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ABSTRACT
This study investigated whether bone mineral density
(BMD) affects readmission risk in patients with
chronic kidney diseases (CKD) who received
denosumab therapy. The study design was a
retrospective case review of patients with CKD.
Baseline age, sex, and body mass index were
recorded for all patients included in the study. All
comorbidities were recorded. All subjects underwent
dual energy X-ray absorptiometry assay of the
lumbar spine and right hip for BMD. The primary
outcome was readmission. Predictive variables were
categorized and compared between readmitted and
non-readmitted patients. Logistic regression was
used for multivariable analysis. A total of 121
patients with CKD who received denosumab therapy
were enrolled. Of these, 29 were readmitted within
2 years, and 92 had no readmission. The lumbar
BMD differed between the readmission (−2.94
±0.68) and non-readmission (−2.09±1.48) groups.
The readmission group had a lower T score than the
non-readmission group. When adjusted for potential
confounding factors, a decreased lumbar BMD had
a higher readmission risk. When the cut-off points
determined by receiver operating characteristic curve
analysis were applied, the most precise point was
set at a T score of −3. Osteoporosis in patients with
CKD is associated with a high risk of readmission;
the best predictor after denosumab therapy was the
lumbar spine T score. A lower T score (especially if
<−3) was associated with a higher probability of
fracture readmission. It is essential to optimize
primary and secondary prevention in these patients
to improve their quality of life.

BACKGROUND
Bone disease in chronic kidney disease (CKD) is
common and may result in fractures associated
with substantial morbidity and mortality. Patients
with advanced CKD stages had increased risk of
fracture than general population.1 In patients
with CKD, abnormal bone turnover leads to
accelerated bone loss and a higher prevalence of
osteopenia, osteoporosis, etc.2

The qualitative abnormalities of low bone
mass in CKD usually reflected by the high inci-
dence of fragility fractures.1 3 Hence, it is
important to regularly evaluate bone mineral
density (BMD) in these patients. Dual energy
X-ray absorptiometry (DXA) is suggested and

reliable for evaluating osteoporosis in CKD
patients based on BMD measurements applied
to the lumbar spine or the femoral neck.2

Evidence has shown that bone loss in the FN
increases the risk of FN fracture. Hence, FN
BMD is considered the gold standard for
patients with CKD. However, forearm BMD is

Significance of this study

What is already known about this subject?
▸ The rapid increased incidence and

prevalence of chronic kidney diseases (CKD)
have been recognized as a global public
health problem that consumes a large
proportion of healthcare budgets.

▸ Bone disease in CKD is a common
complication among a broad spectrum of
disorders of mineral metabolism, and may
result in fractures associated with
substantial morbidity and mortality.

▸ Reports on the correlation of bone mineral
density (BMD) values with fracture risk in
the CKD population are inconsistent.

▸ Denosumab, a receptor activator of the
nuclear factor κ-B ligand (RANKL) inhibitor,
is an effective treatment for osteoporosis in
postmenopausal women and men. Unlike
the bisphosphonates, it is not excreted by
the kidney.

What are the new findings?
▸ Osteoporosis in patients with CKD is

associated with a high risk of readmission.
▸ The best predictor after denosumab therapy

was the lumbar spine (LS) T score.
▸ A lower T score (especially <−3) was

associated with a higher probability of
fracture readmission.

How might these results change the focus
of research or clinical practice?
▸ In patients with CKD, the risk of

osteoporosis is higher, and the use of
denosumab therapy will decrease fracture
risk and mortality. Hence, LS BMD is the
best predictor of fracture readmission in
CKD. Aggressive medical attention is
needed to decrease a future trend toward
fracture readmissions.
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also another quick and sensitive way to detect osteoporosis
in patients with peritoneal dialysis.4 Yamaguchi et al5

found that distal radius is the preferred site for bone densi-
tometry in CKD patients. However, other studies consider
that the value of bone density measurement in the evalu-
ation of CKD mineral and bone disorders is not well
established.6

It is reported that the rate of kidney function decline is
associated with a higher risk of hospitalization, readmis-
sion, and prolonged length of hospital stay.7

Denosumab, a receptor activator of the nuclear factor
κ-B ligand (RANKL) inhibitor, is an effective treatment for
osteoporosis in postmenopausal women and men.8–12

Unlike the bisphosphonates, it is not excreted by the
kidney and is widely used in patients with CKD in Taiwan.

Little is known about whether BMD could predict
readmission in denosumab-treated patients. Thus, this
study investigated whether BMD affects readmission risk in
patients with CKD who received denosumab therapy.

MATERIALS AND METHODS
The study design was a retrospective case review of patients
with CKD treated with denosumab at Kaohsiung Chang
Gang Memorial Hospital between January 2011 and
December 2014. An Institutional Review Board at
Kaohsiung Chang Gang Memorial Hospital approved the
study, which was conducted in accordance with the
Declaration of Helsinki and the International Conference
on Harmonization of Good Clinical Practice Guidelines. In
accord with Taiwanese law, no additional informed consent
was required. Patient information was anonymized and
de-identified before data analysis.

Baseline age, gender, and body mass index (BMI) were
recorded for all patients included in the study. All
comorbidities, such as diabetes, hypertension, and liver
disease, as well as intact parathyroid hormone (iPTH) level
were recorded.

All subjects underwent DXA assay of the lumbar spine
(LS) and right hip for BMD by the same technologist, who
was certified by the International Society of Clinical

Densitometry. The assay was performed using a fan beam
bone densitometer (QDR-4500A; Hologic, Waltham,
Massachusetts, USA).13 Instrument quality control was per-
formed at least 5 days per week, and the coefficient of vari-
ation for the total BMD was 1.0%. Based on the WHO
definitions, normal BMD is within 1 SD (+1 or −1) of the
young adult mean, osteopenia is defined as BMD between
1 and 2.5 SD below the young adult mean (−1 to −2.5
SD), and osteoporosis is BMD 2.5 SD or more below the
young adult mean (−2.5 SD or lower).14 The primary
outcome was defined as all-cause readmission within
2 years of following denosumab therapy. The secondary
outcome was the reason for and the factors associated with
readmission.

Statistical analysis
Statistical analysis was performed using SPSS software,
V.21.0 (SPSS, Chicago, Illinois, USA). Patient characteristics
were reported as simple descriptive statistics (mean±SD).
Comparisons between independent means were analyzed
using the Student’s t-test. Relationships between categorical
variables were evaluated with the χ2 test. Logistical regres-
sion analysis was used to adjust for potential confounding
factors. A p value <0.05 was considered to be statistically
significant.

RESULTS
A total of 121 patients with CKD who had received deno-
sumab therapy were enrolled. Of these, 29 were readmitted
within 2 years (9 hip fracture, 12 spine refracture, 6 knee
surgery), and 92 had no readmission. There was no dif-
ference 2 herniation of intervertebral disc in age, BMI, gender,
number of vertebral fractures, iPTH level, or underlying
medical illness between the readmission and non-readmission
groups. The CKD stages were also the same for the readmis-
sion and non-readmission groups (p=0.196). The BMD (T
score) at the FN among men was the same in the readmission
and control groups. The lumbar BMD (T score) differed
between the readmission (−2.94±0.68) and non-
readmission (−2.09±1.48) groups (p=0.005); the

Table 1 Characteristics of study patients

Variables Readmission (n=29) Non-readmission (n=92) p Value

Age (years) 72.82±8.624 74.77±6.77 0.316
Body mass index (kg/m2) 23.80±3.45 23.83±4.56 0.977
Spine fracture (number) 1.72±1.77 1.09±1.44 0.052
iPTH (pg/mL) 188.27±305.04 283.61±442.45 0.41
BMD (lumbar) −2.94±0.68 −2.09±1.48 0.005
BMD (total hip) −1.91±0.96 −1.75±1.15 0.509
BMD (femoral neck) −2.38±0.68 −2.34±0.95 0.84
Gender (female %) 22 (75.9%) 78 (84.8%) 0.624
Neurological disease 5 (17.2) 12 (13.0) 0.384
Diabetes mellitus (%) 10 (34.5) 24 (26.1) 0.478
Hypertension 21 (72.4) 55 (59.8) 0.273
Hyperlipidemia 2 (6.9) 4 (4.3) 0.629
Heart disease 8 (27.6) 18 (19.6) 0.437
Pulmonary disease 3 (10.3) 10 (10.9) 0.621
Liver disease 6 (20.7) 20 (21.7) 0.565

BMD, bone mineral density; iPTH, intact parathyroid hormone.
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readmission group had a lower BMD (table 1). There were
14 vertebral fractures, 12 hip fractures, 2 forearm fractures,
and 1 knee fracture.

When adjusted for potential confounding factors such as
diabetes, hypertension, pulmonary, and liver disease, a
decreased lumbar BMD still had a higher readmission risk
(p=0.007; OR=1.96, 95% CI 1.206 to 3.189) (table 2),
while age, gender, BMI, spine fracture, total hip BMD, and
FN BMD did not increase the risk of readmission. When
the cut-off points determined by receiver operating charac-
teristic curve analysis were applied, the most precise cut-off
point was set at a T score of −3 (sensitivity 0.630; specifi-
city 0.788); patients with scores lower than −3 had a
higher readmission risk.

DISCUSSION
The rapid increased incidence and prevalence of CKD have
been recognized as a global public health problem that con-
sumes a large proportion of healthcare budgets.15 In
Taiwan, the national prevalence of CKD is high, and has
the highest prevalence and incidence of end-stage renal
disease in the world.16

Osteoporosis constitutes a significant worldwide burden
on public health. In particular, patients with CKD have
accelerated bone loss due to abnormal turnover that leads
to a high prevalence of bone health problems.2 Treatment
of patients at high risk of further fractures has proven to be
effective in significantly reducing subsequent fractures.17

Among the antiosteoporotic drugs, denosumab blocks
the formation, function, and survival of osteoclasts.10 The
magnitude of risk reduction of vertebral fractures with deno-
sumab was similar to that reported for intravenously admi-
nistered zoledronic acid, and appears to be greater than that
reported for oral osteoporosis agents.18 Denosumab
increased BMD at the LS by about 9% and in the entire hip
by about 6%. Denosumab is not excreted in the kidney, and
is widely used in patients with CKD in Taiwan.

Despite the high financial and social costs of readmission,
there is a shortage of information about risk factors for frac-
ture readmission after denosumab therapy in patients with
CKD. There are multiple factors determining bone mass

loss in patients with CKD, whose bone quality and quantity
deteriorate rapidly. Although Gabay et al19 indicated that
cortical bone is more sensitive than trabecular bone in
CKD-related loss, baseline trabecular bone loss was more
related to readmission in denosumab-treated patients in the
present study. Decreased spine mass leads to more spinal
fractures, kyphosis, and hip or other fractures; a greater ten-
dency toward falls increases the readmission rate.

A high iPTH level implicates increased bone resorp-
tion.20 In patients with CKD, the relationship between
iPTH and low bone mass may become more complex, with
interference by many factors. Since the bones of patients
with CKD may be resistant, the iPTH level must be
twofold to threefold higher than the normal range to main-
tain normal turnover of bone.13 However, there were no
differences in levels between readmission and non-
readmission patients in this study. Therefore, iPTH could
not be a contributing factor in readmissions.

Osteoporosis is frequently noted in patients with CKD,
so we need to put in more effort to prevent bone loss.
Since bone loss is progressive and silent, it is important to
monitor bone mass in patients with CKD. Low bone mass
increases the risk of fracture, so the clinician should keep
alertness even if only osteopenia in CKD patients. Before
antiosteoporotic therapy, we should routinely measure
BMD to identify those at high risk for fractures.

Vertebral fractures have been associated with increased
mortality.21 The mortality risk increases with vertebral frac-
tures in elderly patients of all ages and ethnicities, and in
both sexes. The difference in mortality rates between
patients with a fracture and controls is higher than previ-
ously reported, even after controlling for comorbidities.22

In patients with CKD, the risk of osteoporosis is higher,
and the use of denosumab therapy will decrease fracture
risk and mortality. In this study 12 (41%), readmission was
due to spine refracture.

Since the hip and FN are predominantly a measure of
cortical bone while the LS predominantly trabecular bone,
the main benefit of denosumab is the effect on trabecular
bone, which increase bone density of LS and decrease risk
of future fracture and readmission rate.

Table 2 Multivariable analysis of the ORs for readmission

Variables Regression coefficient SE Wald p Value OR (95% CI)

Age (years) −0.001 0.033 0.001 0.971 0.998 (0.936 to 1.065)
Gender −0.317 0.739 0.183 0.668 0.728 (0.171 to 3.102)
Body mass index (kg/m2) −0.037 0.073 0.259 0.611 0.963 (0.836 to 1.111)
Spine fracture (number) 0.12 0.188 0.404 0.525 1.127 (0.779 to 1.631)
BMD (lumbar) −0.673 0.248 7.369 0.007 1.960 (1.206 to 3.189)

BMD (total hip) −0.336 0.548 0.377 0.539 0.714 (0.244 to 2.090)
BMD (femoral neck) −0.165 0.587 0.079 0.779 0.847 (0.269 to 2.677)
Neurological disease 0.763 0.69 1.222 0.269 2.143 (0.555 to 8.289)
Diabetes mellitus 0.367 0.623 0.348 0.556 1.443 (0.426 to 4.897)
Hypertension 0.151 0.639 0.056 0.813 1.163 (0.333 to 4.067)
Hyperlipidemia 0.857 1.049 0.667 0.414 2.355 (0.301 to 18.405)
Cardiovascular disease 0.117 0.691 0.029 0.865 1.124 (0.290 to 4.357)
Pulmonary disease −0.116 0.861 0.018 0.893 0.890 (0.165 to 4.813)
Liver disease −0.705 0.832 0.717 0.397 0.4941 (0.097 to 2.526)

BMD, bone mineral density.
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There are several limitations to this study. Readmission
was identified on the basis of medical records during
follow-up after varying time periods. We were not able to
obtain all readmission data for all patients during follow-up
and could not draw conclusions regarding a correlation
between clinical symptoms and readmission. Second, this
was a single-center study with a small patient population
and a retrospective design. Therefore, we did not have
complete data, such as the use of vitamin D and calcium
supplements. These limitations restrict the generalizability
of the results.

CONCLUSION
Osteoporosis in patients with CKD is associated with a
high risk of readmission. The best predictor was T score at
the LS. A lower T score (especially <−3) was associated
with a higher probability of fracture readmission.
Aggressive medical attention is needed to decrease a future
trend toward fracture readmissions.
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