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Abstract

Background Peripheral artery disease (PAD) is a
common complication in hemodialysis patients. The
ankle-brachial blood pressure index (ABI) has been
widely used to screen for subclinical PAD. In the
present study, we investigated the association
between ABI and long-term (up to 8.8 years) mor-
tality among hemodialysis patients.

Methods A total of 86 consecutive patients receiving
maintenance hemodialysis who underwent an ABI
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examination between 2001 and 2003 were retrospec-
tively enrolled in this study. Patients with an ABI of
less than 0.9 were considered as having PAD; those
with an ABI of more than 0.9 in both legs were
considered as being free from PAD. We examined
the relationship between mortality and several risk
factors.

Results During the follow-up period, 43 deaths
were recorded. In the univariate regression analysis,
the mortality hazard ratio (HR) of patients with PAD
was 1.67 (95% confidence interval [CI], 1.18-2.28).
Other predictive variables for mortality included
male gender, age, and diabetes mellitus (P = 0.006,
P = 0.024, and P = 0.023, respectively). A multi-
variate Cox analysis identified PAD and male gender
as independent predictors of mortality (P = 0.033
and P = 0.028, respectively). The impact of age and
diabetes mellitus on mortality was no longer signif-
icant in the multivariate analysis.

Conclusion  After a relatively long-term observation
period, a multivariate analysis indicated that PAD
acted independently of other risk factors, including
advanced age and the presence of diabetes mellitus.
ABI measurements can be used to identify high-risk
hemodialysis patients requiring intensive follow-up
care.

Keywords Ankle-brachial index -

Chronic kidney disease - Long-term outcome -
Peripheral artery disease
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Introduction

Peripheral artery disease (PAD) is a common compli-
cation in hemodialysis patients. Epidemiological and
clinical studies in the general population have dem-
onstrated that the presence of PAD is associated with
an increased risk of myocardial infarction and stroke
[1, 2]. Limited available data also suggest that PAD is
prevalent among hemodialysis patients {3-5] and is
associated with poor outcomes [3, 6, 7]. The ankle-
brachial blood pressure index (ABI) has been widely
used to screen for subclinical PAD and is believed to
be strongly correlated with PAD of the lower limbs [§].
A recent study revealed that ABI is an independent and
strong predictor of all-cause and cardiovascular mor-
tality in hemodialysis patients [6]. However, the
average follow-up period of this previous study was
only 2 years [6], and no information is available about
ABI and long-term mortality in hemodialysis patients.
In the present study, we investigated the association
between ABI and long-term (up to 8.8 years) mortality
among hemodialysis patients.

Materials and methods

A total of 86 consecutive patients receiving mainte-
nance hemodialysis who underwent an ABI exami-
nation between 2001 and 2003 were retrospectively
enrolled in this study. Clinical data, including age,
gender, duration of hemodialysis therapy, diabetes
mellitus complications, and smoking habits, were
collected. The clinical follow-up data were obtained
from the hospital records. The clinical endpoint was
defined as death from any cause. Patients with an ABI
of less than 0.9 were considered as having PAD (PAD
group); those with an ABI of more than 0.9 in both
legs were considered as being free from PAD (non-
PAD group) [9]. We compared the clinical data
among the PAD group and the non-PAD group and
examined the relationship between mortality and
several risk factors. Among 41 patients who were
more than 60 years old, we also compared the survival
rate between the PAD group and the non-PAD group.

ABI was determined in all the patients using an
ABI-form (Colin, Japan), which simultaneously
measures bilateral arm and ankle blood pressures
(brachial and posterior tibial arteries, respectively)

) Springer
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using the oscillometric method. The blood pressure
was measured after a dialysis session and after the
patients had rested in a supine position for at least
5 min. The ABI was calculated using the ratio of the
ankle systolic pressure divided by the arm systolic
pressure. The systolic pressure of the arm without
dialysis access and the lower value of the ankle
pressure were used for the calculation.

Statistical analysis

All data were expressed as means + SD. The Student
t test was used for comparisons between continuous
variables. The chi-square or Fisher exact probability
test was applied for categorical data. Univariate and
multivariate analyses used the Cox proportional
hazards model. The survival curves were estimated
using the Kaplan—-Meier method followed by a log-
rank test. All statistical calculations were performed
using JMP 5.1 software. P values less than 0.05 were
considered to denote statistical significance.

Results

The patient background characteristics are shown in
Table 1. Among the 86 patients, 19 patients had PAD
(22.1%). The patients in the PAD group were
significantly older (65.2 £ 8.3 years) than those in
the non-PAD group (58.3 £ 8.6 years, P = 0.0027).
The percentage of patients with diabetes mellitus was
also higher in the PAD group (42.1%) than in the
non-PAD group (13.4%, P = 0.0099). No differences
in the duration of hemodialysis and the smoking
habits were observed between the two groups.

During the follow-up period, 43 deaths were
recorded. Table 2 shows a Cox proportional hazards
analysis of the covariates for predicting mortality. In
the univariate regression analysis, the hazard ratio
(HR) of patients with PAD was 1.67 (95% confidence
interval [CI], 1.18-2.28). Other predictive variables
for mortality included male gender, age, and diabetes
mellitus (P = 0.006, P = 0.024, and P = 0.023,
respectively). The multivariate Cox analysis identi-
fied PAD and male gender as independent predictors
of mortality (P = 0.033 and P = 0.028, respec-
tively). The impact of age and diabetes mellitus on
mortality was no longer significant in the multivariate
analysis.
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Table 1 Background characteristics of the study participants

Total PAD group Non-PAD group P value
Number n (male, % male) 86 (60, 69.8%) 19 (14, 73.7%) 67 (46, 68.7%) NS
Age (years) 59.8 £ 9.0 65.2 £ 8.3 583 £ 8.6 0.0027
Duration of hemodialysis (years) 15.1 £ 10.1 16.7 £ 9.9 14.6 £+ 10.1 NS
Diabetets mellitus n, (%) 17 (19.8%) 8 (42.1%) 9 (13.4%) 0.0099
Smoking n, (%) 18 (20.9%) 3 (15.8%) 15 (22.4%) NS
Table 2 Cox proportional hazards regression analysis for mortality
Parameters Univariate Multivariate

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

PAD (Y) 1.63 (1.18-2.28) 0.004 1.58 (1.04-2.38) 0.033
Gender (male) 1.67 (1.15-2.61) 0.006 1.55 (1.05-2.46) 0.028
Age (per year) 1.04 (1.01-1.08) 0.024 1.02 (0.98-1.06) 0.305
Duration of dialysis (per 1 year) 0.98 (0.95-1.01) 0.208 0.99 (0.95-1.02) 0.446
Diabetets mellitus (Y) 1.48 (1.06-2.02) 0.023 1.15 (0.76-1.71) 0.504
Smoking (Y) 1.19 (0.82-1.65) 0.338 1.25 (0.84-1.80) 0.263
Table 3 Background characteristics of study participants over the age of 60 years

Total PAD group Non-PAD group P value
Number 7 (male, % male) 41 (30, 73.2%) 14 (10, 71.4%) 27 (20, 74.1%) NS
Age (years) 674 + 5.0 68.7 + 6.4 66.7 £ 4.0 NS
Duration of hemodialysis (years) 12.3 + 8.7 13.0 £ 89 11.9 £ 8.7 NS
Diabetets mellitus #n, (%) 10 (24.4%) 8 (57.1%) 2 (7.4%) 0.001
Smoking n, (%) 5 (12.2%) 1(7.1%) 4 (14.8%) NS

The background data for hemodialysis patients
over the age of 60 years at the start of the observation
period are shown in Table 3. Among the 41 patients,
14 patients had PAD. The patients’ age was not
significantly different between the two groups. The
rate of diabetes mellitus complications was higher in
the PAD group (57.1%) than in the non-PAD group
(7.4%, P = 0.0001). Figure 1 shows a comparison of
survival curves for patients with PAD and those
without PAD. Even though the age was similar in
the two groups, the curves showed a statistically
significant difference between the two groups
(P = 0.0289). Patient survival rate at 8 years was
28.6% in the PAD group and 61.6% in the non-PAD
group.

84
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Fig. 1 Survival probabilities of hemodialysis patients with or
without PAD who are over the age of 60 years. Log-rank test,

P = 0.0289
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Discussion

The prevalence of PAD in our center was 22.1%. This
prevalence was higher than that reported by the
United States Renal Data System (USRDS) (15%)
and similar to that reported by the HEMO Study
(23%) in patients undergoing maintenance hemodia-
ysis [4, 10]. This value is much higher than previ-
ously published data in an Asian population of type 2
diabetes patients without chronic kidney disease
(10%) and almost the same as that reported for
Taiwanese peritoneal dialysis patients (19.6%)
[11, 12]. In dialysis patients, both atherosclerosis
(mainly affecting the intima of the arteries) and
arteriosclerosis (affecting predominantly the media of
large- and middle-sized arteries diffusely) are highly
prominent. Arteriosclerosis, characterized by reduced
arterial compliance (i.e., reduced elasticity of the
arteries), is due to increased fibrosis, loss of elastic
fibers, and extensive vessel wall calcification [13].
The transformation of vascular smooth muscle cells
into chondrocytes or osteoblast-like cells seems to be
a key element in vascular calcification pathogenesis,
in the context of passive calcium and phosphate
deposition due to abnormal bone metabolism and
impaired renal excretion [14].

Some studies have reported conventional risk
factors for PAD in hemodialysis patients, including
advanced age, white race, male gender, diabetes
mellitus, coronary artery disease, cerebrovascular
disease, smoking, and left ventricular hypertrophy
[4, 15]. Dialysis-specific factors included the duration
of dialysis, a malnourished status, hypoalbuminemia,
disorders of mineral metabolism, and hypoparathy-
roidism [4, 15, 16]. In our study, PAD was signif-
icantly correlated with advanced age and diabetes in
hemodialysis patients, similar to the results of
previous reports [4, 15]. The duration of hemodialysis
tended to be longer in PAD patients than in non-PAD
patients but was not statistically significant. This
difference may be a result of the rather small number
of examined patients. Other associations with PAD
could not be evaluated because of the lack of data.

Cardiovascular disease is the leading cause of
death in both chronic kidney disease and peritoneal
dialysis/hemodialysis patients [13, 16]. Vascular
disease prevention in these patients is therefore
important to reduce the incidence of cardiovascular
events and the high morbidity and mortality [16]. An
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important issue in the management of patients with
PAD is the elevated risk of cardiovascular disease,
stroke, and premature death among patients with PAD
of the lower limbs [2, 14, 17]. ABI is a simple, reliable
tool that can be used to diagnose the existence and
severity of PAD. ABI was determined using the ABI-
form (Colin, Japan), which simultaneously measures
the arm and ankle blood pressures using an oscillo-
metric method. This automatic device allowed us to
measure the ABI quickly, non-invasively, and repro-
ducibly. Several recent investigations have also
shown an association between an abnormal ABI and
cardiovascular morbidity and mortality [18, 19]. As
the results of our relatively long-term observation
period (maximum of 8.8 years) showed, PAD was an
independent risk factor for mortality. The survival of
hemodialysis patients older than 60 years of age was
28.6% in the PAD group and 61.6% in the non-PAD
group at 8 years. The multivariate analysis indicated
that PAD acted independently of the other risk factors,
including an advanced age and diabetes mellitus.
Thus, the measurement of ABI effectively identified
high-risk hemodialysis patients, a target population
requiring intensive follow-up. Previously, multiple
conventional risk factors for mortality in hemodialysis
patients were analyzed [6]. Although diabetes mellitus
was a strong predictor in the univariate analysis, it did
not have a statistically significant impact on mortality
in the multivariate analysis. These results are similar
to those obtained in the present study, suggesting that
the impact of diabetes mellitus might be mediated by
atherosclerotic vascular disease, represented by a low
ABI [6]. In our study, a male gender was another
independent risk factor for mortality, similar to the
results of a previous report [6].

Our study had several limitations. First, the study
was a retrospective examination of patients evaluated
at a single institution, and there were differences in
care, including medications, over the course of the
study. Second, the associations of other factors with
PAD could not be evaluated because of a lack of data.

Conclusions

PAD is strongly correlated with advanced age and
diabetes in hemodialysis patients. After a relatively
long-term observation period, a multivariate analysis
indicated that PAD acted independently of other risk
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factors, including age and diabetes mellitus. ABI is a
simple, reliable tool that can be used to diagnose the
existence and severity of PAD. Thus, ABI measure-
ments can be used to identify high-risk hemodialysis
patients requiring intensive follow-up care.
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Abstract: The standard measurement of parathyroid
hormone (PTH) is the intact PTH (iPTH) assay, which is
used for approximately 90% of Japanese dialysis patients.
The iPTH assay reacts not only with 1-84 PTH, but also
with large truncated fragments of non-1-84 PTH, including
7-84 PTH. On the other hand, the whole PTH assay is
specific for 1-84 PTH. The aim of the current study was to
define the validity of both whole and intact PTH assays. A
total of 738 hemodialysis patients were enrolled from
twelve dialysis services. The serum PTH level was evalu-
ated by both intact and whole PTH assays simultaneously.
Non-1-84 PTH was determined by subtracting the whole
PTH value from that of the intact PTH assay. The median
level of whole PTH was 121 pg/mL, and that of iPTH was
210 pg/mL. The whole PTH assay had a very high correla-
tion with the iPTH assay (r = 0.870, P < 0.001). For 43 out of

738 patients (5.8%) the value for intact PTH—whole PTH
was <0. Both assays significantly correlated with non-1-
84 PTH (P < 0.001), while the iPTH assay, particularly, had
a very high correlation with non-1-84 PTH (r=0.791).As a
whole, 18% of the total population was misclassified into a
different Japanese guideline category. Stratified by Japa-
nese guideline classifications, 28% of patients within an
iPTH target range were misclassified. Using Bland-Altman
plot analysis, as the serum PTH level increased, there was a
large difference between two assays. Both PTH assays cor-
relate strongly, although the whole PTH assay may be more
useful for precise evaluation of PTH function than the
iPTH assay. Key Words: Intact parathyroid hormone,
non-1-84 parathyroid hormone, N-parathyroid hormone,
whole parathyroid hormone.
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Secondary hyperparathyroidism is commonly
observed in dialysis patients. Measurement of par-
athyroid hormone (PTH) values is used to assess the
severity of hyperparathyroidism, to decide when to
start a vitamin D receptor activator or cinacalcet, and
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to monitor the effectiveness of treatment. The stan-
dard measurement of PTH is the intact PTH (iPTH)
assay, which was developed in late 1980s. In Japan, the
iPTH assay was used in approximately 90% of all
dialysis patients in the data of Japanese Renal Data
Registry 2009, although, the iPTH assay was shown to
react not only with 1-84 PTH but also with large
truncated fragments of non-1-84 PTH, including
7-84 PTH (1-4). In humans, 20-60% of PTH mea-
sured with the iPTH assay corresponds to non-1-
84 PTH (1,3-5). In dialysis patients, the percentage of
non-1-84 PTH calculated by the iPTH assay is gen-
erally greater than normal people (1-6). The whole
PTH assay has been shown to be specific for
1-84 PTH. Serum concentrations of large, truncated
fragments of non-1-84 PTH can be determined by
subtracting the whole PTH value from that measured
with the iPTH assay (7,8). In parathyroidectomized
rats, a 7-84 PTH infusion, which is a main fragment of
non-1-84 PTH, was shown to inhibit a calcemic
action of simultaneously infused 1-84 PTH (7). These
results suggest that large, truncated PTH fragments
similar to 7-84 PTH may be an important cause of
skeletal resistance to 1-84 PTH in uremia. In a study
of hemodialysis patients, the 1-84 PTH/non-1-
84 PTH ratio was less than 1 only in those patients
with low bone turnover (8). This result also suggests
that large carboxy-terminal fragments may antago-
nize the skeletal effects of 1-84 PTH. Moreover, the
7-84 PTH fragment, like other carboxy-terminal
fragments, binds only to the carboxyl PTH receptor
and does not affect the binding of 1-84 PTH to the
PTH related peptide (PTHrP) receptor (9-11). Thus,
it would appear that the 7-84 PTH fragment may
decrease the calcemic action of 1-84 PTH through its
interaction with the carboxyl PTH receptor. In order
to assess the severity of hyperparathyroidism accu-
rately, it is important to understand the characteris-
tics and the differences of both whole and intact PTH
assays.

The aim of the current study was to define the
validity of both whole and intact PTH assays by
assessing: (i) the comparison of distribution; (ii) the
correlation between both assays; (iii) the association
of both assays with patient characteristics; and (iv)
the comparison between whole PTH and calculated
1-84 PTH levels.

PATIENTS AND METHODS

Patient selection

A total of 738 hemodialysis patients were enrolled
in Japan from twelve hemodialysis clinics in five pre-
fectures between June 2000 and May 2006. These
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associated clinics included: Tokai University School
of Medicine, Sekisinkai Kawasaki Clinic, Dai2-
Rokushima Clinic, Sekishin Clinic, Japan Red Cross
Musashino Hospital, Nakano Clinic, Kyonan Clinic,
Suda Clinic, Tokyo Women’s Medical University,
Mihama Narita Clinic, Matsushita-Kai Akebono
Clinic, and Sumiyoshi Clinic Hospital. Entry criteria
included having been hemodialysis patients in the
preceding three months, the ability to provide
informed consent for participation, and being of an
age greater than 19 years.

Data collection and PTH assays

Blood used for PTH analyses was collected from
the study participants as part of a special lab speci-
men draw. The serum PTH level was evaluated by
both intact and whole PTH assays simultaneously. An
EDTA-containing tube was collected before hemo-
dialysis, kept on ice for 1 h, and immediately centri-
fuged at 1000g for 10min, separated and
refrigerated. PTH has been shown to be stable for
72 h in refrigerated EDTA plasma (12). Specimens
were stored at —20°C until they were thawed for
analysis at DS Pharma Biomedical (Osaka, Japan).

A single incubation step immunoradiometric assay
specific for whole PTH (1-84) was developed and
optimized with the previously-mentioned assay
reagents. Briefly, 200 uL of assay standards, controls,
and patient samples were pipetted into appropriately
labeled 12 mm X 7.5 mm polypropylene test-tubes.
One hundred microliters of *I-labeled PTH-specific
antibody tracer solution and one goat anti-PTH (39—
84) polyclonal antibody-coated bead were added to
all test-tubes (1-4). The immunochemical reaction
was conducted at room temperature with shaking at
170 rpm for 18-22 h. During this assay incubation
period, the immunochemical reaction forming the
sandwich of (solid-phase goat anti-PTH (39-84)
antibody)—(whole PTH (1-84) )—(**I-goat anti-
PTH antibody) takes place in correlation with the
amount or concentration of whole PTH (1-84) in
the test sample. All beads in the test tubes, except the
total count tube, were washed with the wash solution,
and the radioactive signals from each bead were
counted for 1min using a gamma scintillation
counter. The data were processed and calculated
using nonlinear regression data reduction software.

Other laboratory measures

Other laboratory measures included measures of
serum calcium, phosphate, albumin, alkaline phos-
phatase, total cholesterol, and HDL-cholesterol from
dates that were closest available to the special lab
draw date. Serum calcium was adjusted for albumin
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using the formula: adjusted calcium =measured
calcium — ((4.0 — serum albumin in g/dL)) (13). All
calcium values reported and used in this analysis
were corrected using the above formula. PTH values
were log-transformed in some analyses due to their
non-normal distributions.

Statistical analysis

Data are expressed as the mean + SD. All statisti-
cal analyses were conducted using the DOCTOR
SPSS II 18.0 program (SPSS Japan, Tokyo, Japan).
Differences between groups were calculated using
the Mann-Whitney U-test, the y>test or ANOVA,
where appropriate. Correlation coefficients were cal-
culated by the Pearson method. The comparison of
ranks between the whole and intact PTH values was
performed using Student’s #-test. A P value <0.05 was
considered significant.

RESULTS

Baseline characteristics and laboratory data

As shown in Table 1, we studied 738 patients (58%
male gender) with end-stage renal failure from five
dialysis units. All patients underwent chronic hemo-
dialysis treatment three times weekly. The median
age of the patients was 60.0 years (range 9-103,
mean 58.8 & 12.6 years). The median vintage of
hemodialysis' was 132 months (range 2-1238, mean
145 + 102 months). The underlying renal diseases
were: chronic glomerulonephritis, 66%; diabetic
nephropathy, 17%; hypertensive nephrosclerosis, 4 %;
and others, 13%. Of the patients,24 % had a history of
cardiovascular disease. The ratio of use of vitamin D
receptor activators (i.v. and oral) was 65%. The use of
3.0mEq/L containing dialysate was 79% of the
patients.

At entry, serum corrected calcium and phosphate
values were 9.6 = 0.9 mg/dL. and 5.7 = 1.4 mg/dL,
respectively. Serum albumin and alkaline phos-
phatase concentrations were 3.8 + 0.4 g/dL and
258 = 118 IU/L, respectively. At baseline, serum total
cholesterol and HDL-cholesterol values were
158 = 35 mg/dL and 50 + 16 mg/dL, respectively. The
body mass index and Kt/V were 21.1 = 3.2 kg/m? and
1.48 =+ 0.28, respectively.

Distribution of serum whole and intact PTH levels
The median serum whole PTH level was
121 pg/mL (range 2-888, mean 164 = 143 pg/mL;
Table 1). The interquartile range of whole PTH was
63-223 pg/mL. The median iPTH was 210 pg/mL
(range 3-1436, mean 259 = 216 pg/mL), and the
interquartile range was 111-346 pg/mL. The distribu-
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TABLE 1. Patient baseline characteristics

Characteristics
N 738
Age (years) 59 +13
Gender (% male) 58
Duration of hemodialysis (months) 145 = 102
Etiology of renal failure (%)
Glomerulonephritis 66
Diabetes mellitus 17
Hypertension 4
Other 13
Comorbid conditions (%)
Diabetes mellitus 18
Cardiovascular disease 24
Fracture 6
History of parathyroidectomy or PEIT 24
Treatment (%)
Use of an anti-hypertension drug 74
Use of oral or injectable VDRA 65
Use of 3.0 mEg/L Ca-containing dialysate 79
Baseline laboratory tests
Albumin (g/dL) 3804
Calcium (mg/dL) 9.4 + 0.9
Corrected calcium (mg/dL) 9.6 £0.9
Phosphate (mg/dL) 57+14
Alkaline phosphatase (U/L) 258 £ 118
Whole PTH (pg/mL) 164 + 143
Median 121
Range 2-888
Intact PTH (pg/mL) 259 * 216
Median 210
Interquartile range 3-1436
Total cholesterol (mg/dL) 158 + 35
HDL cholesterol (mg/dL) 50 =16
Body mass index (kg/m?) 21132
Kvv 1.48 = 0.28
nPCR (g/kg/day) 1.26 = 0.49

HDL high-density lipoprotein; nPCR, normalized protein cata-
bolic rate; PEIT, percutaneous parathyroid gland ethanol injection
therapy; PTH, parathyroid hormone; VDRA, vitamin D receptor
activator.

tion of whole and iPTH was revealed in Figure 1.
Both whole PTH and iPTH assays showed log-
normal distribution. There were 224/738 (30.4%)
patients with a whole PTH level between 35-105 pg/
mL, which is the target range of the Japanese
guidelines. Those with an iPTH level between
60-180 pg/mL numbered 221 of 738 (29.9%). Those
with whole PTH level <35pg/mL were 98/738
(13.3%), and those with an iPTH level <60 pg/mL
numbered 106/678 (14.4%).

Correlation between serum whole PTH and
iPTH levels

The association between whole and intact PTH is
shown in Figure 2. The whole PTH assay had a very
high correlation with iPTH, as shown below:

Intact PTH = Whole PTH x1.59
Whole PTH = Intact PTH x 0.63
(r=0.870, P < 0.001)

© 2011 The Authors
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FIG. 2. Correlation between serum whole parathyroid hormone
(PTH) and intact PTH levels. The whole PTH assay had a very
high correlation with the intact PTH assay (r = 0.870, P < 0.001).
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parathyroid hormone (PTH), and (b) intact
PTH levels. The median serum whole PTH
level was 121 pg/mL (range 2-888, mean
164 =+ 143 pg/mL). The median intact PTH
was 210 pg/mL (range 3-1436, mean
259 + 216 pg/mL). Both assays showed log-
normal distribution.

intact PTH {pg/mi)

Then, we divided patients into three categories
according to serum iPTH level: =60 pg/mL,
61-180 pg/mL, and >180 pg/mL. (Fig. 3). In each cat-
egory, the correlation coefficients were different. The
correlation coefficient with iPTH below 60 pg/mL
was 1.29, which was obviously lower than 1.59. As the
serum PTH level increased, the correlation coeffi-
cient between whole and intact PTH levels increased.

Non-1-84 PTH

Serum concentrations of large, truncated frag-
ments of non-1-84 PTH can be determined by sub-
tracting the whole PTH value from that measured
with the iPTH assay (7,8). Theoretically, the serum
PTH level measured with the iPTH assay is higher
than that with the whole PTH assay; however, rare
exceptions to this rule have been reported in some
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FIG. 3. Correlation between both assays
in each intact parathyroid hormone (PTH)
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FIG. 4. Distribution of serum non-1-84 parathyroid hormone
(PTH) level. There were 43/738 patients (5.8%) with (intact
PTH - whole PTH) <0.

patients, associated with N-PTH overproduction (14—
16). As shown in Figure 4, the patients with (PTH—
whole PTH) <0 numbered 43/738 (5.8%). The
association between non-1-84 PTH and each assay is
shown in Figure 5. Both assays were significantly cor-
related with non-1-84 PTH (P < 0.001). In particular,
the iPTH assay had a very high correlation with non-
1-84 PTH (r=0.791).

Association of whole PTH, iPTH, and
non-1-84 PTH with patient characteristics

The patients who were younger than 65 years and
did not have diabetes mellitus, high calcium, high
phosphate, or high alkaline phosphatase had higher
whole and intact PTH levels, significantly (Table 2).
Among these, serum calcium, phosphate, and alkaline
phosphatase levels were significantly related with
non-1-84 PTH.

In multivariate linear regression analysis, patient
characteristics associated with greater whole PTH

(a) (b)

levels included male gender, dialysate calcium
3.0mEq/LL versus 2.5mEqg/L, higher -corrected
calcium, higher phosphate, and higher alkaline phos-
phatase levels (Table 3). These results were all the
same as the iPTH assay. Patient characteristics asso-
ciated with higher non-1-84 PTH levels included
dialysate calcium 3.0 mEq/L, higher serum albumin,
higher calcium, higher phosphate, and higher alkaline
phosphatase levels.

Comparison between whole PTH and calculated
1-84 PTH levels

When the 1-84 fraction was calculated using 63%
of the iPTH, 18% (131/738) of the total population
was misclassified into a different Japanese guideline
category. The percentage agreement was 82%. Strati-
fied by Japanese guideline classifications, 24% (27/
114) of those below target range were misclassified,
while 28% (60/214) and 11% (44/410) of those within
or above target range, respectively, were misclassi-
fied. The Bland-Altman plot, showing the difference
between whole PTH and calculated 1-84 PTH
plotted against the mean of the two values, reveals
that at low PTH levels, there are a few significant
differences between the two assays, but that, as the
PTH levels increase, there is a large difference
between the two measures (Fig. 6).

DISCUSSION

The first objective of the present study was to elu-
cidate a difference between whole and intact PTH
assays. At first, we investigated the distribution of
both assays and, as shown in Figure 1, both assays
revealed a log-normal distribution. Patients whose
PTH level was within the Japanese target range were
about 30% in both assays. In accordance with some
previous reports (17-20), there was a strong correla-
tion (r=0.870) between both assays in the present

=0.791, p<0.001

FIG.5. Correlation between non-1-
84 parathyroid hormone (PTH) and (a) the
whole PTH and (b) intact PTH assays. Both
assays were significantly correlated with
non-1-84 PTH (P <0.001). In particular,
the intact PTH assay had a very high cor-
relation with non-1-84 PTH (r = 0.791).
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TABLE 2. Whole parathyroid hormone (PTH), intact PTH and non-1-84 PTH by patient characteristics

Whole PTH (pg/mL) Intact PTH (pg/mL) Non-1-84 PTH (pg/mL)
Characteristics Median (IQR) P value Median (IQR) P value Median (IOR) P value
Age
<65 years (N =498) 134 (70-238) <0.01 224 (120-360) <0.01 75 (27-147) 0.06
=65 years (N =240) 105 (43-204) 181 (85-280) 64 (23-110)
Gender
Male (N =431) 130 (63~233) 0.18 219 (110-360) 0.32 68 (24-134) 0.85
Female (N =307) 109 (60-212) 201 (102-336) 75 (27-137)
Hemodialysis vintage
<132 months (N =369) 115 (54-209) 0.05 196 (101-318) 0.22 71 (31-133) 0.91
=132 months (N =369) 127 (70-239) 220 (119-355) 70 (19-142)
Diabetes
Absent (N =603) 127 (66-237) <0.01 221 (117-353) <0.01 75 (24-144) 0.07
Present (N =135) 101 (52-172) 160 (93-266) 58 (28-101)
Corrected calcium
<9.4 mg/dL (N =359) 110 (59-204) <0.01 180 (105-302) <0.01 58 (25-108) <0.01
=9.4 mg/dL (N =379) 133 (64-237) 242 (110-370) 86 (25-162)
Phosphate
<5.6 mg/dL (N =351) 101 (49-177) <0.01 180 (88-285) <0.01 60 (22-115) <0.01
=5.6 mg/dL (N =387) 150 (79-272) 244 (130-420) 77 (30-162)
Alkaline phosphatase
<234 U/L (N =359) 104 (52-196) <0.01 176 (91-290) <0.01 58 (18-113) <0.01
=234 U/L (N =353) 141 (76-245) 240 (140-386) 80 (34-162)

IQR, interquartile range.

study. The correlation coefficient was 1.59, which was
almost the same as that of the Japanese guidelines
(21). When we divided patients into three categories
according to the serum iPTH level, the correlation
coefficient with iPTH below 60 pg/mL was 1.29,
which was obviously lower than 1.59. This difference
of the coefficient would be due to N-PTH overpro-
duction or some PTH fractions, such as 7-84 PTH
fragment. During hypercalcemia, the proportional
decrease in carboxyl terminal fragments is less than
that of 1-84 PTH (22-24). In hemodialysis patients,
the percent of non-1-84 PTH was shown to directly
correlate with the predialysis serum calcium concen-
tration, with an increase in the serum calcium con-
centration associated with a reduction in the ratio of
1-84 PTH/non-1-84 PTH (7,8). These results suggest
that hypercalcemia or calcium load would induce the

fragmentation of 1-84 PTH and lead to the increase
of the non-1-84 PTH value.

In the category with iPTH <60 pg/mL,iPTH is con-
sidered to be underestimated. Twenty-four percent of
the low iPTH category showed serum whole PTH
levels within the Japanese target range (35-105 pg/
mL). In the category with iPTH 61-180 pg/mL, 22%
of the patients showed high whole PTH levels
(>105 pg/mL). On the other hand, in the high iPTH
category, 11% of the patients revealed serum whole
PTH levels within the Japanese target range (35—
105 pg/mL). The distribution of both assays was alike
and the correlation between both assays was high,
although there were a considerable number of mis-
classifications.

We elucidated an association between each PTH
assay and the patient characteristics. In multivariate

TABLE 3. Adjusted differences in whole parathyroid hormone (PTH), intact PTH and non-1-84 PTH by patient characteristics

Whole PTH (pg/mL)

Intact PTH (pg/mL}) Non-1-84 PTH (pg/mL)

Characteristics B P value B P value B P value
Age, per 10 years -0.06 0.15 -0.03 0.51 0.21 0.58
Female vs. male -0.07 0.04 -0.06 0.09 -0.21 0.57
Hemodialysis vintage, per 10 months 0.02 0.60 0.003 0.94 -0.17 0.66
Diabetes mellitus vs. no diabetes mellitus -0.05 0.22 -0.04 0.29 -0.16 0.68
Dialysate calcium 3.0 mEg/L vs. 2.5 mEq/L 0.09 0.01 0.11 <0.01 0.87 0.02
Albumin, per g/dL. -0.05 0.21 0.05 0.20 0.18 <0.01
Corrected calcium, per mg/dL 0.12 <0.01 0.13 <0.01 0.09 0.03
Phosphate, per mg/dL 0.27 <0.01 0.28 <0.01 0.19 <0.01
Alkaline phosphatase, per U/L 0.19 <0.01 0.23 <0.01 0.20 <0.01
© 2011 The Authors
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FIG. 6. Bland-Altman plot of whole parathyroid hormone
(PTH) versus calculated 1-84 PTH. At low PTH levels, there are a
few significant differences between two assays; however, as the

PTH levels increase, there is a large difference between the two
measures (calculated 1-84 PTH = intact PTH x 0.63).

analysis using a linear regression model, the patients
with both greater whole and intact PTH levels
include higher dialysate calcium concentrations and
higher serum calcium levels. Hypercalcemia usually
inhibits PTH secretion. Elevation of the serum
calcium level with a high PTH state was considered
due to medical therapy, such as with vitamin D or
calcium carbonate. The serum non-1-84 PTH level
significantly correlated with dialysate calcium
3.0 mEq/L, higher serum albumin, higher calcium,
higher phosphate, and higher alkaline phosphate
levels. These results indicated that a high serum
calcium level or calcium overload would cause an
increase of non-1-84 PTH production.

The amount of 1-84 PTH was calculated using
63% of the iPTH. As a whole, 18% of the total popu-
lation was misclassified into a different Japanese
guideline category. Stratified by Japanese guideline
classifications, 28 % of patients within the iPTH target
range were misclassified. The Bland-Altman plot
(Fig. 6), showing the difference between whole PTH
and calculated 1-84 PTH (=iPTH x0.63) plotted
against the mean of the two values. There is not a
systematic bias in this comparison. As the PTH levels
increase, there is a large difference between the two
measures. There were many outliers in the whole
PTH side (the upper part of the graph). It is probably
due to N-PTH overproduction. Some outliers in the
calculated 1-84 PTH side (the lower part of the
graph) would reveal PTH fragmentations.

There are several limitations in the present study.
The first is that we did not have data for mortality,

Ther Apher Dial, Vol. 15, Supplement 1, 2011

onset of cardiovascular disease, or fracture. If pos-
sible, we should elucidate an association between the
serum PTH level and mortality or fracture in each
PTH assay. Melamed et al. (25) had reported that an
elevated 1-84 PTH value was significantly associated
with an increased risk of death, whereas iPTH was
not significantly associated with mortality. Lehmann
et al. (26) took bone biopsies from 132 patients with
chronic kidney disease in stages 3-5 and evaluated
the association of bone histomorphometry with the
iPTH and Bio-Intact PTH assays. Both assays effec-
tively identified patients with reduced bone turnover.
There was no difference between both assays.
According to these reports, the difference of the PTH
assays may not have much influence on the risk of
either mortality or fracture.

In summary, in this cohort of dialysis patients,
although the distribution of both assays was alike and
the correlation between both assays was high, there
were some misclassifications. Eighteen percent of the
total population was misclassified into a different
Japanese guideline category. As the PTH levels
increased, there was a large difference between the
two measures. In conclusion, both PTH assays were
strongly correlated, although, the whole PTH assay
may be more useful for precise evaluation of PTH
activity than the iPTH assay.
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Abstract Disorders of bone and mineral metabolism are
common complications in chronic kidney disease (CKD)
patients and lead to significantly increased fracture risk,
morbidity, and mortality of cardiovascular disease due to
ectopic calcifications, contributing to a worsening prog-
nosis. Bone strength is determined by not only bone min-
eral density but also bone quality, which is dependent on
bone collagen cross-links. Collagen cross-links are classi-
fied into enzymatic immature and mature types and non-
enzymatic advanced glycation end products (AGESs).
Pentosidine is well established as one of the AGEs that
accumulates markedly in CKD patients. The chemistry,
function, and clinical relevance of cross-links have been
- revealed, whereas bone quality and the relationship with
bone mineralization in CKD patients are not clear. We
performed transiliac bone biopsies on 22 dialysis patients
(mean age 56 X 9 years) with severe secondary hyper-
parathyroidism and measured cross-links by evaluating
bone histomorphometry. Cross-links data were compared
with age-matched non-CKD subjects (mean age
58 £ 8 years, n = 17). Enzymatic collagen cross-links
were formed to a similar extent compared with non-CKD
subjects and showed a positive correlation with plasma
intact parathyroid hormone. Pentosidine was remarkably
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increased in dialysis patients and inversely correlated with
bone-formation rate/bone volume and mineral apposition
rate. This study suggests that AGE collagen cross-links
strongly associate with disorders of bone metabolism in
dialysis patients.

Keywords Collagen cross-link - Advanced glycation
end products - Dialysis patient - Mineralization -
Hyperparathyroidism

Bone disorders are common complications in chronic
kidney disease (CKD) patients. Recently, renal osteodys-
trophy (ROD) has been redefined as CKD-mineral and
bone disorder (CKD-MBD) [1]. The disorders of bone and
mineral metabolism associated with CKD-MBD lead to a
significantly increased fracture risk [2]. Deterioration in
bone calcification and subsequent ectopic calcification such
as vascular calcification are common complications. Fur-
thermore, in dialysis patients, bone fragility and increased
fracture risk affect quality of life and prognosis [3].
Collagen enzymatic and nonenzymatic cross-links in
bone affect not only the mineralization process but also
bone material properties [4—7]. In fact, impaired enzymatic
cross-linking and/or an increase in nonenzymatic cross-
links in bone collagen have been proposed to be determi-
nants of impaired bone quality in aging, osteoporosis, and
diabetes mellitus [8]. However, little is known about col-
lagen cross-link formation and its relationship with bone
mineralization in CKD patients. Collagen cross-links can
be classified into enzymatic types, such as lysyl oxidase
(LOX)-mediated cross-links, and nonenzymatic types, such
as advanced glycation end products (AGEs) according to
mechanism of formation and functional differences [4, 8].
Generally, enzymatic cross-link formation is affected by
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LOX activity and tissue maturation [4], whereas accumu-
lation of nonenzymatic cross-links depends on the degree
of glycation and/or oxidation [5, 7, 9]. Although pentosi-
dine is now well established as an AGE, which is formed
by glycosylation and oxidation and accumulates markedly
in the skin and serum from patients with CKD [5, 10, 11],
there are no available data regarding enzymatic and AGE
types of cross-link formation in bone collagen.

The aim of this study was to clarify collagen enzymatic
and nonenzymatic cross-link formation and the relationship
between cross-link formation and the bone-mineralization
process in dialysis patients with secondary hyperparathy-
roidism (2HPT).

Materials and Methods
Patients

Twenty-two patients with severe 2HPT that was resistant to
vitamin D therapy participated in this study. Their plasma
intact parathyroid hormone (iPTH) concentration persisted
at extremely high levels at a similar degree for at least
6 months. They were undergoing regular dialysis therapy;
21 patients were on standard hemodialysis and one was on
continuous ambulatory peritoneal dialysis. They consisted
of 15 males and seven females; mean age was
56 + 9 years (range 35-72), and mean dialysis duration
was 139 + 81 months (range 3-357). We performed
transiliac bone biopsies, immediately after parathyroidec-
tomy (PTx) under general anesthesia. None of the patients
had a history of fracture, were currently using corticoste-
roids, or were receiving estrogen-replacement therapy.
Primary kidney disease diagnoses included nephrosclerosis
due to hypertension (two patients), chronic glomerulone-
phritis (12 patients), diabetic nephropathy (four patients),
and other causes (four patients). Blood samples for the
determination of biochemical parameters were obtained
after an overnight fast. All patients underwent a hemodi-
alysis session the day before PTx.

Bone Biopsy and Bone Histomorphometry

All patients were submitted to a transiliac bone biopsy to
evaluate bone histomorphometry and to measure bone
collagen cross-links. Of these patients, ten were adminis-
tered a course of double-labeling tetracycline using
demethylchlortetracycline hydrochloride: 300 mg/day for
2 days, with an interval of 5-7 days between treatments.
The biopsy was performed 2-7 days after the last dose of
tetracycline by the same operator. Undecalcified bone
specimens were submitted to standard processing for his-
tological studies at Niigata Bone Science Institute (Niigata
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Prefecture, Japan). We evaluated cancellous bone histo-
morphometry of bone volumeftissue volume (BV/TV),
osteoid volume/bone volume (OV/BYV), fibrosis volume/
tissue volume (Fb.V/TV), bone-formation rate/bone vol-
ume (BFR/BV), and mineral apposition rate (MAR).

Characterization of Enzymatic and Nonenzymatic
Collagen Cross-Links

The reduction of collagen in bone with sodium borohydride
(NaBH,; Sigma-Aldrich, St. Louis, MO) and measurement
of cross-links were carried out as previously described [12].
Briefly, each bone powder was demineralized twice with
0.5 MEDTA in 50 mM Tris buffer, pH 7.4, for 96 h at 4°C.
Demineralized bone residues were then suspended in
0.15 M potassium phosphate buffer, pH 7.6, and reduced at
37°C with NaBH,. Reduced specimens were hydrolyzed in
6 N hydrochloric acid at 110°C for 24 h. Hydrolysates were
then analyzed for cross-links on a Shimadzu LC9 HPLC
fitted with a cation exchange column (0.9 x 10 cm,
Aa pack-Na; Jasco, Tokyo, Japan) linked to an online fluores-
cence flow monitor (RF10AXL; Shimadzu, Shizuoka,
Japan). We determined the content of enzymatic immature
reducible and mature nonreducible cross-links. In addition,
we determined that pentosidine was one of the well-char-
acterized AGE type of cross-links to evaluate nonenzymatic
glycation-induced cross-links. LOX-mediated reducible
immature cross-links, dehydro-dihydroxylysinonorleucine
(deH-DHLNL), dehydro-hydroxylysinonorleucine (deH-
HLNL), and dehydro-lysinonorleucine (deH-LNL) were
identified and quantified according to their reduced forms
(DHLNL, HLNL, and LNL, respectively). Immature cross-
links, such as deH-DHLNL and deH-HLNL, are unstable
Schiff bases. In fact, deH-DHILNL and deH-HLNL are pres-
ent mainly as more stable keto forms such as hydroxylysino-
5-keto-norleucine (HLKLN) and lysino-5-keto-norleucine
(LKNL), respectively. Our established high-performance
liquid chromatography (HPLC) system enables us to
determine enzymatic and nonenzymatic cross-link contents
within a linear range of 0.2-600 pmol in bone specimens.
Enzymatic nonreducible mature cross-links, such as pyri-
dinoline (Pyr) and deoxypyridinoline (Dpyr), and pentosi-
dine were detected by natural fluorescence. The contents of
each cross-link were expressed as mole/mole of collagen. In
this study, we confirmed that hydrolysates of demineralized
and reduced bone specimens consisted of glycine in the
range of 322-310 residues per 1,000 amino acids and more
than 80 residues of hydroxyproline per 1,000 amino acids,
which is in accordance with the known amino acid com-
position of type I collagen.

We compared the cross-link data from CKD patients to
our previously reported Japanese age-matched cadaveric
bone study from ilium (mean age 58 + 8 years, range
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40-69, male, n = 17, control group) without CKD, dia-
betes, metabolic disorders, and medications such as vita-
min D, vitamin K, and bisphosphonate [8, 12, 13]. Bone
specimens of control subjects were also used in our pre-
vious study into age-related changes in the biochemical
characteristics of collagen from human subjects [13],
approved by an independent ethics committee with consent
obtained from relatives. Furthermore, the relationship
between pentosidine and bone mineralization and the
influence of iPTH concentration on bone cross-links in
dialysis patients were studied.

Informed Consent

Informed consent to use blood samples, bone specimens,
and clinical data for research was given at the time of
admission for surgery by the patients themselves. The local
official scientific and ethical committee on medical
research and the hospital director approved the study.

Statistical Analysis

All values are listed as means with their standard deviation
(SD) in the text and tables. For comparison of cross-link
parameters between the dialysis patient group and the
control group, Student’s #-test or a Wilcoxon rank sum test
was used, as appropriate. Correlations between cross-link
parameters with iPTH, BFR/BV, and MAR were analyzed
by univariate analysis. All P values were defined as sig-
nificant at P < 0.05. Statistical analyses were performed
~using JMP, version 5.1.1 for Windows (SAS Institute,
Cary, NC).

Results
Patient Characteristics

- The clinical characteristics of the dialysis patients are
shown in Table 1. All patients had bone and mineral
metabolism disorders due to severe 2HPT, regardless of the
consequence of conservative therapy such as dietary
phosphate limitation, administration of oral phosphate
binders, and active vitamin D analogues. None of the
patients had been administered calcimimetics. Serum cal-
cium, phosphate, and f,-microglobulin concentrations
were permissive as maintenance dialysis patients. Mean-
while, iPTH and bone alkaline phosphatase (BAP) reflected
the severity of increased bone turnover at the time of
PTx. Mean values of bone mineral density (BMD) in the
total body and the young adult mean (YAM) were
1.023 + 0.102 g/cm® and 88 + 9% (range 63-101%),
respectively.
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Bone Histomorphometry

Theresults of bone histomorphometry in 22 patients obtained
by transiliac bone biopsy are shown in Table 2. According to
the classification of ROD [1, 14], 14 patients were mildly
affected and eight patients had osteitis fibrosa (OF). None of
them had adynamic bone disease. In addition, we evaluated
BFR/BV and MAR in ten patients. The mean values of BFR/
BV and MAR also indicated high-turnover bone.

Comparison of Bone Collagen Cross-Links

Comparisons of bone collagen cross-links between dialysis
patients and the control group are shown in Fig. 1. There
was no significant difference in total immature cross-links
(the sum of DHLNL, HLNL, and LNL) (Fig. 1a), while
total mature pyridinium cross-links (the sum of Pyr and
Dpyr) significantly decreased in dialysis patients (Fig. 1b).
The total amount of immature and mature pyridinium
cross-links showed no difference between the dialysis and
control groups (Fig. 1c). The relative ratio of immature
cross-links to mature cross-links was significantly higher in
dialysis patients (dialysis vs. control 3.41 £ 141 vs.
2.62 £ 0.67, P = 0.048). Pentosidine content in bone was
significantly higher than that in the control group (Fig. 1d).

Correlation Between Bone Collagen Cross-Links
and Plasma iPTH Concentration

We studied the correlation between bone collagen cross-
links and plasma iPTH concentrations using univariate
analysis (Fig. 2). Plasma iPTH concentration significantly
and positively correlated with immature cross-links and total
amount of immature and mature pyridinium cross-links,
whereas neither mature pyridinium cross-links nor pentosi-
dine correlated with iPTH concentration. The relative ratio
of immature cross-links to mature cross-links also signifi-
cantly and positively correlated with plasma iPTH concen-
tration (Y = 1.942 4+ 0.002 x X; R> = 0.214, P = 0.03).

Correlation Between Pentosidine and Bone
Mineralization

Figure 3 shows the correlation between pentosidine and
histomorphometric parameters regarding bone mineraliza-
tion using univariate analysis. Both BFR/BV and MAR
negatively correlated with pentosidine.

Discussion

In this study, we evaluated bone collagen cross-links and
bone histomorphometry in a total of 22 dialysis patients
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