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PTH ratio and cardiovascular events

Abstract. Background: We hypothesized
that the PTH (1-84)/non-PTH (1-84) ratio
(PTH ratio) might help to assess cardiovascu-
lar risk in hemodialysis patients. Methods: In
this prospective cohort study 70 prevalent
hemodialysis patients were followed up to 4
years. The PTH ratio was determined at base-
line. Primary outcomes were cardiovascular
events (CVE) and all-cause mortality. Cumu-
lative event-free survival was compared be-
tween patients with a ratio < 1 and those with
a ratio > 1. The risk-association of the PTH
ratio with CVE was examined using an ad-
justed Multiple Cox Proportional Hazards
model. Results: A PTH ratio > 1 was found in
34 patients (49%). During follow-up 26 pa-
tients suffered a CVE. Patients with a CVE
showed a higher ratio than patients with
event-free survival (p = 0.033). In patients
with a ratio > 1 a significantly higher number
of CVE occurred (53 vs. 22%; p = 0.013), and
these patients showed a significantly shorter
event-free survival (p = 0.032). In an adjusted
Cox-proportional hazards model a higher
PTH ratio was found to be independently as-
sociated with an elevated risk for CVE (HR =
3.2; 95% CI 1.06 – 13.63; p = 0.04). Conclu-
sions: A higher PTH (1-84)/non-PTH (1-84)
ratio is associated with an increased risk for
CVE in hemodialysis patients and might
therefore be useful for cardiovascular risk es-
timation in this population.

Introduction

Patients with chronic kidney disease

(CKD) are at a substantially higher risk for

cardiovascular morbidity and mortality [1]. A

multitude of parameters associated with a

higher risk of cardiovascular events (CVE)

have been identified in this population [2].

These include parameters associated with

uremia-specific disturbances in bone and min-

eral metabolism, such as parathyroid hormone

(PTH), calcium, and phosphate [3]. In the

general population higher PTH levels have

been found to be associated with an increased

mortality, even when within the reference

range [4]. In hemodialysis patients, the role of

PTH as potential risk factor for CVE is not

definitely clarified to date, as was recently re-

viewed by Covic et al. [3]. Several studies

have confirmed an association of higher PTH

levels with overall and cardiovascular mor-

tality. Block et al. evaluated data from more

than 40,000 dialysis patients and found an in-

dependent association of elevated PTH val-

ues with mortality and morbidity related to

CVE and fractures [5], which has been sup-

ported by other studies in recent years [6, 7].

The DOPPS study found patients in the high-

est PTH category (> 600 pg/ml) to be prone to

the highest mortality [8]. However, in spite of

these findings the association of elevated

PTH with increased all-cause mortality yet

lacks unanimous confirmation [3]. Earlier re-

ports provided evidence suggesting that a

PTH greater than 200 pg/ml was associated

with increased survival [9, 10]. Data support-

ing the association of lower PTH levels and

cardiovascular mortality have to be inter-

preted cautiously, considering the fact that

lower levels of PTH may also be due to other

conditions favoring cardiovascular mortality,

most notably malnutrition and inflammation

[11].

PTH is crucial for the regulation of calcium

and phosphate homeostasis. According to vary-
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ing calcium levels, full-length PTH (1-84) to-

gether with varying amounts of C-terminal

fragments is secreted by parathyroidal cells

[12]. The classic effects of PTH seem to be re-

served to intact amino-terminal moieties and

full-length PTH (1-84), while C-terminal frag-

ments appear to be of opposite biological action

and interfere with PTH-mediated signaling

[13]. C-terminal PTH fragments have been

shown experimentally to inhibit bone resorp-

tion and to reduce bone-turnover [14, 15].

Commercially available intact PTH (iPTH)

assays have been shown to detect not only PTH

(1-84), but also biologically active C-terminal

fragments (= non-PTH (1-84)), [14, 15, 16, 17]

which might lead to an overestimation of the

amount of circulating biologically active PTH

[16]. The CHOICE study recently demon-

strated that this might indeed have clinical con-

sequences: a PTH (1-84) level greater than 160

pg/ml was associated with an increased risk of

all-cause mortality, while such a significant as-

sociation was not found in patients with an ele-

vated iPTH level [18]. This study also investi-

gated the PTH (1-84)/non-PTH (1-84) ratio but

could not show an association with overall mor-

tality. Monier-Faugere et al. [19] provided evi-

dence that the equilibrium of circulating PTH

(1-84) and its fragments is indeed influenced by

changes in bone and mineral metabolism, by

showing that at similar iPTH levels, the relative

amount of PTH (1-84) varied according to

whether patients had received calcitriol, pari-

calcitol or no vitamin D treatment. The clinical

use of putting the relative amount of PTH

(1-84) into correlation with the amount of circu-

lating non-PTH (1-84) has also been shown by

Cantor, who demonstrated that this ratio is ef-

fective in assessing bone-turnover status and

identifying adynamic bone disease [20].

In this study we prospectively evaluated

the PTH (1-84)/non-PTH (1-84) ratio (PTH

ratio) in prevalent hemodialysis patients for

the possible association with CVE.

Patients and methods

Patients

In the present study a cohort of 70 prevalent

hemodialysis patients was followed over a pe-

riod of four years. At enrolment, each patient’s

biochemical parameters were documented, in-

cluding plasma levels of calcium, phosphate,

calcium-phosphate product, iPTH, PTH (1-84),

PTH (1-84)/non-PTH (1-84) ratio (PTH ratio),

alkaline phosphatase (AP), creatinine, urea,

albumin, protein, magnesium, hemoglobin,

hematokrit, C-reactive protein (CRP), low-

(LDL) and high density lipoprotein (HDL) cho-

lesterol and triglycerides. Arterial blood pres-

sure was measured at every dialysis session 3

times a week pre- and post-dialysis. Pulse pres-

sure was defined as the difference between sys-

tolic and diastolic arterial blood pressure.

Hemodialysis was conducted using either

Gambro AK-200 (Gambro, Lund, Sweden) or

Fresenius 4008 (Fresenius, Hechingen, Ger-

many) machines with synthetic polysulfone

high-flux membranes. Hypertension was de-

fined as being on current antihypertensive ther-

apy, or as monthly averaged pre-dialysis blood

pressure > 140/90 mmHg in the month before

inclusion.

Causes of end-stage renal failure were the

following: diabetic nephropathy (n = 21), vas-

cular nephropathy (n = 9), interstitial nephritis

(n = 6), glomerulonephritis (n = 8), polycystic

kidney disease (n = 8), others (n = 7), unknown

cause (n = 11). At study entry patients were also

assessed for pre-existing cardiovascular end-

organ damage, defined as coronary artery dis-

ease, previous percutaneous transluminal cor-

onary angioplasty or coronary artery bypass

grafting (CABG), peripheral artery disease

(PAD), or previous ischemic stroke or transi-

tory ischemic attack (TIA). At study enrolment

treatment for secondary hyperparathyroidism

in the two groups with a PTH (1-84)/non-PTH

(1-84) ratio >/< 1 included active vitamin D

(n = 12/20) and phosphate-binding agents

(n = 24/27) including calcium-containing

phosphate binders, sevelamer and aluminium

hydroxide without group-differences. None of

the patients received routine supplementation

with either vitamin D2 or D3.

This study was conducted adherent with

the Declaration of Helsinki under the permis-

sion and regulation of the local ethics com-

mittee of the Innsbruck Medical University.

All patients gave informed consent.

PTH-Assays

Two commercially available PTH assays,

Nichols Advantage Intact PTH and Nichols
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Bio-Intact PTH Chemiluminescence Assays

(Nichols Institute Diagnostics, USA), were

used to assess levels of iPTH and PTH (1-84),

respectively. Each assay was used according

to the manufacturer’s protocol, using its own

calibration material. Both assays use the same

polyclonal capture anti-PTH (39-84) antibod-

ies. However, while the tracer antibody of the

Intact PTH assay binds to amino acid se-

quence PTH (15-34), the tracer antibody of

the Bio-Intact PTH assay detects the first six

amino acid residues. Thus, the Intact PTH as-

say includes C-terminal PTH fragments

(non-PTH (1-84), whilst the latter includes

only the full-length PTH (1-84). The PTH

(1-84)/non-PTH (1-84) ratio is calculated

with the derived non-PTH (1-84) value

(iPTH-PTH (1-84)).

Study design

To be evaluated, patients had to survive �

3 months. Primary outcomes during follow-

up were the first CVE (fatal and non-fatal; in-

cluding ischemic stroke, acute myocardial in-

farction (AMI), sudden cardiac death, TIA,

CABG and PTCAwith or without stenting) or

death, respectively. Only the first event per

patient was considered for analysis. Patients

who received a kidney transplant during ob-

servation period (19%) were excluded from

further analysis thereafter. A complete

follow-up was available for all patients.

Data are reported as mean ± SD or me-

dian (IQR), if not otherwise stated. ANOVA

was used for group comparison in case of

normally distributed parameters, while

non-normally distributed parameters were

analyzed using Mann-Whitney U-test, re-

spectively. Differences in relative frequen-

cies were compared by Fisher´s Exact-test.

Survival analysis was performed using

Kaplan-Meier curves and log-rank test. Risk

factors were assessed for relevance by

means of the Cox-proportional hazard

model, adjusted for gender, hemoglobin,

C-reactive protein, dialysis vintage, smok-

ing, diabetes, hypertension and cardio-

vascular comorbidity at study entry. Statisti-

cal analyses were performed using SPSS

13.0 (SPSS, Chicago, IL, USA).

Results

Study population

Baseline characteristics are presented in

Table 1. Evaluation of all 70 patients revealed

an overall mortality of 43%. Of these patients,

33% died of cardiovascular causes. The over-

all rate of cardiovascular complications was

37% (14% fatal, 23% non-fatal CVE).

Comparison of patients with and

without cardiovascular event

(CVE)

During follow-up 37% of patients suf-

fered any of the predefined cardiovascular

end-points, the most frequent of which was

acute coronary syndrome (16%), followed by

sudden cardiac death (9%). These patients

were found to have a significantly higher

mean PTH ratio (1.1 vs. 0.9, p = 0.033) (Fig-

ure 1). The two groups did not differ signifi-

cantly in their median iPTH (197 vs. 186.6

pg/ml, p = 0.504) or PTH (1-84) levels (100.2

vs. 76.3 pg/ml, p = 0.307), gender distribution

(48 vs. 54% males, p = 0.807, prevalence of

arterial hypertension (85 vs. 86%, p = 1.00),

smoking status (22 vs. 30%, p = 0.579), prev-

alence of diabetes (37 vs. 35%, p = 1.00), me-

dian dialysis vintage (37 vs. 20.5 months, p =

0.547), incidence of bone fractures (11 vs.

23%, p = 0.344) or any evaluated laboratory

parameter. The prevalence of pre-existing CV

end-organ damage was comparable between

both groups (in patients with CVE 54%, in

patients without CVE 45%; p = 0.462). How-

ever, patients with CVE were significantly

older (73.7 vs. 64.7 y, p = 0.034).

Comparison of patients with fatal

and non-fatal cardiovascular

events

Within the group of patients who had suf-

fered any kind of CVE, patients who died of a

primary CVE (38% of all CVE) were com-

pared with patients with a non-fatal CVE

(62%) to identify risk factors for cardiovascu-

lar mortality within this group. Deceased pa-

tients and survivors did neither differ signifi-
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cantly in gender distribution (50 vs. 48%

males), nor in the prevalence of arterial hy-

pertension (83 vs. 87%) or the percentage of

constant-smokers (21 vs. 30%). There was a

trend towards a higher rate of prevalent dia-

betes among patients who suffered a fatal

CVE, yet this remained without statistical sig-

nificance (50 vs. 28.3%; p = 0.114). The 34

patients who presented with pre-existing car-

diovascular end-organ damage at study enrol-

ment were not characterized by excess

mortality (p = 0.315).

While patients with fatal CVE were sig-

nificantly older than survivors (75.3 vs.

61.3 y, p < 0.001), the average hemodialysis

vintage did not differ significantly between

the two groups (p = 0.407) (Table 2).

The PTH ratio, plasma levels of iPTH,

PTH (1-84) and its fragments did not differ

significantly between both groups, whereas

mean values for phosphate (2.01 ± 0.67 vs.

1.69 ± 0.48 mmol/l; p = 0.039) and cal-

cium-phosphate product (4.73 ± 1.41 vs. 3.86

� 1.18 mmol2/l2; p = 0.012) were significantly

higher among patients with non-fatal CVE, as

were levels of creatinine (8.9 vs. 7.5 mg/dl, p

= 0.02) and hemoglobin (119.5 vs. 112.9 g/l, p

= 0.023) (Table 2).

Comparison of patients

dependent on PTH ratio

A PTH ratio > 1 was found in 49% of pa-

tients. Patients with a PTH ratio > 1 had sig-

nificantly lower mean non-PTH (1-84) levels

(62.8 vs. 119.4 pg/ml, p = 0.014) and lower
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Table 1. Patient baseline characteristics.

Ratio < 1 (n = 36) Ratio > 1 (n = 34) p

Age years 60.6 ± 15.1 71.8 ± 11.9 < 0.001

Gender (m/f) % 61/39 41/59 0.151

Dialysis vintage months 19.5 (7.5 – 55.8) 25.5 (13 – 45.8) 0.581

Smokers (constant) % 28 29 1.000

Diabetes mellitus % 28 44 0.213

Preexisting CV end-organ

damage (yes/no)
% 47/53 50/50 1.00

Predialytic sBP mmHg 146 ± 20 145 ± 21 0.884

Predialytic dBP mmHg 77 ± 9 72 ± 11 0.060

Predialytic PP mmHg 69. ± 16 73. ± 17 0.346

Postdialytic sBP mmHg 141 ± 21 146 ± 23 0.321

Postdialytic dBP mmHg 76 ± 9 74 ± 10 0.391

Postdialytic PP mmHg 65 ± 15 72 ± 18 0.071

iPTH pg/ml 199.7 (149.5 – 387.7) 138.2 (97.1 – 347.9) 0.115

PTH (1-84) pg/ml 80.5 (68.1 – 174.4) 78.5 (49.9 – 208.7) 0.417

non-PTH (1-84) pg/ml 119.4 (81.8 – 201.5) 62.8 (46 – 142.6) 0.014

PTH(1-84)/non-PTH(1-84) ratio 0.81 ± 0.11 1.31 ± 0.38 < 0.001

Calcium mmol/l 2.32 ± 0.20 2.29 ± 0.25 0.499

Phosphate mmol/l 2.02 ± 0.60 1.78 ± 0.64 0.094

Ca × P mmol2/l2 4.82 ± 1.16 4.02 ± 1.50 0.024

AP U/l 94.8 ± 46.4 108.8 ± 72 0.533

Kt/V 1.34 ± 0.15 1.33 ± 0.14 0.660

Albumin g/dl 3.8 ± 0.5 3.7 ± 0.3 0.252

Hemoglobin g/l 115.7 ± 12.8 118.9 ± 10.3 0.233

CRP mg/dl 0.7 (0.7 – 1.4) 0.7 (0.7 – 2.2) 0.427

Data are presented as mean ± SD, median (IQR) or frequencies. sBP = systolic blood pressure; dBP = dia-

stolic blood pressure; HD = hemodialysis; PP = pulse pressure; AP = alkaline phosphatase; Ca × P = cal-

cium-phosphate product; CRP = C-reactive protein.



Ca � P (4.02 ± 1.50 vs. 4.82 ± 1.16 mmol2/l2,

p = 0.024), but did not differ in any other bio-

chemical or demographic characteristic (Ta-

ble 1). The main finding of the present study

demonstrated that CVE were significantly

more frequent in patients with a PTH ratio > 1

than in patients with a ratio < 1 (53 vs. 22%;

p = 0.013) (Figure 2). Kaplan-Meier analysis

showed a significantly higher probability for a

CV event-free survival in patients with a ratio <

1 (p = 0.032) (Figure 3). Mean event free sur-

vival was 1,199 (1,043 – 1,355; 95% CI) days in

the group with a PTH ratio < 1 and 931

(753 – 1,110; 95% CI) days with a ratio > 1.

Both groups did not differ in all-cause mortality

(p = 0.772), whereas a trend towards a higher

CV-mortality could be observed in patients with

a ratio > 1, although not reaching statistical sig-

PTH ratio and cardiovascular events 313

Figure 1. PTH (1-84)/non-PTH (1-84) ratio in pa-

tients with and without cardiovascular event during

follow-up. Patients with a cardiovascular event dur-

ing follow-up had a significantly higher mean PTH

(1-84)/non-PTH (1-84) ratio than those without (1.1

vs. 0.9; p = 0.033).

Table 2. Comparison of laboratory and demographic parameters between patients with fatal and non-fa-

tal cardiovascular events.

Non-fatal CVE Fatal CVE

Mean ± SD Mean ± SD p

PTH(1-84)/non-

PTH(1-84) ratio
1.05 ± 0.41 1.07 ± 0.29 0.838

Calcium mmol/l 2.30 ± 0.24 2.31 ± 0.2 0.837

Phosphate mmol/l 2.01 ± 0.67 1.69 ± 0.48 0.039

Ca × P mmol2/l2 4.73 ± 1.41 3.86 ± 1.18 0.012

Creatinine mg/dl 8.9 ± 2.5 7.5 ± 1.8 0.020

Urea mmol/l 138.2 ± 41.6 121.1 ± 24.1 0.033

Kt/V l/week 1.33 ± 0.16 1.34 ± 0.12 0.879

eGFR ml/min 8.34 ± 3.19 7.79 ± 2.3 0.467

Albumin g/dl 3.8 ± 0.4 3.6 ± 0.4 0.055

Protein g/dl 6.7 ± 0.4 6.5 ± 0.4 0.048

Magnesium mmol/l 1.03 ± 0.16 0.99 ± 0.17 0.316

Hemoglobin g/l 119.5 ± 11.2 112.9 ± 11.7 0.023

Hematocrit 0.36 ± 0.04 0.34 ± 0.03 0.034

Total cholesterol mg/dl 176.0 ± 38.5 164.9 ± 36.4 0.246

LDL-cholesterol mg/dl 95.5 ± 29.0 88.0 ± 4.5 0.272

Age years 61.2 ± 15.2 75.3 ± 7.5 < 0.001

Median Range Median Range p

iPTH 200.6 10.0 – 2,309 158.4 23.2 – 1,321.7 0.465

PTH (1-84) 93.7 7.6 – 1,040.9 71.9 10.3 – 732.7 0.488

non-PTH (1-84) 111.9 2.5 – 1,268.1 77.7 9 – 889 0.407

AP U/l 87 37 – 400 87 43 – 270 0.496

Triglycerides mg/dl 139 44 – 799 111 44 – 398 0.307

HDL-cholesterol mg/dl 42 22 – 136 43 26 – 72 0.809

Dialysis vintage months 21 3 – 158 32 1 – 198 0.407

Data are presented as mean ± SD or median (IQR). Ca × P = calcium-phosphate product; eGFR = esti-

mated glomerular filtration rate; LDL = low-density lipoprotein; HDL = high-density lipoprotein.



nificance (p = 0.141). Occurrence of fatal

CVE was numerically higher in patients with

a PTH ratio > 1 (9 vs. 4 events; p = 0.141).

By means of the adjusted Cox proportional

hazards model we found an independent, statis-

tically significant association of a higher PTH

ratio, older age and increased predialysis pulse

pressure with an increased risk of CVE (Table

3). The PTH ratio showed the highest associ-

ated relative risk for a CVE (HR, 3.1; 95% CI,

1.06 – 9.12; p = 0.040), exceeding that associ-

ated with each year increase in patient age (HR,

1.04; 95 CI, 1.00 – 1.09; p = 0.048) and each

unit (mmHg) increase in predialytic pulse pres-

sure (HR, 1.07; 95% CI, 1.01 – 1.13; p = 0.024)

(Table 3).

Discussion

The present study examined the possible

association of the PTH (1-84)/non-PTH (1-84)

ratio (PTH ratio) with cardiovascular morbid-

ity and mortality in a cohort of prevalent

hemodialysis patients. We found the PTH ra-

tio > 1 to be an independent predictor of CVE

in these patients and to be associated with a sig-

nificantly reduced event-free survival com-

pared to a ratio < 1.

The PTH ratio has been introduced in an

attempt to help in non-invasively assessing

CKD-related bone-disease associated with

secondary hyperparathyroidism [19, 21]. The

potential association of PTH and other bone

and mineral metabolism parameters with car-

diovascular calcification, all-cause and car-

diovascular mortality and cardiovascular

morbidity has been examined [3, 5, 22, 23,

24, 25, 26]. Yet, there is still an unclear body

of evidence concerning the role of PTH, with

studies demonstrating an association of mor-

tality with lower [9, 10] as well as with higher

PTH levels [5, 6, 7, 8], and some studies fail-

ing to find any association [27, 28]. In the

present study, there were no significant dif-

ferences between patients with and without

CVE, either fatal or non-fatal, in respect to

iPTH, PTH (1-84) or non-PTH (1-84).

The key finding of the present study is the

significantly increased rate of cardiovascular

events in patients with a PTH ratio > 1 com-

pared to those with a ratio < 1. The fact that a

ratio > 1 was not significantly associated with

an increase in all-cause mortality is in line

with an earlier report [18]. Importantly, in our

study PTH (1-84) levels did not differ statisti-

cally between the two groups, while non-PTH

(1-84) levels did. The only further difference

between both PTH ratio groups was a signifi-

cantly higher Ca × Pin patients with a PTH ra-

tio < 1. The absolute calcium and phosphate

levels, respectively, did not significantly dif-

fer between both groups, although patients

with a ratio < 1 showed higher phosphate val-

ues (2.02 ± 0.60 vs. 1.78 ± 0.64; p = 0.094)

which may have influenced the statistical

evaluation of Ca × P differences, given that

the mathematical construct is largely driven

by the serum phosphorus.

We attribute the observed association of

relatively greater amounts of non-PTH (1-84)

fragments (i.e. ratio < 1) with reduced cardio-
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Table 3. Association of risk factors with cardiovascular events.

HR (95% CI) p

Age years 1.04 (1.00 – 1.09) 0.048

PTH (1-84)/non-

PTH (1-84) ratio
3.10 (1.06 – 9.12) 0.040

Ca × P mmol2/l2 1.01 (0.67 – 1.52) 0.962

Gender (0 = female, 1 = male) 1.46 (0.58 – 3.67) 0.425

Hemoglobin g/l 0.99 (0.94 – 1.03) 0.437

CRP mg/dl 0.86 (0.62 – 1.20) 0.368

Habitual-smoker (0 = no, 1 = yes) 1.21 (0.39 – 3.80) 0.739

Predialytic PP mmHg 1.07 (1.01 – 1.13) 0.024

The continuous variables age, PTH (1-84)/non-PTH (1-84) ratio and predialytic

pulse pressure were independently associated with an increased risk of CVE.

Ca × P = calcium-phosphate product; CRP = C-reactive protein; PP = pulse

pressure.

Figure 2. Number of CV-events depending on the

PTH (1-84)/non-PTH (1-84) ratio. The frequency of

CV-events was significantly higher in patients with a

ratio > 1 compared to patients with a ratio < 1 (53 vs.

22 %; p = 0.013).



vascular morbidity to the biological activity

of non-PTH (1-84). There exist sound experi-

mental and clinical data indicating that

bioactive C-terminal PTH fragments, espe-

cially PTH (7-84), have direct antagonizing

effects on PTH (1-84), reflected by observed

decreased calcemic and phosphaturic re-

sponse [29]. Hence, these fragments might

decrease effects of circulating PTH (1-84) on

processes associated with cardiovascular

morbidity, i.e. calcification. Sound experi-

mental rationale for the association of PTH

levels with cardiovascular disease is avail-

able. PTH has been shown to have a variety of

cardiovascular effects including the induc-

tion of apoptosis in cardiomyocytes [30], ac-

tivation of cardiac fibroblasts thus inducing

interstitial fibrosis [31], thickening of myo-

cardial arterioles independent from blood

pressure [32], increase of endothelial expres-

sion of molecular markers of atherosclerosis,

including the receptor of advanced glycation

endproducts and IL-6 [33] and triggering of

vascular calcification in a phosphate-inde-

pendent manner [34]. As only the PTH ratio

significantly predicted CVE, the relative

amount of biologically contrary active PTH

fragments seems to be more important than

the absolute concentration of the respective

fragments. Nevertheless, one has to keep in

mind that results of PTH measurement vary

depending on the PTH assays used, especially

concerning second generation intact PTH as-

says, as previously shown by our group [17].

Therefore, confirmation of our data using dif-

ferent PTH assays is encouraged, because

conflicting data and some controversy arose

when the PTH ratio was evaluated as a predic-

tor of biopsy-proven renal osteodystrophy

[21, 35, 36]. Very recently, Herberth et al. [37]

provided evidence that combining the mea-

surement of iPTH level with the PTH ratio

significantly increased the positive predictive

value for bone biopsy-proven bone turnover

in white and black chronic dialysis patients

enabling a better discrimination of low and

high turnover compared to iPTH measure-

ment alone.

Importantly, the two groups of patients

defined by the PTH ratio did not differ signifi-

cantly in levels of albumin, which let us con-

clude that the risk associated with an in-

creased PTH ratio is independent from

malnourishment. By contrast, an increased

iPTH has recently been shown to be only as-

sociated with increased risk of CVE and all-

cause mortality in hemodialysis patients

without additional signs of wasting, i.e. albu-

min > 3.8 g/dl, whereas wasting abrogated

this risk-association [38]. Furthermore, the

prevalence of pre-existing cardiovascular

end-organ damage was comparable between

both groups. So we can rule out that pre-exist-
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Figure 3. Kaplan-Meier curves of CV-Survival (A)

and CV-Event-free Survival (B) in patients with a

PTH (1-84)/non-PTH (1-84) ratio < 1 and > 1. A

trend towards higher CV-mortality was found with a

ratio > 1 (log-rank p = 0.141). CV event-free survival

was significantly higher in patients with a ratio < 1

compared to those with a ratio > 1 (log-rank p =

0.032; mean event-free survival 1,199 (1,043 – 1,355;

CI 95%) vs. 931 (753 – 1,110; CI 95%) days).



ing cardiovascular disease was more frequent

and could explain a higher risk for future

CVE in one of the groups.

In the present study, significantly lower

levels of protein and calcium-phosphate prod-

uct were found in patients who died of their

primary CVE in comparison to survivors. This

contradicts results of studies that found an as-

sociation between increased calcium-phos-

phate product and increased risk [5]. Since

medication at study enrolment did not reveal

any significant differences, this may be due to

the influence of malnourishment on protein

and phosphate levels, especially in context

with low protein levels. Decreased food-in-

take is a condition, which is frequently en-

countered in patients with end-stage renal

disease, and which is associated with de-

creased protein and phosphate levels and may

explain our observation [39]. Analysis of

other uremia-specific risk factors (dialysis

vintage, phosphate, alkaline phosphatase) in

the two groups did not reveal any noteworthy

differences.

To further support our findings, several

findings from larger cohort studies in dialysis

patients have been confirmed in our popula-

tion. We found an association of decreased

hemoglobin levels with increased mortality,

as has been reported [1], since patients with

fatal CVE had significantly lower hemoglo-

bin levels than survivors of primary CVE.

Our data indicating an association of age with

increased mortality concurs with other

evidence [1].

To our knowledge, this is the first study

evaluating the association between the PTH

(1-84)/non-PTH (1-84) ratio and cardiovas-

cular mortality and morbidity in a prospective

manner. Yet, the only comparable previous

study, the CHOICE study [18], evaluating

all-cause mortality differed in several aspects

from our study. Most notably our evaluations

were based on a population of prevalent dialysis

patients, in contrast to incident dialysis pa-

tients in the CHOICE study. Thus, patients in

our study were more heterogeneous as to dial-

ysis vintage, and likely presented with more

advanced stages of secondary hyperpara-

thyroidism.

Some potential limitations of our study

must be acknowledged. The sample size of

our study is rather small. Hence, our work

may encourage the evaluation of the PTH

ratio in larger populations. Furthermore, base-

line PTH values at study entry but no time-

averaged values or time-dependent changes

were considered for risk analyses. However,

this approach has been proven many times to

be reliable for cardiovascular morbidity and

mortality risk estimation in previous reports

(reviewed in [3]). Nevertheless, confirmation

of our data using time-dependent values or

interventional trials is needed. Additionally,

as an observational study, our data do not im-

ply causality, but describe an association of

increased risk for CVE with a PTH ratio > 1.

Finally, censoring our observation period at

kidney transplantation has decreased our fol-

low-up time, but on the other hand we so ex-

cluded significant differences in treatment

modality, as cardiovascular risk essentially

improves after successful kidney trans-

plantation [40].

Conclusion

The PTH (1-84)/non-PTH (1-84) ratio

seems to be an additional laboratory parame-

ter that could be used in context with other

known risk factors to estimate future risk of

cardiovascular morbidity. A PTH (1-84)/

non-PTH (1-84) > 1 ratio is an independent

predictor of cardiovascular events in prevalent

hemodialysis patients and is associated with a

significantly reduced event-free survival com-

pared to a ratio < 1.
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