ORIGINAL ARTICLE

OPEN ACCESS

Changes in Bone Mineral Density and Related Influencing
Factors Assessed by Quantitative Computed Tomography

in Maintenance Dialysis Patients

Hao Zhan'?, Qi-Chun Chen'?, Han-Qiu Wu"?, Tian-Tian Liu"?, Li-Wei Zou"* and Long-Sheng Wang'*

'Department of Radiology, The Second Affiliated Hospital of Anhui Medical University, Hefei, China
*Medical Imaging Research Centre, Anhui Medical University, Hefei, China

ABSTRACT

Objective: To investigate the changes in volumetric bone mineral density (vBMD) assessed by quantitative computed tomography
(QCT) in chronic kidney disease (CKD) patients on maintenance dialysis.

Study Design: Descriptive study.

Place and Duration of the Study: Department of Radiology, The Second Affiliated Hospital of Anhui Medical University, Hefei, China,
from March to July 2022.

Methodology: Maintenance dialysis patients were selected for this study, and parameters related to renal function and bone
metabolism markers were recorded. Patients undergoing routine physical examination were age-matched with maintenance dialysis
patients to serve as the control group. vBMD scans of the lumbar spine (L1-3) were obtained by QCT for all participants.

Results: Among the 141 maintenance dialysis patients, there were 67 patients with secondary hyperparathyroidism (SHPT) and 74
patients with non-secondary hyperparathyroidism (non-SHPT) with mean vBMDs of 145.99+55.13 mg/cm® and 129.10+44.20 mg/cm’,
respectively. The 159 individuals in the control group had mean age of 52.77+11.66 years and mean vBMD of 129.62+36.36 mg/cm’.
The vBMD of the SHPT group was greater than that of both the non-SHPT group and the control group (all p<0.05). For dialysis patients,
vBMD was positively correlated with calcium-phosphorus product and intact parathyroid hormone (iPTH) levels (r = 0.181, 0.214, respec-
tively, p<0.05); vBMD was inversely correlated with age (r = -0.555, p<0.05). After adjusting for the covariates, vBMD remained posi-
tively correlated with iPTH (r = 0.184, p<0.05).

Conclusion: Increased lumbar vertebral vBMD in maintenance dialysis patients may be associated with high iPTH, providing clinicians
with a new understanding of the changes in bone mineral density in maintenance dialysis patients.
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INTRODUCTION

Chronic kidney disease (CKD) is a global health problem with
significant morbidity and mortality." Based on statistics, the
global prevalence of the 5 stages of CKD was estimated to be
between 11.7-15.1%.% In 2006, the Kidney Disease Improving
Global Outcomes’ (KDIGO) Work Group referred to the systemic
clinical manifestations of changes in the metabolism of intact
parathyroid hormone (iPTH), calcium and phosphorus in
patients with end-stage renal disease (ESRD) as chronic kidney
disease-mineral and bone disorder (CKD-MBD).?
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A recent meta-analysis presented that low bone mineral density
(BMD) is associated with increased mortality in CKD,* which
accounts for CKD-MBD that accelerates not only bone diseases
(suchasosteoporosisandrenal osteodystrophy) butalso vascular
calcification and cardiovascular diseases. In addition, the
increasing evidence suggests that bone changes in patients with
ESRD, no matter whether maintained hemodialysis or peritoneal
dialysis, are strongly associated with osteoporosis and metastatic
vascularorothersofttissue calcification,>® highlighting theimpor-
tance of BMD measurements.

It was hypothesised that because parathyroid hormone (PTH) had
a major influence on bone conversion, different PTH levels may
lead to different degrees of bone density changes. Therefore, this
study was performed to explore changes in lumbar spine cancel-
lous vBMD and associated influences in maintenance dialysis
patientsby QCTexaminations, comparedto controls.

METHODOLOGY

A total of 195 patients with ESRD (Stage 5) on dialysis were
enrolled at the Department of Radiology, The Second Affiliated
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Hospital of Anhui Medical University, Hefei, China, between
March and July 2022 as the research group. Theinclusion criteria
was complete laboratory indicators, clinical and CT examination
data,andage =18 years. The exclusion criteria was dialysis dura-
tion <3 months, diagnosis of malignant disease, liver function
impairment, coexistent infectious or autoimmune diseases, and
parathyroidectomy.

The research group was divided into those with secondary
hyperparathyroidism (SHPT) and non-secondary hyperparathy-
roidism (non-SHPT) according to the clinical diagnosis. Another
160 individuals undergoing physical examination in the
hospital were selected as the control group. The age of the indi-
viduals in the control group matched those of the patients on
maintenance dialysis. In the control group, an outlier was
rejected accordingtothecriteriathatthe vBMD valueis beyond
thelimit of X £ 3s. Figure 1 presents a flow chart for selection of
maintenancedialysis patients foranalysis.

Data on patient demographic parameters, laboratory results,
comorbidities, type of dialysis and dialysis vintage were
obtained from the patients’ medical records. Laboratory data
included serum creatinine (Scr), blood urea nitrogen (BUN), uric
acid (UA), phosphorus, serum calcium, calcium-phosphorus
product(CaxP),iPTH, and alkaline phosphatase (ALP).

The original CT image of the lumbar spine was acquired by
using the Siemens 64-slice CT scanner. The scanner was
calibrated using a body membrane calibration model. The
original lumbar spine volume data were delivered to the QCT
Pro6.1 software (Mindways, USA) to assess vBMD. Measure-
ment of the lumbar vBMD: the region of interest (ROI) was auto-
matically outlined in the mid-plane of the L1, L2, and L3 verte-
brae respectively, with appropriate manual adjustments made
by a trained radiologist to avoid cortical bone surrounding the
vertebral body and osteosclerotic areas. The vBMD values of
thell,L2,andL3vertebralbodies wereobtained, averagedand
repeated twice, and ultimately averaged as final vBMD value.
Criteria recommended by the latest Chinese expert consensus
were used to classify vBMD.” For vBMD in spinal trabeculae, the
values werethresholded at >120 mg/cm®as normal, 80 mg/cm®
<vBMD <120 mg/cm’ as osteoporotic and <80 mg/cm’ as
osteopenia.

SPSS 25.0 statistical software was used for the data analysis.
Continuous variables were expressed as mean + standard devia-
tion (SD) and discrete variables were expressed as number (per-
centage). Normality between continuous variableswasanalysed
using the Kolmogorov-Smirnov test. Independent two-sample t-
test was used to compare the differences between the SHPT
group and non-SHPT group interms of clinical, demographic, and
biochemical parameters. Differences in categorical information
between multiple groups were assessed by Pearson’s Chi-square
test. One-way analysisof variance (ANOVA) was used to compare
the quantitative data between the three groups if the normal
distribution was met, and LSD was used for post-testing. The
Kruskal-Wallis H test was used to test for differences in vBMD

betweenthe multiplegroups. Spearman correlationanalysis was
used to evaluate the relationships between lumbar spine vBMD
and othervariables. The value of p<0.05 was considered statisti-
callysignificant.
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Figure 1: Flow diagram of participants throughout the study.
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Figure 2: The BMD among the three groups.

RESULTS

There were 141 patients on maintenance dialysis in the study,
including 68 males and 73 females with a mean age of 54.56
+12.62 years. The mean dialysis vintage was 6.40+4.16 years,
and chronic glomerulonephritis was the most common primary
cause of maintenance dialysis (27.66%). There were 122 main-
tenance dialysis patients with varying degrees of abdominal
aortic calcification (86.52%). The vBMD ranged from 38.3
mg/cm®~295.9 mg/cm?, and the meanwas 137.13 (SD =50.23)
mg/cm®. In total, the 159 patients in the control group had
normal renal function (estimated glomerular filtration rate
(eGFR) =260 mL/min™" 1.73 m™), including 71 males and 88
females, with @ mean age of 52.77+11.66 years and vBMD of
129.62+36.36 mg/cm’.

Accordingtotheclinicaldiagnostic criteria, the patients of main-
tenance dialysis were classified into two groups, namely, the
SHPTgroup (n=67)andthenon-SHPT group (n=74).Therewas
no statistically significant difference in the gender ratio
between the two groups (p>0.05). Patients in the non-SHPT
groupwereolderthanthoseinthe SHPTgroup (p =0.004).
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Table I: Comparison of demographic and biochemical parameters between SHPT and non-SHPT patients.

Characteristics All (reference value) SHPT Non-SHPT p-value
No. of patients 141 67 74

Gender (M/F) 68/73 32/35 36/38 0.916°
Age (years) 54.56%12.62 51.37£11.59 57.45%12.97 0.004 "
Cause of CKD

Glomerulonephritis (%) 39(27.66) 23(34.33) 16(21.62) 0.304°
Diabetes (%) 23(16.31) 9(13.43) 14(18.92)

Hypertension (%) 24(17.02) 12(17.91) 12(16.22)

Other (%) 19(13.48) 10(14.93) 9(12.16)

Unknown (%) 36(25.53) 13(19.40) 23(31.08)

Type of dialysis (HD/PD) 116/25 53/14 63/11 0.349°
Dialysis vintage (years) 6.40+4.16 7.40+4.34 5.50+3.79 0.006 >~
Hypertension [n(%)] 115(81.6) 55 (82.1%) 60(81.1%) 0.877°
BUN (mmol/L) 21.50+7.05 (3.1-8.8) 21.24+7.28 21.73%6.86 0.680"
Scr (umol/L) 877.41+242.96 (41-81) 870.21+270.81 884.01+215.96 0.741°
UA (umol/L) 409.83+108.51 (155-357) 396.83+115.98 421.59+100.81 0.180°
Calcium (mmol/L) 2.24x0.21 (2.11-2.52) 2.26+0.18 2.23x0.23 0.507°
Phosphate (mmol/L) 1.79+0.56 (0.85-1.51) 1.82+0.61 1.75+£0.51 0.472°
CaxP (mmol*/L?) 4.00+1.31 4.11x1.45 3.90+1.18 0.342°
iPTH (pg/ml) 609.01+613.24 (10-69) 950.26+718.22 300.04+226.25 <0.001""
ALP (U/L) 185.73%£253.11 (35-135) 278.97+343.08 101.44+36.79 <0.001""

HD = Hemodialysis; PD = Peritoneal dialysis; BUN = Blood urea nitrogen; Scr = Serum creatinine; UA = Uric acid; Ca x P = Calcium-phosphorus product;

iPTH = Intact parathyroid hormone; ALP = Alkaline phosphatase. *Pearson’s Chi-square, "Independent two-sample t-test; *p <0.05, **p <0.01.

Table II: Comparison of age, gender, and lumbar spine vBMD between SHPT and non-SHPT patients in the control group.

SHPT (n=67) Non-SHPT (n=74) Control (n=159) xz /F/H p

Gender (M/F) 32/35 36/38 71/88 0.395° 0.821°
Age (years) 51.37+11.59 57.45+12.97 © 52.77+11.66 5.351° 0.005
vBMD (mg/cm3) 145.99+55.13 ¢ 129.10+44.20 129.62+36.36 6.861 ° 0.032°
vBMD stratification

Normal (%) 46(68.66) 43(58.11) 94(59.12) 12.168°¢ 0.002"
Osteopenia (%) 13(19.40) 21(28.38) 51(32.08) 0.886°¢ 0.642
Osteoporosis (%) 8(11.94) 10(13.51) 14(8.80) 1.731°¢ 0.421

°ANOVA, °Pearson’s Chi-square, ‘Kruskal-Wallis H test; °p <0.05, compared with the non-SHPT group and the control group; °p <0.05, compared with the

other two groups respectively; *p <0.05, **p <0.01.

Table IlI: Correlation of lumber spine vBMD with demographic and
biochemical parameters.

Lumber spine vBMD

r p-value
Age (years) -0.555 <0.001"
Gender (M/F) 0.118 0.165
Type of dialysis (PD/HD) -0.026 0.764
Dialysis vintage (years) 0.055 0.520
Scr (umol/L) 0.133 0.116
Calcium (mmol/L) 0.111 0.196
Phosphate (mmol/L) 0.134 0.118
Ca x P (mmol’/L?) 0.181 0.035"
iPTH (pg/ml) 0.214 0.011°
ALP (U/L) 0.111 0.195

PD = Peritoneal dialysis; HD = Hemodialysis; Scr = Serum creatinine; Ca x P
= Calcium-phosphorus product, iPTH = Intact parathyroid hormone; ALP =
Alkaline phosphatase. *p <0.05, **p <0.01.

There was no significant statistical difference in the type of
dialysis between the two groups, but the dialysis duration of
the SHPT group was longer than that of the non-SHPT group,
and the differential between the two groups was statistically
significant (p = 0.006). Significantly increased ALP and iPTH
levels were noted in the SHPT group as compared to the non-
SHPT group (p<0.001, Table I).

The mean vBMDs of the three groups (SHPT, non-SHPT, and
control group) were 146.0 mg/cm’, 129.1 mg/cm’ and 129.6
mg/cm’, respectively. Figure 2 represents the median value
and distribution of vBMD among the three groups. Differences
in bone density were noted among the three groups.
Specifically, patients in the SHPT group had greater vBMD
than those in the control and non-SHPT groups, and the vBMD
differences were statistically significant (p <0.05). The propor-
tion of BMD >120 mg/cm’ was significantly higher in the SHPT
group than in the non-SHPT and control groups (Table
I). vBMD was weakly and positively associated with Ca x P (r =
0.181, p = 0.035) and iPTH (r = 0.214, p = 0.011) and
moderately negatively correlated with age (r = -0.555, p
<0.001). The bone mass did not correlate with dialysis type,
duration of dialysis, or other biochemical markers, such as Scr,
calcium and ALP levels (Table Ill). After adjusting for the three
covariates of age and calcium-phosphorus product, vBMD
remained positively correlated with iPTH (r = 0.184, p = 0.034).

DISCUSSION

In this study, the vBMD of vertebral trabecular bone was
quantified by QCT. It was assessed the factors that influenced
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vBMD in maintenance dialysis patients. Maintenance dialysis
patients had higher vBMD, especially in the SHPT group,
compared with the healthy controls. According to correlation
analysis, vBMD was positively correlated with iPTH, and this
relationship remained stable even after an adjustment for
multiple covariates. It was demonstrated that increased
vBMD in maintenance dialysis patients may be associated
with high iPTH levels. This result suggested that
maintenance dialysis patients, especially those with
hyperparathyroidism, may have their bone abnormalities
incorrectly deemed normal due to a lack of upper limit of
bone mass measured by vBMD.

In this study, vBMD was higher in dialysis patients with SHPT
compared to the healthy controls. However, the previous
studies have generally reported a high prevalence of
decreased BMD and a high risk of fracture in patients with
advanced CKD. Most studies have shown that abnormal bone
conversion in end-stage renal disease leads to osteoporosis
and osteopenia®® and that lower BMD values are related to an
increased risk of death in CKD patients.” In a study of 200
hemodialysis patients, it was found that BMD decreased with
increasing age and disease duration.” In patients with ESRD,
bone loss is accelerated. Both hip and spine bone density
were lower in ESRD patients in the study.™ Similar to this
study, previous studies have suggested that patients with
CKD who developed renal osteodystrophy may exhibit high
BMD. Gregson et al. summarised the causes of high bone
density measured by DXA and proposed that renal
osteodystrophy may be relevant to the over-mineralisation of
bone tissue areas measured in the rib, pelvic, and spinal.” It
has been reported that patients with CKD can exhibit
osteosclerosis on imaging, such as the Rugger-jersey spine,
which can show high bone density measured on QCT due to
its inhomogeneous bone distribution.” Malluche et al. studied
bone biopsies from 630 patients with hemodialysis, of which,
3% had mineralisation defects and potentially exhibited
increased cancellous bone mass.*

A correlation study of lumbar spine BMD, revealed that
lumbar spine BMD was positively correlated with PTH,
suggesting that increased BMD in maintenance dialysis
patients may be associated with SHPT. SHPT is a common
complication in patients with CKD. Changes in calcium,
phosphorus and PTH metabolism in individuals with end-stage
renal disease can cause a range of comprehensive clinical
symptoms of CKD-MBD. PTH is a major initiator of bone
remodelling. PTH is anabolic in bone trabeculae and catabolic
in cortical bone, producing a complex bone profile. High PTH
levels in dialysis patients have more complex cancellous bone
surfaces. In addition, patients with SHPT can exhibit a high
bone conversion rate. Specifically, both osteoblasts and
osteoclasts are reactive, and bone-like hyperplasia is noted
when osteoblasts are overproduced, which can appear as
osteosclerosis on imaging.”” The SHPT model of chronic renal
failure was constructed using adenine-fed rats, and

pathological and histological analysis of rat bones revealed
increased bone-like tissues in the bone cortex and increased
bone resorption cavities with osteoclasts, osteoblasts and
fibrosis. Increased bone-like trabeculae were observed in the
distal femoral epiphysis. In addition, osteogenic changes were
observed in haematoxylin-eosin staining of decalcified
sections of bone trabeculae.’® The mechanism by which
parathyroid hormone induces bone formation is partly due to
its capacity to downregulate SOST/sclerostin expression in
osteoblasts and activate the anabolic Wnt signalling
pathway." In addition, reduced renal la-hydroxylase and
reduced 1,25(0H)2D3 may lead to reduced trabecular bone
resorption, increased bone volume, massive increase in bone-
like tissue, and increased fibrosis.'®** Researchers have found
that parathyroid function does affect the morphological
properties of cancellous bone and that high parathyroid
hormone levels appear to be associated with more cancellous
bone branching. However, the effects of parathyroid hormone
are not sufficient to alter cancellous bone junctions and bone
mechanical strength does not increase.”

However, there are certain limitations to this study. The
main limitation is the single-centre, cross-sectional design.
In addition, this study measured BMD at only one site, that
is, the lumbar spine, and the measurements obtained at this
site are not representative of changes in whole-body BMD.
Because these patients were not followed up, it is unknown
whether secondary hyperparathyroidism patients with
increased bone mineral density will subsequently become
osteoporotic at one stage or not.

CONCLUSION

The bone mineral metabolism is altered in maintenance
dialysis sufferers with end-stage renal disease. Increased
BMD is closely linked to SHPT. Clinicians need to pay
particular attention to CKD patients with SHPT, as normal
bone density measured by QCT may mask underlying bone
lesions. Thus, regular BMD measurements are necessary to
monitor bone changes to improve the quality of life and
survival of dialysis patients.
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