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Abstract

Summary Although chronic kidney disease is associated with other bone disorders, osteoporosis can be found in this context, and
it is defined based on bone mineral density (BMD), measured by dual-energy X-ray absorptiometry. As CKD progresses, the
percentage of normal BMD decreases, whereas that of osteopenia/osteoporosis increases, mostly due to hip involvement,
particularly in patients with reduced renal function.

Introduction Osteoporosis is a highly prevalent disease in patients with chronic kidney disease (CKD). We investigated the
features of bone mineral density (BMD) in patients with assorted kidney diseases and hypothesized that low BMD, as measured
by dual-energy X-ray absorptiometry (DXA), would be more prevalent as kidney function decreased and would correlate with
biomarkers of mineral and bone disease.

Methods DXA obtained from January 1, 2008, to December 31, 2017, clinical, demographic, and biochemical data at the time of
image acquisition were recorded. Data from 1172 patients were included in this study (81.3% women, 79.9% white, and 8.1%
diabetic).

Results Osteopenia and osteoporosis in at least one site (total hip or spine) were found in 32.7% and 20.0% of patients,
respectively. As CKD progressed, the percentage of patients with normal BMD decreased, whereas the percentage of osteopenia
and osteoporosis increased, which was mostly due to the total hip involvement, particularly in patients with estimated glomerular
filtration rate (¢GFR) < 60 ml/min/1.73 m?. Older age and hyperparathyroidism were independent risk factors for osteopenia/
osteoporosis at the total hip; female gender, older age, and higher iCa were independently associated with the risk of osteopenia/
osteoporosis at the spine. With eGFR > 90 ml/min as reference, the odds ratios for osteoporosis/osteopenia at the hip were 1.51
(95% CI 1.01-2.24) and 1.91 (95% CI 1.13-3.20) for patients with eGFR 30-60 and 15-30 ml/min/1.73 m?, respectively. No
CKD stage was significantly associated with the risk of osteoporosis/osteopenia at the spine.

Conclusion Our results highlighted that low BMD in patients with CKD is associated with age and hyperparathyroidism, and
affects predominantly the hip.
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Introduction

Osteoporosis is a disorder of low bone mass and impaired
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population can be exacerbated by CKD, such as hormonal
deficiency [4], falls [5], and sarcopenia [6]. Fractures were
reported to be greater than 2- to 100-fold more common in
CKD than in age-matched individuals without CKD [7-9]. In
patients with predialysis CKD, a history of osteoporosis was
reported to be associated with a greater than 2-fold odds of hip
fracture compared with the general population [8]. Most im-
portantly, mortality rates after fracture were 3-fold greater in
patients with CKD [10].

Data from the National Health and Nutrition Examination
Survey (NHANES) suggest that CKD and osteoporosis are
highly co-prevalent [8, 11], such that Moe and cols suggest
the term CKD-induced osteoporosis [12], in the same way we
use the expression steroid-induced osteoporosis. Among
NHANES III participants, osteoporosis was twice as common
in those with an estimated GFR (eGFR) <60 ml/min when
compared to those with an eGFR > 60 ml/min [8].

The dual-energy X-ray absorptiometry (DXA) is the gold
standard method to measure bone mass and has been demon-
strated to predict fracture risk in the general population. In
contrast, the role of DXA in fracture risk assessment in
CKD has been controversial. The 2009 KDIGO guidelines
was recommended against routine bone mineral density
(BMD) testing. However, more recent prospective trials in
patients with predialysis CKD [13, 14] and in patients with
end-stage renal disease on hemodialysis [15] indicate that low
areal BMD measured by DXA at the forearm (one-third and
ultra-distal radius), hip (total and femoral neck), and spine can,
indeed, predict a future fracture. These studies support the
clinical use of DXA as a fracture risk-screening tool in
CKD, which was recognized by the update of KDIGO in
2016 [16], indicating that the same T-score cutoffs for
osteopenia and osteoporosis can be used for CKD patients as
for the general population.

The prevalence of osteopenia/osteoporosis is not well
established among patients with CKD and, when available,
is mostly obtained from patients not yet on dialysis [13].
Therefore, we ought to investigate the prevalence and pattern
of BMD, as measured by DXA, in a cross section of patients
with 1-5 CKD stages, in a decade of observation. We hypoth-
esized that first, low BMD will be more prevalent as kidney
function decreases and second, biomarkers of CKD-MBD
will be associated with altered BMD.

Materials and methods

Source population

This was a retrospective study. CKD outpatients had been
followed at the Nephrology Service of the Hospital das

Clinicas, Universidade de Sao Paulo. Diabetes,
nephrolithiasis, glomerulonephritis, and hypertension
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accounted for more than a half of kidney disease causes.
Patients with eGFR > 60 ml/min/1.73 m* had been followed
for a varied of reasons, including the above mentioned and
others such as HIV-associated nephropathy, tubulopathy,
polycystic kidney disease, and pyelonephritis. Electronic re-
cords from the Nephrology outpatient clinic at Hospital das
Clinicas, Universidade de Sao Paulo, were assessed. All req-
uisitions for DXA made between January 1, 2008, and
December 31, 2017 were confronted and updated with the
exam date. There was no standard protocol to investigate os-
teoporosis, and the criteria to screen patients by DXA were
entirely up to their physicians. Clinical and demographic data
were obtained by manual check for each included patient. All
biochemistries were therefore selected within 3 months of the
DXA acquisition. Inclusion criteria were as follows: having
performed a DXA during the study observation period, age
older than 18 years, and availability of key relevant variables
including creatinine and parathyroid hormone.

Data collection

Data from the electronic records were obtained for the follow-
ing clinical factors: body index mass (BMI) expressed as ki-
lograms per square meter, age, sex, race, etiology of renal
disease, and medication use. All charts were checked to ascer-
tain the medications and clinical conditions through the phy-
sician prescription on line and medical notes. The eGFR was
used as a measure of kidney function and to define the stage of
CKD and was obtained using the CKD-EPI equation [17].
Laboratory measurements obtained were total serum calcium,
ionized calcium, serum phosphate, and albumin, measured by
automated colorimetry; serum 25 (OH)-vitamin D, quantified
by chemiluminescence immunoassay (DiaSorin, StilWater,
Minn., USA, reference range, RR, 30—100 ng/ml); plasma
PTH (RR 11-62 pg/ml), measured by chemiluminescence im-
munoassay (Cobas, Roche Diagnostic GmbH, Mannheim,
Germany); and alkaline phosphatase (RR range 32-122 U/l),
measured by a kinetic automated method.

The local Research Ethics Committee (Cappesq
#45163715.4.0000.0068) has approved the protocol. Since it
was a retrospective study, no informed consent form was
required.

X-ray absorptiometry (DXA)

Bone mineral density (BMD) was evaluated by DXA. All
exams were performed using DXA Hologic QDR 4500
scanners (Hologic Inc., Bedford, MA, USA). We report
the total hip BMD and the lumbar spine BMD, and the
results were expressed in grams per square centimeter, as
well as T-scores, i.e., the difference in standard deviation
(SD) compared with the mean of healthy young sex-
matched controls, and Z-scores, i.e., the difference in SD
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compared with the mean value of healthy age-and sex
matched controls. Certified technicians performed the
DXA scans following a strict protocol. T-score was calcu-
lated using the National Health and Nutrition Examination
Survey III reference database [18]. Subjects were consid-
ered to have normal BMD if their T-score was >—1 SD in
at least one skeletal site, osteopenia if their score was be-
tween — 1 SD and — 2.4 SD in at least one skeletal site, and
osteoporosis if their T-score was <—2.5 SD in at least one
skeletal site [19]. The young Caucasian women were used
as the reference population for both men and women as
recommended by the International Society for Clinical
Densitometry (ISCD) [20].

Statistical analyses

Data are presented as mean + SD or median (25,75) to de-
scribe normal and non-normal distributed continuous vari-
ables, respectively. Categorical variables are expressed as pro-
portions. We used the one-way ANOVA test or Kruskall-
Wallis test, as appropriate, to compare continuous character-
istics, and the chi-squared test or Fisher exact test to compare
proportions among groups. Correlations between T-scores and
independent variables were examined by the Spearman corre-
lation coefficient. Multivariable logistic analyses were under-
taken with osteopenia and/or osteoporosis at the total hip and
at the spine as the dependent variable and with age, gender,
hyperparathyroidism, iCa, and eGFR as the independent var-
iables. Two models were built, one for the entire population
and one for patients with an eGFR < 60 ml/min/1.73 mz, for
the risk of osteopenia/osteoporosis in each bone site (total hip
and lumbar spine). Renal function measured by eGFR was
tested as a continuous variable, and the probability risk de-
rived from multivariable analysis was used to plot Fig. 2. The
eGFR was categorized by CKD stages 1, 2, 3, 4, and 5, and
odds ratio for osteopenia/osteoporosis was plotted in Fig. 3.
CKD 1 (eGFR > 90 ml/min) was used as reference. A p value
<0.05 was considered significant. Analyses were performed
using SPSS 21.0 (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism® software (GraphPad Software, Inc., CA,
USA).

Results

Out of 1206 patients identified with DXA, 12 were excluded
due to missing data on renal function and another 22 patients
were excluded, as the image of DXA was missing. Therefore,
a total of 1172 patients were enrolled into this study.
Characteristics of patients are described in Table 1. The ma-
jority was female (81.3%), 79.9% were white, and 8.1% were
diabetic. BMI was lower among patients with osteoporosis;
BMI above 25 kg/m2 was found in 52%, 32%, and 15% of

patients with DXA showing normal, osteopenia, and osteopo-
rosis results (p =0.0001). A total of 31 patients were on dial-
ysis. As shown in Table 1, patients with normal BMD were
heavier and had better renal function, lower iCa, PTH, and AP.
About 10.7% of patients were taking cholecalciferol, 3.2%
were taking an active vitamin D (calcitriol), 0.9% were taking
sevelamer, and 232 patients (19.8%) were taking glucocorti-
coids. Osteopenia or osteoporosis in at least one site (total hip
or spine) was found in 32.7% and 20.0% of patients,
respectively.

The analysis according to renal function (Table 2) showed
that patients with eGFR > 90 ml/min/1.73 m” were younger;
hyperparathyroidism (PTH > 65 pg/ml) was more frequent in
late stages of CKD. As CKD progresses, the percentage of
patients with normal BMD decreases, whereas the percentage
of osteopenia and osteoporosis increases (Table 2). However,
the difference between initial and late stages of CKD was
more prominent at the total hip. Indeed, hip was more affected
than spine, as assessed by DXA, in patients with and eGFR <
60 ml/min (Supplementary Table 1). Accordingly, osteopenia
and/or osteoporosis was found only at the hip in 1.6%, only at
the lumbar spine in 26.6%, in both sites in 9.5% and in none of
sites in 62.3% of cases among patients with eGFR > 60 ml/
min/1.73 m?, whether in patients with eGFR < 60 ml/min/
1.73 m? was found only at the hip in 15.9%, only at the lumbar
spine in 25.5%, in both sites in 15.6% and in none of the sites
in 43.0%, difference that was statistically significant
(»<0.0001). Mean and 95% confidence intervals of T-
scores at the total hip and spine, according to eGFR category,
are illustrated in Fig. 1. T-scores at the total hip correlated with
age (r=—0.324, p=0.007), iCa (r=—0.332, p=0.009), and
25 vitamin D (»=0.310, p =0.027); T-scores at the spine cor-
related with age (r=—10.314, p =0.008), iCa (r=—0.306, p =
0.016), and phosphate (»=0.278, p =0.026).

Table 3 shows multivariate analyses on the risk of osteopo-
rosis/osteopenia. For total hip, older age and hyperparathy-
roidism were independent risk factors in both, the entire pop-
ulation, and among patients with eGFR < 60 ml/min/1.73 m?.
Regarding spine, female gender, older age, and higher iCa
were independently associated with the risk of osteopenia/
osteoporosis in the entire population, whereas in patients with
eGFR < 60 ml/min/1.73 m?, only older age and hyperparathy-
roidism remained as independent risk factors. Figure 2 illus-
trates the probability risk of osteoporosis/osteopenia at the
total hip in the entire population, in which age and hyperpara-
thyroidism were modeled together. It should be noted that for
the same age, the risk of having osteoporosis/osteopenia is
much higher in the presence of hyperparathyroidism. We have
modeled eGFR by category instead of a continuous variable,
adjusted by age, gender, ionized calcium, and PTH, showing
that the odds ratios for osteoporosis/osteopenia at the hip were
1.51 (95% CI 1.01-2.24) and 1.91 (95% CI 1.13-3.20) for
patients with eGFR 30-60 and 15-30 ml/min/1.73 mz,
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Table 1 Characteristic of patients according to bone density
AllN=1172 Normal N=554 Osteopenia N =383 Osteoporosis N =235 P

Age (years) 51+16 45+16 58+13* 55+£17* 0.0001
Female gender (%) 81.3 50.7 71.2 78.1 0.374
Ethnicity (%)

White 79.9 453 334 21.3%* 0.011

Asian 12 55.0 30.7 14.2%

Other 18.9 28.6 28.6 42.9%
Weight (kg) 68.9+14.6 73.1+14.9 66.7+13.3* 62.1+12.4* 0.0001
Body Mass Index (kg/m?) 274+5.5 284+5.7 27.1+£5.1% 25.7+5.0% 0.0001
Etiology of CKD (n (%))

Diabetes 8.1 8.3 6.5 10.2 0.702

Nephrosclerosis 16.3 15.7 16.2 17.9

Glomerulonephritis 36.2 36.1 384 32.8

Nephrolithiasis 28.9 28.3 29.5 29.4

Other/unknown/none 10.5 11.6 9.4 9.8
Prednisone use (%) 19.8 22.5 18.5 16.2 0.114
Creatinine (mg/dl) 0.9 (0.7, 1.3) 0.9(0.7,1.2) 1.0 (0.7, 1.5)* 1.0 (0.8, 1.5)* 0.0001
eGFR (ml/min/1.73 m?) 73+35 80+34 67 +£32% 67 £40* 0.0001
Total calcium (mg/dl) 94+0.7 94+0.7 9.5+0.6 9.5+0.7 0.067
Ionized calcium (mg/dl) 5.03+0.36 4.99+0.33 5.07+031* 5.07+0.47* 0.001
Phosphate (mg/dl) 35+0.8 35+0.8 35+0.7 36+1.0 0.528
PTH (pg/ml) 50 (35, 81) 43 (32, 66) 55 (38, 89)* 55 (39, 105)* 0.0001
Alkaline phosphatase (UI/I) 74 (58, 102) 69 (56, 89) 75 (57, 104) 81 (62, 112)* 0.007
25 (OH) vitamin D 27.0£9.9 26.9+9.7 26.9+9.7 26.1+£9.8 0.246
Albumin (g/dl) 43+0.5 43+0.5 43+0.5 43+0.5 0.863
Magnesium (mEq/1) 2.0+0.3 1.9+02 20+0.3 2.0+0.2 0.101
Bicarbonate (mmol/l) 253+34 254+33 253+32 249+3.38 0.276

Values are expressed as mean + SD, median (25,75), or percentage. AP was obtained only in 480 patients. lonized calcium was available in 76.5% of
patients. Normal was defined if T-score was >—1 SD at one or more skeletal sites, osteopenia if T-scores was between — 1 SD and —2.4 SD at one or
more skeletal sites, and osteoporosis if T-score was <—2.5 SD at least one skeletal sites

Values lower than 0.05 is considered significant

CKD chronic kidney disease, PTH parathyroid hormone, eGFR estimated glomerular filtration rate, PTH parathyroid hormone

*p < 0.005 vs. normal

respectively. No eGFR category was significantly associated
with the risk of osteoporosis/osteopenia at the spine. Figure 3
depicts the odds ratio and 95% CI for the risk of osteopenia/
osteoporosis at the total hip and the lumbar spine.

About 132 patients had repeated DXA during the study
period, 80 with initial eGFR >60 ml/min/1.73 m? and 52
already with initial eGFR < 60 ml/min/1.73 m?. In this latter
subgroup of patients with CKD, T-scores worsened at spine in
17 (32.7%) and at hip in 16 (30.8%) patients, with 6 (11.5%)
patients getting worse in both sites. These percentages were
similar to that observed in patients with eGFR > 60 ml/min/
1.73 m* (31.2 and 36.2% had decreased bone mineral density
at hip and spine, respectively). Annual decrease of T-scores at
total hip was — 0.09 (= 0.26, 0.07) and — 0.07 (= 0.19, 0.05) in
patients with eGFR <60 ml/min/1.73 m? and >60 ml/min/
1.73 m?, respectively (p =0.626). Annual decrease of T-
scores at the lumbar spine was —0.04 (—0.18, 0.11) and —
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0.04 (—0.22, 0.12) in patients with eGFR <60 ml/min/
1.73 m* and >60 ml/min/1.73 m?, respectively (p = 0.494).
There was no correlation between annual bone lost at total
hip and age (r=—0.60, p =0.501), although there was a sig-
nificant correlation between annual bone lost at the lumbar
spine and age (»=—0.343, p=0.0001). There was no demo-
graphic, clinical, or biochemical characteristic that distin-
guished patients who had worsened BMD from the others.

Discussion

The present study included a large sample size of individuals
with stages 1-5 CKD providing several insights about the
features of BMD in this population. First, we confirmed that
patients with low BMD were more likely to be women and
older, findings similar to those in the general population. In
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Table 2  Characteristics of patients according to renal function, measured by estimated glomerular filtration rate (¢GFR)

eGFR (ml/min/1.73 m?) >90 (N=434) 60-90 (N=323) 30-60 (N=253) 15-30 (N=91) <I5(N=T71) p
Age (years) 43+14 544 14% 59+ 16+% 64 + 16+%2 524+ 12% 0.0001
Male gender (1 (%)) 37.4 26.9 21.9 7.7 6.2 0.819
Creatinine (mg/dl) 0.7+0.1 0.9+0.1%% 14+03%%2 24+05%%2 7.2+2.9% 0.0001
eGFR (ml/min/1.73 m?) 109.2+17.5 74.9+£8.9% * 45.6+8.6% %2 22.9+4.0%*2 7.5+4.2% 0.0001
PTH > 65 pg/ml (%) 14.7 22.5 51.1 78.7 85.5 0.0001
Total hip T-score -09(-14,-03) -09(-15-02)* -1.0(-18,-03" —12(-18,-07)"* —14(24,-0.8)* 0.000
Total hip Z-score -02(-09,04) 0(-0.5,0.6)** 0(=0.7,0.7)* -0.09(-08,0.6)* -09(-1.5,-02)* 0.0001
Spine T-score -20(26,-14) —-20(-25-15 -19(-24,-12) -15(=25,-06)** —-18(=2.6,—-0.7) 0.016
Spine Z-score -12(-19,-04) —-08(—1.6,0) —04(-14,05*% —01 (1.1, L.L1)**® -0.7(-1.8,02) 0.0001
Total hip, DXA results (%)

Normal 78.9 75.4 63.7 50.5 53.6 0.0001
Osteopenia 20.4 23.4 28.7 40.7 30.5

Osteoporosis 0.7 1.2 7.6 8.8 15.9

Spine, DXA results (%)

Normal 60.1 50.6 435 48.4 50.7 0.002
Osteopenia 242 29.2 37.9 30.8 23.9

Osteoporosis 15.7 20.2 18.6 20.9 254

Values are expressed as mean = SD, median (25,75) or percentage. Normal was defined if T-score was >— 1 SD at one or more skeletal sites, osteopenia if

T-scores was between — 1 SD and —2.4 SD at one or more skeletal sites, and osteoporosis if T-score was <—2.5 SD at least one skeletal sites

Values lower than 0.05 is considered significant

eGFR estimated glomerular filtration rate, PTH parathyroid hormone, DXA dual X-ray absorptiometry

#p < 0.005 vs. >90; * p <0.005 vs. 60-90; #p < 0.005 vs. < 15

addition, we demonstrated the association between low BMD
and impaired renal function, since osteopenia/osteoporosis
seems to be more prevalent as CKD progresses. Second, in
patients with eGFR < 60 ml/min/1.73 m?, hip is the elected
bone site for osteopenia/osteoporosis, which is closely related
to the presence of hyperparathyroidism.

In patients with CKD, mineral and bone disease (CKD-
MBD) is a common complication that begins early in the
course of the disease, causing high morbidity and mortality.

T scores

-2.04

-2.5

>90 60-90 30-60 15-30 <15
eGFR, ml/min/1.72 m?

® Hip @® Spine

Fig. 1 Bone mineral density according to estimated glomerular filtration
rate (¢GFR). Symbols are mean and 95% confidence interval. Blue and
black circles represent T-scores at the total hip and spine, respectively

Several hormonal and biochemical abnormalities occur as
CKD progresses including hyperphosphatemia, increased fi-
broblast growth factor —23 (FGF-23) and PTH levels, hypo-
calcemia, and decreased renal synthesis of 1,25(OH),Ds,
chronic metabolic acidosis, chronic inflammation, and prema-
ture hypogonadism. Renal osteodystrophy (ROD) is a nomen-
clature used to describe the abnormalities seen on bone
histomorphometry, which are totally independent of BMD.
ROD included abnormalities that impair bone remodeling
and mineralization and result in cortical and trabecular defects
[21]. The diagnosis of osteoporosis in the context of CKD is
controversial since the ROD classification has not been de-
signed for the osteoporosis diagnosis. BMD does not predict
the type of ROD since different histological causes of bone
disease in CKD patients may lead to similar low BMD values.
In this context, patients suffering from high-turnover bone
disease, low turnover bone disease, or age- or sex-related os-
teoporosis may all show equal densitometric values [22]. A
potential limitation of BMD by DXA at traditional sites (i.e.,
the hip and spine) is the inability of DXA to discriminate
between cortical and trabecular bone compartments. This lim-
itation is particularly relevant in patients with CKD and in
those who have high serum PTH, because of an anabolic ef-
fect on trabecular bone and a catabolic effect on cortical bone
[23]. Knowing that the spine is about 95% trabecular bone and
the total hip about 50% cortical/trabecular bone, while DXA’s
lower resolution is a limitation, it should not be an excuse to

@ Springer



Osteoporos Int (2019) 30:1015-1023

1020
Table3  Multivariate analyses on the risk of osteoporosis/osteopenia at
hip and spine
Relative risk ~ 95% CI lower-upper  p
Total HIP
Entire group
Age (each year) 1.043 1.031-1056 0.0001
Female gender 1.141 0.755-1.723 0.532
iCa 1.206 0.759-1.917 0.427
PTH>65 pg/ml 1.954 1.355-2.819 0.0001
eGFR (each ml/min)  0.997 0.991-1.003 0.301
eGFR < 60 ml/min/1.73 m’
Age (each year) 1.046 1.028-1.063 0.0001
Female gender 1.451 0.807-2.609 0214
iCa 1.168 0.661-2.065 0.592
PTH> 65 pg/ml 2.238 1.324-3.783 0.003
eGFR, each ml/min ~ 0.997 0.983-1.012 0.693
SPINE
Entire group
Age (each year) 1.043 1.032-1.055 0.0001
Female gender 1.511 1.034-2.208 0.033
iCa 1.596 1.021-2.497 0.040
PTH>65 pg/ml 1.205 0.857-1.694 0.284
eGFR (each ml/min)  1.000 0.995-1.006 0.871
eGFR < 60 ml/min/1.73 m’
Age (each year) 1.024 1.009-1.040 0.001
Female gender 1.550 0.881-2.729 0.129
iCa 1.681 0.945-2.991 0.077
PTH> 65 pg/ml 1.650 1.008-2.701 0.046
eGFR (each ml/min)  1.014 1.000-1.028 0.058

Values lower than 0.05 is considered significant

iCa ionized calcium, PTH parathyroid hormone, eGFR estimated glomer-
ular filtration rate

discourage its use in patients with CKD, as it gives informa-
tion on both cortical and trabecular compartments based on
which skeletal site is imaged. Indeed, DXA is recognized to
predict fracture in patients with CKD, and so far, it is the
recommended method of screening in this population [16].

Spinal fracture in patients with mild CKD, evaluated by
lateral radiograph, showed prevalence comparable to the gen-
eral population [24], whereas hip fracture is far more frequent
among patients with CKD [7, 25-27]. In a recent study, 65%
of all major bone fractures in a sample of patients on hemodi-
alysis were at the hip [28].

In agreement with these findings, we observed low hip
BMD mostly in patients with eGFR <60 ml/min/1.73 m?.
This result can be explained by a greater impairment of corti-
cal than trabecular bone in patients with CKD, a finding al-
ready demonstrated by peripheral quantitative computed to-
mography (HRpQCT) [29].
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We found that hyperparathyroidism was associated with low
BMD in patients with CKD. The fact that hip is a more cortical
bone than spine explains, at least in part, the higher prevalence
of fracture in this site among patients with CKD [30, 31]. This
information is of extreme importance since hip fractures are
most serious and costly [32]. Levels of PTH were associated
with low BMD in a previous study [33], although the associa-
tion of this hormone with a fracture is more controversial and
described mostly in patients on dialysis [15, 34, 35]. It is known
that high concentration of PTH predicts loss of cortical area,
density, and thickness, and increases the cortical porosity, while
it decreases bone strength, which constitutes osteoporosis [23].
Taken together, our results point to an important impact of hy-
perparathyroidism on low BMD, mostly at the hip in patients
with CKD. It should be noted that for the same age, the risk of
having osteoporosis/osteopenia is much higher in the presence
of hyperparathyroidism. As an example (Fig. 2), the probability
of having low BMD of a given patient with 60 years old is close
to 20% in the absence of hyperparathyroidism and increases to
40% if hyperparathyroidism is present. Looking at it in another
way, we can say that a 40% probability of having low BMD is
the same for a patient with 50 years old and 70 years old in the
presence and absence of hyperparathyroidism, respectively.
Although renal function does have a role in low BMD at spine,
this association does not seem to be strong. Though the current
KDIGO guidelines recommend using DXA for predicting frac-
tures, the relationship between low BMD at lumbar spine and
fracture in patients with CKD has not been established [36-38].
Taken together, our data suggest that hip fracture might be as-
sociated with hyperparathyroidism and low BMD in patients
with CKD, whereas spine fractures are similar to those observed
in the general population and cannot be predicted by low BMD.

The present study does have limitations given its observa-
tional single-center nature. Although we have included a large
cohort of patients with CKD and demonstrated a high preva-
lence of reduced BMD in this population, it is important to
acknowledge that the current results cannot address causality.
Another limitation, which should be mentioned, is that pa-
tients selected from a tertiary hospital might not represent
the entire population of CKD worldwide. We are also aware
of the possible bias of selection inherent to a retrospective
study, the lack of ascertaining while describing medications
in use and compliance to the prescription, and the exclusion of
patients with missing key data. Finally, other limitations in-
cluded the lack of formal protocols to request DXA, which
was a decision of each physician, the lack of forearm DXA
imaging, and other factors that might play a role in the in-
creased fracture risk among patients with CKD such as acido-
sis, inflammation, and hypogonadism that were not evaluated
in the current study.

In summary, we have demonstrated that osteopenia and
osteoporosis were highly prevalent in patients with CKD
and seem to be more likely to occur as the renal function
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deteriorates, with aging, and in patients with PTH higher than
65 pg/ml. Indeed, hyperparathyroidism was associated with
high risk of reduced BMD, particularly at the hip, opening a
new avenue for research. Whether this finding explains the
high prevalence of hip over spine fracture in patients with
CKD deserves further studies. Knowing that reduced BMD
in patients with CKD, as measured by DXA, can predict the
risk of fracture, and in face of accumulated evidence to date,
complacency with a contemplative care practice regarding
osteoporosis needs to change. There is a need for a placebo-
controlled prospective study to assess the effect of treatment
of these conditions on mineral density, quality of life, fracture
risk, and mortality.

Acknowledgments We thank Fatima Libanio for her assistance in
collecting the electronic data.

Author contributions Authors’ roles: Study design: KSBC, and RME.
Study conduct: KSBC, RFVV, MRC, VJ, RMAM, and RME. Data col-
lection: KSBC, RFVV, and RME. Data analysis: KSBC, RMAM, and
RME. Data interpretation: KSBC, MRC, VJ, RMAM, and RME.
Drafting manuscript: KSBC, RMAM and RME. Revising manuscript
content: KSBC, MRC, VJ, RMAM, and RME. Approving final version
of manuscript: KSBC, RFVV, MRC, V], RMAM, and RME. RME takes
responsibility for the integrity of the data analysis.

Compliance with ethical standards

Conflicts of interest KSBC, MRC, and RME have nothing to declare.
VJ and RMAM are financially supported by CNPq, Conselho Nacional
de Desenvolvimento Cientifico e Tecnologico (grant numbers 303684/
2013-5 and 304249/2013-0, respectively). This financial support had no
role in study design; collection, analysis, and interpretation of data; writ-
ing the report; and the decision to submit the report for publication.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Kanis JA (2002) Diagnosis of osteoporosis and assessment of frac-
ture risk. Lancet 359:1929-1936

2. Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, Rossert J,
De Zeeuw D, Hostetter TH, Lameire N, Eknoyan G (2005)
Definition and classification of chronic kidney disease: a position
statement from kidney disease: improving global outcomes
(KDIGO). Kidney Int 67:2089-2100

3. Denburg MR, Kumar J, Jemielita T, Brooks ER, Skversky A,
Portale AA, Salusky IB, Warady BA, Furth SL, Leonard MB
(2016) Fracture burden and risk factors in childhood CKD: results
from the CKiD cohort study. ] Am Soc Nephrol 27:543-550

4. Weisinger JR, Bellorin-Font E (2004) Outcomes associated with
hypogonadism in women with chronic kidney disease. Adv
Chronic Kidney Dis 11:361-370

5. Naylor KL, McArthur E, Leslie WD, Fraser LA, Jamal SA,
Cadarette SM, Pouget JG, Lok CE, Hodsman AB, Adachi JD,
Garg AX (2014) The three-year incidence of fracture in chronic
kidney disease. Kidney Int 86:810-818

@ Springer

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

Avin KG, Moorthi RN (2015) Bone is not alone: the effects of
skeletal muscle dysfunction in chronic kidney disease. Curr
Osteoporos Rep 13:173-179

Alem AM, Sherrard DJ, Gillen DL, Weiss NS, Beresford SA,
Heckbert SR, Wong C, Stehman-Breen C (2000) Increased risk of
hip fracture among patients with end-stage renal disease. Kidney Int
58:396-399

Nickolas TL, McMahon DJ, Shane E (2006) Relationship between
moderate to severe kidney disease and hip fracture in the United
States. ] Am Soc Nephrol 17:3223-3232

Khairallah P, Nickolas TL (2018) Management of osteoporosis in
CKD. Clin J Am Soc Nephrol 13:962-969

Kim SM, Long J, Montez-Rath M, Leonard M, Chertow GM
(2016) Hip fracture in patients with non-dialysis-requiring chronic
kidney discase. J Bone Miner Res 31:1803-1809

Klawansky S, Komaroff E, Cavanaugh PF Jr, Mitchell DY, Gordon
MJ, Connelly JE, Ross SD (2003) Relationship between age, renal
function and bone mineral density in the US population. Osteoporos
Int 14:570-576

Moe SM (2017) Renal osteodystrophy or kidney-induced osteopo-
rosis? Curr Osteoporos Rep 15:194-197

Yenchek RH, Ix JH, Shlipak MG, Bauer DC, Rianon NJ,
Kritchevsky SB, Harris TB, Newman AB, Cauley JA, Fried LF,
for the Health, Aging, and Body Composition Study (2012) Bone
mineral density and fracture risk in older individuals with CKD.
Clin J Am Soc Nephrol 7:1130-1136

West SL, Lok CE, Langsetmo L, Cheung AM, Szabo E, Pearce D,
Fusaro M, Wald R, Weinstein J, Jamal SA (2015) Bone mineral
density predicts fractures in chronic kidney disease. J Bone Miner
Res 30:913-919

limori S, Mori Y, Akita W, Kuyama T, Takada S, Asai T, Kuwahara
M, Sasaki S, Tsukamoto Y (2012) Diagnostic usefulness of bone
mineral density and biochemical markers of bone turnover in
predicting fracture in CKD stage 5D patients—a single-center co-
hort study. Nephrol Dial Transplant 27:345-351

Isakova T, Nickolas TL, Denburg M, Yarlagadda S, Weiner DE,
Gutiérrez OM, Bansal V, Rosas SE, Nigwekar S, Yee J, Kramer H
(2017) KDOQI US commentary on the 2017 KDIGO clinical prac-
tice guideline update for the diagnosis, evaluation, prevention, and
treatment of chronic kidney disease-mineral and bone disorder
(CKD-MBD). Am J Kidney Dis 70:737-751

Levey AS, Stevens LA, Schmid CH, Zhang Y(L), Castro AF III,
Feldman HI, Kusek JW, Eggers P, van Lente F, Greene T, Coresh J,
for the CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) (2009) A new equation to estimate glomerular filtra-
tion rate. Ann Intern Med 150:604—612

Looker AC, Wahner HW, Dunn WL, Calvo MS, Harris TB, Heyse
SP, Johnston CC Jr, Lindsay R (1998) Updated data on proximal
femur bone mineral levels of US adults. Osteoporos Int 8:468—489
Kanis JA, Melton LJ 3rd, Christiansen C, Johnston CC, Khaltaev N
(1994) The diagnosis of osteoporosis. J Bone Miner Res 9:1137—
1141

Bianchi ML, Baim S, Bishop NJ, Gordon CM, Hans DB, Langman
CB, Leonard MB, Kalkwarf HJ (2010) Official positions of the
International Society for Clinical Densitometry (ISCD) on DXA
evaluation in children and adolescents. Pediatr Nephrol 25:37—47
Babayev R, Nickolas TL (2015) Bone disorders in chronic kidney
disease: an update in diagnosis and management. Semin Dial 28:
645-653

Torres PU, Bover J, Mazzaferro S, de Vernejoul MC, Cohen-Solal
M (2014) When, how, and why a bone biopsy should be performed
in patients with chronic kidney disease. Semin Nephrol 34:612-625
Nickolas TL, Stein EM, Dworakowski E, Nishiyama KK,
Komandah-Kosseh M, Zhang CA, McMahon DJ, Liu XS,
Boutroy S, Cremers S, Shane E (2013) Rapid cortical bone loss



Osteoporos Int (2019) 30:1015-1023

1023

24.

25.

26.

27.

28.

29.

30.

31

in patients with chronic kidney disease. J] Bone Miner Res 28:
1811-1820

Chen H, Lips P, Vervloet MG, van Schoor NM, de Jongh RT (2018)
Association of renal function with bone mineral density and fracture
risk in the longitudinal aging study Amsterdam. Osteoporos Int 29:
2129-2138

Jadoul M, Albert JM, Akiba T, Akizawa T, Arab L, Bragg-Gresham
JL, Mason N, Prutz KG, Young EW, Pisoni RL (2006) Incidence
and risk factors for hip or other bone fractures among hemodialysis
patients in the dialysis outcomes and practice patterns study. Kidney
Int 70:1358-1366

Maravic M, Ostertag A, Torres PU, Cohen-Solal M (2014)
Incidence and risk factors for hip fractures in dialysis patients.
Osteoporos Int 25:159-165

Wakasugi M, Kazama JJ, Taniguchi M, Wada A, Iseki K,
Tsubakihara Y, Narita I (2013) Increased risk of hip fracture among
Japanese hemodialysis patients. J Bone Miner Metab 31:315-321
Przedlacki J, Buczynska-Chyl J, Kozminski P et al (2018) The
utility of FRAX(R) in predicting bone fractures in patients with
chronic kidney disease on hemodialysis: a two-year prospective
multicenter cohort study. Osteoporos Int 29:1105-1115

Marques ID, Araujo MJ, Graciolli FG, Reis LM, Pereira RM,
Custodio MR, Jorgetti V, Elias RM, David-Neto E, Moyses RM
(2017) Biopsy vs. peripheral computed tomography to assess bone
disease in CKD patients on dialysis: differences and similarities.
Osteoporos Int 28:1675-1683

Hall RK, Sloane R, Pieper C, Van Houtven C, LaFleur J, Adler R,
Colon-Emeric C (2018) Competing risks of fracture and death in
older adults with chronic kidney disease. J Am Geriatr Soc 66:532—
538

Hansen D, Olesen JB, Gislason GH, Abrahamsen B, Hommel K
(2016) Risk of fracture in adults on renal replacement therapy: a

32.

33.

34.

3s.

36.

37.

38.

Danish national cohort study. Nephrol Dial Transplant 31:1654—
1662

Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A,
Tosteson A (2007) Incidence and economic burden of
osteoporosis-related fractures in the United States, 2005-2025. J
Bone Miner Res 22:465-475

Nickolas TL, Cremers S, Zhang A, Thomas V, Stein E, Cohen A,
Chauncey R, Nikkel L, Yin MT, Liu XS, Boutroy S, Staron RB,
Leonard MB, McMahon DJ, Dworakowski E, Shane E (2011)
Discriminants of prevalent fractures in chronic kidney disease. J
Am Soc Nephrol 22:1560-1572

Coco M, Rush H (2000) Increased incidence of hip fractures in
dialysis patients with low serum parathyroid hormone. Am J
Kidney Dis 36:1115-1121

Atsumi K, Kushida K, Yamazaki K, Shimizu S, Ohmura A, Inoue T
(1999) Risk factors for vertebral fractures in renal osteodystrophy.
Am J Kidney Dis 33:287-293

Ambrus C, Almasi C, Berta K, Deak G, Marton A, Molnar MZ,
Nemeth Z, Horvath C, Lakatos P, Szathmari M, Mucsi I (2011)
Vitamin D insufficiency and bone fractures in patients on mainte-
nance hemodialysis. Int Urol Nephrol 43:475-482

Bucur RC, Panjwani DD, Turner L, Rader T, West SL, Jamal SA
(2015) Low bone mineral density and fractures in stages 3-5 CKD:
an updated systematic review and meta-analysis. Osteoporos Int 26:
449-458

Pimentel A, Urena-Torres P, Zillikens MC, Bover J, Cohen-Solal M
(2017) Fractures in patients with CKD-diagnosis, treatment, and
prevention: a review by members of the European Calcified
Tissue Society and the European Renal Association of
Nephrology Dialysis and Transplantation. Kidney Int 92:1343—
1355

@ Springer



	Chronic kidney disease is associated with low BMD at the hip but not at the spine
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Source population
	Data collection
	X-ray absorptiometry (DXA)
	Statistical analyses

	Results
	Discussion
	References


