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ABSTRACT

Introduction: Patients on maintenance hemodialysis (MHD) are highly predisposed to low bone
mineral density (BMD). This study aims to assess the value of quantitative ultrasound (QUS), bio-
electrical impedance analysis (BIA), and their combination in detecting high-risk patients for low
BMD in MHD.

Methods: Patients’ BMD of the total hip, femoral neck, and lumbar spine were measured using
dual-energy X-ray absorptiometry (DXA). Bone mineral content (BMC) was assessed using BIA.
Calcaneal BMD was measured using QUS. Patients with a T-score of <-2.5 were recorded as
‘low BMD.

Results: Overall, 93 subjects (62.37% female; mean age, 60.8 + 16.2 years) were included in this
cross-sectional study; approximately 36.56% met the ‘low BMD' criteria. QUS-T score predicted
low BMD with an area under the curve (AUC) value of 0.738, sensitivity of 70.59%, and specificity
of 76.27%. The AUC for low BMD diagnosis using the BMC index (BMCI) measured through BIA
was 0.679 (sensitivity, 91.18%; specificity, 38.98%). On the other hand, the combination of QUS-T
score and BMCI yielded a higher AUC value of 0.762 with an improved specificity of 88.14%.
Compared with the QUS and BIA alone, the net reclassification improvement (NRI) of the com-
bination model increased by 47.16% (p=0.022) and 78.36% (p < 0.0001), respectively. Integrated
discrimination improvement (IDI) increased by 5.25% (p=0.043) and 9.99% (p =0.003), respect-
ively. QUS-T score and BMCI were related to BMD independently assessed by DXA.

Conclusion: The combination of QUS and BIA is effective in screening for low BMD among
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MHD patients.

Introduction

Patients with end-stage renal disease (ESRD) are predis-
posed to various metabolic bone disorders, with a four-
fold higher risk of hip fracture than did the general
population [1]. Osteoporosis (OP) is a common disease
in patients with ERSD, causing falls and fracture; it is
characterized by decreased bone mineral density (BMD)
and the destruction of bone microarchitecture [2]. For
patients with ESRD and low-trauma fractures, except for
chronic kidney disease mineral and bone disorder
(CKD-MBD), clinicians should check for coexisting OP.
The bone status of patients with advanced CKD is com-
promised in a complex way, as shown in bone biopsy,
which is invasive and rarely clinically available [3].
Therefore, noninvasive techniques such as dual-energy
X-ray absorptiometry (DXA) are increasingly used to

evaluate the bone status of patients with advanced
CKD [4]. Several prospective studies confirmed that
reduced BMD was an independent risk factor for fragil-
ity fractures even among patients with CKD stage 3-5D
[5,6]. As recommended by the 2017 Kidney Disease:
Improving Global Outcomes Guideline, BMD measure-
ment is suitable for patients with CKD stage 3a-5D who
have risk factors for OP [7]. Currently, the ‘gold stand-
ard’ for BMD assessment is based on DXA [8]. However,
DXA is costly and requires highly trained operators,
meaning it could only be available in certain big med-
ical facilities. Thus, there is an urgent need to develop
simple and more available methods of low bone mass
screening for high-risk individuals in local hospitals.
With its ability to detect the bone quantity and bone
structure/elasticity [9,10], quantitative ultrasound (QUS)
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is being used worldwide for OP screening because of
its low cost and portability. However, not many studies
have assessed the value of QUS in detecting OP among
patients on hemodialysis [11,12], and these studies did
not mention the optimal QUS-T score of the diagnosis
of OP for patients on maintenance hemodialysis (MHD).
In addition, bioelectrical impedance analysis (BIA) pro-
vides body composition measurements with fast proc-
essing, is radiation-free, and is available even in
community hemodialysis [13]. BIA is also used in esti-
mating bone mineral content (BMC), which is associ-
ated with broadband ultrasound attenuation measured
using QUS in the general population [14]. These studies
suggested that BIA could be a useful method of detect-
ing OP; however, this method has not been studied in
patients on hemodialysis and has not been recom-
mended for diagnostic purposes.

This study aims to investigate the validity of QUS
and BIA in screening high-risk individuals with low BMD
and explore the optimal cutoff values in patients on
hemodialysis, which contributes to finding a simple and
economical screening method for low BMD.

Materials and methods
Subjects

This cross-sectional study included a cohort of patients
with ESRD under MHD in the West China Hospital,
Sichuan University. The inclusion criteria were (1) being
under MHD for 4h thrice weekly for more than
3 months and (2) agreement to participate in this study.
We excluded those who underwent parathyroidectomy;
those who used bisphosphonates in the last 6 months;
those for whom BIA could not be performed (such as
those patients who underwent pacemaker installation,
artificial joint replacement, and amputation surgery and
patients with severe peripheral angiopathy); those who
received kidney transplants; and those with nonrenal
diseases, such as cancer and tuberculosis, that seriously
affect bone metabolism.

Data collection and measurements

Data on the participants’ clinical characteristics and
maintenance medication were collected. Biochemical
parameters were detected within one month of enroll-
ment. QUS (Hologic Sahara, USA) was performed to
measure the calcaneal BMD of the right heel and deter-
mine the T-score. BMC was assessed after hemodialysis
using BIA (InbodyS720, Biospace, Seoul, South Korea).
The BMC index (BMCI) was calculated using the follow-
ing formula: BMC (kg)/height?> (m?). The BMD of the
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total hip, femoral neck, and lumbar spine (L1-L4) were
evaluated using DXA (GE Lunar, ME + 212243, USA)
and BMD (g/cmz). T-scores were recorded. Patients on
MHD may have osteoporotic bone and bone mineral
disorders related to CKD, making the diagnosis of OP
relatively trickier [15]. Therefore, patients with a T-score
of < —2.5 were recorded as ‘low BMD’ in our study.

Statistical analyses

Data were analyzed using SPSS version 21.0 (IBM,
Armonk, NY), MedCalc version 17.6 (MedCalc Software
BVBA, Ostend, Belgium), and R version 3.0.2 (The R
Foundation  for  Statistical = Computing). The
Kolmogorov-Smirnov statistic was used to test variable
normality. The chi-square test was used to analyze the
difference between groups for qualitative variables. The
t-test or Mann-Whitney U test was used for quantitative
variables according to the distribution and equality of
variance. The ability of BIA and QUS to identify low
BMD was assessed using the receiver operating charac-
teristic (ROC) curve analysis. The continuous versions of
the net reclassification improvement (NRI) and inte-
grated discrimination improvement (IDI) were used to
compare the diagnostic accuracy and discrimination of
the combination of BIA and QUS with the BIA and QUS
alone. Binary logistic regression was used for the dis-
ease prediction equation. Pearson’s linear analysis was
used to test the correlation between QUS-T score,
BMCI, and DXA-T score. Multiple linear regression ana-
lysis (stepwise method) was used to identify the param-
eters affecting BMD. The variance inflation factor (VIF)
was used to evaluate the multicollinearity of regression
models. A VIF above 2.5 indicates that the model has
multicollinearity. p <0.05 was considered statistically
significant.

Results
Patient demographics

A total of 93 subjects were included in this study. The
mean age of the study participants was 60.8 + 16.2 years
(range, 21-88), and 58 (62.36%) were female. Table 1
shows the demographic data. A total of 34 (36.56%)
patients met the criteria for low BMD, and females were
more prone to bone mass loss than did males
(p<0.001). The BMCI and QUS-T score were signifi-
cantly reduced in patients with low BMD compared
with controls (1.03+£0.11 vs. 1.12+0.15, p=0.002;
—2.31%£1.02 vs. —1.57+£0.98, p=0.001). The C-reactive
protein (CRP), Kt/v, and fracture rates were higher in
patients with low BMD than in those without low BMD.
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Table 1. Characteristics of the participants in the study (n =93).

Low BMD (n=34) Non-low BMD (n =59) p

Age (years) 64.62+13.99 58.59+£17.04 0.084
Sex <0.001

Male (n=35) 4 (11.43%) 31 (88.57%)

Female (n=58) 30 (51.72%) 28 (48.28%)
Dialysis vintage (years) 4.5 (3, 8.25) 5 (3.5, 8) 0.269
BMI (kg/m?) 22.03+3.47 23.12+3.24 0.134
BMD (g/cm?)

Total hip 0.66£0.1 0.87+£0.13 <0.001

Femoral neck 0.62+0.87 0.81+0.12 <0.001

Lumbar spine 0.83+0.15 1.11£0.23 <0.001
BMCI (kg/mz) 1.03£0.11 1.12+£0.15 0.002
QUS-T score —231+1.02 —1.57+£0.98 0.001
%Ca (mmol/L) 2.36+0.22 2.29+0.25 0.222
P (mmol/L) 1.87 £0.49 1.84+0.47 0.762
PTH (pmol/L) 20.79 (12.24, 38.29) 27.07 (13.31, 50.6) 0.192
ALP (IU/L) 77 (63, 106) 85 (67, 111) 0.382
25(0OH)D (nmol/L) 46.32+18.93 51.63 £20.98 0.251
B2-MG (mg/L) 42.49+13.78 40.04+£10.21 0.328
CRP (mg/L) 5.65 (3.32, 9.81) 3.22 (2.28, 6.37) 0.046
Albumin (g/L) 40.89+3.73 41.97 £4.25 0.227
Kt/v 1.59+0.31 1.44+£0.36 0.048
bVitamin D analogs, n(%) 19 (55.88%) 40 (67.8%) 0.251
bPhosphorus binders, n(%) 10 (29.41%) 20 (33.9%) 0.656
“Glucocorticoids therapy, n(%) 14 (41.17%) 16 (27.12%) 0.163
Fracture history, n(%) 12 (35.3%) 6 (10.17%) 0.003
Diabetes, n(%) 9 (26.47%) 22 (37.29%) 0.287
Coronary artery disease, n(%) 4 (11.76%) 7 (11.86%) 0.989

BMI: body mass index; BMD: bone mineral density; BMCl: bone mineral content index; QUS-T: quantitative ultrasound T score; Ca:
calcium; P: phosphate; PTH: parathyroid hormone; ALP: alkaline phosphatase; 25(0H)D: 25-hydroxyvitamin D; 2-MG: B2-microglo-

bulin; CRP: C-reactive protein.

Ca was calculated by the following formula: [40-serum albumin(g/L)] x 0.02 +serum calcium (mmol/L).
PVitamin D analogs and phosphorus binders were defined as receiving the drugs for more than 2 month before enroliment.
Glucocorticoids therapy was recorded if the patient is currently taking oral glucocorticoids or has taken oral glucocorticoids for

more than 3 months, and the daily dose of 5mg or more.

Diagnostic performance of QUS-T and BMCI for
predicting low BMD

The ROC curve was used to assess the validity of the
QUS-T score and BMCI in detecting low BMD (Figure 1,
Table 2). The QUS-T score indicated low BMD, with an
area under the curve (AUC) of 0.738 (95% confidence
interval (Cl), 0.637-0.824). The optimal cutoff value for
low BMD was —2.3. The AUC for the diagnosis of low
BMD by the BMCI was 0.679 (95% Cl, 0.574-0.772), with
the best cutoff value of 1.16 kg/m?. The sensitivity and
specificity of the QUS-T score were 70.59% and 76.27%,
respectively, and that for BMCl were 91.18% and
38.98%, respectively. We calculated the incidence prob-
ability (p) of low BMD based on the BMCI and QUS-T
score using the logistics regression analysis.
p=2.851-0.82 QUS-T score —4.7 BMCI. We then per-
formed the ROC analysis of P to identify low BMD. The
combination of the QUS-T score and BMCI yielded a
higher AUC of 0.762 (0.663-0.844), with a specificity of
88.14%, which was optimized compared with the QUS-
T score or BMCI alone.
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Figure 1. The receiver operating characteristic curve of the
BMCI, QUS-T, and their combination in predicting MHD with
low BMD. QUS-T: quantitative ultrasound T score; BMCl: bone
mineral content index; QUS-T and BMCI: the combination of
the BMCl and QUS-T score; MHD: maintenance hemodialysis;
BMD: bone mineral density
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Table 2. Discriminatory performance of QUS-T score and BMCI for predicting low BMD.

AUC (95% CI) p Cutoff SE (%) SP (%) PPV (%) NPV (%)
QuUS-T 0.738 (0.637-0.824) <0.001 —23 70.59 76.27 63.2 81.8
BMCI 0.679 (0.574-0.772) 0.004 1.16 91.18 38.98 46.3 88.5
QUS-T & BMCI 0.762 (0.663-0.844) <0.001 - 55.88 88.14 73.1 77.6

QUS: quantitative ultrasound; BMCl: bone mineral content index; QUS-T & BMCI: combination of BMCI and QUS-T score; AUC: area
under the curve; Cl: 95% exact confidence intervals; SE: sensitivity; SP: specificity; PPV: positive predictive value; NPV: negative predict-

ive value.

Comparison of the diagnostic performance of the
QUS-T and BMCI and QUS-T and BMCI

As shown in Table 3, the AUC of the combination of the
BMCI and QUS-T was 0.762, which was larger than that
of the BMCI (0.679, p=0.129) and QUS-T (0.738,
p =0.545). However, there was no statistical signifi-
cance for the two outcomes. According to the NRI ana-
lysis, the combination of the BMCI and QUS-T
significantly improved the accuracy of the identification
of low BMD (QUS alone: NRI, 47.16%; p = 0.022; BMCI
alone: NRI, 78.36%; p < 0.0001). IDI analysis showed that
the discrimination of the combination of the BMCI and
QUS-T was higher than that of the QUS alone (DI,
525%; p=0.043) and the BMCI alone (IDI,
9.99%; p = 0.003).

Correlation between QUS-T, BMCI, and BMD

Table 4 shows the Pearson’s correlation between the
QUS-T score, BMCI, and BMD measured using DXA. The
QUS-T score was significantly correlated with the BMD
of the total hip, femoral neck, and lumbar spine. The
BMCI was also correlated with the BMD of all sites,
while the correlation coefficients were poorer than the
QUS-T score (scatterplots were shown as Supplemental
Figures). The multiple linear regression results showed
that the QUS-T score and BMCI remain significantly cor-
related with the BMD of the total hip and femoral neck
after adjusting for age, sex, fracture history, coronary
artery disease, diabetes, weight, vitamin D analogs and
phosphorus binder usage, glucocorticoid therapy, dialy-
sis vintage, calcium, phosphate, alkaline phosphatase,
25-hydroxyvitamin D, parathyroid hormone, CRP, and
potential contenders, while correlation with the lumbar
spine was no longer visible (Table 5).

Discussion

Our results suggested that the BMCI and QUS-T score
were useful in realizing that hemodialysis with low BMD
and QUS might have a better testing effect than did
BIA. However, the BMCI had a better sensitivity of
91.18% and a negative predictive value (NPV) of 88.5%,
indicating that BIA can sensitively screen out high-risk

Table 3. Comparison of the diagnostic performance of the
QUS-T & BMCI and QUS-T and BMCI.

Model AUC (95%Cl) NRI,% (95%Cl) ID1,% (95%Cl)
QUS-T 0.738

QUS-T&BMCI 0.762 47.16 (6.77 — 87.55) 5.25(0.17 —10.33)
p 0.545 0.022 0.043

BMCI 0.679

QUS-T&BMCI 0.762 78.36 (40.65 —116.08) 9.99 (3.4 — 16.59)
p 0.129 <0.0001 0.003

QUS: quantitative ultrasound; BMCI: bone mineral content index; QUS-T &
BMCI: combination of BMCl and QUS-T score; AUC: area under the curve;
Cl: 95% exact confidence intervals; NRI: net reclassification improvement;
IDI: integrated discrimination improvement.

Table 4. Pearson’s correlation between QUS-T score, BMCI
and bone mineral density (BMD) in subjects.

Total hip Femoral neck Lumbar spine
r p r p r p
QUS-T score  0.598 p<0.001 0526 p<0.001 0407 p<0.001
BMCI 0418 p<0.001 0383 p<0.001T 0.212 0.046

QUS: quantitative ultrasound; BMCI: bone mineral content index.

individuals to be referred for DXA testing. The higher
NPV meant a lower false-negative rate, which can accur-
ately exclude low-risk subjects of low BMD and reduce
the rate of unnecessary DXA tests. The combination of
the QUS and BIA yielded a higher effect and had a bet-
ter specificity of 88.14% and a positive predictive value
(PPV) of 73.1%, suggesting greater abilities to screen
out the diagnosed patients. QUS and BIA could be alter-
native methods of detecting low BMD in areas where
DXA measurement is unavailable.

Previous studies showed a moderate association
between calcaneal parameters and DXA (r=0.32-0.53,
p < 0.05), which was similar to our results, and a higher
AUC (0.80) of QUS in the diagnosis of OP than that of
our study [11,12]. The best QUS cutoffs in detecting OP
were only observed in the general population [16]. The
difference between the general population and patients
on dialysis is that the latter lost more cortical bone than
trabecular bone [17]. The hip is made up of mostly cor-
tical bone, while the calcaneus is trabecular bone, and
QUS measures calcaneus. Therefore, theoretically, the
QUS-T score cutoff in diagnosing OP among patients
on dialysis should be different from that in the general
population. Finding the optimal cutoff value of the
QUS-T score among patients on dialysis is of great
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Table 5. Multiple regression models for QUS-T score, BMCI associated with BMD in total hip, femoral neck and lumbar spine.

BMCI QUS-T
B 95%Cl SE (B) t p B 95%Cl SE (B) t p

Model 1

Total hip 0.46 0.25-0.67 0.106 4326 <0.001 0.087 0.063-0.112 0.012 7.075 <0.001

Femoral neck 0.377 0.188-0.567 0.095 3.939 <0.001 0.07 0.047-0.094 0.012 5.871 <0.001

Lumbar spine 0.356 0.006-0.705 0.176 2.024 0.046 0.092 0.048-0.136 0.022 4.162 <0.001
Model 2

Total hip 0.348 0.147-0.549 0.101 3.445 0.001 0.072 0.047-0.097 0.013 5.627 <0.001

Femoral neck 0.286 0.098-0.474 0.095 3.027 0.003 0.064 0.04-0.088 0.012 5.26 <0.001

Lumbar spine 0.032 - - 0.312 0.756 0.063 0.02-0.107 0.022 2.883 0.005
Model 3

Total hip 0.308 0.096-0.52 0.107 2.888 0.005 0.066 0.04-0.092 0.013 5.015 <0.001

Femoral neck 0.245 0.046-0.443 0.1 2.457 0.016 0.065 0.041-0.089 0.012 5.398 <0.001

Lumbar spine -0.057 - - -0.507 0.614 0.195 - - 1.831 0.071

QUS: quantitative ultrasound; BMCI: bone mineral content index.
Model 1: Unadjusted.

Model 2: Adjusting for age, sex, fracture history, coronary artery disease, diabetes, weight.
Model 3: Model 2 and Vitamin D analogs and phosphorus binders usage, glucocorticoids therapy, dialysis vintage, calcium, phosphate, alkaline phosphat-

ase, 25-hydroxyvitamin D, parathyroid hormone, CRP.

importance. Previous studies have shown a correlation
between QUS measurements and DXA results in hemo-
dialysis [11,18]. However, to our knowledge, our study
is the first to put forward the best cutoff value of the
QUS-T score in predicting OP in hemodialysis. Because
of the unique characteristics of bone metabolism, more
large-scale studies are still needed to find the optimal
cutoff value of QUS-T score and BMCI in MHD.

BIA is a noninvasive, reliable method of assessing
physical status and dry weight, which has been recom-
mended for patients with MHD [19]. BIA can also be
used to estimate the BMC, which might be useful for
bone density evaluation and monitoring [20]. A recent
study reported that the BIA value was related to cal-
cium, phosphorus, and parathyroid hormone (PTH) in
patients on MHD, which might be of significant applica-
tion value for the assessment and prevention of
CKD-MBD [21]. Our study found that the BMCI was sig-
nificantly associated with the BMD measured by DXA,
and we reported the BMCI value in detecting low BMD
in hemodialysis with the best cutoff value of 1.16kg/
m?. BIA is expected to be a new tool for evaluating
bones in patients on dialysis. In addition, the combin-
ation of QUS and BIA improved the effectiveness of
screening for low bone mass with a higher AUC, NRI,
and IDI values and a better specificity, suggesting that
the combination of these two simple methods might
also be a good choice.

Strictly speaking, the definitions of low BMD adopted
in this study are based on the World Health
Organization criteria, which is beyond the age of
50years for men and postmenopausal women. For this
study, we applied this cutoff value for all subjects.
However, our results would be impacted by the cutoff
value of the DXA-T score. To further demonstrate that
QUS and BIA can be used for BMD assessment, we

performed a correlation analysis, whose results showed
a significant correlation between the QUS-T score and
the BMCI and DXA-T score in any site. After adjusting
for potential confounders, the QUS-T score and BMCI
still maintained the correlation with the BMD of the
total hip and femoral neck. However, the correlation for
the lumbar spine was no longer noted. The DXA relies
on the relative absorption of X-ray beams. In addition,
dialysis affects arterial calcification. X-rays may be
absorbed by the calcified aorta instead of the spine,
which might lead to elevated lumbar BMD measure-
ments in the anterior—-posterior (AP) position. It was
reported that the differences in the AP spine BMD and
femoral neck BMD had a positive correlation with
abdominal aortic calcification [22]. In addition, the lum-
bar BMD measured using CT scans significantly corre-
lated with lumbar T-scores from the lateral DXA, but
not with those from AP DXA [23]. Therefore, the lumbar
spine is not an appropriate site of BMD measurement
for these patients. However, lateral DXA is capable of
avoiding the overestimation of BMD with aortic calcifi-
cation, making it a reliable method for measuring the
lumbar BMD.

Our study has certain limitations. First, it was a
single-center study with a small sample size; thus, the
study sample was not quite representative of the actual
population. Second, the BIA depends on body hydra-
tion, which often fluctuates in patients on MHD.
Therefore, it is better to perform measurements after
dialysis, while it may still have an influence on the
measurement. However, to the best of our knowledge,
our study is the first to put forward the combination of
QUS and BIA for low BMD screening in patients on
MHD. The findings of our study presented a new per-
spective of the tools used in the screening of low BMD
in patients on hemodialysis. We also pointed out the



necessity of finding a cutoff value of QUS in diagnosing
low BMD for patients on MHD.

Conclusion

Evaluating the bone status in patients on MHD via
bone biopsy is difficult. DXA scans cannot distinguish
true low bone mass from osteomalacia because of
impaired mineralization. However, DXA can noninva-
sively identify patients with low BMD for further evalu-
ation. Individualized anti-OP treatment based on bone
metabolism indicators and BMD could reduce the inci-
dence of fractures. Early screening of patients on MHD
at high-risk of low BMD is necessary. QUS is widely
used for screening OP in the community. BIA is also
available to measure the nutritional status and dry
weight of patients in some dialysis institutions. The sim-
ple and noninvasive methods of QUS and BIA may con-
stitute the first step in screening for low BMD,
especially in medical facilities where DXA is not access-
ible. Subjects with a high-risk of low bone mass indi-
cated that patients screened using this method should
be referred to undergo further DXA tests for defini-
tive diagnosis.
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