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A B S T R A C T

Background: Bone disease with osteoporosis and renal osteodystrophy is common in end stage renal disease
(ESRD) patients and associates with cardiovascular disease (CVD) and increased morbimortality. We in-
vestigated associations of low bone mineral density (BMD) at various bone sites with five year all-cause and CVD
mortality in ESRD patients.
Methods: In a post hoc analysis of 426 ESRD patients (median age 56 years, 62% men) starting dialysis, BMD
(whole-body dual-energy X-ray absorptiometry, DXA), body composition, nutritional status (subjective global
assessment, SGA), handgrip strength (%HGS), Framingham CVD risk score (FRS) and biochemical biomarkers of
nutrition and inflammation were assessed. We used the Fine and Gray competing risk regression analysis to
assess survival analysis.
Results: In multivariate logistic regression analysis, %HGS and intact parathyroid hormone associated with low
tertile of: BMDtotal, BMDhead and BMDpelvis, after adjusting for FRS, SGA, %HGS, s-albumin, hsCRP, lean body
mass index and year of recruitment. Patients with high FRS had low BMDhead (p < 0.001). Low tertile of
BMDtotal (sHR, 1.53), BMDhead (sHR 1.54) and BMDpelvis (sHR 1.60) associated with increased all-cause mortality
whereas no such associations were found for the trabecular bone rich sites BMD arm, leg, trunk, rib or spine. Low
tertile of BMDtotal (sHR 1.94), BMDhead (sHR 1.68), BMDleg (sHR 2.25) and BMDpelvis (sHR 2.45) associated with
increased CVD mortality whereas BMD at other sites did not associate with CVD mortality.
Conclusion: Low head and pelvis BMD, and low total BMD, as assessed by whole-body DXA, were independent
predictors of increased risk of all-cause and CVD mortality. Cortical BMD appeared to have stronger association
to survival in ESRD than trabecular BMD.

1. Introduction

Patients with chronic kidney disease (CKD) suffer from CKD-mineral
and bone disorders (CKD-MBD) including osteoporosis and renal os-
teodystrophy that associate with generalized vascular calcification,
coronary artery calcification (CAC) and cardiovascular disease (CVD).
These common interlinked features contribute to severe and not seldom
fatal complications leading to markedly increased mortality especially
in patients with end stage renal disease (ESRD). Bone disease in CKD is
a "mixture" of renal osteodystrophy characterized by low bone quality
due to turnover, mineralization, volume defects caused by renal

disease, and senile-menopausal osteoporosis. Thus, the mechanical prop-
erties of bones are compromised by low bone quality as well as by low
bone mass in ESRD. Impaired bone status associates with aortic calci-
fication and vascular stiffening [1], and a high CAC score in hemo-
dialysis patients associate with CVD events [2], the major cause of
mortality in these patients.

Central dual-energy X-ray absorptiometry (DXA) yielding measures
of bone mineral density (BMD) is a well-established tool for diagnosis of
osteoporosis. In addition, whole-body DXA analyzing body composition
including bone mineral content (BMC) may also be used to assess BMD.
While BMD assessed by central DXA or whole-body DXA reflect similar
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bone properties, these methods are not equivalent, and therefore for the
diagnosis of osteoporosis, the interpretation of BMD values yielded by
the two methods may differ [3,4]. Nevertheless, in ESRD patients, a low
BMD - as assessed by central DXA, whole-body DXA, and also by digital
image processing (DIP) - associates not only with increased risk of fu-
ture fractures but also with arteriosclerosis and coronary and vascular
calcification [5–7] as well as with low muscle strength, low lean body
mass and poor nutritional status. In a previous study, low BMD by
whole-body DXA was found to be associated with body composition,
especially total fat mass, poor nutritional status and increased mortality
risk in ESRD patients [8].

A meta-analysis based on prospective cohort studies in the general
population demonstrated that lower BMD - at all investigated sites of
BMD measurements – were associated with increased CVD-related and
all-cause mortality [9]. In patients with ESRD, the bone-cardiovascular
axis is perturbed due to the presence of CKD-MBD, vitamin D defi-
ciency, secondary hyperparathyroidism, and numerous other metabolic
and hormonal alterations [10,11] Bone status as assessed by BMD may
therefore conceivably have an even greater impact on vascular calcifi-
cation and cardiovascular events than in the general population. In
ESRD patients, low total BMD by whole-body DXA associates with in-
creased CVD-related and all-cause mortality [5,8], while there is much
less information regarding the association between BMD at different
bone sites and mortality. The aim of the present study was to evaluate
the association of low BMD by whole-body DXA at various bone sites
with all-cause and CVD mortality in ESRD patients.

2. Patients and methods

2.1. Patients

In a post hoc analysis of whole-body DXA data from an ongoing
prospective cohort study of 426 adult ESRD patients, total BMD and
BMD at different sites were assessed at baseline together with para-
meters reflecting nutritional status such as handgrip strength and bio-
chemical biomarkers of nutrition and inflammation. Incident ESRD
patients were enrolled at the Karolinska University Hospital at
Huddinge between 1994 and 2016 in the malnutrition, inflammation
and atherosclerosis (MIA) cohort study on determinants of clinical
outcomes in ESRD [12]. Participants were investigated in conjunction
with start of dialysis and were followed for survival analysis for 26
(7–60) months. The study exclusion criteria were age younger than 18
years, clinical signs of acute infection, active vasculitis or liver disease
at the time of evaluation, or unwillingness to participate in the study.
No patients were lost to follow-up during the study.

The Ethics Committee of the Karolinska Institutet at the Campus
Flemingsberg (EPN) Stockholm, Sweden, approved the study protocol
which adhered to the statutes of the Declaration of Helsinki, and
written informed consent was obtained from each patient.

2.2. Clinical characterization

Demographics, etiology of CKD, presence of comorbidities (CVD,
diabetes and malnutrition) were registered at baseline. Presence of CVD
was defined as a clinical history or signs of ischemic cardiac disease,
and/or presence of peripheral vascular disease and/or cerebrovascular
disease. The risk of future CVD events was calculated using the
Framingham’s CVD risk score (FRS) according to sex and age stratified
tables with specific scores assigned for systolic blood pressure, diabetes,
anti-hypertensive medication, total cholesterol, HDL cholesterol and
smoking status. The FRS provided an estimate of the 10-year risk of
developing CVD for each patient [13].

Presence of protein-energy wasting (PEW) was assessed according
to the subjective global assessment (SGA) score. Patients were classified
as well-nourished (SGA = 1) or as having mild (SGA = 2), moderate
(SGA = 3) or severe (SGA = 4) signs of malnutrition [14]. For

simplicity, the patients were placed in two groups; well-nourished
(SGA = 1) and malnourished (SGA > 1; defining patients with PEW).

Handgrip strength (HGS) was evaluated in the non-fistula arm using
the Harpenden Dynamometer (Yamar, Jackson, MI, USA) and repeated
three times, and the greatest value was recorded and expressed in
kilograms. HGS was expressed in percent of values in healthy in-
dividuals, HGS%, considering the differences between the sexes, when
included in the statistical analyses. Body mass index (BMI) was calcu-
lated as weight in kilograms divided by height in meters squared.

2.3. Bone mineral density (BMD) and body composition

Whole-body dual-energy X-ray absorptiometry (DXA) was per-
formed using the DPX-L device (Lunar Corp., Madison, WI, USA) to
measure BMD, total fat mass and lean body mass. The 2-compartment
model distinguishing fat and other compartments was used to obtain
information about body composition. Lean (LBMI) and fat (FBMI) body
mass index was expressed as kg/m2. From the whole-body DXA scan,
measurements of total BMD and of seven subregions were simulta-
neously obtained: head, arms, legs, trunk, hip, pelvis and spine. BMD
was expressed in g/cm2.

2.4. Biochemical assessments

After an overnight fast, venous blood samples were drawn and
stored at −70 °C for biochemical analyses. White blood cell (WBC),
hemoglobin, albumin, blood urea nitrogen, creatinine, calcium, phos-
phate, intact parathyroid hormone (i-PTH), triglyceride, cholesterol,
HDL cholesterol and high-sensitivity C-reactive protein (hsCRP) were
analyzed using routine methods at the Clinical Chemical Laboratory of
Karolinska University Hospital, Stockholm, Sweden.

2.5. Statistical analyses

Data are expressed as median (10th–90th percentile) or percentage,
as appropriate. Statistical significance was set at the level of P < 0.05.
Comparisons between two groups were assessed with the non-para-
metric Wilcoxon test for continuous variables and Chi-square test for
nominal variables. Comparisons between three groups were assessed
with the non-parametric ANOVA Kruskal Wallis followed by Dunn’s test
for continuous variables. Non-parametric Spearman rank correlation
analysis was used to determine associations between variables.
Multivariate logistic regression models of continuous variables of low
tertiles of total, head and pelvis BMD were analyzed and results shown
as odds ratio (OR). The patients were followed from the inclusion date
until renal transplantation or death or completing 60 months of follow-
up. We selected the following confounders: Framingham CVD risk
score, SGA, %HGS, albumin, hsCRP, and LBMI, which are well known
to impact on all-cause and CVD mortality, and also year of recruitment.
Causes of death were established by the death certificate issued by the
attending physician. Crude mortality rate/1000 patient years (95% CI)
was calculated according to tertiles of BMD. Fine and Gray competing
risk regression analysis was used for all-cause and CVD mortality to
obtain sub-distribution hazard ratio (sHR) for low tertile of BMD at
various bone sites. Statistical analyses were performed using Statistical
Software Stata 15.1 (Stata Corporation, College Station, TX, USA) and
SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Baseline characteristics and clinical parameters

Table 1 shows demographics and clinical characteristics of 426
ESRD patients. Their median age was 56 years, 62% of patients were
male, 31% had diabetes and 36% clinical signs of CVD. The median
Framingham CVD risk score was 18.3%. Patients with CVD had
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significantly lower total BMD (p < 0.05), head BMD (p < 0.001) and
pelvis BMD (p < 0.05). Self-reported physical activity was not statis-
tically significantly associated with total BMD, head BMD or pelvis
BMD.

Patients were divided into two groups according to tertiles of total
BMD (low tertile vs. middle + high tertiles). Those with low tertile of
total BMD (LtBMD) had higher age, higher percentage of females,
higher frequency of current smokers and PEW, and higher i-PTH and
HDL and lower serum urea, creatinine, and phosphate levels, and lower
values of BMI, LBMI and HGS. Patients with LtBMD had lower BMD at
all sites. Patients with middle + high tertiles of BMD were significantly
more often prescribed β-blockers than the LtBMD group (64% vs. 50%,
p < 0.01). Those with high FRS had lower head BMD (Fig. 1) while
there was no significant difference in other sites of BMD.

In gender-specific analyses, head BMD was significantly higher in
female ESRD patients, whereas other BMD sites were lower compared
to male patients. Moreover, female patients had a higher FBMI and
lower LBMI compared to male patients (Table S1).

3.2. Univariate correlations between various sites of BMD and other
variables

Table S2 shows Spearman rank correlation analysis between dif-
ferent sites of BMD and other variables. %HGS (range of rho = 0.17 to
rho = 0.32) and BMI (range of rho = 0.12 to rho = 0.54) were sig-
nificantly associated with BMD at all sites, whereas the presence of
diabetes was not associated with BMD at any site. On the other hand,
SGA (rho=-0.17 to rho=-0.28) and LBMI (rho = 0.33 to rho = 0.52)

were significantly associated with BMD at all bone sites except the head
site.

3.3. Multivariable predictors of low total, head and pelvis BMD

Predictors of low tertile of total BMD, head BMD and pelvis BMD
from multivariate logistic regression analysis (Table 2) included for:

Low total BMD: female gender (p < 0.001), 1-SD of LBMI
(p < 0.001), 1-SD of %HGS (p < 0.001), and 1-SD of i-PTH
(p < 0.001), but not 1-SD of age (p = 0.81), 1-SD of hsCRP
(p = 0.28), DM (p = 0.28), CVD (p = 0.60) and PEW (p = 0.47).

Table 1
Baseline clinical and biochemical characteristics of 426 ESRD patients in relation to tertiles of total BMD.

All patients
(n = 426)

Low tertile of tBMD
(n = 138)

Middle + high tertile of tBMD
(n = 288)

P value

Demography and clinical characteristics
Age (years) 56 (34–69) 59 (33–70) 54 (35–68) <0.01
Males, n (%) 266 (62) 54 (39) 212 (74) <0.001
Diabetes mellitus, n (%) (n = 422) 132 (31) 44 (32) 88 (31) 0.82
Cardiovascular diseasea, n (%) (n = 422) 150 (36) 55 (40) 95 (33) 0.19
Current smoker, n (%) (n = 363) 76 (21) 34 (25) 42 (15) <0.05
Systolic blood pressure (mmHg) (n = 394) 147 (122-180) 147 (120–183) 147 (122–179) 0.88
Framingham CVD risk score (%) (n = 410) 18.3 (3.9–53.8) 17.6 (3.1–54.0) 19.0 (4.1–53.6) 0.54
Nutritional status
PEW (SGA > 1), n (%) (n = 413) 141 (34) 67 (49) 74 (26) <0.001
Body mass index, (kg/m2) (n = 425) 24.2 (19.8–30.8) 22.3 (18.1–29.0) 25.2 (21.0–31.1) <0.001
Lean body mass index, (kg/m2) (n = 425) 16.5 (13.6–20.0) 15.1 (13.0–18.0) 17.1 (14.4–20.3) <0.001
Fat body mass index, (kg/m2) (n = 425) 7.1 (3.6–11.9) 6.2 (3.0–11.8) 7.3 (3.7–12.0) 0.07
Handgrip strengthb (%)(n = 392) 81 (51–118) 72 (44–91) 86 (56–121) <0.001
Circulating biomarkers
White blood cell (109/L) 7.4 (5.0–11.6) 7.3 (4.6–11.6) 7.4 (5.1–11.7) 0.67
Hemoglobin (g/L) 104 (87–123) 105 (86–126) 104 (87–122) 0.59
Albumin (g/L) 34 (26–40) 33 (25–40) 34 (26–40) 0.40
Urea (mmol/L) 29 (21–43) 28 (19–39) 30 (21–43) <0.01
Creatinine (mg/dL) 8.0 (5.1–11.6) 6.9 (4.3–10.3) 8.7 (5.7–11.9) <0.001
Calcium (mmol/L) 2.5 (2.1–2.8) 2.4 (2.1–2.7) 2.5 (2.1–2.8) 0.28
Phosphate (mmol/L) 1.9 (1.4–2.7) 1.8 (1.3–2.6) 2.0 (1.4–2.7) <0.01
i-PTH (ng/L) 228 (49–557) 265 (69–690) 220 (47–527) <0.01
Triglyceride (mmol/L) 1.8 (0.9–3.5) 1.8 (0.9–3.5) 1.7 (0.9–3.5) 0.88
Cholesterol (mmol/L) 4.8 (3.3–7.2) 4.9 (3.3–7.6) 4.8 (3.3–6.9) 0.19
HDL cholesterol (mmol/L) 1.2 (0.8–1.9) 1.3 (0.8–2.4) 1.1 (0.7–1.9) <0.001
hsCRP (mg/L) 4.5 (0.7–28.7) 6.4 (0.7–41.2) 4.1 (0.7–24.1) 0.18
Medications
β-blockers, n (%)(n = 412) 253 (61) 69 (50) 184 (64) <0.01
Ca-blocker, n (%) (n = 412) 200 (49) 57 (41) 143 (50) 0.07
ACEi/ARB, n (%)(n = 425) 259 (61) 77 (56) 182 (63) 0.17
Statins, n (%)(n = 425) 110 (26) 30 (22) 80 (28) 0.24

Continuous variables are presented as median (10–90 percentile). Categorical variables are presented as number (n)/percentage (%). aDefined as clinical history or
signs of ischemic cardiac disease, and/or presence of peripheral vascular disease and/or cerebrovascular disease, bHGS, Handgrip strength as percentage of values for
patients with eGFR=>60. Abbreviations: tBMD, total bone mineral density; CVD, cardiovascular disease; PEW, Protein-energy wasting; SGA, Subjective global
nutritional assessment; i-PTH, intact parathyroid hormone; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; ACEi, angiotensin-converting
enzyme; ARB, angiotensin 2 receptor blocker.

Fig. 1. Association between tertiles of Framingham’s score and head BMD.
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Low head BMD: female gender (p < 0.01), 1-SD of LBMI
(p < 0.01), 1-SD of %HGS (p < 0.05), 1-SD of i-PTH (p < 0.001), 1-
SD of age (p < 0.05), but not 1-SD of hsCRP (p = 0.16), DM
(p = 0.79), CVD (p = 0.85) and PEW (p = 0.13).

Low pelvis BMD: 1-SD of LBMI (p < 0.001), 1-SD of %HGS
(p < 0.01), and 1-SD of i-PTH (p < 0.05), but not female gender
(p = 0.13), 1-SD of age (p = 0.97), 1-SD of hsCRP (p = 0.31), DM
(p = 0.93), CVD (p = 0.31) and PEW (p = 0.12).

3.4. Crude mortality rate /1000 person-years for all-cause death

Crude all-cause mortality rates were higher in low BMD tertile than
in middle + high BMD tertiles for total BMD (203 vs. 95 per 1000
person-years), and - as shown in Fig. 2 (inserts in figure) - at head (191
vs. 99 per 1000 person-years) and pelvis (203 vs. 93 per 1000 person-

years) sites.
Likewise, crude CVD mortality rates were higher in low BMD tertile

than in middle + high BMD tertiles for total BMD (120 vs. 53 per 1000
person-years), and - as shown in Fig. 2 (inserts) - at head (117 vs. 54 per
1000 person-years) and pelvis (128 vs. 48 per 1000 person-years) sites.

3.5. Multivariate competing risk analysis for all-cause and CVD mortality

During 60 months of follow-up, 133 patients (31%) died, due to
CVD (n = 76) or other causes (n = 57) and 168 patients (39%) un-
derwent renal transplantation. Multivariate competing risk analysis for
all-cause mortality showed increased risk in patients with low total BMD
(sHR = 1.53, p < 0.05), low head BMD (sHR = 1.54, p < 0.05) and
low pelvis BMD (sHR = 1.60, p < 0.05) (Fig. 2 and Table S3).

Multivariate competing risk analysis for CVD mortality showed

Table 2
Predictors of low tertile of total BMD, head BMD and pelvis BMD from multivariate logistic regression analysis in all 426 patients.

Total BMD(pseudo r = 0.26) Head BMD(pseudo r = 0.14) Pelvis BMD (pseudo r = 0.18)

OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value

Age (+1SD increase) 1.04 (0.75-1.44) 0.81 1.44 (1.05-1.97) < 0.05 1.00 (0.73-1.35) 0.97
Gender (male vs. female) 0.33 (0.17-0.61) < 0.001 2.32 (1.23-4.36) < 0.01 0.63 (0.34-1.15) 0.13
Diabetes (yes vs. no) 0.71 (0.38-1.32) 0.28 0.93 (0.53-1.63) 0.79 1.03 (0.58-1.82) 0.93
CVD (yes vs. no) 1.20 (0.61-2.33) 0.60 1.06 (0.57-1.97) 0.85 1.39 (0.74-2.62) 0.31
PEW (SGA > 1) 1.25 (0.68-2.32) 0.47 0.62 (0.34-1.14) 0.13 1.58 (0.89-2.81) 0.12
LBMI (+1SD increase) 0.48 (0.33-0.70) < 0.001 0.59 (0.41-0.83) < 0.01 0.53 (0.37-0.76) < 0.001
%HGS (+1SD increase) 0.57 (0.40-0.79) < 0.001 0.67 (0.49-0.92) < 0.05 0.64 (0.47-0.88) < 0.01
i-PTH (+1SD increase) 1.97 (1.38-2.80) < 0.001 1.68 (1.27-2.23) < 0.001 1.42 (1.06-1.91) < 0.05
hsCRP (+1SD increase) 0.86 (0.66-1.13) 0.28 0.82 (0.62-1.08) 0.16 0.87 (0.67-1.13) 0.31

Abbreviations: OR, odds ratio; CVD, cardiovascular disease; PEW, protein energy wasting; SGA, Subjective global nutritional assessment; LBMI, lean body mass index;
FBMI, fat body mass index; %HGS, handgrip strength as percentage of values for patients with eGFR=>60; i-PTH, intact parathyroid hormone; hsCRP, high
sensitive C-reactive protein.

Fig. 2. Multivariate adjusted survival curve for all-cause and CVD mortality and crude mortality rate/1000 patient years (95% CI) according to tertiles of head BMD
(A, C) and pelvis BMD (B, D).
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increased risk in patients with low total BMD (sHR = 1.94, p < 0.05),
low head BMD (sHR = 1.68, p < 0.05) and low pelvis BMD
(sHR = 2.45, p < 0.001) (Fig. 2 and Table S3). In addition, low leg
BMD associated with higher risk of CVD mortality (sHR: 2.25,
p < 0.05), Table S3. The multivariate competing risk analyses were
adjusted for 1-SD of Framingham CVD risk score, SGA, 1-SD of %HGS,
1-SD of albumin, 1-SD of hsCRP, 1-SD of LBMI, and year of recruitment
of patients.

4. Discussion

In the present study, low tertiles of total BMD, head BMD and pelvis
BMD by whole-body DXA associated with increased all-cause and CVD
mortality after adjusting for 1-SD of Framingham CVD risk score, SGA,
1-SD of %HGS, 1-SD of albumin, 1-SD of hsCRP, 1-SD of LBMI and year
of recruitment of patients. Leg BMD was significantly associated with
CVD mortality after similar adjustments.

Whole-body DXA is widely used, because it is safe, easy to use and
shows good precision and reproducibility [15]. However, DXA is known
to be influenced by artifacts and local structural changes [16], which
could lead to overestimation of BMD. Extensive osteophyte formation
and degenerative changes are often seen in elderly patients. Abdominal
aortic calcification is highly prevalent in ESRD. Therefore, under these
situations, BMD measurements especially at the site of spine can be
misleading [17]. BMD at hip and radius sites are generally lower in
patients with ESRD than in the general population; however, at lumbar
spine BMD is often similar to that in the general population [17]. In our
previous study, low vertebral bone density measured by computed to-
mography (CT), which is not hampered by the presence of aortic cal-
cification, was associated with increased mortality [18].

In the present study, whole-body DXA spine BMD was not associated
with all-cause and CVD mortality, which is in agreement with a pre-
vious study that investigated the association between bone mass by
central DXA and all-cause mortality in 88 hemodialysis patients [19].
Thus, although spine measurement is a common site to measure BMD,
lumbar spine might be not suitable site to predict mortality in ESRD due
to the above mentioned technical aspects of DXA. A previous study
showed that female hemodialysis patients had lower BMD by central
DXA at all sites (spine, hip and forearm) compared to males [20]. We
report similar findings, i.e., that BMD yielded by whole-body DXA at all
sites - except head BMD - was significantly lower in women compared
to men.

Perhaps somewhat surprisingly, low head BMD was quite strongly
associated with CVD and all-cause mortality. The head appears to be a
unique site for BMD measurements compared to other sites due to its
relatively higher proportion of cortical bone [21,22]. In humans, 80%
of the skeleton is composed by cortical bone and the rest is trabecular
bone; however, the proportion of cortical to trabecular varies among
different skeletal sites [23]. The mandible, which is a part of bone
constituting the skull, has a high proportion of cortical bone, close to
that of the femoral neck 22]. In CKD, high-resolution peripheral
quantitative computed tomography (HRpQCT) shows rapid loss of
cortical bone whereas trabecular bone loss was not found [24], sug-
gesting that cortical bone-rich sites may be more important to reflect
disease status than trabecular bone-rich sites.

It has been shown that BMD of the head decreases with age and
increases with higher BMI to a different extent than that of the rest of
the body in normal women [25]. In our study, total BMD and BMD at all
bone sites -except head BMD - was lower in women than in men. The
finding that women had higher head BMD than men may be related to
the high incidence of hyperostosis cranii among women [26].

In a study on 704 amateur sportsmen, physical activity associated
with higher total body BMD and regional BMD by whole-body DXA but
did not associate with head BMD [27]; this may be related to the fact
that the head is not weight bearing and not notably involved in phy-
sically strenuous exercises. Another study reported that the head BMD

was not influenced by activity or disease [28]. Accordingly, we find no
association between physical activity and head BMD; however, patients
with high Framingham’s score had low head BMD (ANOVA,
p < 0.001). In addition, our multivariate logistic regression analysis
also showed that lower LBMI, %HGS and i-PTH were strongly asso-
ciated with low head BMD.

We found no significant association between arm site BMD (assessed
by whole-body DXA) and all-cause and CVD mortality. In contrast, a
recent report showed that forearm BMD was associated with 2-years
(univariate Kaplan Meier) survival in 102 chronic hemodialysis patients
[29]. This discrepancy may be due to the fact that we performed a
multivariate competing risk analysis, adjusting for various confounders,
while the other study performed univariate analysis.

As regarding other sites of BMD in ESRD, some studies revealed that
low hip BMD by central DXA correlated with all-cause mortality
[19,30]. However, we found an association of leg region BMD with CVD
mortality but not with all-cause mortality while BMD at trunk site was
not significantly associated with CVD mortality. Low BMD of trabecular
bone, which is present to a higher proportion in hip and lumbar spine,
appear to have less association with increased mortality observed in
ESRD patients than BMD of cortical bone. This might be due to differ-
ences between cortical and trabecular bone reflecting alterations in
bone metabolism caused by disease.

Some limitations should be considered when interpreting these re-
sults. First, we performed whole-body BMD, which may differ from the
central DXA measurements. However, whole-body DXA measurements
is widely used in the clinical practice. Second, although we evaluated
CVD-related and all-cause death events, we did not follow fracture
events after inclusion in the present study. Thus, we could not evaluate
the complications after new fractures. Third, we did not analyze serum
vitamin D (25-hydroxyvitamin D and 1,25-dihydroxy vitamin D) and
several other key factors in CKD-MBD. Fourth, bone strength, which is
determined by bone mass and bone quality, was not assessed. Fifth,
detailed information about bone status is lacking as we did not analyze
bone turnover markers, and bone biopsies were not performed.
However, the intention of the study was to investigate which sites of
BMD that were associated with outcomes in ESRD, using whole-body
DXA, which is an easy to perform technique as compared to other
methods, such as HRpQCT. The present study also has some strengths
worth mentioning. Phenotyping was detailed and included both tradi-
tional and several non-traditional risk factors, and BMD was measured
at several sites. As compared to the general population [9], the asso-
ciation of low total BMD and low BMD at head and pelvis sites with all-
cause and CVD mortality appeared to be stronger with higher sHR. One
possible cause for the discrepancy of results from general population is
the presence of CKD-MBD induced by kidney dysfunction [31–33]. For
example, secondary hyperparathyroidism in ESRD aggravates renal
bone disease by inducing osteitis fibrosa. Even though DXA cannot
distinguish this form of renal osteodystrophy, low BMD reflecting low
bone mass associated with poor clinical outcomes in ESRD patients.

In conclusion, in incident dialysis patients, low total BMD, head
BMD and pelvis BMD as assessed by whole-body DXA were significantly
associated with increased all-cause and CVD mortality after adjusting
for various confounders. Low BMD in leg region was significantly as-
sociated with CVD mortality. These results showing that total BMD -
and BMD at the sites of head, pelvis and leg region - have strong as-
sociations with clinical outcomes in ESRD, suggest that BMD measured
at these sites using whole-body DXA may be suitable for assessment of
mortality. This observation may be of value for clinical practice.
Another observation linked to these findings is that cortical bone seems
to be more strongly associated with survival in ESRD than trabecular
bone. The sites containing rich cortical bone component appear to be
especially valuable for monitoring the prognosis of ESRD patients be-
cause these sites may reflect patients´ health condition and bone pa-
thology linked to the metabolic alterations of CKD-MBD.
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