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Rationale & Objective: Normalization of para-
thyroid hormone (PTH), serum calcium, and phos-
phorus levels may prevent coronary and bone
disease in hemodialysis (HD) patients. We
describe the trajectory of these mineral bone dis-
order parameters and treatments during the first 5
years of HD by international region and race.

Study Design: Prospective cohort study.

Setting & Participants: 33,517 US black/African
American, US non-black/African American, Euro-
pean, and Japanese HD patients from the Dialysis
Outcomes and Practice Patterns Study (DOPPS)
phases 4 to 5 (2009-2015).

Predictor: Time since HD initiation.

Outcomes: Monthly cross-sections of mineral
bone disorder parameters (PTH, serum calcium,
and phosphorus) and medications (cinacalcet,
active vitamin D, and phosphate binders).

Results: Mean PTH levels declined precipitously
during the first 4 months of HD in all 4 groups, then
steadily increased during the next 4.5 years in the
United States/Europe but not in Japan. 3 years
after HD initiation (month 36), mean PTH level
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was highest in US black/African Americans
(496 pg/mL), despite greater prescription of cina-
calcet (23%) and active vitamin D (85%), and
lowest in Japan (151 pg/mL). Mean serum calcium
and phosphorus levels increased during the first 4
months of HD. By month 36, the mean calcium
level was lower in Japan (8.8 mg/dL) than United
States/Europe (9.0-9.1 mg/dL), while the mean
phosphorus level was lower in Europe (4.8 mg/dL)
than United States/Japan (5.1-5.3 mg/dL).

Limitations: Lack of data for medication dosages;
most patients were not followed from HD onset.

Conclusions: Large differences exist in the levels,
trajectories, and therapies for PTH, calcium, and
phosphorus by country and race in the first 5 years
of HD. Higher PTH levels were observed in
the United States, especially among black/African
American patients, despite greater use of
cinacalcet and active vitamin D than in Japan or
Europe. Potential contributors to differences in
PTH levels should be explored to study
their impact on PTH management strategies
and consequent bone and cardiovascular
complications.
Optimal management of calcium, phosphorus, and
parathyroid hormone (PTH) levels may prevent

coronary artery calcification progression and subsequently
decrease cardiovascular mortality in the maintenance
dialysis population.1,2 Findings from several studies sug-
gest mineral and bone disorder (MBD) management to be
insufficient regardless of sex, race, vintage, or nationality
where less than half the patients achieve all nationally
recommended MBD target values.3,4 This is likely because
MBD management is complex, requiring the interdepen-
dent titration of phosphate binders, active vitamin D, and
cinacalcet to achieve pharmacotherapeutic equilibrium.
Furthermore, patient characteristics, diet, and environ-
mental factors additionally complicate the response to
therapy and the achievement of therapeutic targets.5,6

The average life expectancy of a US dialysis patient after
initiating dialysis is almost 5 years.7 Although there are
MBD studies that compare calcium, phosphorus, and PTH
level management in a limited cohort of dialysis patients,
few studies provide longitudinal data for MBD practice
patterns and how these biochemical factors change in the
period after dialysis initiation and during the lifetime of a
dialysis patient in relation to race, geography, and drug
treatment.8 This information is important if we are to
understand the gaps in care and opportunities for us to
improve MBD globally.

In this study, we aim to describe serum calcium,
phosphorus, and PTH levels in conjunction with cina-
calcet, active vitamin D, and phosphate binder use in
monthly cross-sections during the first 5 years of hemo-
dialysis (HD). We do this in a large international HD
cohort to uncover MBD differences among incident and
prevalent HD populations across different countries and
races to characterize contemporary practices and quality
indicators.
METHODS

Data Source

The Dialysis Outcomes and Practice Patterns Study
(DOPPS) is an international multiphase cohort study
involving HD patients from 21 countries, ongoing since
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1996. HD patients 18 years or older are recruited from
randomly selected dialysis facilities within each partici-
pating country.9,10 Patients are followed prospectively for
detailed data collection of demographics, comorbid con-
ditions, hospitalizations, deaths, laboratory measures,
prescribed medications, dialysis prescriptions, and other
practices. The DOPPS data coordinating center is based in
Ann Arbor, MI, and manages the multinational data
collection through uniform and standardized data collec-
tion tools and processes.

For this study, we followed HD patients from 9 coun-
tries in DOPPS phase 4 (2009-2011) and phase 5 (2012-
2015). This included data from the United States, Japan,
and 7 European countries: Belgium, France, Germany,
Italy, Spain, Sweden, and the United Kingdom. Institu-
tional review board (IRB) study approval (#98004 from
Ethical & Independent IRB #2-IRB0007807) and patient
consent were obtained to meet national and local ethics
committee regulations.

Statistical Methods

In our primary analysis, we modeled mean values of PTH,
serum phosphorus, and calcium in monthly cross-sections
by dialysis vintage, using locally weighted regression
(LOESS). LOESS fits parametric functions to localized
subsets of the data using weighted least squares regression,
resulting in a “smoothed” moving average and allowing
for maximum flexibility in modeling the trajectory of the
mean values.11 All available monthly data were included in
each model; model outcomes were the values of individual
laboratory measurements or an indicator (yes/no) for the
medication prescription, and exposure was the time since
HD initiation at which this information was obtained.
Separate models were used for each of 4 race/region
groups: US black/African American, US non–black/
African American, Japan, and Europe. Similarly, we used
LOESS to model how the proportion of patients prescribed
MBD medications (cinacalcet, active vitamin D, and
phosphate binders) changed with dialysis vintage.
Although not all DOPPS participants were enrolled in the
study at HD initiation and no individual patients were
followed within a study phase for more than 40 months,
we used repeated cross-sections from overlapping periods
to obtain trajectories in MBD parameters and treatments
during the first 5 years of HD.

In secondary analyses, we reported distributions of
MBD laboratory values and prescription prevalence at 2
cross-sections: the first (month 1) and 36th (month 36)
month after initiating HD therapy. Numbers of patients
available for analysis were 7,328 in month 1 and 6,548 in
month 36. We also reported a descriptive summary of
patient characteristics in the month 1 cohort.

We noted that the trajectory of PTH, serum calcium,
and phosphorus levels substantially changed at about 4
months. We thus executed sensitivity analyses by repro-
ducing LOESS curves, excluding patients who died or
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switched modality in the first 4 months of dialysis to assess
whether the high competing incident mortality risk at
dialysis initiation could explain the sudden inflection of
the trajectories.12,13

All results were stratified into the following 4 groups
by region and race: US black/African Americans, US
non–black/African Americans, Japan, and Europe. Ana-
lyses were conducted using SAS software, version 9.4
(SAS Institute).
RESULTS

Summary of Patient Characteristics at HD Initiation

Table 1 summarizes patient characteristics among the
7,328 patients who enrolled in DOPPS at HD initiation,
although additional patients contributed to the subse-
quently described trajectory analyses. Black/African
American patients in the United States were much younger
than European, Japanese, and non–black/African American
US patients. Catheter use was highest in the United States
(60%-65%), slightly lower in Europe (47%), and much
lower in Japan (6%). Hemoglobin, serum albumin, and
C-reactive protein levels were lower in Japan than other
regions. The prevalence of many comorbid conditions
varied widely across regions.

Description of Global HD Population

We followed 33,517 HD patients over 41,240 patient-
years to describe longitudinal changes in PTH, serum
calcium, and serum phosphorus levels along with the
prevalence of cinacalcet, active vitamin D, and phosphate
binder prescription among US black/African Americans,
US non–black/African Americans, Japanese, and European
groups. Numbers of patients analyzed were 7,123 (8,957
patient-years) for US black/African Americans, 14,642
(17,523 patient-years) for US non–black/African Ameri-
cans, 2,745 (4,588 patient-years) for Japan, and 9,007
(10,172 patient-years) for Europe. The median time that
each patient contributed to the analysis was 12 (inter-
quartile range [IQR], 6, 22) months, and median number
of laboratory measurements per patient was 11 (IQR, 5,
20) for phosphorus, 11 (IQR, 5, 20) for calcium, and 5
(IQR, 3, 10) for PTH.

Variation in PTH Levels

Marked variations in the level and trajectory of PTH
values were noted among the 4 study groups by dialysis
vintage (Fig 1A). In all groups, PTH levels were high at
HD initiation and then declined sharply. In the first 4
months of HD, PTH levels decreased by 118 pg/mL in US
black/African Americans, 58 pg/mL in US non–black/
African Americans, 31 pg/mL in Europe, and 66 pg/mL
in Japan. From 4 to 12 months after HD start, PTH levels
increased in Europe and the United States. However, in
Japan, PTH levels instead declined throughout the first
year of HD, to a nadir of about 140 pg/mL, and then
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Table 1. Patient Characteristics at HD Start by Region and Race

Patient Characteristics Europe Japan
US Non–Black/African
American

US Black/African
American

No. of patients 1,691 541 3,525 1,571
Age, y 66.6 ± 14.5 66.2 ± 12.9 65.3 ± 14.7 60.2 ± 15.1
Male sex 1,112 (66%) 377 (70%) 2,022 (57%) 851 (54%)
BMI, kg/m2 26.7 ± 5.5 22.4 ± 3.6 28.6 ± 6.9 28.5 ± 7.4
Catheter use 465 (47%) 26 (6%) 1,214 (62%) 490 (63%)
Systolic BP, mm Hg 142 ± 22 148 ± 22 144 ± 23 148 ± 23
Hemoglobin, g/dL 10.0 ± 1.4 9.4 ± 1.3 10.2 ± 1.4 10.0 ± 1.5
Serum albumin, g/dL 3.4 ± 0.6 3.2 ± 0.6 3.4 ± 0.5 3.4 ± 0.5
C-Reactive protein, mg/L 7.3 [3.1, 19.1] 1.2 [0.6, 6.6] NA NA
Comorbid conditions
Coronary artery disease 503 (30%) 110 (21%) 634 (24%) 197 (17%)
Cancer (nonskin) 316 (19%) 65 (12%) 220 (7%) 50 (4%)
Other cardiovascular disease 473 (28%) 84 (16%) 383 (14%) 107 (9%)
Cerebrovascular disease 233 (14%) 50 (9%) 114 (4%) 22 (2%)
Congestive heart failure 335 (20%) 112 (21%) 860 (29%) 339 (26%)
Diabetes 707 (42%) 294 (55%) 2,189 (69%) 959 (68%)
Gastrointestinal bleeding 61 (4%) 21 (4%) 58 (2%) 31 (3%)
Hypertension 1,490 (89%) 457 (86%) 2,377 (77%) 1,134 (83%)
Lung disease 225 (13%) 20 (4%) 289 (11%) 92 (8%)
Neurologic disease 175 (10%) 47 (9%) 122 (5%) 41 (4%)
Psychiatric disorder 215 (13%) 20 (4%) 638 (23%) 211 (18%)
Peripheral vascular disease 432 (26%) 52 (10%) 488 (16%) 141 (11%)
Recurrent cellulitis, gangrene 99 (6%) 11 (2%) 114 (4%) 23 (2%)
Note: Values expressed as mean ± standard deviation, median [interquartile range], or number (percent). The patients described in this table are only those who
enrolled in the Dialysis Outcomes and Practice Patterns Study (DOPPS) at HD start. C-Reactive protein data not routinely collected in the United States.
Abbreviations: BMI, body mass index; BP, blood pressure; HD, hemodialysis; NA, not applicable.
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remained low through the following 5 years after HD
start.

In month 1 of HD (Fig 1B), US black/African Ameri-
cans had a mean PTH level of 496 pg/mL, which was
considerably higher than both their non–black/African
American US counterparts (345 pg/mL) and European
patients (303 pg/mL). Even at month 36, US black/Afri-
can Americans had the highest mean PTH level of 496 pg/
mL, which still remained considerably higher than the
non–black/African American US (367 pg/mL) and Euro-
pean (316 pg/mL) patients. Japanese patients had the
lowest mean PTH value in months 1 (238 pg/mL) and 36
(151 pg/mL) of HD.

Variation in Cinacalcet and Active Vitamin D

Prescription

Cinacalcet prescription, used to suppress PTH, increased
linearly during the 5 years after patients initiated HD,
from <5% at HD start to 15% to 35% after 5 years
(Fig 2A). Active vitamin D prescription increased rapidly
among Americans and Japanese in the first 4 months from
about 35% to 50% at HD start to 50% to 70% at 4 months
and then 70% to 85% at 5 years (Fig 2B). In Europe, the
proportion of patients prescribed active vitamin D
increased more gradually, from 44% at HD start to only
57% after 5 years on HD. In month 36, the proportion of
patients prescribed neither cinacalcet nor active vitamin D
ranged from 13% in US black/African Americans to 40%
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in Europe (Fig 2C). When restricted to patients with
elevated PTH levels (>300 pg/mL), the proportion pre-
scribed neither treatment was 9% in US non–black/African
Americans, 10% in US black/African Americans, 24% in
Japan, and 33% in Europe (Fig 2D).

Variation in Serum Calcium Levels, Phosphorus

Levels, and Phosphate Binder Prescription

Calcium levels in all groups increased precipitously by 0.3 to
0.5 mg/dL in the first 4 months of HD before achieving a
steady state. Serum calcium levels were consistently lowest
among Japanese HD patients (Fig 3A) at all vintages. In
month 1, mean serum calcium level was 8.1 mg/dL in
Japanese patients, which was considerably lower than the
mean calcium level of 8.6 to 8.7 mg/dL observed in Europe
and the United States (Fig 3B). Even in month 36, Japanese
patients continued to have the lowest serum calcium levels
(8.8 mg/dL) when compared with European and US pa-
tients depite the fact that Japanese patients: (1) were pre-
scribed the most calcium-based phosphate binders (Fig S1),
which increases serum calcium levels; (2) were prescribed
the least cinacalcet (Fig 2C), which lowers serum calcium
levels; and (3) were prescribed higher dialysate calcium
baths (vs the United States), which increases serum calcium
levels. Mean dialysate calcium concentrationwas 2.85mEq/
L in Japan, 2.84 mEq/L in Europe, 2.46 mEq/L in US
non–black/African Americans, and 2.45 mEq/L in US
black/African Americans.
Kidney Med Vol 1 | Iss 3 | May/June 2019



Figure 1. (A) Mean parathyroid hormone (PTH) levels in US black/African American (AA), US non–black/African American, Euro-
pean, and Japanese hemodialysis (HD) populations over the first 5 years of HD. Locally weighted regression (LOESS) model in-
cludes 253,909 PTH measurements from 31,986 patients. (B) Distribution of PTH levels at months 1 and 36 after initiating HD
in US black/African American, US non–black/African American, European, and Japanese HD populations.
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Serum phosphorus levels increased dramatically in the
first few months after HD initiation, then continued to
increase gradually in Japan and the United States, but
decreased in Europe (Fig 4A). In month 1, mean phos-
phorus levels were highest among Japanese and Europeans
(4.8 mg/dL) while lower in US non–black/African
Americans and US black/African Americans (4.5 mg/dL).
By month 36, mean phosphorus levels in Europe had
decreased back to 4.8 mg/dL, substantially lower than in
Japan (5.3 mg/dL), US non–black/African Americans
(5.2 mg/dL), and US black/African Americans
(5.1 mg/dL; Fig 4B).
Kidney Med Vol 1 | Iss 3 | May/June 2019
The prevalence of phosphate binder prescription in
Europe was in the same range as Japan and the United
States throughout the first 5 years of HD (Fig 5A);
however, phosphate binder type differed by group.
Calcium-based phosphate binders were more common
in Japan than in Europe and the United States (Fig S1).
When restricting the analysis to patients with hyper-
phosphatemia, defined as phosphorus level > 5.5 mg/dL,
the proportion of patients who were not using a
phosphate binder in month 1 ranged from 27% in
Europe to 53% in Japan. These proportions declined in
all 4 groups in month 36 to a low of 14% in Europe
89



Figure 2. (A) Prevalence of cinacalcet prescription in US black/African American (AA), US non–black/African American, European,
and Japanese hemodialysis (HD) populations during the first 5 years of HD. Locally weighted regression (LOESS) model includes
480,237 months of data from 32,625 patients. (B) Prevalence of active vitamin (vit) D prescription in US black/African American, US
non–black/African American, European, and Japanese HD populations during the first 5 years of hemodialysis. LOESS model in-
cludes 477,507 months of data from 32,505 patients. (C) Prevalence of cinacalcet and active vitamin D prescription at months 1
and 36 after initiating HD in US black/African American, US non–black/African American, European, and Japanese HD populations.
(D) Prevalence of cinacalcet and active vitamin D prescription at months 1 and 36 after initiating HD in US black/African American,
US non–black/African American, European, and Japanese HD populations, among patients with parathyroid hormone (PTH)
levels > 300 pg/mL in the prior month.
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and Japan and a high of 21% in US black/African
Americans (Fig 5B).

Sensitivity Analyses

As a sensitivity analysis, we reproduced longitudinal PTH,
calcium, and phosphorus curves after excluding patients
who died or switched modality in the first 4 months to
verify that the sudden inflection in the LOESS curves could
not be attributed to the high competing incident mortality
risk.12,13 The level and trajectory of the curves did not
change even after excluding the 224 patients who died or
49 patients who switched modality within 4 months of
starting HD.
DISCUSSION

This large international study has revealed wide variations
in achieved levels of some MBD markers by international
region and race during the first 5 years of maintenance HD
therapy. In some cases, these differences did not appear to
reflect differences in MBD management practices;
for example, higher PTH levels in the United States
90
despite more patients treated with active vitamin D and
cinacalcet.

Active vitamin D appeared to be the first-line therapy
for managing PTH levels in all 3 international regions
(Europe, Japan, and the United States), with the propor-
tion of patients prescribed active vitamin D ranging from
45% to 55% at HD start to 55% to 75% after 1 year of HD
therapy. In contrast, cinacalcet was prescribed to only 2%
to 4% of patients at HD start, increasing to 5% to 11% after
1 year. However, despite these apparently similar ap-
proaches to the use of PTH-controlling medications, our
study reveals substantial international differences in the
level of PTH control that is achieved. At HD initiation,
mean PTH levels ranged from w240 pg/mL in Japan to
300 to 350 pg/mL in Europe and among non–black/Af-
rican American US patients and 500 pg/mL among US
black/African American patients (Fig 1A). In the first 4 to
6 months of HD, large decreases in mean PTH levels were
observed in each region, concurrent with increases in
active vitamin D prescriptions. However, despite this initial
PTH suppression, in Europe and the United States, mean
PTH levels subsequently began increasing at approximately
Kidney Med Vol 1 | Iss 3 | May/June 2019



Figure 3. (A) Mean serum calcium (Ca) levels in US black/African American (AA), US non–black/African American, European, and
Japanese hemodialysis (HD) populations during the first 5 years of HD. Locally weighted regression (LOESS) model includes
443,701 calcium measurements from 32,237 patients. (B) Distribution of serum calcium levels at months 1 and 36 after initiating
HD in US black/African American, US non–black/African American, European, and Japanese HD populations.
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6 months post–HD start and continued to increase during
the next 4.5 years of HD therapy to approximately 335,
410, and 520 pg/mL for European, US non–black/African
American, and US black/African American HD patients,
respectively. In striking contrast, mean PTH levels in Japan
continued to decline after 6 months of HD until reaching a
mean of w140 pg/mL by 1 to 2 years on HD and were
maintained in this range throughout the 5-year observa-
tion period.

PTH level decline during the first 4 to 6 months of HD
could be explained by resolving uremia when dialysis
commences combined with the initial surge in active
vitamin D use that inhibits PTH production14 and increases
Kidney Med Vol 1 | Iss 3 | May/June 2019
gut absorption of calcium and phosphorus. These findings
were consistent after excluding patients who died in the
first 4 months of HD, demonstrating robustness to the
high competing incident mortality risk.12,13 Overall, our
findings are consistent with the earlier work of Levin
et al15 that many patients are undertreated for MBD prior
to starting dialysis, with greater efforts on managing sec-
ondary hyperparathyroidism and avoiding hyper-
phosphatemia being needed during predialysis chronic
kidney disease (CKD), consistent with current Kidney
Disease Outcomes Quality Initiative (KDOQI) recommen-
dations.16 Our results suggest that PTH management
before end-stage kidney disease may be best among
91



Figure 4. (A) Mean serum phosphorus (P) levels in US black/African American (AA), US non–black/African American, European, and
Japanese hemodialysis (HD) populations during the first 5 years of HD. Locally weighted regression (LOESS) model includes
458,102 phosphorus measurements from 33,188 patients. (B) Distribution of serum phosphorus levels at months 1 and 36 after
initiating HD in US black/African American, US non–black/African American, European, and Japanese HD populations.
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Japanese patients with CKD and poorest for US black/Af-
rican American patients based on mean PTH levels at HD
start of 245 pg/mL versus 507 pg/mL, respectively. This
lower PTH level is seen for Japanese patients even though
prior DOPPS analyses have indicated that Japanese patients
initiate HD at a lower mean estimated glomerular filtration
rate than US patients.17 Suppressing PTH early during the
predialysis period and immediately when patients initiate
HD therapy may limit the progression of secondary hy-
perparathyroidism to its tertiary form, thereby providing
for better, more effective subsequent management of PTH
levels. However, it is possible that the very low PTH levels
92
observed in Japan (22% with PTH < 70 pg/mL after 3
years on HD) may also increase the risks for poor bone
turnover and related adverse outcomes.

An understanding of the observed differences in PTH
control by international region and race is aided when
viewed through the lens of guideline differences and
treatment approaches that minimize subsequent para-
thyroid gland hypertrophy. Low observed PTH levels in
Japan are likely driven in part by low target levels estab-
lished by the Japanese Society for Dialysis Therapy, which
had recommended keeping PTH levels between 60 and
180 pg/mL before 2012 and between 60 and 240 pg/mL
Kidney Med Vol 1 | Iss 3 | May/June 2019



Figure 5. (A) Prevalence of phosphate binder (PB) prescription in US black/African American (AA), US non–black/African American,
European, and Japanese hemodialysis (HD) populations during the first 5 years of HD. Locally weighted regression (LOESS) model
includes 481,443 months of data from 32,619 patients. (B) Prevalence of calcium (Ca)-based and non–calcium-based phosphate
binder prescription at months 1 and 36 after initiating HD in US black/African American, US non–black/African American, European,
and Japanese HD populations, among patients with serum phosphorus (P) levels > 5.5 mg/dL in the prior month.
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since 2012.18 In contrast, US and European nephrologists
appear to follow the 2009 KDIGO (Kidney Disease:
Improving Global Outcomes) CKD-MBD guidelines that
recommend PTH level be maintained between 2 to 9 times
the normal range of PTH,19 with many US and European
DOPPS Study site medical directors indicating their upper
PTH target to be 600 pg/mL.4 Regional variation in PTH
levels observed in our study was consistent with these
guideline differences.

Although most dialysis patients have secondary hy-
perparathyroidism, some will progress to tertiary hy-
perparathyroidism, which is characterized by extremely
high PTH levels that are refractory to medical treat-
ment.20 A striking finding in the present study is that
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despite substantially greater prescription of cinacalcet and
active vitamin D in the United States, PTH levels were
higher in the United States, especially among black/Af-
rican American patients, than in Japan or Europe. One
possible explanation is an increased prevalence of tertiary
hyperparathyroidism in the United States, resulting in
parathyroid glands requiring much greater drug use to
control PTH levels. A difference in parathyroidectomy
rates is an unlikely explanation for the observed inter-
national differences in PTH control, as an earlier DOPPS
showed relatively low parathyroidectomy rates in
Japan.21

Another possibility is that genetic differences could
influence the ability to control PTH levels in different racial
93
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groups. Recent work by Fuller et al22 has shown higher
PTH levels despite greater cinacalcet use among black/
African American versus non–black/African American US
HD patients. Further studies are needed to determine
whether inherited or other factors explain higher PTH
levels among US black/African American patients and how
such factors may affect therapeutic approaches to improve
PTH management and ultimately minimize consequent
bone and cardiovascular complications. This is important
because high PTH levels are known to activate bone
resorption, thereby precipitating renal osteodystrophy and
elevating calcium and phosphorus levels through gut ab-
sorption and bone resorption.23 Elevated calcium and
phosphorus levels are associated with greater coronary
artery calcification, which is strongly related to increased
mortality and excess cardiovascular events.24-28 Addition-
ally, although Tentori et al21 observed no effect modifi-
cation of the PTH-mortality association by black/African
American race, we show that a greater proportion of US
black/African American (vs non–black/African American)
patients are included in the highest risk category
(PTH > 600 pg/mL) despite greater cinacalcet and active
vitamin D use.

Compared with US and European patients, Japanese HD
patients had the lowest serum calcium levels despite
greater use of calcium-based binders, higher dialysate
calcium concentrations (than the United States), and less
use of cinacalcet, which can cause hypocalcemia. Lower
calcium levels in Japanese patients may be partially
explained by lower PTH levels.

Mean phosphorus levels increased by 0.35 to 0.65 mg/
dL in the first 4 months in all regions, with a small gradual
increase thereafter in the United States, while decreasing in
Europe during the next 4.5 years of HD to 4.8 mg/dL,
much lower than in the United States and Japan. Phos-
phorus levels were highest in Japan throughout the 5-year
study period even though Japanese patients had the lowest
PTH levels, which can lead to lower gut phosphorus ab-
sorption and lower release of calcium/phosphorus from
bones.29

The initial phosphorus level increase could be explained
by resolving uremic anorexia following dialysis initiation,
gradual loss of residual kidney function, and the initial
surge in active vitamin D use that increases gut absorption
of calcium and phosphorus. Although phosphate binder
use was comparable across countries, active vitamin D
use was considerably lower in European versus US and
Japanese patients, which could contribute to the lower
serum phosphorus levels observed. However, it is also
conceivable that dietary phosphorus intake may be lower
in Europe.

Strengths of our study include the nationally represen-
tative sampling design and large DOPPS database with
information for hundreds of thousands of monthly data
points. However, the descriptive nature of this study limits
our ability to explain international and racial differences
and trends in MBD indicator levels during the first 5 years
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of HD. Not all patients were followed from their first day
of dialysis and so we used repeated cross-sections to fully
utilize our longitudinal data to obtain trajectories during
the first 5 years of HD. Although prescription of medica-
tions was captured, medication dosages were not widely
available and we lacked data for over-the-counter medi-
cations and patient adherence to prescriptions that may
have further informed the observed findings. It is also
possible that practice changes occurring during the study
period may have altered trajectories; however, between
DOPPS phase 4 (2009-2011) and phase 5 (2012-2015),
only small changes were observed for most of the depicted
MBD-related measures.21,30,31 Two exceptions are that
cinacalcet use increased dramatically in Japan21 and mean
PTH levels increased in the United States.30 PTH trajec-
tories in DOPPS phase 4 and phase 5 are illustrated in Fig
S2; differences were minimal in Japan, Europe, and US
non–black/African American patients. In US black/African
American patients, PTH levels had the same J-shaped tra-
jectory, but at a slightly higher mean PTH level. Despite
temporal trends in some measures, the basic patterns
illustrated in our study smooth out these differences,
reflecting time-averaged results.

In conclusion, large international differences exist in
the levels and trajectories of MBD markers and medica-
tions during the first 5 years of HD therapy. In particular,
mean PTH levels were much higher in the United States,
especially among black/African American patients, than
in Japan and Europe despite substantially greater pre-
scription of cinacalcet and active vitamin D in the United
States. Future study is warranted to explore other po-
tential contributors to international and racial differences
in PTH levels and how they may affect therapeutic
approaches to improve PTH management and ultimately
minimize consequent bone and cardiovascular
complications.
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Figure S1: Prevalence of (a) calcium (Ca)-based and (b)
non–Ca-based phosphate binder (PB) prescription in US black/
African Americans, US non–black/African Americans, European,
and Japanese hemodialysis populations over the first 5 years of
hemodialysis. LOESS model includes 480,633 months of data
from 32,611 patients.

Figure S2: Mean parathyroid hormone (PTH) levels in US black/
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Japanese hemodialysis populations over the first 5 years of hemo-
dialysis, by DOPPS phase. LOESS models include 80,336 PTH
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DOPPS phase 5 (2012-2015).
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