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Hemodialysis patients with low serum
parathyroid hormone levels have a poorer
prognosis than those with secondary

hyperparathyroidism

Yue Yu, Zongli Diao, Ying Wang, Peiyi Zhou, Rui Ding and Wenhu Liu

Abstract

Background: Low serum parathyroid hormone (PTH] level and secondary hyperparathyroidism
(SHPT) are very common in hemodialysis patients. However, the outcomes of patients with
low PTH level or SHPT have not been carefully compared. Therefore, in the present study, we
compared the outcomes of hemodialysis patients with low PTH level or SHPT.

Methods: This was a multi-center, prospective, cohort study of 647 patients. The patients

were recruited between 1 September 2016 and 1 January 2017 and followed until 31

December 2018. The participants were allocated to a low PTH group [serum intact PTH (iPTH])
concentration <60pg/ml] and an SHPT group (iPTH = 600 pg/ml) according to their mean iPTH
concentration across the entire observation period, and the outcomes were compared between
these groups. The primary outcome was a composite outcome, which comprised all-cause
mortality, non-fatal acute myocardial infarction, non-fatal acute stroke, and acute heart failure.
Results: A total of 197 hemodialysis patients were allocated to the two groups: 87 with

low PTH level and 110 with SHPT; 450 patients with time-averaged iPTH concentrations of
60-600pg/ml were excluded. Kaplan-Meier analysis of the composite endpoint revealed a
significant difference between participants with low PTH level and those with SHPT (p=0.002).
Cox multiple regression showed that participants with low PTH level had a higher incidence

of the composite endpoint than those with SHPT (relative risk: 1.337, 95% confidence interval:

1.059-1.688).

Conclusion: Hemodialysis patients with low PTH level had a higher incidence of mortality and
non-fatal cardiovascular events than those with SHPT, irrespective of whether the participants

were age-matched.
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Introduction

Chronic kidney disease-mineral-bone disorder is
a major complication experienced by hemodialy-
sis patients. One of its major characteristics is the
abnormal metabolism of parathyroid hormone
(PTH), such that patients may demonstrate
either low PTH level or secondary hyperparathy-
roidism (SHPT).! Both of these endocrine abnor-
malities are associated with higher cardiovascular
and all-cause mortality.?>

The prevalence of intact PTH (iPTH) concen-
tration within the target range is very low in
hemodialysis patients worldwide: it has been
shown to be 26.2% in Europe and America,* and
<30% in China.? This reflects the fact that it is
very difficult to control PTH level completely
using the available therapies. Total parathyroid-
ectomy (PTX) is normally used to treat severe
SHPT, and the incidence of recurrence is low,
but low PTH level often develops subsequently.
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Therefore, we reasoned that, if patients with low
PTH level have better outcomes than those with
SHPT, patients with SHPT could be treated
using total PTX, without physicians being con-
cerned by the possibility that low PTH level
might develop.

It is still unknown whether low PTH level
(PTH<60pg/ml) or SHPT (PTH=600pg/ml)
have poor prognoses. The results of the Dialysis
Outcomes and Practice Patterns Study (DOPPS)
suggested that a serum PTH concentration of
=600pg/ml is associated with higher all-cause
mortality, but that PTH < 100 pg/ml is associated
with significantly greater cardiovascular mortality
only in time-dependent models.® Some previous
studies have shown that patients who have low
PTH level have a poorer prognosis than those
who do not (PTH 100-300 or =300 pg/ml).”8 In
addition, the results of many studies have sug-
gested that a PTH concentration of =500-600 pg/
ml is associated with higher all-cause mortal-
ity,%%10 but that low PTH level is not. Therefore,
in the present study, we compared the outcomes
of hemodialysis patients with low PTH level with
those of patients with SHPT.

Methods

Study design

This was a multi-center, prospective, cohort
study. The patients were recruited at four centers:
Beijing Friendship Hospital, Capital Medical
University; Fuxing Hospital, Capital Medical
University; the People’s Hospital of the Daxing
District of Beijing; and the Hospital of the Shunyi
District of Beijing.

Data were collected regarding the demographic
characteristics, comorbidities, laboratory param-
eters, and the medical history of the participants.
Follow-up data were obtained at approximately
2-month intervals. The incidences of all-cause
mortality, non-fatal acute myocardial infarction,
non-fatal acute stroke, and acute heart failure
were recorded.

This study was approved by the Bioethics
Committee of Beijing Friendship Hospital,
Capital Medical University (Code: 2016-P2-044-
01). Written informed consent was obtained from
all the participants.

Grouping

The patients were allocated to two groups accord-
ing to their mean serum iPTH concentration
across the entire study period. Patients with time-
averaged iPTH concentrations below the 25th
percentile (<60 pg/ml)!! were allocated to the low
PTH group, patients with concentrations above
the 75th percentile (=600 pg/ml)!2:13 were allo-
cated to the SHPT group, and patients with iPTH
concentrations of 60-600pg/ml were excluded.
The incidence of a composite outcome was then
compared between the two groups.

Study population

We enrolled patients who were undergoing regu-
lar hemodialysis in the four hemodialysis centers
between 1 September 2016 and 1 January 2017,
then followed them until 31 December 2018,
their death, their transfer to another center, or
until they changed to peritoneal dialysis or under-
went kidney transplantation.

The inclusion criteria were:

(1) Age: 18-80years.

(2) Regular hemodialysis for =3 months.

(3) Hemodialysis three times per week, with
each session lasting 4h. The flow rate of
the dialysate was 500ml/h, and the blood
flow was 250-300 ml/min.

The exclusion criteria were:

(1) History of acute heart failure, acute myo-
cardial infarction, or acute stroke in the
preceding 3 months.

(2) Malignant tumor.

(3) Breastfeeding or pregnancy.

Outcome and follow up

The composite outcome comprised all-cause
mortality, non-fatal acute myocardial infarction,
non-fatal acute stroke, and acute heart failure.

Baseline data were collected by physicians in dialy-
sis rooms, using a standardized questionnaire. The
information collected comprised general demo-
graphic data (sex, age, and duration of dialysis), the
primary kidney disease, and previous medical his-
tory, including hypertension, diabetes, cardio-or
cerebrovascular disease, and oncological disease.
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The following were measured every 2months
(*15days) thereafter, until the end of the study:
serum albumin (ALB), calcium (Ca), phosphorus
(P), and iPTH concentrations, and hemoglobin
(HGB) concentration. Serum calcium concentra-
tion was corrected for serum albumin concentra-
tion using the following formula: corrected
calcium (mmol/l)=total calcium (mmol/l) -
[0.025 X serum albumin (g/dl)] + 1 (Payne for-
mula). All the blood samples were collected before
a dialysis session. Follow up was terminated if a
participant underwent kidney transplantation,
changed to peritoneal dialysis, was transferred to
another dialysis center, or at end of the study.

Statistical analysis

Continuous, normally distributed data are
reported as means and standard deviations and
non-normally distributed data as medians and
interquartile ranges. Categorical data are reported
as frequencies. Independent z-tests were used to
compare sets of normally distributed data (age;
duration of dialysis; ALB, Ca, P, and iPTH con-
centration; and HGB concentration) and the
Wilcoxon rank sum test was used for skewed data
(duration of follow up).

Survival analysis was performed using Cox regres-
sion and survival curves were plotted using the
Kaplan—Meier method. The effects of iPTH con-
centration on the incidence of all-cause death or a
non-fatal cardio- or cerebrovascular event were
analyzed. Potential risk factors were corrected for
in this analysis [Ca, P, ALB, and HGB concen-
trations; primary disease (diabetes or other); age;
and duration of dialysis]. Data were analyzed
using SPSS 21.0 software (IBM, Inc., Armonk,
NY, USA), and » < 0.05 was considered to repre-
sent statistical significance.

Results

Patient characteristics

Characteristics of the enrolled patients. A total of
647 patients were initially enrolled in the study.
During the study period, 10 patients underwent
renal transplantation and 30 were transferred to
other dialysis centers. After 24 months of follow
up, a total of 197 hemodialysis patents had time-
averaged iPTH concentrations of <60pg/ml or
=600pg/ml and met the inclusion criteria (87

647 Assessed for eligibility

>

450 Patients with mean iPTH

concentration 60 — 600 pg/mL

across the entire observation
period were excluded.

197 Grouped

Grouped by mean iPTH concentration
across the entire observation period

87 Low parathyroid hormone |

| 110 Secondary hyperparathyroidism

A 4

A 4

37 Completed study
50 Discontinued study
17 Died
12 Acute myocardial infarction
16 Acute stroke
5 Acute heart failure

69 Completed study

41 Discontinued study

10 Acute myocardial infarction
12 Acute stroke

5 Acute heart failure

A 4

A

87 Included in the primary analysis

110 Included in the primary analysis

Figure 1. Flow diagram of the participants in the study.
iPTH, intact parathyroid hormone.

with low PTH level and 110 with SHPT); 450
patients with time-averaged iPTH concentrations
of 60-600pg/ml were excluded. The disposition
of the participants is shown in Figure 1 and their
baseline characteristics are shown in Table 1.

Treatment characteristics of the two groups. Dur-
ing the follow-up period, 89% of the patients in
the SHPT group (2=98) were treated with oral
calcitriol, 16.8% (n=20) were treated with oral
calcimimetics, 76.3% (n=84) were treated with
a calcium-based phosphate-binder, and 30%
(n=33) were treated with a calcium-free phos-
phate-binder. In the Low PTH group, 71.3% of
the patients (z=62) were treated with a calcium-
based phosphate-binder and 12.6% (n=11)
were treated with a calcium-free phosphate-
binder. In the 43.7% (n=38) of patients who
were treated with oral calcitriol, the treatment
was stopped when these patients had a PTH
level of <60 pg/ml.
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Table 1. Comparison of the clinical characteristics of the two groups of participants.

Variable low PTH group (n=87) SHPT group (n=110)  p value
Agelyear) 63.19+10.63 55.05*14.09 <0.001
Sex 0.301
Male [n (%]] 45 (51.7%) 65 (59.1%)
Female [n (%]] 42 (48.3%) 45 (40.9%)

Renal disease 0.176
Diabetic nephropathy [n (%]] 30 (34.5%) 27 (24.5%)
Glomerulonephritis [n (%]] 33 (37.9%) 56 (20.9%)

Polycystic kidney [n (%]] 3 (3.4%) 3 (2.7%)
Hypertensive nephropathy [n (%]] 13 (14.9%) 20 (18.2%)
Interstitial nephritis [n (%]] 8 (9.2%) 4 (3.6%)

Comorbid conditions
Hypertension [n (%]] 83 (95.4%) 105 (95.5%) 0.986
Dyslipidaemia [n (%)] 40 (45.9%) 53 (48.2%) 0.758
Dialysis vintage (years) 714+ 6.83 7.24 %+ 4.57 0.904

Ca concentration in dialysate 0.552
1.5mmol/L [n (%)] 55 (63.2%]) 74 (67.3%)
1.75mmol/l [n (%]] 32 (36.8%) 36 (32.7%)

Serum iPTH (pg/ml) 30.88 +17.27 1236.64 + 618.02

Serum Ca (mmol/l) 2.29+0.20 2.30£0.27 0.798

Serum P grouping 0.006
=1.78 mmol/l 28 (32.2%]) 57 (51.8%])
< 1.78 mmol/l 59 (67.8%]) 53 (48.2%)

HGB (/U 108.3+15.8 1M1.3£11.4 0.123

ALB (g/U) 38.38+£4.56 39.85+2.76 0.006

Survival time (month) 15.74+7.95 19.18*6.86 0.001

Follow-up time (month) 17 24

Mean = standard deviation is shown for normally distributed data and median for non-normally distributed data.
ALB, serum albumin; Ca, calcium; HGB, hemoglobin; iPTH, intact parathyroid hormone; P, phosphorus; PTH, parathyroid
hormone; SPTH, secondary hyperparathyroidism.

Comparisons of basic characteristics of partici-
pants. The mean iPTH concentrations of the low
PTH and SHPT groups were 30.88 = 17.27 pg/
ml and 1236.64 + 618.02 pg/ml, respectively. The

low PTH group had lower ALB and P concentra-
tions than the SHPT group, but there were no
significant differences in sex distribution, preva-
lence of diabetes, duration of dialysis, or serum
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Low parathyroid hormone
—— Secondary hyperparathyroidism
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Figure 2. Comparison of the composite outcome in
the two groups.

Ca or HGB concentration between the groups
(Table 1).

Outcomes

During the follow-up period, outcome events
occurred in 50 patients (57.5%) in the low PTH
group and 41 patients (37.3%) in the SHPT

group.

There was a statistically significant difference in
the composite outcome of mortality, or a cardio-
or cerebrovascular event between participants in
the low PTH group and those with SHPT
(p=0.002; Figure 2). However, Kaplan—Meier

curve analysis is non-parametric, and thus does
not rule out the presence of confounding factors.
Therefore, a Cox regression model was used to
analyze the risk factors for all-cause mortality.
The results show that participants in the low PTH
group had a greater risk of the composite out-
come [hazard ratio (HR) 1.337; 95% confidence
interval (CI) 1.059-1.688, p=0.014] than par-
ticipants in the SHPT group.

Kaplan—Meier curves are shown that compare the
time to the composite outcome of mortality, or a
cardio- or cerebrovascular event in the low PTH
and SHPT groups.

Identification of prognostic factors in the

two groups

Only four of the analyzed parameters were associ-
ated with all-cause mortality after adjustment for
potential confounding factors (age; sex; ALB, Ca,
and P concentration; HGB concentration; dura-
tion of dialysis; and the primary disease) (Table 2).
Serum phosphorus concentration =1.78 mmol/l
[relative risk (RR): 0.318, 95% CI: 0.143-0.709],
the presence of diabetes (RR: 0.756, 95% CI:
0.605-0.945), low serum iPTH concentration
(RR: 1.337, 95% CI: 1.059-1.688), and hypoal-
buminemia (RR: 0.882, 95% CI: 0.827-0.942)
were found to be independent risk factors for
mortality, or a cardio- or cerebrovascular event in
patients undergoing hemodialysis.

Table 2. Cox regression analysis to identify prognostic factors in the two groups.

Variable HR 95% CI p value
Low PTH group (vs. SHPT) 1.337 1.059~1.688 0.014
Low serum P (<1.78 mmol/l) 0.318 0.143~0.709 0.005
ALB 0.882 0.827~0.942 <0.001
Age 1.014 0.995~1.032 0.143
Dialysis vintage 1.019 0.985~1.054 0.278
Gender 0.835 0.670~1.040 0.107
Serum Ca 0.556 0.228~1.358 0.198
HGB 0.999 0.982~1.016 0.912
Non-diabetes 0.756 0.605~0.945 0.014

ALB, serum albumin; Ca, calcium; CI, confidence interval; HGB, hemoglobin; HR, hazard ratio; P, phosphorus;
PTH, parathyroid hormone; SPTH, secondary hyperparathyroidism.
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Table 3. Comparisons of the clinical characteristics of participants with low PTH level who had undergone

total PTX and paired participants with SHPT.

PTX-low PTH group Paired-SHPT group p value
(n=18) (n=18)
Age (year] 58.17 +7.73 57.89 = 7.84 0.311
Sex 0.305
Male 13(72.2) 9 (50)
Female 5(27.8) 9 (50
Diabetes [n (%]] 16 (88.9) 15 (83.3) 1.000
Dialysis vintage (year) 11.67+5.18 10.17+3.85 0.016
Serum iPTH (pg/ml) 15.21 1131.22
Serum Ca (mmol/l) 2.21+0.20 2.34x0.21 0.072
Serum P Grouping 1.000
=1.78 mmol/l 8 (44.4) 9 (50])
< 1.78 mmol/L 10 (55.6) 9 (50)
HGB (g/U 108.3+15.8 1113114 0.123
ALB (g/U) 41.29+3.76 39.14%2.19 0.062
Composite endpoint events [n (%]] 9 (50) 5(27.8) 0.305
Survival time (month) 17.83 +8.08 19.56 + 7.44 0.534

ALB, serum albumin; Ca, calcium; HGB, hemoglobin; iPTH, intact parathyroid hormone; P, phosphorus; PTH, parathyroid
hormone; PTX, parathyroidectomy; SPTH, secondary hyperparathyroidism.

Comparison of age-matched participants in low
PTH and SHPT groups

Further comparisons were performed between the
18 participants in the low PTH (mean serum iPTH
concentration 15.21pg/ml) group who underwent
total PTX and the 18 participants in the SHPT
group who were matched on the basis of age and
duration of dialysis + 1year (serum iPTH concen-
tration 1131.22pg/ml). The duration of previous
SHPT in 18 participants who underwent total PTX
was 17.5 = 6.32months, with a mean PTH level of
1328.89 =480.57pg/ml. The highest dose of vita-
min D receptor activator that had been adminis-
tered was 10.12*+3.84ug. These comparisons
showed that the mean duration of dialysis was
longer in the low PTH group than in the SHPT
group (11.67£5.18 wersus 10.17 £ 3.85years;
p»<<0.05), but there were no other statistically
significant differences (Table 3).

Kaplan—Meier analysis showed that there was no
statistically significant difference in the composite
outcome of mortality or a cardio- or cerebrovas-
cular event in patients with low PTH level who
had undergone total parathyroidectomy and those
with SHPT (p=0.2) (Figure 3).

Kaplan—Meier curves are shown for the time to
the composite outcome of mortality, or a cardio-
or cerebrovascular event (p=0.2).

Identification of prognostic factors in patients

with low PTH level

Further analysis of the risk factors for mortality
in participants with low PTH level showed that
serum phosphorus concentration =1.78 mmol/l
(RR: 0.114, 95% CI: 0.034-0.379) and hypoal-
buminemia (RR: 0.901, 95% CI: 0.830, 0.978)
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Table 4. Cox regression analysis of potential prognostic factors in patients with low PTH level.

Variable HR 95% CI p value
Low serum P grouping 0.112 0.034-0.373 <0.001
ALB 0.899 0.827-0.977 0.012
Age 1.006 0.979-1.034 0.646
Dialysis vintage 1.017 0.973-1.062 0.454
Gender 0.565 0.310-1.031 0.069
Serum Ca 0.195 0.031-1.240 0.083
HGB 0.992 0.968-1.018 0.549
Non-diabetes 0.598 0.307-1.167 0.132

ALB, serum albumin; Ca, calcium; Cl, confidence interval; HGB, hemoglobin; HR, hazard ratio; P, phosphorus;

PTH, parathyroid hormone.

Low parathyroid hormone
—— Secondary hyperparathyroidism

—h

100+
90

80
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70+
60
50+

40

Proportion Event-free

30

20 1 1 1 1 1 1
0 4 8 12 16 20 24

Study Month

Figure 3. Comparison of the composite outcome in
participants with low PTH level who had undergone
total parathyroidectomy and age-matched
participants with low PTH level who had not.

PTH, parathyroid hormone.

were independent risk factors for mortality, or a
cardio- or cerebrovascular event (Table 4).

Discussion

The findings of the present study suggest that
patients with low PTH level have a poorer prog-
nosis than those with SHPT, irrespective of age.
Both very low and high serum iPTH concentra-
tion may be associated with higher mortality in
dialysis patients. Because of their very low PTH
concentration, patients with low PTH level
demonstrate low bone turnover and formation,
and a reduction in the buffering of circulating

calcium and phosphorus, which predisposes
toward arterial vascular calcification, and there-
fore mortality.1415

In the DOPPS study, a PTH concentration
>600pg/ml was associated with significantly
greater all-cause mortality, but patients with PTH
concentrations of <100pg/ml or 301-600 pg/ml
did not have a higher mortality than those with a
PTH concentration of 101-300 pg/ml.® However,
the outcomes of patients with PTH <100 pg/ml
and =600 pg/ml were not compared. Rhee er al.
claimed that persistently low iPTH concentration
(<60 pg/ml) is an independent risk factor for both
aortic arch calcification and mortality in hemodi-
alysis patients,'® but only patients with iPTH
<60pg/ml and iPTH 150-300 pg/ml were com-
pared in this study. Therefore, it remained to be
established whether a very low iPTH concentra-
tion (<60 pg/ml) is associated with a higher mor-
tality than an iPTH=600pg/ml. Jean er al
suggested that a very low PTH concentration
(<50pg/ml) is associated with a significantly
higher risk of mortality than PTH =50 pg/ml,”
which appears to be consistent with the results of
the DOPPS study.® Cozzolino er al. suggested
that a low PTH concentration (<150pg/ml) is
associated with a significantly higher risk of mor-
tality than PTH =150 pg/ml.1” However, the dif-
ferences in outcomes in patients with low PTH
level or SHPT remained unclear.

The findings of the present study suggest that
patients with low PTH level (iPTH < 60 pg/ml)
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have a poorer prognosis than those with SHPT
({APTH= 600 pg/ml). Because there was a signifi-
cant difference in age between the two groups, we
also compared age-matched participants with low
PTH level or SHPT. However, the incidence of
the composite outcome remained significantly
higher in the Low PTH group than in the SHPT
group (50% wversus 27.8%), implying that this may
be of clinical relevance. Therefore, because total
PTX frequently causes low PTH level, it should
be performed with caution.!8

We also found that age, the presence of diabetes,
and the serum P and ALB concentrations were
risk factors for low PTH level in patients under-
going hemodialysis. This finding is consistent
with those of previous studies.!®-2! All these fac-
tors are risk factors for death and cardio- and cer-
ebrovascular events,?2-24 and therefore may have
been confounding factors in the present study.
Therefore, we corrected for these parameters in
the multivariate Cox regression analysis. This
analysis showed that age-matched participants
with low PTH level or SHPT had similar preva-
lences of diabetes, and serum P and ALB concen-
trations. These results remained consistent, with
low PTH level being associated with a poorer
prognosis than SHPT.

There were some limitations to the present study.
First, it was limited by the relatively small sample
and short follow-up time, which would have
affected the outcomes of the statistical analyses to
some extent. Second, the age difference between
the two groups may have confounded the results.
Although we corrected for potential confounding
factors in multivariate Cox regression analysis
and analyzed age-matched low PTH and SHPT
subgroups in an attempt to minimize confound-
ing, further studies should be performed to con-
firm the present findings.

In summary, we first tried to compare the survival
of patients with low PTH level and SHPT, and
the results of the study suggest that hemodialysis
patients with low PTH level have a poorer prog-
nosis than those with SHPT. The deleterious
effects of low PTH levels are not only due to the
reduction in turnover, because PTH also plays
crucial roles in directing hematopoietic stem cell
renewal in the bone marrow and stem cells to
peripheral tissues. Low PTH levels can cause
abnormal cell function, which leads to vascular
calcification.?5 This suggests that we should treat

those patients with low PTH level more carefully.
In addition, total parathyroidectomy should be
used with caution for the treatment of hemodialy-
sis patients with SHPT, and when using drugs to
treat hemodialysis patients with SHPT, PTH
level should be closely monitored. In the present
study, we did not alter the treatment of the
patients. The results show that 71.3% of patients
in the low PTH group were taking a Ca-based
phosphate-binder, which may explain the higher
mortality in this group. This suggests that patients
who have a low PTH concentration and use
Ca-free binders may have a better prognosis.
Further studies should be performed to confirm
these findings in the future.
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