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ABSTRACT

Background. Prior studies have developed a chronic kidney disease–mineral and bone disorder (CKD-MBD) composite score
based on combinations of calcium (Ca), phosphorus (P) and parathyroid hormone (PTH) that have been shown to be
associated with an increased risk of clinical outcomes in the USA. We examined this association in a contemporary,
international cohort of hemodialysis patients.

Methods. We studied 19 313 patients surviving �12 months in the Dialysis Outcomes and Practice Patterns Study Phases 3–
5 (2005–15) from Europe, Canada and the USA. The CKD-MBD composite score was defined as the number of markers above
target levels (P, 3.5–5.5 mg/dL; Ca, 8.4–10.2 mg/dL; PTH, 150–600 pg/mL). Using Cox models, we estimated hazard ratios (HRs)
for death and a composite event (death or hospitalization), contrasting MBD 2/3 (2–3 parameters above target) with MBD 0
(all in target), adjusted for a disease risk score (DRS).

Results. MBD 2/3 above target was observed in 10–14% of patients across regions and was associated with greater DRS-
adjusted mortality {HR 1.41 [95% confidence interval (CI) 1.10–1.82]} and composite events [HR 1.23 (95% CI 1.10–1.38)] in the
USA compared with MBD 0; the mortality association was stronger for patients �65 years of age [HR 1.82 (95% CI 1.28–2.58)]
compared with patients <65 years of age [HR 1.11 (95% CI 0.80–1.55)]. HRs observed in Canada and Europe were generally
consistent but weaker. Estimates for MBD 2/3 outside target (above or below) were slightly lower in all regions.

Conclusions. Simultaneous consideration of Ca, P and PTH may help in identifying patients on dialysis with a higher risk of
major clinical outcomes related to CKD-MBD.
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INTRODUCTION

Secondary hyperparathyroidism (SHPT) is present in a large pro-
portion of patients with chronic kidney disease (CKD) receiving
dialysis. SHPT is manifested by increased circulating levels of
parathyroid hormone (PTH) and hyperplasia of the parathyroid
glands [1–3]. SHPT is a common component of chronic kidney
disease–mineral and bone disorder (CKD-MBD), a condition in
which patients often present with high PTH and abnormal lev-
els of calcium (Ca) and phosphorus (P). Several epidemiologic
studies have shown that disordered bone and mineral metabo-
lism are associated with adverse clinical outcomes, including
fractures, vascular calcification and death among patients re-
ceiving dialysis [2, 4–9]. These analyses focused on evaluating
clinical outcomes in relation to the independent effects of PTH,
Ca and P. However, by evaluating the independent effects of
CKD-MBD biochemical parameters on clinical outcomes, studies
overlook the known interdependency between PTH, Ca and P
that result from integrated physiologic processes central to the
pathogenesis of CKD-MBD. Furthermore, in an attempt to
achieve control in the care of patients with CKD-MBD, physi-
cians frequently combine multiple therapies that may have di-
vergent effects on individual laboratory parameters.

Block et al. [10] recently described an integrated approach for
estimating the CKD-MBD risk of cardiovascular hospitalization
or death among patients receiving hemodialysis (HD) based on
the physiologic interdependency of PTH, Ca and P suggested by
previous studies. This study categorized patients into 36 mutu-
ally exclusive combinations of PTH, Ca and P (referred to as
‘phenotypes’). Several phenotypes, notably those with target
high or high PTH in addition to high Ca and/or P, were associ-
ated with a significantly higher risk of adverse clinical out-
comes. These results highlighted the relation between the three
CKD-MBD biochemical parameters and reinforced the impor-
tance of considering them together as opposed to separately.

Realizing the complexities and lack of clinical/practical util-
ity of 36 phenotypes, the investigators subsequently defined a
more simplistic yet highly prognostic approach in identifying
patients at the highest risk of adverse clinical outcomes associ-
ated with MBD. Danese et al. [11] applied decision rules that
both maximized the capture of patients who were at excess risk
of cardiovascular hospitalization or death and minimized the
capture of patients who were not, and found that a composite
score based on having at least two of the CKD-MBD-associated
biochemical parameters outside target performed best.

Building on these prior studies, we leveraged the Dialysis
Outcomes and Practice Patterns Study (DOPPS) to assess the as-
sociation of the CKD-MBD composite score with clinical out-
comes in an international population encompassing a variety of
CKD-MBD management practices.

MATERIALS AND METHODS
Data source

The DOPPS is a prospective cohort study of adult in-center HD
patients from >20 countries; details of the DOPPS study design
have been published previously [12–14]. Briefly, a nationally rep-
resentative sample of dialysis facilities is enrolled in each
DOPPS country, followed by selection of a random sample of
adult, prevalent HD patients at each participating center. The
DOPPS study design and data collection instruments are uni-
form across countries and capture detailed longitudinal infor-
mation from patient records, including patient demographics,

disease history and comorbidities, dialysis treatment parame-
ters, laboratory results, prescribed medications and hospitaliza-
tions. The present analyses utilize data from DOPPS Phase 3
(2005–08), Phase 4 (2009–11) and Phase 5 (2012–15) in Belgium,
France (except DOPPS 5), Germany, Italy, Spain, Sweden, the UK
(collectively hereafter ‘Europe’), Canada, and the USA.

Cohort identification

The study cohort included patients who survived at least 12
months after enrollment in their respective DOPPS phase. The
length of this enrollment period was chosen to be consistent
with prior studies [10, 11] and because the prevalence of SHPT
increases with time on dialysis. Eligible patients additionally
had to have at least one each of serum PTH, serum total Ca, and
serum P laboratory values during a 4-month baseline period
prior to their index date (defined as 12 months after DOPPS
enrollment).

We excluded patients who had evidence of parathyroidec-
tomy in the enrollment period or for whom clinical outcome
data were not available. We also excluded 31 facilities with out-
lier values for facility mean of the MBD markers (Ca, P, and PTH)
or facility event rates. Generally these corresponded to uncor-
rectable unit conversion errors or implausible variation due to
critically low sample size within the facility. The total number
of patients excluded for these reasons was 643 (3%).

Exposure and outcomes

The main exposure of interest was CKD-MBD composite score,
defined as the number of MBD markers above target levels.
Guided by prior studies [10, 11] and clinical practice guidelines
[1, 15], we defined the following targets: PTH, 150–600 pg/mL;
Ca, 8.4–10.2 mg/dL; P, 3.5–5.5 mg/dL. The composite score
ranged from 0 (all markers within target) to 3 (all markers above
target). Primary analyses assessed the relative rate of clinical
outcomes between patients with two or three markers above
range (MBD 2/3) and those with all markers within range (MBD
0). Distributions of CKD-MBD parameters and crude event rates
are additionally provided for patients with only one marker
above range (MBD 1). Sensitivity analyses used a CKD-MBD com-
posite score defined using the number of MBD markers outside
target levels (i.e. above or below) only. We also conducted a se-
ries of subgroup analyses to investigate effect modifiers of the
CKD-MBD composite score with outcomes.

We assessed two outcomes: time to death and time to a
composite event of death or first hospitalization. Follow-up for
each patient began on the index date and ended at the earliest
date of death (and/or hospitalization for composite outcome
analyses), departure from the study facility for any reason, or 12
months (administrative censoring). For composite outcome
(death or hospitalization) analyses, we excluded data from 39
facilities (1649 patients) for which hospitalization data were not
reported.

Analytical modeling

We used Cox proportional hazards models to estimate associa-
tions between the CKD-MBD composite score and clinical out-
comes. Analyses were conducted separately by geographic
region. We used robust variance estimators to account for po-
tential facility clustering effects and the proportional hazards
assumption was not rejected in any model.

Unadjusted models included only the CKD-MBD composite
score. Adjusted models used a summary disease risk score
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(DRS; parameterized as a restricted cubic spline) to control for
confounding. In a sensitivity analysis, we also adjusted for MBD
treatments, including dialysate Ca concentration (categorized
using cut-points of 2.25, 2.75, and 3.25 mEq/L) and prescription
of vitamin D (active or analog forms only), cinacalcet and phos-
phate binders. The four most common medication combina-
tions comprised >10% of patients and were assigned to
separate indicator variables. The remaining combinations were
assigned to a fifth ‘other’ indicator.

We calculated the DRS based on prior established methods
[10, 11, 16]. We first estimated coefficients for the DRS compo-
nent variables for each outcome by region using a Cox model
among the unexposed patients (i.e. MBD 0). Numerical variables
were parameterized using restricted cubic splines and included
age, Liu’s comorbidity index (described below), years with end-
stage renal disease (ESRD; vintage), serum albumin, hemoglo-
bin, body mass index (BMI), single-pool Kt/V and the number of
patients dialyzing in the study facility. Categorical variables in-
cluded male sex, black race (USA only due to the negligible
number of patients in the other regions), data source (electronic
health record versus other; USA only), primary cause of ESRD,
smoking history (ever versus never smoked), hypertension, his-
tory of fracture, hospitalization within 120 days prior to the in-
dex date, DOPPS study phase and country (Europe only). Model
coefficients were then multiplied by their respective covariate
values for all study patients and summed (i.e. Xb) to create the
DRS for each patient.

The Liu comorbidity index [17] is a weighted sum of indicator
variables corresponding to common comorbid conditions, de-
veloped and validated for use in an HD population. Possible
scores range from 0 to 21 and include the following conditions:
history of atherosclerotic heart disease and diabetes, each with
weight 1; history of stroke, peripheral vascular disease, chronic
obstructive pulmonary disease, gastrointestinal bleeding, dys-
rhythmia, other cardiac disease, liver disease and cancer, each
with weight 2; and history of congestive heart failure, with
weight 3.

Treatment of missing data

Missing data were minimal with all variables having <10% of
values missing, except for single-pool Kt/V (19% overall; calcu-
lated only for patients dialyzing three times/week), smoking
(52% overall; not available in US DOPPS facilities using elec-
tronic health record download) and hospitalization in the prior
120 days (18% overall; subject to facility-level availability of hos-
pitalization data). To minimize the impact of missing data, we
created 10 imputed data sets using IVEware [18]. Analyses were
repeated for each imputed data set and results were combined
using Rubin’s method as implemented in SAS PROC
MIANALYZE (SAS Institute, Cary, NC, USA) [19].

RESULTS

The final analysis cohort (including 7078 patients with one or
more CKD-MBD marker below target, which were only used for
sensitivity analyses of MBD 2/3 outside target) consisted of
19 313 patients. Of the 12 235 patients in the primary analysis,
7577 were from the USA, 580 were from Canada, and 4078 were
from Europe (Table 1). As anticipated, the distributions of ESRD
primary cause, vitamin D use, and vitamin D route varied
widely by region. The European sample had the highest mean
age and years with ESRD, proportion of males, and median dial-
ysate Ca concentrations at baseline. The Canadian sample had

the lowest levels of serum albumin and cinacalcet use and the
highest proportion of patients with a history of smoking. The
US sample had not only the highest BMI and proportion hospi-
talized in the 120 days prior to the index date, but also the low-
est mean age and years with ESRD. Patient characteristics
stratified by CKD-MBD composite score are available in
Supplementary data, Table S1.

Overall, a CKD-MBD composite score above target was dis-
tributed as 55, 34 and 12% for MBD 0, MBD 1, and MBD 2/3, re-
spectively (Table 2). MBD 2/3 prevalence was slightly higher in
Canada (14%) compared with Europe (10%) and the USA (12%).
Among MBD 2/3 patients, the most common pairs of markers
above target were PTH and P (88% overall, 83–90% by region), fol-
lowed by P and Ca (8% overall, 3–12% by region). Among MBD 1
patients, P was most commonly above target in all three regions
(72%), followed by PTH (24%). A CKD-MBD composite score de-
fined as outside target ranged from 28 to 39% for MBD 0 and 19
to 24% for MBD 2/3 by region. Differences in mean biochemical
marker levels between MBD 2/3 and MBD 0 tended to be larger
in the USA compared with Europe (Table 3).

We observed 1205 deaths (unadjusted rates 0.13–0.16 by re-
gion) and 5734 composite events (unadjusted rates for first
event 0.86–0.97 by region). For mortality, the mean follow-up
duration for the US sample (0.72 years) was slightly lower than
for the Canada (0.81) and Europe (0.81) samples. For MBD 2/3
compared with MBD 0, unadjusted hazard ratios (HRs) were
0.87–1.23 by region for mortality and 1.06–1.30 by region for the
composite event (Figure 1). HRs by region were substantially
higher in models adjusted for age alone, but further adjustment
for the DRS (which included age) attenuated the increase in
Canada and Europe. In the USA, DRS-adjusted HRs were 1.41 for
mortality [95% confidence interval (CI) 1.10–1.82] and 1.23 for
the composite event (95% CI 1.10–1.38). Smaller adjusted HRs
were observed in Canada [HR 1.33 (95% CI 0.69–2.54) and HR 1.23
(95% CI 0.82–1.83)] and Europe [HR 1.18 (95% CI 0.80–1.72) and HR
1.08 (95% CI 0.93–1.25)] for mortality and the composite event,
respectively. Additional adjustment for MBD treatment yielded
no substantial differences.

In the USA, the mortality HR for MBD 2/3 compared with
MBD 0 was greater for patients � 65 years of age [HR ¼ 1.82 (95%
CI 1.28–2.58)] than for patients <65 years of age [HR 1.11 (95% CI
0.80–1.55)] (Supplementary data, Table S2), but no difference
was detected for the composite event (P ¼ 0.1) (Supplementary
data, Table S3). No differences were observed in the USA be-
tween black and non-black patients (P ¼ 0.5 for mortality, P ¼
0.7 for composite event) and no differences within region were
detected for history of fracture (P ¼ 0.3–0.6 for mortality, P ¼ 0.1–
0.8 for composite event).

In a sensitivity analysis defining MBD 2/3 based on markers
outside target and again comparing to MBD 0, we observed
lower HRs for mortality in the USA [HR 1.19 (95% CI 1.01–1.41)],
Canada [HR 1.21 (95% CI 0.78–1.87)] and Europe [HR 1.13 (95% CI
0.94–1.35)] (Figure 2). Slightly lower HR estimates were also ob-
served for the composite event in the USA [HR 1.18 (95% CI 1.09–
1.27)], Canada [HR 1.07 (95% CI 0.84–1.37)] and Europe [HR 0.99
(95% CI 0.91–1.08)].

DISCUSSION

In this study we evaluated the association of CKD-MBD compos-
ite score with clinical outcomes in the international DOPPS
sample. In the USA, patients with two or more CKD-MBD bio-
chemical parameters above target (MBD 2/3) were found to have
increased rates of mortality and the composite endpoint of
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Table 1. Patient characteristics, by region: above target analysis sample

Patient characteristic Overall USA Canada Europe

No. of patients 12 235 7577 580 4078

Age (years), mean (SE) 63.6 (14.8) 62.7 (14.8) 64.1 (14.8) 65.3 (14.6)
Years with ESRD, median (IQR) 3.1 (4.4) 3.0 (4.2) 3.2 (4.2) 3.5 (4.9)
Male, % 57 55 55 60
Black race (USA only), % – 36 – –
Primary ESRD cause, % – – – –

Diabetes 36 43 36 22
Glomerulonephritis 14 11 21 20
Hypertension 25 30 18 18
Other 24 15 26 40

BMI (kg2/m2), mean (SE) 27.9 (6.6) 28.9 (7.0) 28.2 (6.8) 26.2 (5.3)
Albumin (g/dL), mean (SE) 3.8 (0.4) 3.9 (0.3) 3.6 (0.4) 3.8 (0.4)
Hemoglobin (g/dL), mean (SE) 11.3 (1.1) 11.1 (1.0) 11.2 (1.1) 11.6 (1.1)
spKt/V, mean (SE) 1.6 (0.3) 1.6 (0.3) 1.5 (0.3) 1.6 (0.3)
Liu comorbidity indexa, median (IQR) 4.0 (5.0) 4.0 (6.0) 4.0 (5.0) 3.0 (5.0)
Hypertension, %a 88 91 92 86
History of smoking, %a 49 44 54 49
History of fracture, %a 7 6 8 7
Hospitalized in prior 120 days, % 32 34 21 28
Patient count in facility, median (IQR) 72 (57) 70 (64) 101 (110) 73 (42)
Patient in LDO facility (USA only), % 77
Serum phosphorus (mg/dL), mean (SE) 5.3 (1.2) 5.3 (1.2) 5.3 (1.2) 5.2 (1.2)
>5.5 mg/dL, % 36 37 35 34

Serum total calcium (mg/dL), mean (SE) 9.2 (0.5) 9.2 (0.5) 9.2 (0.5) 9.2 (0.5)
>10.2 mg/dL, % 3 3 3 4

Mean PTH (pg/mL), mean (SE) 456 (402) 467 (411) 516 (415) 427 (379)
Median PTH (pg/mL), median (IQR) 342 (277) 350 (275) 385 (364) 322 (269)
>600 pg/mL, % 19 19 27 17

IV vitamin D use, % 59 81 8 26
Oral vitamin D use, % 21 9 58 38
Cinacalcet use, % 25 28 9 23
Phosphate binder use, % 86 86 92 85
Dialysate calcium (mEq/L), median (IQR) 2.5 (0.0) 2.5 (0.0) 2.5 (0.0) 3.0 (0.5)

aComorbidities in USA reported for non-LDO facilities. Liu et al. [17] comorbidity index possible range is 0–21.

LDO, large dialysis organization (>1000 facilities). Europe includes Belgium, France, Germany, Italy, Spain, Sweden and the UK.

Table 2. Distribution of CKD-MBD composite scores, overall and by region

Above target Outside targeta

CKD-MBD composite score Overall USA Canada Europe Overall USA Canada Europe

No. of patients 12 235 7577 580 4078 19 313 10 699 1046 7568

MBD 0 55 54 50 56 35 39 28 30
MBD 1 34 33 35 35 41 40 43 44

PTH 24 23 37 23 39 33 49 45
Ca 4 3 2 6 14 15 16 13
P 72 74 61 71 47 52 35 41

MBD 2 11 12 14 10 21 19 24 23
PTH, P 88 90 89 83 61 60 56 62
PTH, Ca 4 3 9 5 14 11 21 15
P, Ca 8 7 3 12 25 28 24 22
MBD 3 1 1 1 1 4 3 5 4

Values indicate % of patients (for MBD rows) or % of patients in group (MBD 1 and MBD 2 subdistributions). Subdistributions for MBD 1 and MBD 2 indicate which CKD-

MBD markers are above or outside target. Europe includes Belgium, France, Germany, Italy, Spain, Sweden and the UK. CKD-MBD marker targets used: PTH, 150–600

pg/mL; Ca, 8.4–10.2 mg/dL; P, 3.5–5.5 mg/dL.
aSensitivity analysis.
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mortality and all-cause hospitalization compared with patients
with all three biochemistries in target (MBD 0). Slightly weaker
associations were observed for patients in Canada and Europe
and for composite score defined as outside target. The direction
and magnitudes of these associations are consistent with prior
studies conducted using similar methodology among patients
treated by a large US dialysis organization. Thus our findings
extend the generality of those provider-specific findings to a
broader HD population in the USA, Canada, and Europe.
Additionally, the current analysis reflects the most contempo-
rary data of biochemical parameter levels across multiple coun-
tries and highlights that in the USA there was improved control
of Ca and P. Similar patterns were not as evident for PTH, which
may represent an area for improvement in the management of
MBD.

Approximately 10–14% of patients within each region had
MBD 2/3 above target and 20–24% had MBD 2/3 outside target
(data not shown). We elected to focus on levels above

recommended targets because hallmarks of SHPT are elevated
levels of PTH, Ca and P, and previous studies suggest that the
impact of the CKD-MBD composite score on clinical outcomes is
driven largely by levels above target compared with below tar-
get. Patients with levels for these biochemical parameters below
the guidelines would generally include those experiencing
pharmacodynamic effects of the various medicines used to
treat SHPT, a potentially different subpopulation. It is reassur-
ing, however, that the effects observed for ‘outside target’ anal-
yses did not differ materially from the ‘above target’ analyses,
suggesting that below target levels for these parameters did not
confer additional risk from a CKD-MBD standpoint.

Differences in CKD-MBD management or other clinical prac-
tices that were not accounted for in our DRS model adjustment
may contribute to understanding the differences in our results
by region. For example, SHPT in the USA was typically managed
using intravenous (IV) paricalcitol or IV doxercalciferol during
the study period, whereas SHPT in Canada and Europe was typi-
cally managed using oral calcitriol or oral alfacalcidol [20]. Thus
the effects of region and vitamin D route and preparation can-
not easily be separated in our analysis. Interestingly, the US-
DOPPS Practice Monitor data point to a resurgent use of oral cal-
citriol in HD facilities operated by large dialysis organizations in
place of or in addition to the more commonly used IV therapies
[20]. Such a shift in practice has the potential to impact CKD-
MBD biochemistry levels in US patients, and resultant effects on
clinical outcomes must be monitored carefully. This recent
trend in the USA may also present an improved opportunity to
study international CKD-MBD practices in the future by reduc-
ing the influence of confounding due to differences in vitamin D
route of administration.

We also examined several subgroups of patients for which
the CKD-MBD composite score may indicate a greater risk of
clinical outcomes (Supplementary data, Table S2). While PTH
levels are typically lower in elderly patients [8], we found higher
mortality rates among patients � 65 years of age compared with
younger patients across all regions. This result is consistent
with subgroup analyses reported by the Evaluation of
Cinacalcet Hydrochloride Therapy to Lower Cardiovascular

Table 3. Mean values of MBD biochemical parameters, by region and
CKD-MBD composite score

Above target Outside targeta

Parameter Region MBD 0 MBD 1 MBD 2/3 MBD 1 MBD 2/3

Calcium (mg/dL) USA 9.14 9.20 9.36 9.04 8.77
Canada 9.12 9.14 9.32 8.96 8.67
Europe 9.13 9.21 9.52 9.05 8.85

Phosphorus
(mg/dL)

USA 4.61 5.97 6.78 5.27 6.15
Canada 4.56 5.78 6.58 5.00 5.84
Europe 4.53 5.96 6.62 4.96 5.41

PTH (pg/mL) USA 315 487 1077 374 660
Canada 324 569 1060 358 525
Europe 303 476 935 297 388

aSensitivity analysis.

Europe includes Belgium, France, Germany, Italy, Spain, Sweden and the UK.

CKD-MBD marker targets used: PTH, 150–600 pg/mL; Ca, 8.4–10.2 mg/dL; P, 3.5–

5.5 mg/dL.

FIGURE 1: HRs for MBD 2/3 above target versus MBD 0, by region. CAN, Canada; DRS, disease risk score; EUR, Europe. Europe includes Belgium, France, Germany, Italy,

Spain, Sweden and the UK. Composite outcome defined as death or hospitalization. DRS adjustment variables include age, Liu’s comorbidity index, years with ESRD

(vintage), serum albumin, hemoglobin, BMI, single-pool Kt/V, number of patients dialyzing in the study facility, male sex, black race (USA only), data source (electronic

health record versus other; USA only), primary cause of ESRD, smoking history (ever versus never smoked), hypertension, history of fracture, hospitalization within

120 days prior to the index date, DOPPS study phase and country (Europe only).
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Events trial investigators [21]. Elderly HD patients may have
undiagnosed osteoporosis and may therefore benefit from more
individualized CKD-MBD care (including less aggressive PTH
management) than younger patients [22]. Although black
patients typically have higher PTH levels than non-black
patients [20, 23], our results are also consistent with several
studies [9, 24] showing that race is not a significant moderator
of PTH and mortality outcomes.

The DOPPS provides a unique opportunity to expand prior
work to assess the association of the CKD-MBD composite score
with clinical outcomes in an international setting. The common
data collection protocol based on the medical record provides a
high degree of uniformity across international regions, and the
high proportion of electronic health record–based extracts in
the USA ensure the accuracy of data collection. However, spe-
cific data elements were incomplete or unavailable in some fa-
cilities, requiring imputation. In addition, the categorization of
CKD-MBD parameters may obscure important differences in
CKD-MBD severity, potentially limiting the generalizability of
our results. For example, the underlying differences in PTH and
P levels between MBD 2/3 versus MBD 0 patients in the USA are
larger than those in Europe (Table 3) and may have contributed
to the stronger outcome signal in the USA.

CONCLUSIONS

In summary, this analysis of international DOPPS data supports
prior work highlighting the association of the CKD-MBD com-
posite score and clinical outcomes in US HD patients.
Consistent but weaker associations were observed in Europe
and Canada. Our findings suggest that simultaneous consider-
ation of MBD parameters in the management of CKD-MBD may
help with identifying patients with a higher risk of adverse out-
comes and who may benefit from more directed therapeutic
intervention.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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