of the 196 enrolled patients, chest radiographs were available for 160 patients. Mean age was 75.3
(SD±6.9), and 35% were female. The prevalence of vertebral fractures was 43% and of hyperkyphosis 22%.
Patients with hyperkyphosis had a higher one-year mortality compared to patients without hyperkyphosis (20%
vs. 8%, p= 0.04). No differences were observed between patients with and without hyperkyphosis, vertebral
fractures and the remaining outcomes after six months of follow-up.
Conclusions: In patients ≥65 years old with ESKD starting dialysis, vertebral fractures are highly prevalent. In
contrast to the general population, patients with vertebral fractures did experience poor outcome as often as
patients without vertebral fractures. Remarkably, patients with hyperkyphosis did have a higher one-year
mortality. However, these patients did not experience more functional decline or accidental falls.

1. Introduction

In the Western world, approximately 40% of the population with
end-stage kidney disease (ESKD) is older than 65 years [1,2]. Both age
and ESKD are associated with an increased risk of fractures [3]. Elderly
ESKD patients are more prone to falls, due to decreased postural re-
flexes [4], neurological and cardiovascular comorbidity and

neurosensory impairment [5]. Besides a higher risk of falls, osteody-
strophy and osteoporosis increase the risk of fracture even further. For
example, previous research showed a four times higher risk of hip
fractures when patients were treated with dialysis compared to patients
of the same age without ESKD [6–8]. However, the prevalence of ver-
tebral fractures in patients with ESKD has a broad range with pre-
valence ranging from 10 to 55% [9–15].
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In regular care of patients with ESKD, a chest radiograph is com-
monly performed. Besides amount of fluid retention and infection, these
radiographs can also provide information about the condition of a large
proportion of the vertebrae. Furthermore, these radiographs can be
used to measure the kyphosis angle of the thoracic spine. Previous re-
search in the non-ESKD population showed that vertebral fractures
could lead to back pain [16], future fractures [17], reduced physical
performance [18] and an increased curvature of the thoracic spine in
the sagittal plane (thoracic hyperkyphosis) [19]. Furthermore, both
vertebral fractures and hyperkyphosis are associated with an increased
mortality [16,20]. Based on this information, it is possible that ver-
tebral fractures and hyperkyphosis in elderly patients with ESKD who
are initiating dialysis are also associated with poor outcome. If ver-
tebral fractures and/or hyperkyphosis are associated with poor out-
come, these could provide an opportunity to improve decision-making
considering dialysis in the elderly patient with ESKD.

Therefore, the primary aim of the current study was to evaluate the
prevalence of vertebral fractures and hyperkyphosis on lateral chest
radiographs in a population with end-stage kidney disease initiating
dialysis; the secondary aim was to assess if patients with vertebral
fractures or hyperkyphosis more often experience poor outcome such as
accidental falling, functional decline and mortality.

2. Materials and methods

2.1. Study participants

Data were used from the Geriatric assessment in Older patients
starting dialysis (GOLD) study. This is a multicenter, prospective cohort
study assessing the relation between a geriatric assessment and out-
come in patients with end-stage kidney disease (ESKD). The study was
also designed to assess the prevalence of vertebral fractures, accidental
falls and functional change in elderly patients initiating dialysis.
Participants were enrolled from 17 centers across the Netherlands in the
period from August 2014 to September 2017. Patients initiating dialysis
(peritoneal dialysis (PD) and hemodialysis (HD)) who were≥ 65 years
were included. Patients were recruited from the pre-dialysis outpatients
clinics by their treating nephrologists. The aim was to include patients
eligible for dialysis between 3weeks before and 2weeks after dialysis
initiation. Patients were excluded if informed consent was not provided,
if they had insufficient understanding of the Dutch language, or if they
suffered from a terminal nonrenal-related condition. If inclusion criteria
were met, patients were contacted by one of the researchers or research
nurses to make an appointment for inclusion. After six months patients
were contacted by telephone for follow up. Furthermore, data on six-
month mortality was collected from each center. Because six-month
mortality was lower than expected, we decided to extend the follow-up
of mortality to one year.

The study was conducted in accordance with the declaration of
Helsinki and approved by the medical ethics review boards of all par-
ticipating hospitals. Written informed consent was obtained from all
patients before enrollment.

2.2. Data collection

2.2.1. Baseline
For the geriatric assessment, participants were either visited at

home (on a nondialysis day for patients on hemodialysis) or in the
dialysis center before starting the dialysis session. The assessments were
performed by one of the investigators (N.G., I.v.L) or one of the trained
research nurses. Baseline demographic data collected from the medical
charts and during the geriatric assessment included age, sex, living si-
tuation and number of medications. Other clinical characteristics in-
cluded cause of kidney failure, dialysis modality, body mass index
(BMI), intoxications (alcohol use, smoking habit) and laboratory results
(albumin, phosphate, PTH and calcium). Functional performance was

assessed using the Katz-6 scale for basic activities of daily living (ADL)
[21] and the Lawton & Brody scale for instrumental activities of daily
living (IADL) [22]. An impaired (I)ADL was defined as one or more
impaired items. The cumulative incidence rating scale for geriatrics
(CIRS-G) was assessed as a measure for co-morbidity burden based on
the patients' medical charts [23]. Severe comorbidity burden was de-
fined as ≥2× score 3 or ≥1× score 4. Mobility was measured by the
Timed Up and Go test (TUG). If the TUG was completed in<10 s,
mobility was considered normal, 10 to 20 s was defined as mildly im-
paired and>20 s as severely impaired [24]. The cognitive function of
the participants was assessed through the Mini Mental State Examina-
tion (MMSE) [25]. Cognitive impairment was defined as an MMSE score
lower than 25. For depression the Geriatric depression scale 15 ‘GDS-
15’ was used. Depression was defined as a score above 5 [26].

To assess frailty the Fried Frailty Index was used [27]. This is a 5-
item questionnaire that assesses malnutrition (unintentional weight loss
≥4.5 kg or ≥5% body mass in the last year), exhaustion (self-report),
weakness (reduced handgrip strength [28]), slow gait (≥6 s for 4m)
and low physical activity (men<393 kcal/week; women<280 kcal/
week). A score of 3 or more was considered as frail [27].

2.2.2. Follow-up
All patients alive six months after inclusion were interviewed by

phone by a research nurse or investigator. During this interview,
questionnaires about functional status (ADL, IADL) were completed.
For baseline and follow-up, the number of functional dependencies in
ADL and IADL were counted. If there were more dependencies (≥1) at
follow-up in ADL or IADL, this was defined as functional decline.

Furthermore, patients were interviewed about accidental falls. Falls
were defined according to the World Health Organization as ‘an event
which results in a person coming to rest inadvertently on the ground or
floor or other lower level’ [29]. Frequent falls were defined as two or
more accidental falls. When patients had fallen, but no number of falls
was available, this was scored as less than two falls.

2.3. Diagnosis of vertebral fractures

A lateral chest radiograph was taken in the period of six months
before or six months after initiation of dialysis of each dialysis patient.
Although this was part of the study design, most radiographs were al-
ready performed in regular care. In two centers (29 participants) there
was no financial agreement on the costs of performing a chest radio-
graph. Therefore, in these centers, only chest radiographs that were
performed in regular care were used for assessment. Every lateral chest
radiograph was scored independently by two observers (NG, MK) for
vertebral fractures. Chest radiographs were analyzed by using the semi-
quantitative method of Genant [30]. All radiographs were re-read in
consensus readings and verified by an expert geriatrician (HW). If case
findings were different, defined as a different Genant score or a dif-
ference between the presence of vertebral fractures, the diagnosis of the
expert (HW) was considered as gold standard. In 42 out of 1775 as-
sessable vertebrae (2%) the diagnosis of the third observer led to a
different score. Fractures were categorized by severity: grade 1
(20–25% loss of height), grade 2 (25–40% loss of height) and grade 3
(> 40% loss of height).

Based on Genant scores a summary number for the severity and the
number of the vertebral fractures was calculated by dividing the sum of
the abnormal grades by the number of vertebrae that could be assessed
per patient. For example, a patient with a grade 2 and a grade 3, with
11 assessable vertebrae, gives a score of ((2+3) / 11=0.45).

2.4. Kyphosis measurement

To quantify the thoracic kyphosis, the modified Cobb angle was
used [31]. This is the angle measured between the superior endplate of
the 4th and the inferior endplate of the 12th thoracic vertebrae.
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Hyperkyphosis was defined as an angle of 50 degrees or higher. This is
one of the most commonly used cut-off values in elderly patients
[32,33].

2.5. Statistical analysis

Data were analyzed using the Statistical Package for the Social
Sciences (version 25.0 for Windows, SPSS, Inc., Chicago IL.). Included
patients were compared with excluded patients (patients in whom no
chest radiograph was available) for baseline characteristics.
Furthermore, we compared patients with vertebral fractures (grade
≥1) on the chest radiograph with patients with no vertebral fractures
and patient with hyperkyphosis with patients with normal kyphosis
angle for baseline characteristics and outcome (accidental falling,
functional decline, mortality). Differences between groups were eval-
uated using the Chi-square test for categorical variables or the Fisher
exact test in case of low number of events (n≤ 5), independent t-tests
for continuous variables that were normally distributed and Wilcoxon
rank sum test for non-parametric continuous data. The association be-
tween severity of vertebral fractures (summary score) and grade of
kyphosis angle was assessed by using univariate linear regression.
Categorical data were reported as proportions, continuous variables
were reported as mean with standard deviation (SD) or median with
interquartile range (IQR). A two-sided probability of p < 0.05 was
considered statistically significant. Outcomes were calculated with a
95% confidence interval (95% CI).

3. Results

3.1. Baseline characteristics

This analysis includes all incident dialysis patients included in the
GOLD-study (n= 196) of whom a lateral chest radiograph was avail-
able (n=160). Baseline data of excluded incident dialysis patients
(n=36) is shown in Appendix 1. No differences were found in baseline
data between included and excluded patients. The mean age of the
included patients was 75.3 (SD ± 6.9), and 35% were female. The
majority of the patients was living at home (94%). The main cause of
end-stage kidney disease was vascular disease (53%), followed by dia-
betes (14%). At baseline, 29% of the patients was dependent in ADL and
80% was dependent in IADL. Most frequently impaired domains in ADL
were bathing (18%), incontinence (18%) and dressing (14%). Most
frequently impaired domains in IADL were doing laundry (53%),
medication use (46%) and housekeeping (44%). Regarding mobility,
63% was not able to perform the Timed up and Go test within 10 s (of
whom 8 patients (5%) were immobile). Sixty-six percent of the patients
was considered frail according to the Fried Frailty Index.

3.2. Prevalence of vertebral fractures

A mean of 11 (SD±1.4) vertebrae could be analyzed per patient. Of
all patients, 68 (43%) had one or more vertebral fractures (median 1.0,
IQR 1.0). Highest grade of fracture per patient were Genant 1 in 36
patients (23%), Genant 2 in 25 patients (16%) and Genant 3 in 7 pa-
tients (4%). Of all fractures, most frequently fractured vertebrae were
the 7th thoracic vertebra (16%), the 12th (9%) and the 8th thoracic
vertebra (6%). Baseline data for the included patients are shown in
Table 1. Patients with vertebral fractures were more impaired in ADL
(40% vs. 21% in patients without vertebral fractures, p= 0.01). No
differences were seen in demographics, medical history, additional
measurements (BMI, TUG, symptoms of depression, impaired cognition,
impaired (I)ADL), laboratory results and frailty measurement. Baseline
data for more severe fractures (Genant ≥2) are shown in Appendix 3.

3.3. Prevalence of hyperkyphosis

Baseline characteristics of participants with and without hyperky-
phosis are shown in Table 1. Of all patients, 35 (22%) had hyperky-
phosis (defined as a Cobbs angle of ≥50 degrees). Compared to the
patients without hyperkyphosis, patients with hyperkyphosis were
more frequently female (50% vs. 30%, p=0.02), had a lower BMI
(median 24.1 (IQR 5.8) vs. median 26.3 (IQR 6.8), p= 0.04) and more
patients experienced accidental falls in the six months before inclusion
(45% vs. 25%, p=0.03). Furthermore, patients were more impaired in
ADL at baseline (46% vs. 24%, p=0.01) and were more frequently
living in a nursing home (14% vs. 3%, p= 0.01).

3.4. Relation between severity of vertebral fractures and kyphosis

The mean severity score of vertebral fractures was 0.09 (SD 0.17)
and the mean kyphosis angle 41.00 (SD 10.84). A higher vertebral se-
verity score was associated with a larger kyphosis angle (B 21.35, 95%
CI 12.1–30.6, p≤ 0.001). This explained 11.6% of the variance of the
degree of kyphosis.

3.5. Outcome after six months and one year

Outcome data on mortality were available for all patients (n=160)
and data on functional decline and accidental falling for 144 patients
(Table 2). Six patients were lost to follow-up. After six months of
follow-up, 10 of the included patients died and 3 patients received a
kidney transplant. Of the patients still alive after six months, 27 (18%)
declined in ADL and 65 (42%) patients declined in IADL. Domains that
declined most were doing laundry (60% vs. 53% at baseline, p= 0.05)
and self-administering medications independently (57% vs. 46%,
p=0.02) (Appendix 2). Forty-one patients (26%) experienced a fall in
the six months after initiation of dialysis. Of these patients, 13 patients
experienced ≥2 falls. After one year of follow-up another 7 patients
had died (total of 17 patients).

Patients with hyperkyphosis had a higher one year mortality com-
pared to patients without hyperkyphosis (20% vs. 8%, p= 0.04). No
differences were seen in outcome when comparing patients with ver-
tebral fractures to patients without vertebral fractures.

3.6. Relation between vertebral fractures, hyperkyphosis and outcome
variables (accidental falls, functional outcome and mortality)

Fig. 1 shows the distribution of patients per outcome (accidental
falling, functional decline, six-month and one-year mortality) the pro-
portion of patients with hyperkyphosis, vertebral fractures or both. For
patients that died within six months, no follow-up data was available on
accidental falling and decline in ADL and IADL. Of the included pa-
tients, 24 (16%) patients had both hyperkyphosis and vertebral frac-
tures and 81 patients (51%) had no vertebral fractures and no hy-
perkyphosis. Of the 24 patients with both hyperkyphosis and vertebral
fractures 29% died within one year (compared to 0% for patients with
only hyperkyphosis, 5% for patients with only vertebral fractures and
10% with no vertebral fractures and no hyperkyphosis, p= 0.02). Data
on one-year mortality, hyperkyphosis and vertebral fractures is shown
in Table 3. Accidental falling and functional decline were not associated
with the presence of hyperkyphosis or vertebral fractures.

4. Discussion

In this prospective multicenter cohort study of 160 elderly incident
dialysis patients, 43% of the patients had vertebral fractures, 22% had
hyperkyphosis, and 16% had both vertebral fractures and hyperky-
phosis. After six months of follow-up, patients with vertebral fractures
and/or hyperkyphosis experienced functional decline, accidental falling
and mortality as often as patients without vertebral fractures or
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hyperkyphosis. Remarkably, after one year of follow-up, 20% of the
patients with hyperkyphosis had died compared to 8% of the patients
without hyperkyphosis. This mainly concerns the 24 patients with both
hyperkyphosis and vertebral fractures of whom 29% died within one
year.

The prevalence of vertebral fractures in our study was in the upper
range compared to previous studies in the elderly dialysis population
(mean age ranging from 64 to 72 years) that have found a prevalence

ranging from 10 to 55% [9–12,14,34]. However, study results are dif-
ficult to compare because of the use of different methods to assess
vertebral fractures, different cut-off values to define fractures (> 20%
vs.> 25%), and the amount of vertebrae assessed. Interestingly, a
Dutch population based cohort study with a comparable age (mean
75.8 years) has found a prevalence of vertebral fractures of 47% [35].
This is strikingly similar to the prevalence in our dialysis population
(43%), particularly considering that only 1% of this population based

Table 1
Baseline characteristics vertebral fractures (Genant ≥1) vs. no fractures and hyperkyphosis vs. normal angle.

Vertebral fracture
(n= 68)

No/mild fractures
(n=92)

p value Hyperkyphosis (n= 35) Normal kyphosis
(n= 125)

p value

Demographics
Age, (mean, SD) 75.2 (6.9) 75.4 (6.9) 0.82 76.9 (7.3) 74.9 (6.7) 0.14
Female, n (%) 21 (31%) 35 (38%) 0.35 18 (50%) 38 (30%) 0.02
Single/widow 40 (59%) 50 (54%) 0.57 18 (51%) 72 (57%) 0.52
Living at nursing home 5 (7%) 4 (4%) 0.42 5 (14%) 4 (3%) 0.01
Intoxications
Smokera 48 (75%) 66 (75%) 1.00 22 (67%) 92 (77%) 0.21
Alcohol use 27 (43%) 34 (39%) 0.60 15 (46%) 46 (39%) 0.50

Medical history
Severe comorbidity burdenb 29 (43%) 41 (45%) 0.81 14 (40%) 56 (45%) 0.61
Number of medications (median, IQR) 11.5 (6.8) 11.5 (5.0) 0.24 11.0 (7.0) 12.0 (6.0) 0.49
Underlying kidney disease
Diabetes 8 (12%) 14 (15%) 0.42 2 (6%) 20 (16%) 0.22
Vascular 35 (41%) 50 (54%) 21 (60%) 64 (51%)
Glomerulonephritis 6 (9%) 1 (1%) 0 (0%) 7 (6%)
Interstitial nephropathy 1 (2%) 2 (2%) 2 (6%) 1 (1%)
Polycystic kidney disease 3 (4%) 4 (4%) 2 (6%) 5 (4%)
Other/unknown 15 (22%) 21 (23%) 8 (22%) 28 (22%)

Hemodialysisc 51 (75%) 69 (75%) 1.00 27 (77%) 93 (74%) 0.74

Additional measurements/tests/questionnaires
BMI (median, IQR) 25.9 (6.0) 26.7 (7.5) 0.61 24.1 (5.8) 26.3 (6.8) 0.04
Timed-up-and-go-test (in seconds)
< 10 (normal mobility) 21 (33%) 31 (35%) 0.37 12 (36%) 40 (34%) 0.14
10–20 (mildly impaired mobility) 27 (42%) 43 (49%) 11 (33%) 59 (50%)
>20 (severely impaired mobility/
immobile)

16 (25%) 14 (16%) 10 (30%) 20 (17%)

≥1 accidental falls (previous 6months) 22 (37%) 20 (24%) 0.09 14 (45%) 28 (25%) 0.03
Symptoms of depression (GDS≥5) 22 (32%) 25 (27%) 0.48 9 (26%) 38 (30%) 0.59
Impaired cognition (MMSE <25) 9 (13%) 13 (15%) 0.81 7 (20%) 15 (13%) 0.26
Impaired ADL at baseline (≥1) 27 (40%) 19 (21%) 0.01 16 (46%) 30 (24%) 0.01
Impaired IADL at baseline (≥1) 53 (78%) 75 (82%) 0.58 28 (80%) 100 (80%) 1.00

Laboratorium
Hemoglobin (mean, SD) 6.6 (0.9) 6.4 (1.0) 0.20 6.5 (0.7) 6.5 (1.0) 0.71
Albumin (median, IQR) 34.3 (9.6) 34.0 (7.0) 0.33 34.0 (5.2) 34.4 (9.0) 0.60
Bicarbonate (mean, SD) 20.3 (4.3) 20.7 (5.0) 0.69 19.9 (5.3) 20.7 (4.5) 0.40
PTH (median, IQR) 25.6 (32.9) 27.4 (29.9) 0.74 26.1 (31.9) 27.7 (31.3) 0.89
Calcium (mean, SD) 2.2 (0.2) 2.2 (0.2) 0.22 2.3 (0.2) 2.2 (0.2) 0.04
Phosphate (mean, SD) 1.7 (0.6) 1.7 (0.6) 0.45 1.6 (0.4) 1.8 (0.6) 0.07

Frailty measurements
Impaired Fried frailty Index 26 (41%) 40 (46%) 0.61 19 (58%) 47 (40%) 0.07

ADL, activities of daily living; IADL, instrumental activities of daily living; MMSE, mini mental state examination; GDS, geriatric depression scale.
Bold values statistically significant at p < 0.05.
a Smoker.
b Cumulative illness rating scale for geriatrics (CIRS-G) of ≥2× score 3 or ≥1× score 4.
c The other patients started peritoneal dialysis.

Table 2
Outcomes for vertebral fractures (Genant ≥1) vs. no fractures and hyperkyphosis vs. normal angle.

Vertebral fracture (n= 62) No vertebral fracture (n= 83) p value Hyperkyphosis (n=35) Normal kyphosis (n=124) p value

Accidental falling 20 (32%) 21 (26%) 0.44 11 (34%) 30 (27%) 0.40
Decline in ADL 10 (16%) 52 (44%) 0.51 5 (16%) 22 (19%) 0.69
Decline in IADL 29 (47%) 36 (43%) 0.68 17 (55%) 48 (42%) 0.21
Mortality 6months 5 (7%) 5 (5%) 0.62 4 (11%) 6 (5%) 0.15
Mortality 12months 9 (13%) 8 (9%) 0.36 7 (20%) 10 (8%) 0.04

ADL, activities of daily living; IADL, instrumental activities of daily living. p value reflects the result of a Chi-Square test.
Bold value statistically significant at p < 0.05.
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cohort had stage 5 kidney disease [35] and 30% of had an eGFR<
60ml/min [35]. As bone abnormalities worsen when eGFR decreases
[36], we expected a higher vertebral fracture prevalence in patients
with ESKD initiating dialysis than in the general population. Our lower
prevalence is probably caused by the use of only thoracic chest radio-
graphs for assessing vertebral fractures whereas the population based
study used both thoracic and lumbar radiographs. Therefore, our study
may have underestimated the number of lumbar vertebral fractures. On
the other hand, bone abnormalities of chronic kidney disease may be
more severe in cortical bone [37]. As a large part of the vertebrae
consist of trabecular bone, this may account for the similar prevalence
of vertebral fractures at the initiation of dialysis.

Compared to the general elderly population, the prevalence of hy-
perkyphosis that we have found was also lower than expected. Prior
research estimated the prevalence of hyperkyphosis in the elderly po-
pulation between 20 and 55% [33,38–40], of which only the study of
van der Jagt et al. used a similar method to diagnose hyperkyphosis
[33] No literature could be found on the prevalence of hyperkyphosis in
patients with kidney disease. As severe hyperkyphosis can already be
seen without additional imaging, it is possible that patients with severe
hyperkyphosis are more frequently labeled as frail, and therefore less
likely to initiate dialysis. Furthermore, as patients who have worse
health may have been less likely to participate in this study, this could
have led to a relatively healthy ESKD population. Both could have led to
a relatively low prevalence of hyperkyphosis.

To our best knowledge, no previous research assessed the associa-
tion between vertebral fractures, falls and functional decline in the
ESKD population. However, there were two studies that assessed the
relation between vertebral fractures and mortality in patients treated by
hemodialysis [10,34]. One study found an association between ver-
tebral fractures and a higher two-year mortality in women treated by
hemodialysis [34] and the other study showed this for both women and
men, but by only assessing lumbar vertebral fractures [10]. In contrast
to these studies and studies in the general population [18], we did not
found an association between vertebral fractures and poor outcome. A
possible explanation may be that the initiation of dialysis had such a big
impact, that other risk factors (such as vertebral fractures) were less
important for prognosis in the first year after start of dialysis. Fur-
thermore, no follow-up data on accidental falls and functional decline

was available for patients that died within six months. As elderly pa-
tients frequently deteriorate in physical function before death [41], it is
well possible that these patients experienced a fall or showed functional
decline before death. This could have led to an underestimation of falls
and functional decline which could have obscured a potential associa-
tion between vertebral fractures and poor outcome could have been
missed.

Interestingly, despite the low event rate of death, we did find a
higher one-year mortality after start of dialysis in patients with hy-
perkyphosis. Considering every patient that died with hyperkyphosis
had also vertebral fractures, and only 12% of the variance of the degree
of kyphosis was explained by severity of vertebral fractures, the com-
bination of both vertebral fractures and hyperkyphosis seems to be
important for predicting mortality. Unfortunately, because of no mor-
tality events in the only hyperkyphosis group, no additional analysis
could be performed to assess a possible interaction between hyperky-
phosis and vertebral fractures. Our study findings are in agreement with
a previous study in the general population that showed that in older
women with vertebral fractures, hyperkyphosis was a risk factor for
death [20]. A possible reason for this association could be that hy-
perkyphosis (possibly in combination with vertebral fractures) could be
an indicator of physical dysfunction [42], such as a decrease in muscle
mass and muscle strength, what could lead to frailty and subsequently
poor outcome [43]. This was also observed in our study population as
patients with hyperkyphosis tended to be more frail according to the
Fried Frailty Index. Furthermore, they were more dependent on care
and were more likely to experience accidental falls compared to pa-
tients without hyperkyphosis. These are all known risk factors for poor
outcome in the ESKD-population [5]. Therefore, it could be beneficial
to perform additional frailty screening and optimization of physical
performance in the patients with both hyperkyphosis and vertebral
fractures.

The major strength of this study is a large multicenter cohort study
where vertebral fractures were diagnosed by the use of radiographs,
instead of using ICD-codes or medical history. Limitations are that we
used a radiograph of the chest to diagnose vertebral fractures. Because
this type of imaging only provides information on the first few lumbar
vertebrae, this could have led to an underestimation of vertebral frac-
tures. Second, due to low rate of events, and therefore lack of power in
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Fig. 1. Distribution of patients according to vertebral fractures (Genant ≥1), hyperkyphosis, functional decline, accidental falls and mortality.
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the study, it is possible that we have missed a potential association
between vertebral fractures, hyperkyphosis and poor outcome.
Furthermore, we could not perform regression analysis to adjust for
potential confounders. Third, as patients with worse health were less
likely to participate, the results that we have shown for the prevalence
of vertebral fractures and hyperkyphosis are possibly not fully gen-
eralizable to all elderly initiating dialysis.

In conclusion, in patients ≥65 years with ESKD that are initiating
dialysis, vertebral fractures are highly prevalent. In contrast to the
general population, patients with vertebral fractures did not experience
more often poor outcome. Remarkably, patients with hyperkyphosis did
experience a higher one-year mortality. Considering these patients were
also more frequently frail and dependent of care, especially in these
patients additional frailty screening and optimization strategies of
physical performance before initiation of dialysis could be beneficial.
More research in larger cohorts is needed to better quantify the risk of
poor outcome in ESKD patients with vertebral fractures and hyperky-
phosis.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
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