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ABSTRACT

Background. The implications of chemical hyperparathyroid-
ism on bone and mineral metabolism measures in mainten-
ance hemodialysis (MHD) are not well known. We
hypothesized that a higher serum intact parathyroid hormone
(iPTH) level is associated with the higher likelihood of hyper-
phosphatemia, hyperphosphatasemia [high serum alkaline
phosphatase (ALP) levels] and hypercalcemia.
Methods. Over an 8-year period (July 2001–June 2009), we
identified 106 760 MHD patients with iPTH and calcium (Ca),
phosphorous (P) and ALP data from a large dialysis clinic. Lo-
gistic regression models were examined to assess the associ-
ation between serum iPTH increments and the likelihood of
hyperphosphatemia (P ≥5.5 mg/dL), hypercalcemia (Ca
≥10.2 mg/dL) and hyperphosphatasemia (ALP ≥120 U/L).
Results. Patients were 61 ± 16 years old and included 45%
women, 59% diabetics and 33% Blacks. Compared with an
iPTH level of 100 to <200 pg/mL, patients with an iPTH level
of 600–700, 700 to <800 and ≥800 pg/mL had 122% (OR:
2.22, 95% CI: 2.04–2.41), 153% (OR: 2.53, 95% CI: 2.29–2.80)

and 243% (OR: 3.43, 95% CI: 3.22–3.66) higher risk of hyper-
phosphatemia, respectively, and had 109% (OR: 2.09, 95% CI:
1.93–2.26), 130% (OR: 2.30, 95% CI: 2.10–2.52) and 376%
(OR: 4.76, 95% CI: 4.50–5.04) higher risk of hyperphosphata-
semia, respectively. Compared with an iPTH level of 100 to
<200 pg/mL, both the low iPTH (<100 pg/mL, OR: 2.45, 95%
CI: 2.27–2.64) and the high iPTH (≥800 pg/mL: OR: 2.13,
95% CI: 1.95–2.33) levels were associated with hypercalcemia.
Conclusions. Higher levels of iPTH are incremental correlates
of hyperphosphatemia and hyperphosphatasemia, whereas
both very low and high PTH levels are linked to hypercalce-
mia. If these associations are causal, correction of hyperpar-
athyroidism may have overarching implications on bone and
mineral disorders in MHD patients.

INTRODUCTION

A number of reports have described an increased risk of all-
cause and cardiovascular mortality in patients with disorders
of mineral metabolism [1–6]. Mineral and bone disorders
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(MBDs) are associated with accelerated atherosclerosis [7],
which is an important cause of cardiovascular death in long-
term dialysis patients [8], in patients with chronic kidney
disease (CKD) [9–11] and in kidney transplant recipients [12,
13]. However, treatment of MBD improves the survival of
patients on maintenance dialysis [14].

The Kidney Disease Outcome Quality Initiative (K/DOQI)
and the Kidney Disease: Improving Global Outcomes guide-
lines suggest that serum parathyroid hormone (PTH) should
be maintained at >150 or 130 pg/mL, respectively [15], in
chronic dialysis patients in order to avoid adynamic bone
disease, especially in African–American patients [16]. Since
PTH levels correlate with bone histology, most clinical studies
use intact parathyroid hormone (iPTH) to designate the state
of bone turnover, especially since bone biopsies are not com-
monly used and easily obtained. Previous studies have demon-
strated that higher turnover bone disorders are associated with
serum levels of iPTH >400 pg/mL [15]. However, significant
discrepancies may exist between the histopathologic diagnosis
of the adynamic bone and the biochemical detection by means
of ‘low PTH’ [17], which might be a marker of protein–energy
waste syndrome in these patients [18].

The primary response to PTH by the healthy kidney is to
increase renal calcium resorption and phosphate excretion. In
the kidney, PTH blocks reabsorption of phosphate in the prox-
imal tubule while promoting calcium reabsorption in the as-
cending loop of Henle, distal tubule and collecting tubule.
However, in patients with end-stage renal failure, the predic-
tors of serum PTH level might be different.

Thus, there is limited knowledge on the predictors of
serum iPTH level in maintenance hemodialysis (MHD)
patients. We hypothesized that higher serum phosphorous,
alkaline phosphatase (ALP) levels and lower serum calcium
level were associated with higher serum iPTH levels in a large
representative national cohort of MHD patients across the
USA.

MATERIALS AND METHODS

Patients

We extracted, refined and examined data from all individ-
uals with end-stage renal failure who underwent MHD treat-
ment from July 2001 through June 2009 in any one of the
outpatient dialysis facilities of a large dialysis organization
(LDO) in the USA (excluding the acquisition of units owned
by Gambro). The study was approved by relevant Institutional
Review Committees. Inclusion criteria were patients who had
been undergoing dialysis for at least 90 days, were being
treated with MHD at the time of entry into the cohort and had
serum phosphorus and iPTH measurements at the baseline
quarter.

Clinical and demographic measures

The creation of the 5-year cohort (1 July 2001 to 30 June
2006) with 20 calendar quarters has been described previously
[4, 19–23]. The current 8-year cohort includes three additional
years of repeated measures during 12 more calendar quarters

(up to 30 June 2009). To minimize measurement variability,
all repeated measures for each patient during any given calen-
dar quarter, i.e. over a 13-week interval, were averaged values.
Average values were obtained from up to 32 calendar quarters
(q1–q32) for each laboratory and clinical measure for each
patient over the 8-year cohort period. The first (baseline)
studied quarter for each patient was that calendar quarter, in
which patient’s vintage reached >90 days. Histories of tobacco
smoking and pre-existing comorbid conditions were obtained
by linking the LDO’s database to the Medical Evidence Form
2728 of the United States Renal Data System (USRDS), and
the latter was categorized into 11 comorbid conditions: AIDS,
HIV-positive status, atherosclerotic heart disease, congestive
heart failure, other cardiac disease, chronic obstructive pul-
monary disease, cerebrovascular disease, peripheral vascular
disease, history of hypertension, inability to ambulate and
cancer. The presence or absence of diabetes at baseline was ob-
tained from the LDO and USRDS.

Laboratory measures

Blood samples were drawn using uniform techniques in all
dialysis clinics and were transported to the DaVita Laboratory
in Deland, Florida, within 24 h. All laboratory values were
measured by automated and standardized methods. Most lab-
oratory values were measured monthly. Serum phosphorus
and iPTH were usually measured quarterly. We divided
patients into nine a priori categories based on iPTH values:
<100, ≥800 pg/mL and seven increments of 100 pg/mL in-
between to examine the ‘dose–response’ association between
iPTH categories and odds of hyperphosphatemia [serum
phosphorous (P) >5.5 mg/dL], hyperphosphatasemia [high
ALP level >120 U/L] and hypercalecmia [serum calcium
>10.5 mg/dL].

Epidemiologic and statistical methods

Data were summarized using proportions and means
[±standard deviation (SD)]. We examined P-values for trends
across pre-transplant serum iPTH categories. Linear
regression was used to examine the strength of association
between iPTH and the three other relevant MBD markers (Ca,
P and ALP). All analyses were also performed using repeated-
measures fixed-effect models. We also performed logistic
regression to assess the association of iPTH increments with
hypophosphatemia [serum phosphorous (P) >5.5 mg/dL],
high ALP (ALP level >120 U/L) and hypercalcemia [serum Ca
>10.5 mg/dL]. For each analysis, three models were examined:
(i) unadjusted model; (ii) case-mix-adjusted model that in-
cluded age, gender, race/ethnicity (African-Americans and
other self-categorized Blacks, non-Hispanic Caucasians or
Whites, Asians, Hispanics and others), categories of dialysis
vintage (<6 months, 6 months to <2 years, 2–<5 years and ≥5
years), primary insurance (Medicare, Medicaid, private and
others), marital status (married, single, divorced and
widowed), dialysis dose as indicated by Kt/V (single pool),
residual renal function during the entry quarter, i.e. urinary
urea clearance, types of vascular access (catheter, graft, fistula
and others/unknown) and pre-existing comorbidities (as listed
above) and (iii) case-mix plus malnutrition–inflammation
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complex syndrome (MICS)-adjusted model which included all
of the covariates in the case-mix model as well as markers of
nutritional status and inflammation, including body mass
index (BMI), total nitrogen appearance (also known as nor-
malized protein catabolic rate) and nine laboratory surrogates
with known association with clinical outcomes in hemodialy-
sis patients including serum levels of albumin, total iron-
binding capacity, ferritin, creatinine, calcium, bicarbonate,
white blood cell count, lymphocyte percentage and hemo-
globin. Missing covariate data of continuous and binary vari-
ables were imputed by the mean of patient or population as
appropriate; a category of missing covariate data was created
for each categorical variable with more than two categories.
All statistical analyses were carried out with SAS, version 9.2
(SAS Institute, Inc., Cary, NC).

RESULTS

Baseline data and correlations

Over the 6-year period (July 2001–June 2007), 164 789
adult subjects received dialysis treatment in units owned by an
LDO (Figure 1); of these, 124 752 patients were undergoing
MHD at the time of entry into the cohort. The study cohort of
106 760 MHD patients was identified after excluding individ-
uals with no data on serum phosphorous, iPTH, calcium and
ALP (n = 17 992).

Table 1 shows baseline demographic, clinical and labora-
tory characteristics of the studied MHD patients according to
four a priori categories based on baseline iPTH—higher iPTH
levels were associated with younger age, less White and more
Black patients, and higher BMI and higher serum phosphor-
ous level.

Predictors of serum iPTH level

Table 2 shows the predictors of high-level (≥600 pg/mL)
iPTH in 106 760 MHD patients. Female gender was associated
with an 18% higher risk of high iPTH level. Compared with
Whites, Blacks have a 2-fold higher risk of high iPTH level in

a fully adjusted model (Table 2). Similar results were found in
incident MHD patients in our sensitivity analysis (not shown).

Figure 2A shows the odds ratios for hyperphosphatemia
(serum phosphorus ≥5.5 mg/dL) in 106 760 MHD patients in
different iPTH categories. The association between serum
iPTH level and risk of hyperphosphatemia was strictly linear
and incremental in the entire serum iPTH range. Compared
with an iPTH level of 100 to <200 pg/mL, patients with an
iPTH level of 300 to <400, 400 to <500, 500 to <600, 600 to
<700, 700 to <800 and ≥800 pg/mL have 58% (OR: 1.58, 95%
CI: 1.51–1.66), 92% (OR: 1.92, 95% CI: 1.81–2.03), 104% (OR:
2.04, 95% CI: 1.90–2.18), 122% (OR: 2.22, 95% CI: 2.04–2.41),
153% (OR: 2.53, 95% CI: 2.29–2.80) and 243% (OR: 3.43, 95%
CI: 3.22–3.66) higher risk of hyperphosphatemia, respectively
(Figure 2A).

Figure 2B shows the odds ratios for high serum ALP (≥120
U/L) in 106 760 MHD patients in different iPTH categories.
The association between serum iPTH level and the risk of high
serum ALP was also strictly linear and incremental in the
entire serum iPTH range. Compared with an iPTH level of
100 to <200 pg/mL, patients with an iPTH level of 300 to
<400, 400 to <500, 500 to <600, 600 to <700, 700 to <800 and
≥800 pg/mL have 33% (OR: 1.33, 95% CI: 1.27–1.40), 48%
(OR: 1.48, 95% CI: 1.40–1.56), 68% (OR: 1.68, 95% CI: 1.57–
1.79), 109% (OR: 2.09, 95% CI: 1.93–2.26), 130% (OR: 2.30,
95% CI: 2.10–2.52) and 376% (OR: 4.76, 95% CI: 4.50–5.04)
higher risk of high serum ALP level, respectively (Figure 2B).

Figure 2C shows the odds ratios for hypercalcemia (serum
calcium ≥10.2 mg/dL) in 106 760 MHD patients in different
iPTH categories. The association between serum iPTH level
and risk of hypercalcemia was U-shaped, both low iPTH and
high iPTH levels were associated with hypercalcemia. Com-
pared with an iPTH level of 100 to <200 pg/mL, patients with
an iPTH level of <100, 400 to <500, 500 to <600, 600 to <700,
700 to <800 and ≥800 pg/mL have 145% (OR: 2.45, 95% CI:
2.27–2.64), 35% (OR: 1.35, 95% CI: 1.22–1.50), 33% (OR: 1.33,
95% CI: 1.18–1.49), 64% (OR: 1.64, 95% CI: 1.44–1.87), 63%
(OR: 1.63, 95% CI: 1.40–1.90) and 113% (OR: 2.13, 95% CI:
1.95–2.33) higher risk of hypercalcemia, respectively
(Figure 2C).

DISCUSSION

In this large-scale and contemporary cohort of 106 760 MHD
patients, we report that serum phosphorous and ALP levels
were a strong and significant predictor of the serum iPTH
level. In addition, the serum PTH level showed a strong, incre-
mental and linear association with increased risk of hyperpho-
sphatemia and high serum ALP level. Moreover, there was a
U-shaped association between the serum PTH level and risk of
hypercalcemia.

A strictly linear and incremental association was found
between serum iPTH level and risk of hyperphosphatemia. It
has been recognized for more than four decades that high
serum phosphorous is important in the development and pro-
gression of secondary hyperparathyroidism [24]; therefore, it
is not surprising that the association was strong and linear.F IGURE 1 : Flow chart of patient selection.
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Table 1. Demographic, clinical and laboratory values in 106 760 MHD patients (from July 2001 to
June 2009) according to four categories of iPTH

Variable Total
(n = 106 760)

Intact parathyroid hormone (pg/mL) P-value
for trend

iPTH < 150
(n = 28 048)

150 to <300
(n = 36 615)

300 to <600
(n = 27 468)

≥600
(n = 14 629)

Age (years) 61 ± 16 64 ± 15 63 ± 15 59 ± 16 53 ± 17 <0.001

Gender
(% female)

45 47 44 45 46 0.03

Diabetes mellitus
(%)

59 59 63 60 47 <0.001

Race (%)

White 42 51 45 36 28 <0.001

Black 33 22 29 38 51 <0.001

Hispanic 15 16 16 16 13 <0.001

Asian 3 4 3 3 2 <0.001

Other 7 7 7 7 6 <0.001

Vintage (time on dialysis, %)

0–6 months 14 16 14 14 11 <0.001

6–24 months 31 31 34 31 25 <0.001

2–5 years 34 35 35 35 32 <0.001

>5 years 21 18 17 20 32 <0.001

Primary insurance (%)

Medicare 62 63 63 61 60 <0.001

Medicaid 6 5 5 7 9 <0.001

Private
Insurance

10 12 10 10 9 <0.001

Other 13 11 14 15 14 <0.001

Marital status (%)

Married 38 40 41 37 32 <0.001

Divorced 7 6 6 7 8 <0.001

Single 23 18 20 25 34 <0.001

Widowed 14 15 15 13 10 <0.001

Vascular access (%)

Catheter 35 37 35 36 33 <0.001

AVF 22 21 22 22 23 <0.001

Graft 25 26 25 25 25 0.01

Other 1 1 1 1 1 0.65

Kt/V (single
pool)

1.53 ± 0.35 1.56 ± 0.36 1.54 ± 0.35 1.50 ± 0.35 1.47 ± 0.34 <0.001

Residual renal
function (Kru)

2.50 ± 2.49 2.60 ± 2.69 2.61 ± 2.55 2.41 ± 2.28 2.11 ± 2.16 <0.001

Continued
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Table 1. Continued

Variable Total
(n = 106 760)

Intact parathyroid hormone (pg/mL) P-value
for trend

iPTH < 150
(n = 28 048)

150 to <300
(n = 36 615)

300 to <600
(n = 27 468)

≥600
(n = 14 629)

Pre-existing comorbidities (%)

AIDS 0.5 0.6 0.4 0.4 0.7 0.09

HIV+ 0.8 0.8 0.7 0.8 1.2 <0.001

Cancer 4.4 5.5 4.5 3.7 3.1 <0.001

Atherosclerotic heart
disease

20.7 23.5 22.9 19.1 13.3 <0.001

Heart failure 27.5 29.5 29.7 26.2 20.4 <0.001

Other cardiac disease 5.6 6.4 6.3 4.9 3.6 <0.001

Cerebrovascular
disease

7.4 8.4 8.0 6.7 5.3 <0.001

Peripheral vascular
disease

11.3 13.1 12.5 10.1 6.9 <0.001

History of
hypertension

76.5 75.4 77.9 77.7 73.1 <0.001

Non-ambulatory 3.1 4.3 3.0 2.6 2.0 <0.001

Pulmonary disease 5.7 6.8 6.1 5.3 3.4 <0.001

Smoker 4.7 4.1 4.6 5.0 5.3 <0.001

Laboratory values

Intact parathyroid
hormone (pg/mL)

350 ± 371 87 ± 40 220 ± 42 416 ± 83 1059 ± 547 <0.001

Phosphorus (mg/dL) 5.56 ± 1.48 5.04 ± 1.33 5.39 ± 1.33 5.83 ± 1.45 6.49 ± 1.65 <0.001

Alkaline phosphatase
(U/L)

119 ± 87 113 ± 87 112 ± 74 117 ± 77 152 ± 120 <0.001

Albumin (g/dL) 3.67 ± 0.47 3.59 ± 0.50 3.67 ± 0.46 3.71 ± 0.45 3.78 ± 0.43 <0.001

Creatinine (mg/dL) 7.94 ± 3.27 7.14 ± 3.03 7.49 ± 3.02 8.35 ± 3.23 9.85 ± 3.54 <0.001

Total iron-binding
capacity (mg/dL)

209 ± 46 203 ± 48 211 ± 46 212 ± 45 208 ± 44 <0.001

Bicarbonate (mg/dL) 22.4 ± 3.0 22.8 ± 3.0 22.5 ± 2.9 22.1 ± 3.0 21.7 ± 3.1 <0.001

Calcium (mg/dL) 9.19 ± 0.71 9.31 ± 0.70 9.13 ± 0.63 9.12 ± 0.72 9.21 ± 0.85 <0.001

Ferritin (ng/mL) 514 ± 487 555 ± 531 497 ± 455 486 ± 459 527 ± 518 <0.001

Normalized protein
catabolic rate (g/kg/day)

0.95 ± 0.26 0.92 ± 0.26 0.95 ± 0.25 0.96 ± 0.25 0.99 ± 0.25 <0.001

Blood hemoglobin
(g/dL)

12.03 ± 1.37 12.04 ± 1.38 12.14 ± 1.33 12.02 ± 1.37 11.79 ± 1.42 <0.001

White blood cells
(×103/μL)

7.5 ± 2.5 7.8 ± 2.8 7.5 ± 2.5 7.3 ± 2.4 7.1 ± 2.3 <0.001

Lymphocyte
(% of total WBC)

20.0 ± 7.9 19.8 ± 7.8 20.3 ± 7.8 20.9 ± 7.9 21.6 ± 8.1 <0.001

Body mass index
(kg/m2)

26.7 ± 6.9 25.7 ± 6.4 26.7 ± 6.7 27.4 ± 7.3 27.7 ± 7.5 <0.001

Data are presented in mean ± standard deviation (SD).
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Table 2. Odds ratio for a high level [PTH ≥ 600 versus <600 (ref.)] intact parathyroid hormone
(pg/mL) in 106 760 MHD patients in the baseline calendar quarter

Variable Unadjusted Case-mix adjusteda Case-mix and MICS
adjustedb

OR 95% CI OR 95% CI OR 95% CI

Age (+10 year) 0.70 (0.69, 0.71) 0.78 (0.77, 0.79) 0.94 (0.93, 0.96)

Gender (female) 1.05 (1.02, 1.09) 1.17 (1.13, 1.22) 1.18 (1.13, 1.24)

Race

White (reference) 1 1 1

Black 2.79 (2.68, 2.91) 1.96 (1.88, 2.05) 2.09 (1.99, 2.20)

Hispanic 1.27 (1.20, 1.35) 1.01 (0.95, 1.08) 1.02 (0.96, 1.09)

Asian 1.01 (0.89, 1.15) 0.88 (0.77, 1.00) 0.90 (0.79, 1.03)

Other 1.49 (1.38, 1.61) 1.24 (1.14, 1.34) 1.23 (1.13, 1.34)

Vintage (time on dialysis)

0–6 months (reference) 1 1 1

6–24 months 1.01 (0.95, 1.08) 0.99 (0.93, 1.06) 0.89 (0.83, 0.95)

2–5 years 1.23 (1.16, 1.30) 1.20 (1.12, 1.28) 0.93 (0.87, 1.00)

>5 years 2.26 (2.13, 2.40) 1.72 (1.60, 1.84) 1.19 (1.10, 1.29)

Primary insurance

Medicare (reference) 1 1 1

Medicaid 1.66 (1.55, 1.77) 1.17 (1.09, 1.26) 1.17 (1.09, 1.26)

Private insurance 0.93 (0.88, 0.99) 0.89 (0.83, 0.95) 0.89 (0.83, 0.95)

Other 1.10 (1.05, 1.16) 1.15 (1.09, 1.22) 1.23 (1.16, 1.31)

Marital status

Married (reference) 1 1 1

Divorced 1.48 (1.38, 1.59) 1.21 (1.13, 1.30) 1.16 (1.08, 1.26)

Single 2.00 (1.92, 2.09) 1.16 (1.11, 1.22) 1.16 (1.10, 1.22)

Widowed 0.86 (0.81, 0.92) 1.09 (1.02, 1.16) 1.08 (1.01, 1.16)

Vascular access

Catheter (reference) 1 1 1

AVF 1.16 (1.11, 1.22) 0.94 (0.89, 0.99) 0.89 (0.84, 0.94)

Graft 1.06 (1.01, 1.11) 0.86 (0.81, 0.90) 0.81 (0.77, 0.86)

Other 1.11 (0.79, 1.55) 1.28 (0.90, 1.81) 1.27 (0.88, 1.83)

Other variables

Kt/V (single pool) (+1) 0.60 (0.57, 0.63) 0.72 (0.68, 0.76) 0.97 (0.91, 1.04)

Residual renal function (Kru) (+1 mL/min) 0.88 (0.86, 0.89) 0.95 (0.94, 0.97) 1.00 (0.98, 1.01)

Pre-existing comorbidities

Diabetes mellitus 0.56 (0.54, 0.58) 0.69 (0.66, 0.71) 0.71 (0.68, 0.74)

AIDS 1.58 (1.27, 1.95) 1.01 (0.78, 1.32) 1.06 (0.80, 1.41)

HIV+ 1.68 (1.42, 1.98) 0.82 (0.66, 1.00) 0.78 (0.63, 0.98)

Continued
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However, our study was one of the first studies to show this
association in MHD patients using such a large population.
Previous studies showed increased all-cause mortality, cardio-
vascular, and infectious mortality risk in MHD patients with
high phosphorous and iPTH levels [4, 25–27]. In the Nether-
lands Cooperative Study on the Adequacy of Dialysis, a study
carried out in Noordzij et al. [28] reported that the presence of
plasma phosphorous concentrations greater than the K/DOQI
targets increased all-cause mortality risk in incident

hemodialysis and peritoneal dialysis patients. In addition, a
recent meta-analysis in CKD patients indicated that only high
serum phosphorous level was a strong and independent pre-
dictor of mortality [29].

Similarly to hyperphosphatemia, the association between
the serum iPTH level and risk of high ALP level was strictly
linear and incremental, indicative of the relation between the
high-turnover bone disease and serum iPTH level. There is a
physiological explanation for the association between high-

Table 2. Continued

Variable Unadjusted Case-mix adjusteda Case-mix and
MICS adjustedb

OR 95% CI OR 95% CI OR 95% CI

Cancer 0.71 (0.65, 0.78) 1.02 (0.92, 1.13) 1.00 (0.90, 1.11)

Atherosclerotic heart disease 0.60 (0.57, 0.63) 1.00 (0.94, 1.05) 1.03 (0.97, 1.09)

Heart failure 0.70 (0.67, 0.73) 0.96 (0.91, 1.00) 0.95 (0.90, 0.99)

Other cardiac disease 0.65 (0.60, 0.71) 0.96 (0.87, 1.06) 0.99 (0.90, 1.09)

Cerebrovascular disease 0.72 (0.67, 0.78) 0.96 (0.89, 1.04) 1.06 (0.97, 1.15)

Peripheral vascular disease 0.59 (0.56, 0.63) 0.90 (0.84, 0.97) 0.94 (0.87, 1.01)

History of hypertension 1.01 (0.97, 1.06) 1.08 (1.03, 1.13) 1.05 (1.00, 1.11)

Non-ambulatory 0.65 (0.58, 0.73) 0.86 (0.76, 0.98) 0.95 (0.83, 1.08)

Pulmonary Disease 0.60 (0.54, 0.65) 0.87 (0.79, 0.96) 0.90 (0.81, 0.99)

Smoker 1.23 (1.14, 1.33) 1.02 (0.94, 1.11) 1.01 (0.93, 1.11)

Laboratory values

Phosphorus (+1 mg/dL) 1.57 (1.56, 1.59) 1.49 (1.47, 1.51) 1.48 (1.46, 1.51)

ALP (+10 U/L) 1.04 (1.04, 1.04) 1.04 (1.03, 1.04) 1.05 (1.04, 1.05)

Albumin (+0.1 g/dL) 1.06 (1.06, 1.07) 1.03 (1.03, 1.04) 1.05 (1.04, 1.05)

Total iron-binding capacity (+10 mg/dL) 0.99 (0.99, 1.00) 1.01 (1.00, 1.01) 0.98 (0.98, 0.99)

Creatinine (+1 mg/dL) 1.21 (1.20, 1.21) 1.13 (1.12, 1.14) 1.05 (1.04, 1.06)

Bicarbonate (+1 mg/dL) 0.91 (0.91, 0.92) 0.93 (0.92, 0.93) 0.98 (0.97, 0.99)

Ferritin (+100 ng/mL) 1.01 (1.00, 1.01) 0.99 (0.99, 1.00) 0.98 (0.98, 0.99)

Calcium (+1 mg/dL) 1.05 (1.02, 1.07) 0.96 (0.94, 0.98) 1.08 (1.05, 1.11)

Normalized protein catabolic rate (+0.1 g/kg/day) 1.06 (1.05, 1.07) 1.09 (1.09, 1.10) 0.99 (0.98, 1.00)

Blood hemoglobin (+1 g/dL) 0.86 (0.85, 0.87) 0.90 (0.89, 0.91) 0.85 (0.83, 0.86)

White blood cells (+1 × 103/μL) 0.92 (0.91, 0.93) 0.96 (0.96, 0.97) 0.94 (0.93, 0.95)

Lymphocyte (+10% of total WBC) 1.21 (1.19, 1.24) 0.95 (0.93, 0.98) 0.96 (0.94, 0.99)

Body mass index (+1 kg/m2) 1.02 (1.02, 1.02) 1.02 (1.01, 1.02) 1.02 (1.01, 1.02)
aCase-mix model is adjusted for age, gender, race/ethnicity, categories of dialysis vintage, primary insurance, marital status, dialysis dose as
indicated by Kt/V (single pool), residual renal function during the entry quarter, vascular access types, tobacco use, pre-existing
comorbidities including diabetes mellitus, AIDS, HIV positive status, atherosclerotic heart disease, congestive heart failure, other cardiac
disease, chronic obstructive pulmonary disease, cerebrovascular disease, peripheral vascular disease, history of hypertension, inability to
ambulate and cancer.
bMalnutrition inflammation complex syndrome (MICS)-adjusted model includes all of the case-mix covariates as well as body mass index,
nPCR, serum levels of albumin, total iron-binding capacity, ferritin, creatinine, calcium, bicarbonate, white blood cell count, lymphocyte
percentage and hemoglobin.
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turnover bone disease and serum iPTH level. Serum iPTH
binds to osteoblasts via PTH receptor-1, and stimulates the
osteoblasts to increase their expression of receptor activator of
nuclear factor-kB ligand (RANKL) [30]. In addition, serum
iPTH has an indirect effect on osteoclast activity too. The
binding of RANKL to its receptors stimulates these osteoclast
precursors to fuse, forming new osteoclasts, which ultimately
augments bone resorption [31]. It is important to know the
predictors of high ALP level, as high serum ALP level, as a
marker of high-turnover bone disease [32], was associated
with increased mortality risk in MHD patients [4, 33].

A U-shaped association was found between the serum PTH
level and risk of hypercalcemia. Compared with patients with
an iPTH level of 100 to <200 pg/mL, patients with an iPTH
level of <100 pg/mL have more than two times higher risk of
hypercalcemia. There is a physiological explanation for this
observation. The low iPTH level can be a marker of adynamic
bone disease [34], which is associated with a higher serum
calcium level [35]. In adynamic bone disease, there is a low

capacity of the bone to buffer calcium and consequent inability
to handle extra calcium load [36]. This can easily result in hy-
percalcemia after minimal calcium loading. The high iPTH
level was also associated with a high risk of hypercalcemia.
One of the potential explanations of this association is that the
side effect of almost all medication (such as vitamin D deri-
vates and vitamin D receptor agonists) against hyperparathyr-
oidism is hypercalcemia. Previously, we showed similar U-
shaped associations between serum calcium level and mor-
tality in MHD patients [4, 37]. However, this association was
independent of the serum iPTH level, consequently the mor-
tality association cannot be explained only with the iPTH level
[37].

The strength of our paper is that we used a large,
contemporary and national representative database from
an LDO’ clinic. The large number of patients allowed us to
adjust for several important confounders such as inflam-
mation and pre-existing comorbidities including diabetes
mellitus.

F IGURE 2 : Odds ratios for hyperphosphatemia (serum phosphorus ≥5.5 mg/dL) (A), high ALP level (≥120 U/L) (B) and high calcium level
(≥10.2 mg/dL) (C) in 106 760 MHD patients in the baseline calendar quarter of the cohort for selected ranges of PTH. The case-mix model is
adjusted for age, gender, race/ethnicity, categories of dialysis vintage, primary insurance, marital status, dialysis dose as indicated by Kt/V (single
pool), residual renal function during the entry quarter, vascular access types, tobacco use, pre-existing of comorbidities including diabetes melli-
tus, AIDS, HIV-positive status, atherosclerotic heart disease, congestive heart failure, other cardiac disease, chronic obstructive pulmonary
disease, cerebrovascular disease, peripheral vascular disease, history of hypertension, inability to ambulate and cancer. Malnutrition-inflam-
mation complex syndrome (MICS)-adjusted model includes all of the case-mix covariates as well as body mass index, nPCR, serum levels of
albumin, total iron-binding capacity, ferritin, creatinine, calcium, bicarbonate, white blood cell count, lymphocyte percentage and hemoglobin.
Error bars represent SD.
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Our study should be qualified for several potential limit-
ations. We did not have data about 25(OH) vitamin D, 1.25
(OH)2 vitamin D, fibroblast growth factor-23 and osteocalcin
levels. In addition, medications (such as vitamin D and phos-
phate binders) [38] were not available in our database. Patients
who did not have measured serum iPTH, ALP and calcium
levels were excluded from the analyses. The excluded patients
may have been different from those included in our study,
which may have biased our results. Another potential limit-
ation is that we did not have bone-specific ALP data.

CONCLUSIONS

The association of PTH level with hyperphosphatemia and a
high ALP level was linear and incremental, whereas the associ-
ation with the high level of serum calcium is U-shaped, in that
both very low levels and high levels of PTH are associated with
hypercalcemia. In addition, we report here that serum phos-
phorous and ALP levels were a strong and significant predictor
of the serum iPTH level.
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