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Abstract
Aim: Secondary hyperparathyroidism (SHPT) is an often underestimated cause of anemia
in hemodialysis (HD) patients. The aim of this study was to assess the eﬀect of pharmacological
correction of SHPT on anemia and erythropoiesis-stimulating agents (ESAs) need.
Methods: For the purpose of this retrospective pre-post observational study, we selected 55
HD patients, receiving HD at one single center, in the period from January 2005 to December 2020.
The follow-up (F-U) lasted 12 months. The selection criteria were parathormone (PTH) levels >
300 pg/ mL, and hemoglobin (Hb) levels < 11 g/dL, despite treatment with ESAs. Parametric and
non-parametric tests were used when appropriate. In the light of exploratory nature of the study,
the limited sample size and in consideration of the pre-post-design, no further adjustment for
potential confounders is performed.
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Results: The hemoglobin levels throughout the study were correlated to serum PTH (r = -.257,
p < 0.01). At the end of the F-U, in the 40 patients whose PTH levels decreased ≥ 30% (responders
group) Hb levels increased from 10.3 ± 0.5 g/dL to 12.2 ± 1.1 g/dL (p < 0.001), and ESAs doses
decreased from 141 ± 101 IU/kg/b.w./week to 94 ± 76 IU/kg/b.w./week (p < 0.05). On the contrary,
in the non-responders group Hb levels did not change 10.3 ± 0.5 gr/dL at baseline and 10.1 ± 1.1
gr/dL at F-U (P = NS), and the mean doses of ESAs increased from 144 ± 75 IU/kg/b.w./week to
218 ± 145 IU/kg/b.w./week (P = NS).
Conclusion: Adequate control of SHPT is associated with concomitant improvement of
anemia and decrease in ESAs need. Future endeavors are required to conﬁrm these preliminary
results.

Introduction
Anemia is a common complication in HD patients,
causing considerable morbidity and dramatically reducing
their quality of life [1]. Anemia in HD patients recognizes
various causes, but the most important is a de iciency
in erythropoietin (EPO) [2]. Erythropoiesis-stimulating
agents corrects anemia in the majority of the patients, but
responsiveness to ESAs varies widely among HD patients
[3]. The patients with a reduced hematopoietic response
to ESAs are called ESA resistant or hyporesponsive [4].
The hyporesponsiveness to ESAs has been related to many
factors: iron de iciency, in lammatory state, older age,
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infectious and neoplastic diseases [5]. However, one the
less recognized reasons of anemia and hyporesponsiveness
to ESAs is parathyroid hormone (PTH) over secretion,
which is a very common co-morbid situation among HD
patients. Pathogenesis of anemia and reduced hematopoietic
response to ESAs in SHPT is still unclear. There are various
hypotheses such as a direct effect of PTH on endogenous EPO
synthesis, on bone marrow erythroid progenitor cells, and on
red blood cell survival [6,7]. An indirect effect through the
induction of bone marrow ibrosis also has been proposed
[8]. Secondary hyperparathyroidism is associated with an
increase in ibroblast growth factor 23 (FGF23) levels which
has been demonstrated negatively regulates erythropoiesis
www.clinnephrologyjournal.com

088

Eﬀects of secondary hyperparathyroidism treatment on hemoglobin levels and erythropoietin doses in hemodialysis patients

through suppression of EPO production and EPO receptor
expression [9]. Clinical studies have shown that elevated
PTH levels were independently associated with ESAs
hyporesponsiveness and that the treatment of SHPT using
either vitamin D receptor activators (VDRAs), calcimimetics,
or parathyroidectomy (PTx) leads to improvement of anemia
[10-13]. Therefore, we wanted to evaluate in a group of
patients receiving maintenance dialysis if a stringent control
of SHPT is associated with an improvement in anemia and a
reduction in the ESAs need. Speci ically, we herein describe
the main results of a retrospective, monocenter, pre-poststudy aimed at testing wheter PTH lowering below 300 pg/
mL is associated with a concomitant increase in Hb levels
and/or reduction in ESAs weekly dosage.

Materials and methods
We retrospectively selected 55 out of 299 patients
undergoing HD treatment at one single center (Belcolle
Hospital, Viterbo, Italy) between January 2005 and December
2020 ful illing the inclusion and exclusion criteria. The study
was noti ied to the ethical committee of Belcolle Hospital,
Viterbo. All selected patients were required to have SHPT
de ined according to National Kidney Foundation (NKF)
Kidney Disease Outcomes Quality Initiative (K/DOQI) clinical
practice guidelines for bone and mineral metabolism [14] as
PTH levels greater than 300 pg/ml and anemia de ined as Hb
levels <11 g / dL irrespective of treatment with ESAs. Other
inclusion criteria in the study were: a dialysis vintage greater
than six months at the time of enrollment; an observation
period of at least 12 months; age > years 18; determination of
transferrin saturation (TSAT) and ferritin levels at least every
six months; baseline TSAT > 20% , and serum ferritin levels >
100 ng/mL. Exclusion criteria were: hematological disorders;
bleeding in the last six months; malignancies; treatment with
immunosuppressive drugs; infectious; chronic in lammatory
pathology; autoimmune pathologies; request for blood
transfusions. All patients were treated with paricalcitol and/
or calcimimetics (cinacalcet or etelcalcetide). According
to the KDIGO Clinical Practice Guideline for the Diagnosis,
Evaluation, Prevention, and Treatment of Chronic Kidney
Disease–Mineral and Bone Disorder (CKD–MBD) the type of
treatment for the SHPT was decided on the basis of the serum
calcium, phosphorus, and PTH levels [15]. During therapy
with calcimimetics when serum calcium was reduced to
values lower than 8.5 mg/dL, paricalcitol and subsequently
calcium carbonate were introduced at dosages not greater
than 15 μg per week and 1.5 g/day, respectively. As
suggested by the Clinical practice guidelines, Kidney Disease:
Improving Global Outcomes (KDIGO) 2012, during the
study ESAs treatment was associated with the concomitant
administration of intravenous iron to maintain TSAT > 20%
and ferritin levels > 100 ng/mL [16]. In presence of Hb levels
> 13 g/dL, ESAs doses were halved then if Hb persistently >
13 g/dL suspended.
https://doi.org/10.29328/journal.jcn.1001081

The primary end point of the study was the reduction
in PTH levels ≥ 30% and if it was associated with an
improvement in Hb levels. The secondary end point was
represented by changes in ESAs doses. Collected laboratory
data included serum levels of total calcium, phosphate, PTH,
total alkaline phosphatase (t-ALP), albumin, Hb, TSAT and
ferritin. Calcium, phosphate and Hb levels were determined
monthly, while the other parameters were determined at
baseline, and then at six and 12 months after starting SHPT
treatment. Monthly blood pressure and body weight (mean
of the predialysis values of the month), ESAs, phosphate
binders, paricalcitol, and calcimimetics doses were also
collected for current analysis.
Statistical analysis
Results were expressed as mean ± standard deviation
(M ± SD) for continuous variables.
Parametric and non-parametric tests were used when
appropriate to compare between and within groups
characteristics. To gauge the association between SHPTH and
anemia, we irst investigated the correlations between biologic
measures at study inception utilizing the Spearman (ρ) rank
correlation. Also a stepwise approach was implemented to
select the most parsimonious multivariable adjusted linear
regression model to predict Hb levels at baseline and at
different time during F-U (Hb values at baseline, six and 12
months, dependent variable). The predictive variables were
selected on the basis of the signi icance of the correlation
in the Spearman analysis (p < 0.05). These included the
following most relevant variables: age, HD vintage, serum
phosphorous and PTH levels, t-ALP, ESAs doses, iron
intravenous therapy, average doses of paricalcitol and
calcimimetics. Subsequently, we strati ied the study cohort
according to PTH reduction at follow-up as responders (PTH
reduction ≥ 30%) or non responders (no PTH reduction or
reduction < 30%) to SHPT treatments. Hemoglobin as well
as changes in ESAs doses within and between groups were
compared with parametric and non-parametric tests when
appropriate. In light of the exploratory nature of the study,
the limited sample size and in consideration of the pre-poststudy design, no multivariable adjustment for potential
confounders is performed.
For all the statistical tests used a p value < 0.05 was
considered statistically signi icant. Data were analyzed
using the Statistical Package for Social Sciences (SPSS) for
Windows, version 15.0 software (SPSS Inc., IL, USA).

Results
Overall, we analyzed data of 55 middle-age (mean age
of 62 ± 14 years; 26 males and 14 females) on maintenance
HD (mean dialysis vintage: 45 ± 43 months). Throughout the
study the Hb levels were signi icantly correlated to serum
PTH and t-ALP levels, as well as to the ESAs doses. Other
www.clinnephrologyjournal.com
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Table 1: Main clinical changes during secondary hyperparathyroidism treatment (n = 55).
Months

baseline

6

12

Serum calcium, mg/dL

8.9 ± 0.6

8.9 ± 0.5

8.9 ± 0.6

Serum phosphorus, mg/dL

5.7 ± 1.6

5.1 ± 1.5*

4.8 ± 1.4°

Serum PTH, pg/mL

680 ± 399

465 ± 296°

435 ± 385^

Serum total alkaline phosphatase, mU/mL

110 ± 58

108 ± 70

109 ± 62

Serum albumin, g/dL

3.7 ± 0.4

3.7 ± 0.2

3.8 ± 0.3

Hematocrit, %

32 ± 3

35 ± 4^

36 ± 5^

Hemoglobin, g/dL

10.3 ± 0.5

11.5 ± 1.4^

11.7 ± 1.5^

Transferrin saturation, %

36 ± 21

30 ± 15

35 ± 20

Ferritin, ng/mL

872 ± 932

971 ± 912

1157 ± 842

Paricalcitol, μg/week (% pts)

9.3 ± 4.0 (82)

9.2 ± 3.8 (82)

8.3 ± 4.0 (82)

Cinacalcet, mg/day (% pts)

30 ± 0 (20)

32 ± 8 (20)

30 ± 0 (22)

Etelcalcetide, mg/week (% pts)

11.8 ± 3.8 (25)

21.9 ± 5.5 (25)^

26.7 ± 8.6 (25)^

Sevelamer carbonate, g/day (% pts)

3.9 ± 2.1 (74)

3.8 ± 1.9 (74)

3.7 ± 2.0 (78)

Calcium carbonate, g/day (% pts)

1.0 ± 0.3 (27)

0.9 ± 0.3 (38)

1.0 ± 0.4 (42)

ESAs, IU/kg/b.w./week, (% pts)

141 ± 95 (100)

144 ± 100 (100)

129 ± 114 (96)

Ferric gluconate, mg/week (% pts)

117 ± 53 (80)

145 ± 102 (84)

106 ± 55 (82)

Ferric carboxymaltose, mg/week (% pts)

60 ± 22 (9)

39 ± 18 (13)

48 ± 36 (14)

Body weight, Kg

71 ± 14

72 ± 16

71 ± 15

p vs. baseline: *< 0.05; °< 0.01; ^< 0.001. Abbreviations: PTH: Parathormone; ESAs: Erythropoiesis-Stimulating Agents; %pts: Percentage of Patients treated; b.w: body weight.
Table 2: Main clinical changes during secondary hyperparathyroidism treatment in the responders group (n = 40).
Months

baseline

6

12

Serum calcium, mg/dL

8.9 ± 0.5

8.9 ± 0.4

9.0 ± 0.5

Serum phosphorus, mg/dL

5.8 ± 1.7

5.0 ± 1.6*

4.5 ± 1.0^

Serum PTH, pg/mL

731 ± 425

430 ± 290^

309 ± 177^

-39

-56

Serum total alkaline phosphatase, mU/mL

112 ± 59

105 ± 55

106 ± 58

Serum albumin, g/dL

3.7 ± 0.4

3.7 ± 0.3

3.8 ± 0.3

Hematocrit, %

32 ± 2

35 ± 4^

37 ± 4^

Hemoglobin, g/dL

10.4 ± 0.5

11.8 ± 1.4^

12.2 ± 1.1^

Percent reduction of PTH, %

Transferrin saturation, %

35 ± 18

31 ± 16

35 ± 20

Ferritin, ng/mL

977 ± 1029

1044 ± 985

1147 ± 813

Paricalcitol, μg/week (% pts)

9.7 ± 4.2 (30)

9.7 ± 3.6 (85)

8.3 ± 3.6 (85)

Cinacalcet, mg/day (% pts)

30 ± 0 (17)

30 ± 0 (17)

30 ± 0 (17)

Etelcalcetide, mg/week (% pts)

11.9 ± 3.8 (28)

21.8 ± 5.9 (30)^

26.2 ± 8.7 (30)^

Sevelamer carbonate, g/day (% pts)

3.8 ± 2.1 (77)

3.6 ± 1.9 (77)

3.3 ± 1.8 (77)

Calcium carbonate, g/day (% pts)

1.0 ± 0.3 (22)

1.0 ± 0.2 (35)

1.1 ± 0.4 (40)

ESAs, IU/kg/b.w./week, (% pts)

141 ± 101 (100)

132 ± 104 (100)

94 ± 76 (95)*

Ferric gluconate, mg/week (% pts)

110 ± 54 (82)

100 ± 52 (85)

101 ± 57 (82)

Ferric carboxymaltose, mg/week (% pts)

62 ± 25 (10)

42 ± 16 (12)

60 ± 34 (15)

Body weight, Kg

72 ± 16

72 ± 16

71 ± 16

p vs. basale: *< 0.05; °< 0.01; ^< 0.001.
Table 3: Main clinical changes during secondary hyperparathyroidism treatment in the non-responders group (n = 15).
Months

baseline

6

12

Serum calcium, mg/dL

8.9 ± 0.9

8.9 ± 0.7

8.7 ± 0.8

Serum phosphorus, mg/dL

5.6 ± 1.3

5.5 ± 1.2

5.6 ± 1.8

Serum PTH, pg/mL

543 ± 290

560 ± 299

771 ± 565

2

52

Serum total alkaline phosphatase, mU/mL

108 ± 56

118 ± 73

117 ± 78

Serum albumin, g/dL

3.7 ± 0.5

3.6 ± 0.4

3.8 ± 0.3

Hematocrit, %

33 ± 4

34 ± 4

32 ± 3

Hemoglobin, g/dL

10.2 ± 0.5

10.8 ± 1.3

10.1 ± 1.1

Percent increase of PTH, %

Transferrin saturation, %

40 ± 28

30 ± 15

36 ± 22

Ferritin, ng/mL

594 ± 536

830 ± 710

1182 ± 947*

Paricalcitol, μg/week (% pts)

8.2 ± 3.3 (73)

7.7 ± 4.1 (73)

8.2 ± 5.1 (73)

Cinacalcet, mg/day (% pts)

30 ± 0 (27)

30 ± 0 (27)

30 ± 0 (27)

Etelcalcetide, mg/week (% pts)

11.2 ± 5.3 (13)

22.5 ± 0 (13)

22.5 ± 0 (13)

Sevelamer carbonate, g/day (% pts)

4.4 ± 1.8 (67)

4.4 ± 1.8 (67)

4.4 ± 1.8 (67)

Calcium carbonate, g/day (% pts)

0.9 ± 0.2 (40)

0.8 ± 0.4 (47)

0.8 ± 0.4 (47)

ESAs, IU/kg/b.w./week, (% pts)

144 ± 75 (100)

174 ± 85 (100)

218 ± 145 (100)

Ferric gluconate, mg/week (% pts)

136 ± 46 (73)

120 ± 49 (80)

120 ± 49 (80)

Ferric carboxymaltose, mg/week (% pts)

50 ± 0 (7)

31 ± 26 (13)

12 ± 0 (13)

Body weight, Kg

71 ± 15

72 ± 15

71 ± 14

p vs. baseline: *< 0.05.
https://doi.org/10.29328/journal.jcn.1001081
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Table 4: Comparison between the responders (n = 40) and non-responders (n = 15) group for the main clinical data at baseline and at F-U.
Baseline

F-U

responders

non-responders

responders

Serum calcium, mg/dL

8.9 ± 0.5

8.9 ± 0.9

9.0 ± 0.5

non-responders
8.7 ± 0.8

Serum phosphorus, mg/dL

5.8 ± 1.7

5.6 ± 1.3

4.5 ± 1.0^

5.6 ± 1.8
771 ± 565

Serum PTH, pg/mL

731 ± 425

543 ± 290

309 ± 177^

Serum total alkaline phosphatase, mU/mL

112 ± 59

108 ± 56

106 ± 58

117 ± 78

Hemoglobin, g/dL

10.4 ± 0.5

10.2 ± 0.5

12.2 ± 1.1^

10.1 ± 1.1

Transferrin saturation, %

35 ± 18

40 ± 28

35 ± 20

36 ± 22

Ferritin, ng/mL

977 ± 1029

594 ± 536

1147 ± 813

1182 ± 947

Paricalcitol, μg/week (% pts)

9.7 ± 4.2 (30)

8.2 ± 3.3 (73)

8.3 ± 3.6 (85)

8.2 ± 5.1 (73)

Cinacalcet, mg/day (% pts)

30 ± 0 (17)

30 ± 0 (27)

30 ± 0 (17)

30 ± 0 (27)

Etelcalcetide, mg/week (% pts)

11.9 ± 3.8 (28)

11.2 ± 5.3 (13)

26.2 ± 8.7 (30)^

22.5 ± 0 (13)

Sevelamer carbonate, g/day (% pts)

3.8 ± 2.1 (77)

4.4 ± 1.8 (67)

3.3 ± 1.8 (75)

4.4 ± 1.8 (67)

Calcium carbonate, g/day (% pts)

1.0 ± 0.3 (22)

0.9 ± 0.2 (40)

1.0 ± 0.4 (45)

0.8 ± 0.4 (47)

ESAs, IU/kg/b.w./week, (% pts)

141 ± 101 (100)

144 ± 75 (100)

86 ± 69 (95)^

218 ± 145 (100)

Ferric gluconate, mg/week (% pts)

110 ± 54 (82)

136 ± 46 (73)

103 ± 54 (85)

120 ± 49 (80)

Ferric carboxymaltose, mg/week (% pts)

62 ± 25 (10)

50 ± 0 (7)

60 ± 34 (15)

12 ± 0 (13)

^p < 0.001, responders vs. non-responders group.

paricalcitol therapy adjustments. However, the reduction of
serum calcium levels in patients treated with calcimimetics
required a more frequent use of calcium carbonate (Table 1).
Although at F-U there was an overall signi icant decrease in
PTH levels, about 3 out of 4 patients (73%) experience a PTH
drop ≥ 30% (responders group) while the remaining 27% of
the study cohort experienced a much lower reduction or an
increase in PTH levels (non-responders group).

Figure 1: Trend in PTH Hb levels over the course of the study in the responders
group (p = F-U vs. baseline).

signi icant correlations were found between serum PTH
levels and serum phosphorous levels (r = .328, p < 0.001) and
t-ALP levels (r = .450, p < 0.001). Further, ESAs doses were
negatively correlated with TAST (r = -.216, p < 0.001), and
positively with ferritin levels (r = .156, p < 0.01), as well as
PTH levels (r = 0.147, p < 0.05). Total alkaline phosphatase
was positively correlated with ferritin levels (r = .278, p <
0.001). However, the multivariable adjusted linear regression
model showed that the best and independent predictors of
Hb levels were ESAs doses (β = -0.315, p < 0.0001) and PTH
levels (β = -0.262, p < 0.001). At study completion, we overall
observed a better control of SHPT. Indeed, a signi icant 27%
and 15% reduction of PTH and phosphorous was noted.
Also, a signi icant increase of Hb values, without signi icant
change in ESAs doses as well as a reduction in the number of
patients treated with ESAs was also apparent (Table 1). At
the same time, there were no signi icant change of TAST and
ferritin levels, as well as for intravenous iron doses (Table 1).
During the study period we did not record any hypocalcemic
or hypercalcemic episodes who requiring calcimimetics or
https://doi.org/10.29328/journal.jcn.1001081

At study inception there were not statistically signi icant
differences between the responders group (n = 40) and nonresponders group (n = 15), though the former group tended
to have higher PTH levels (p > 0.05) (Table 4). However,
signi icant differences in the biochemical characteristics
between the 2 study groups were apparent at study
completion (Table 4). In particular, among responders there
was a mean 54 ± 16% reduction in PTH levels, coupled with
a signi icant increase in Hb levels, reduction in ESAs doses
as well as a decrease in the number of patients treated
with ESAs (Table 2). Notably, the increase in Hb levels was
signi icant already after six months of SHPT treatment and
was maintained throughout the study period (Table 2).
To the contrary, a signi icant reduction in ESAs doses was
appreciated only in the inal part of the observation (Table 2).
In the non-responders group (n = 15) the increase in PTH
levels (+ 52 ± 60%), was not associated with a signi icant
change in the Hb levels (Table 3). Similarly, a non-signi icant
trend in ESA dose increase as well as no change in the
number of patients treated with ESAs was also observed
(Table 3). To further investigate the association of anemia
and SHPT, we strati ied responders according to treatment
of SHPT. In particular, 14 subjects received a combination of
calcimimetic and paricalcitol while the remainders (n = 26)
received either vitamin D or calcimimetic as mono-therapy.
Of note, subjects receiving a combination therapy exhibited
signi icantly higher PTH levels than peers (1118 ± 529 pg/
mL vs. 544 ± 178 pg/mL, p < 0.001) at study inception. At
study completion, a similar PTH control was achieved and Hb
www.clinnephrologyjournal.com
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levels increased signi icantly in both groups. Nevertheless, a
statistically non-signi icant larger ESAs doses reduction was
noted among patients receiving calcimimentic and vitamin D
in combination. Lastly, in the responders group there were
no signi icant differences in the Hb trend and in the ESAs
doses between patients in single therapy with calcimimetic
or paricalcalcitol.

Discussion
The present study aimed at evaluating whether adequate
control of SHPT was coupled with an improvement in anemia
control and a reduction in ESAs requirements in subjects
receiving chronic HD. Indeed, ours results suggest that a
reduction in PTH levels ≥ 30% from baseline by single or
combination therapy with paricalcitol and calcimimetic
in patients with Hb levels < 11 g/dL on ESAs therapy is
followed by an increase of Hb levels to values > 11 g/dL and
a concomitant reduction in ESAs usage. On the contrary, in
patients who did not respond to treatment of SHPT serum
PTH levels and ESAs requirement tented to increase while
Hb levels did not change. These indings corroborate the
notion that elevated serum PTH levels contribute to renal
anemia and hyporesponsiveness to ESAs treatment, fueling
the debate on the importance of SHPT control important in
HD patients.
Secondary hyperparathyroidism (SHPT) is a common
complication in HD patients [17].
Clinically, SHPT is associated with vascular and valvular
calci ication, renal osteodystrophy, and increased risk of
cardiovascular and all-cause mortality [18-21]. Among the
numerous complications of SHPT, anemia is rarely mentioned.
Indeed, the KDIGO Clinical Practice Guidelines for Anemia
management in Chronic Kidney Disease do not include
serum PTH levels as a factor to be investigated in anemic
subjects receiving dialysis [16]. Nevertheless, preliminary
results support the notion that pharmacological and surgical
treatment of SHPT is associated with an improvement in
Hb levels and a reduction in ESAs requirement [10-13].
Differently from others, our study is characterized by
precise selection criteria that allowed recruitment of a
homogeneous cohort of patients on maintenance dialysis
with the simultaneous presence of SHPT and anemia
requiring ESAs therapy [14,16]. Furthermore, rather than
focusing on a single therapy of for SHPT our study includes
patients receiving different schemes of paricalcitol and/
or calcimimetics as mono-therapy or combination therapy
[10-12]. Regardless of these methodological considerations,
current results are consistent with previous reports and
expand the body of evidence showing a signi icant increase in
Hb levels six months after enforcement of PTH control below
300 pg/ml. This effect may be attributed to the reduced toxic
effects of PTH on the hematopoietic system [6,7]. As observed
in a previous study [12], in our case series PTH levels were
https://doi.org/10.29328/journal.jcn.1001081

negatively correlated with Hb levels at baseline and a larger
reduction of PTH was associated with a greater increase of
Hb at follow-up. In line with what reported by others [10], the
effect of SHPT treatment on Hb levels was only evident in the
responders group and not observed in the non-responders
group. Nevertheless, in our study cohort adequate control
of SHPT (i.e. PTH < 300 pg/ml) was also associated with a
tendency in ESAs doses reduction which reached statistical
signi icance among responders. In particular, the higher the
PTH reduction was achieved during F-U the lower the ESAs
requirement was needed to maintain adequate Hb levels at
study completion. Finally, among responders the increase
in Hb levels was recorded after only six months while the
ESAs reduction occurred only after 12 months of strict PTH
control, suggesting a time sequence of these events. Hence,
although causal link cannot be inferred from these data, our
observations lend credibility to the hypothesis of a close
relationship between high PTH levels and anemia. A two-step
hypothesis can be formulated to explain current indings.
First, the reduction in PTH levels lead to an attenuation of
the toxic effects of PTH on the hematopoietic system, in the
short-term. Secondly, the reduction in PTH levels could lead
to an improvement of the erythropoietic action of ESAs in the
long-term through the reduction of bone marrow ibrosis. In
fact, SHPT is one of the main conditions responsible for ESAs
hyporesponsiveness [4]. Rao et al. showed that a greater
degree of bone marrow ibrosis and higher PTH levels in
patients with a poor response to ESAs compared to patients
with a good response to ESAs [8]. Trunzo et al. found a
signi icant reduction in weekly ESAs need 12 months after
parathyroidectomy in nearly 65% of patients undergoing
surgery [13]. Of interest, as hypothesized by authors the
reduction of ESAs doses after parathyroidectomy is likely
multi-factorial [22,23]. In particular, there could be a greater
bio-availability of endogenous EPO and an improvement in
sensitivity to the exogenous form [22, 23]. Although there
are currently no studies that have evaluated the impact of
parathyroidectomy or pharmacological treatments of SHPT
on the evolution of bone marrow ibrosis, it is a widely
shared opinion that the severity of SHPT and the extent of
bone marrow ibrosis increase the ESAs doses required to
maintain an adequate Hb response [24]. In these regards, a
case of severe SHPT requiring monthly blood transfusions,
despite the use of ESAs was described [25]. Of interest, bone
marrow ibrosis was shown by bone biopsy [25]. The patient
underwent parathyroidectomy and six months after surgery
a repeated bone biopsy documented a complete resolution of
bone marrow ibrosis [25]. Consistently, the late reduction in
the need for ESAs observed in our cohort could be explained
by a reduction in bone marrow ibrosis and increase in ESAs
sensitivity due to a better control of SHPT. Alternatively
a better SHPT control may be associated with a greater
availability of endogenous EPO [8]. Although it was outside
the scope of the current investigation, a differential impact
of various SHPT agents on anemia have been postulated and
www.clinnephrologyjournal.com
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several studies have reported an increase in Hb levels and/
or a reduction in the ESAs doses after treatment of SHPT
with both VDRAs and calcimimetics [10-12]. Fusaro, et al.
evaluated the impact of cinacalcet and VDRAs on the need for
ESAs therapy in HD patients [26].
The study, conducted in a small number of patients,
showed a greater ef icacy of cincalcet compared to VDRAs in
reducing the need for therapy with ESAs. Although indirect
mechanisms cannot be excluded, these results seem to be
attributable to a greater reduction in PTH levels rather than
to a direct action of cinacalcet. However, calcimimetics rather
than VDRAs can reduce Fibrobast Growth Factor 23 (FGF23)
levels [27,28]. In turn, experimental data showed that FGF23
can suppress EPO production and expression of EPO receptor
[9], lending credibility to clinical data which document a
signi icant association between elevated levels of FGF23 and
anemia in patients with mild to severe chronic kidney disease
[29]. Hence, it cannot be excluded that the reduction in ESAs
doses during cinacalcet therapy may be partly mediated by
the reduction in FGF23 levels or other factors involved in
the erythropoiesis process. However, in our study, we fail
to show any signi icant differences regarding the impact of
calcimimetics or VDRAs on Hb levels and ESAs doses among
responders. Although the limited sample size may account
for it, this last inding may also suggest that PTH reduction
is the most important factor associated with anemia control.
Our experience has several limitations such as the
retrospective, non-randomized study design and the limited
number of patients enrolled. However, in the pre-post study
design in which each patient is case and control as well
as selection of a homogeneous study cohort through the
implementation of inclusion and exclusion criteria allow for
controlling for potential confounders. Indeed, while a causal
link between SHPT and anemia cannot be inferred from these
data, our indings further corroborate the hypothesis of a
close relationship between high PTH levels and anemia. The
adequate period of observation as well as the implementation
of in-center clinical guidelines to homogenously monitor and
correct iron de iciency are, in the authors’ opinion, strengths
of this observational study.

Conclusion
The present study showed that adequate control of SHPT
is followed by an improvement of anemia and a reduction in
the mean doses of ESAs. These results are likely due to the
signi icant reduction in PTH levels, suggesting the important
role of PTH in conditioning anemia and resistance to ESAs
action. While future endeavors should test whether PTH
reduction is causally linked to anemia improvement, our
indings support PTH assessment as a potentially modi iable
factor in anemic patients receiving maintenance dialysis.
Indeed, the improvement of anemia and the reduction of ESA
doses can lead to an improvement of the quality of life and
https://doi.org/10.29328/journal.jcn.1001081

survival as well as a reduction in costs connected with HD
management.
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