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Abstract
Background: 25-Hydroxyvitamin D (25(OH)D) deficiency is the most common complication of kidney disease. Previous
studies have suggested that 25(OH)D deficiency is involved in the pathogenesis of anemia in kidney disease subjects not
requiring dialysis. However, these associations have not been investigated in peritoneal dialysis (PD) patients.

Objectives: The aim of this study was to elucidate the prospective relationship between 25-Hydroxyvitamin D
insufficiency and anemia in PD Patients.
Materials and Methods: In a cross-sectional study, 80 PD participants were included. Participants were divided into two
groups based on baseline 25(OH)D3 concentrations: group 1, 25(OH)D3 levels <10 ng/mL; and group 2, 25(OH)D3 levels
≥ 10 ng/mL. We recorded basic data of subjects. Peripheral blood samples were collected to determine the level of
25(OH)D and hepcidin by the competitive ELISA method.

Results: Pearson’s correlation analysis and multivariate linear regression analysis showed that hemoglobin concentration
was positively correlated with serum 25(OH)D3 level, p<0.01). Even after adjusting for potential risk factors for anemia,
serum 25(OH)D were found to be still associated with anemia (β=1.264; 95% CI=0.992-1.612, P=0.048). Meanwhile,
Pearson’s correlation analysis revealed that serum 25(OH)D3 level negatively affect the level of Hepcidin and hs-CRP
(p<0.001). We also observed that Hepcidin and hs-CRP negatively regulates Hb level (p<0.001).
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Conclusions: These findings indicate that 25(OH)D insufficiency was significantly associated with anemia in patients with
PD, which, at least in part, was related with the hepcidin level and inflammation.

Keywords: 25-Hydroxyvitamin D; Hepcidin; Anemia; Peritoneal Dialysis; Inflammation
1. Introduction
Anemia is a common complication among patients with peritoneal dialysis, which is associated with adverse outcomes,
including cardiovascular disease, increased hospitalization rates, and all-cause mortality [1, 2]. Generally, it is thought that
the primary causes of anemia include low erythropoietin levels, iron deficiency, chronic inflammation, and malnutrition.
Moreover, recent studies have suggested that vitamin D deficiency is involved in the prevalence of anemia in kidney
disease subjects not requiring dialysis [3] and in patients on maintenance hemodialysis [4]. However, the association
between vitamin D deficiency and anemia in peritoneal dialysis patients is still elusive. Vitamin D deficiency is the most
common complication in chronic kidney disease (CKD) [5]. Although previously studies on vitamin D deficiency in CKD
focused on secondary hyperparathyroidism and skeletal dysfunction [6], more and more evidence has shown that treatment
with vitamin D compounds appear to improve the anemia in hemodialysis patients [4, 7-9], and the level of 25(OH)D
might be particularly important in vitamin D3 supplementation [10]. It is interesting that 25(OH)D deficiency is associated
with hemoglobin levels in CKD patients [11]. However, the relationship between 25(OH)D deficiency and anemia has not
been extensively elucidated in PD patients. In addition, a few studies have shown that 25(OH)D deficiency causes
interventricular septal hypertrophy [12], predicts the risk for peritoneal dialysis-associated peritonitis [13], and is related
with metabolic syndrome in PD [14]. In the general population, 25(OH)D deficiency had been shown to be associated with
levels of pro-inflammatory cytokines. Therefore, we investigated cross-sectional associations among serum 25(OH)D
levels, inflammatory markers, iron status, and hemoglobin concentration in 80 PD patients to test the hypothesis that: (1)
25(OH)D level affected anemia in PD patients, (2) 25(OH)D insufficient increased the level of C-reactive protein (CRP)
and hepcidin, and (3) higher levels of CRP and hepcidin may affect anemia.

2. Materials and Methods
2.1 Study design and demographic data
This study is a cross-sectional study of participants who were on PD at a single dialysis unit associated with the Second
Affiliated Hospital, Harbin Medical University, Harbin, China. 80 participants from January 2016 to January 2018 were
enrolled in the study. Each PD patient received conventional glucose-based, lactate-buffered PD solutions (Ultrabag,
Baxter Healthcare, Guangzhou, China). All patients in our study could visit a physician at least once every 3 months. We
recorded general information on age, gender, body weight, height, duration of dialysis, and PD prescription for each
patient. Dialysis adequacy was evaluated with total Kt/V. The ethics committees of the hospitals approved the study.
Exclusion criteria were: age ≤ 18 years, duration of PD <3 months, any cardiovascular event, liver dysfunction, thrombosis,
systemic or local infection within 3 months of peritonitis, autoimmune disease, uncontrolled hypertension (above 160/90
mmHg), parathyroidectomy, surgery, and cancer. All patients provided written informed consent for their information to be
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collected. Primary diseases: glomerulonephritis (n=44), chronic interstitial nephritis (n=14), diabetic nephropathy (n=9),
hypertensive nephropathy (n=11), polycystic kidney disease (n=1), and obstructive nephropathy (n=1).
2.2 Variables and data sources
Participants were requested to stop taking oral vitamin D supplements and oral iron supplement at least 3 days before
giving venous blood samples. After overnight fasting while continuing PD therapy, venous blood samples were collected in
all participants, then centrifuged, and the supernatant was stored at -80°C before being assayed. Baseline laboratory
parameters, including serum creatinine, calcium, phosphorus, albumin, hemoglobin, iron, total iron binding capacity
(TIBC), ferritin, parathyroid hormone (iPTH), CRP, and Kt/V were determined by standard commercial assays in the
clinical laboratory and biochemistry department. All samples for 25(OH)D (Zcibio, China) and hepcidin (Elabscience,
China) were measured by ELISA. The assay was performed strictly according to the instructions.

2.3 Statistical methods
Continuous variables are expressed as mean±standard deviation and categorical variables are presented as a number. The
patients were divided into two groups based on serum 25(OH)D3 concentrations (<10 ng/mL and ≥ 10 ng/mL). The
differences between the two groups were determined using Student’s t test and the chi-square test for categorical variables.
Correlation analysis was assessed using Pearson’s correlation analysis. Multivariate linear regression analyses were
performed to determine the independent correlates of anemia or 25(OH)D3. A logistic regression analysis was used to
estimate odds ratios (OR) and to identify independent risk factors for anemia or 25(OH)D3. All probabilities were twotailed and the level of significance was set at 0.05. Statistical analysis was performed using SPSS version 20.0 (SPSS Inc.,
Chicago, IL, USA).

3. Results
3.1 Clinical characteristics and biochemical parameters
Basal clinical characteristics of the studied groups are presented in Table 1. The mean age was 51 ± 12.9 years, and there
were 44 males and 36 females. The mean serum 25(OH)D3 concentration was 12.29 ± 13.37 ng/mL, while the mean
25(OH)D3 level was 21.37 ± 15.99 ng/mL in group 1 and 5.025 ± 2.814 ng/mL in group 2. As seen in Table 1, there were
statistical significance in the level of BUN, albumin, hemoglobin, iPTH, hepcidin, and hs-CRP between group 1 and group
2. However, there were no significant differences in age, sex, BMI, duration of dialysis, serum iron, TIBC, ferritin,
creatinine, phosphate, calcium, and total kt/v between the two groups.

Variable

Group1

Group2

25(OH)D3 ≥ 10 ng/mL

25(OH)D3 <10 ng/mL

80

35 (43.7%)

45 (56.2%)

-

Age (years)

51 ± 12.9

48.6 ± 12.47

52.87 ± 13.06

0.1433

Male/Female

44/36

20/15

24/21

0.8

n (%)

Total

p value

Demographic data

Archives of Clinical and Biomedical Research

Vol. 3 No. 2 – April 2019. [ISSN 2572-5017]

38

Arch Clin Biomed Res 2019; 3 (2): 036-046

DOI: 10.26502/acbr.50170066

BMI

22.78 ± 2.671

22.73 ± 3.8

22.82 ± 3.611

0.913

Duration of dialysis (months)

19.93 ± 12.17

20.00 ± 12.156

19.87 ± 12

0.916

25(OH)D3 (ng/mL)

12.29 ± 13.37

21.37 ± 15.99

5.025 ± 2.814

0.0001

BUN

18.88 ± 6.455

16.82 ± 6.615

20.48 ± 5.919

0.0112

Creatinine (µmol/L)

890.7 ± 211.5

873.1 ± 204.3

904.5 ± 218.3

0.5139

Albumin (g/L)

38.37 ± 4.264

39.69 ± 3,912

37.34 ± 4.224

0.0138

Hemoglobin (g/L)

101.2 ± 17.67

114.6 ± 13.08

90.8 ± 13.25

0.0001

PTH (pg/mL)

355.2 ± 243.1

243.0 ± 169.3

442.4 ± 257.3

0.0002

Phosphate (mg/dL)

1.882 ± 0.525

1.775 ± 0.4618

1.966 ± 0.5602

0.1062

Calcium (mg/dL)

2.172 ± 0.3172

2.223 ± 0.3019

2.132 ± 0.3264

0.2341

Serum iron (μg/dL)

12.44 ± 4.941

12.5 ± 5.285

12.39 ± 4.717

0.9230

TIBC (μg/dL)

43.92 ± 7.031

44.85 ± 6.984

43.2 ± 7.062

0.3026

Hepcidin (ng/mL)

4.325 ± 3.754

1.982 ± 1.286

6.147 ± 4.032

0.0001

Ferritin (ng/mL)

190.3 ± 167

150.6 ± 168.8

221.2 ± 160.7

0.0605

hs-CRP (mg/L）

3.113 ± 3.647

1.66 ± 1.443

4.242 ± 4.392

0.0013

Total Kt/v

1.906 ± 0.8451

2.081 ± 0.9115

1.707 ± 0.8332

0.1177

Vitamin D supplement

73 (91.25%)

31 (88.57%)

42 (93.33%)

>0.1

Oral iron supplement

62 (77.5%)

29 (82.85%)

33 (73.33%)

>0.1

Biochemical data

Medications

Table 1: Baseline Characteristics of Patients with PD According to 25(OH)D3 Levels.

3.2 Association between biochemical parameters and anemia
According to the criteria for anemia (The National Kidney Foundation-Kidney Disease Outcomes Quality Initiative (NKFKDOQI) guidelines recommended that hemoglobin targets should be in the range of (100-115 g/L) [15]. In this study,
42.5% of participants were anemic. As seen in Table 2, Pearson’s correlation analysis show that Hb level positively
correlated with albumin and total kt/v (p<0.05). In contrast, the level of BUN, iPTH, Phosphorus, Hepcidin and hs-CRP
negatively affects Hb level (p<0.05). Multivariate linear regression analysis (Table 3) revealed that Hb concentration was
significantly correlated with Hepcidin (β=-0.226, p=0.024), hs-CRP (β=-0.281, p=0.003), total kt/v (β=0.281, p=0.020).
These results showed that inflammation, Hepcidin, and dialysis adequacy affect anemia developing in PD patients.

Variable

Age (years)

25(OH)D3

Hemoglobin

CRP

Hepcidin

r

p

r

p

r

p

r

p

0.01328

0.9070

-0.1940

0.0864

-0.1228

0.2778

0.0252

0.8238
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BMI (kg/m2)

0.01479

0.8964

0.05099

0.6533

-0.2263

0.0435

0.0160

0.8875

Duration of dialysis (months)

0.3117

0.0049

0.0052

0.9631

0.0318

0.7789

0.0842

0.4576

Hemoglobin (g/L)

0.4965

0.0001

-

-

-

-

-

-

BUN (mmol/L)

-0.3077

0.0055

-0.3289

0.0029

0.1999

0.0755

0.1556

0.1683

Creatinine (µmol/L)

-0.1387

0.2198

-0.1472

0.1927

-0.0647

0.5682

0.0529

0.6406

Albumin (g/L)

0.3080

0.0054

0.5379

0.0001

-0.1897

0.0918

-0.2786

0.0123

PTH (pg/L)

-0.3748

0.0006

-0.3511

0.0014

0.4690

0.0001

0.2113

0.0600

Calcium (mol/L)

0.2432

0.0297

0.1249

0.2696

-0.1582

0.1611

0.0414

0.7150

Phosphorus (mol/L)

-0.2647

0.0177

-0.3425

0.0019

0.3211

0.0037

0.2039

0.0697

Iron (µmol/L)

-0.01791

0.8747

0.0072

0.9491

-0.05337

0.5382

-0.0994

0.3804

TIBC (µmmol/L)

0.1238

0.2738

0.1978

0.0786

-0.09063

0.4240

-0.1670

0.1388

Ferritin (ng/mL)

-0.1914

0.0890

-0.2897

0.0091

0.02534

0.8235

0.0628

0.5798

Hepcidin (ng/mL)

-0.4343

0.0001

-0.4386

0.0001

0.2134

0.0474

-

-

hs-CRP (mg/L)

-0.2673

0.0165

-0.4001

0.0002

-

-

-

-

Total Kt/v

0.2471

0.0292

0.3693

0.0009

-0.1320

0.2493

-0.1702

0.1363

Table 2: Association between biochemical parameters.

Variable

β

t

p

Age (years)

-0.177

-1.921

0.059

Iron (µmol/L)

-0.003

-0.036

0.972

TIBC (µmmol/L)

0.007

0.071

0.943

Ferritin (ng/mL)

-0.152

-1.482

0.143

Hepcidin (ng/mL)

-0.226

-2.315

0.024

hs-CRP (mg/L)

-0.281

-3.093

0.003

25(OH)D3 (ng/mL)

0.241

2.382

0.020

Total Kt/v

0.281

2.382

0.020

Table 3: Multivariate linear regression analysis the association between Hemoglobin and Biochemical.

3.3 Association between serum 25(OH)D level and anemia
Pearson’s correlation analysis (Table 2) revealed that Hb level positively correlated with 25(OH)D3(r=0.4965, p<0.001),
and multivariate linear regression analysis (Table 2) also showed the same result (β=0.241; p=0.02). After adjusting for
age, Duration of dialysis, iPTH, BUN, Creatinine, Calcium, Hepcidin, Total Kt/v, phosphate, hs-CRP, ferritin, serum iron,
TIBC, TSAT, Table 4 showed that serum 25(OH)D was found to be still associated with anemia (β=1.264; 95% CI= 0.9921.612, P=0.048). Take these into together, serum 25(OH)D level associated with anemia in PD patients.
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Variable

OR (95% CI)

P value

Age (years)

0.995 (0.917-1.080)

0.905

Duration of dialysis (months)

1.080 (0.995-1.173)

0.066

BUN (mmol/L)

1.001 (0.844-1.187)

0.989

Creatinine (µmol/L)

0.996 (0.991-1.000)

0.079

Albumin (g/L)

1.479 (1.124-1.948)

0.005**

Calcium (mol/L)

0.281 (0.010-8.122)

0.460

Phosphorus (mol/L)

0.469 (0.068-3.236)

0.442

Iron (µmol/L)

0.883 (0.731-1.067)

0.198

TIBC (µmmol/L)

0.957 (0.834-1.099)

0.537

Ferritin (ng/mL)

0.997 (0.991-1.002)

0.207

PTH (pg/L)

1.001 (0.996-1.006)

0.791

hs-CRP (mg/L)

0.828 (0.616-1.113)

0.212

25(OH)D3 (ng/mL)

1.264 (0.992-1.612)

0.048*

Hepcidin (ng/mL)

0.956 (0.773-1.181)

0.674

Total Kt/v

1.453 (0.313-6.737)

0.633

Table 4: Risk Factors for Developing Anemia.

3.4 Association between serum 25(OH)D level and biochemical parameters
As seen in Table 2, pearson’s correlation analysis revealed that serum 25(OH)D level significantly correlated with duration
of dialysis (r=0.3117, p=0.0049), calcium (r=0.2432, p=0.0297), albumin (r=0.3080, p=0.0054), Hepcidin (r=-0.4343,
p=0.0001), hs-CRP (r=-0.2673, p=0.0165), total kt/v (r=0.2471, p=0.0292). However, multivariate linear regression
analysis (Table 5) showed that serum 25(OH)D only associated with Hepcidin (β=-0.320, p=0.002). These results indicated
that serum 25(OH)D level negatively correlated with Hepcidin.

Variable

β

t

p

Age (years)

0.020

0.185

0.854

Calcium (mol/L)

0.239

2.461

0.016

Phosphorus (mol/L)

-0.017

-0.157

0.875

Ferritin (ng/mL)

-0.186

-1.828

0.072

Hepcidin (ng/mL)

-0.320

-3.145

0.002

hs-CRP (mg/L)

0.011

0.103

0.918

Albumin (g/L)

0.154

1.517

0.134
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0.609

0.545

Table 5: Multivariate linear regression analysis the association between serum 25(OH)D and Biochemical Parameters.

4. Discussion
In this cross-sectional study, our results showed that 25(OH)D insufficiency was prevalent in PD patients and the
proportion of 25(OH)D insufficiency(25(OH)D concentration above 30 ng/mL in 5cases) was 93.75%, which is consistent
with a previous study [16]. The possible causes of 25(OH)D deficiency include chronic pathogenesis of renal failure, lack
of intake, vitamin D loss from the peritoneal effluent [16]. The prevalence of vitamin D insufficiency may also correlate
with the northern location of our study area, as well as and inadequate amount of sun exposure [17, 18] and dietary habits.
It is generally accepted that anemia is a common complication in PD patients, and its pathogenesis is multifactorial. The
primary causes of anemia in PD patients, just as in CKD, include low erythropoietin levels, iron and protein deficiency,
and decreased half-life of circulating red blood cells. Moreover, malnutrition, inflammation, and atherosclerosis are
additional causes of anemia. As described by previous reports, our results also indicated that albumin, hs-CRP, phosphorus,
iPTH, BUN, hepcidin, and dialysis adequacy influenced hemoglobin concentration in PD patients. Interesting,
accumulating evidence shows that 25(OH)D deficiency is associated with a reduction in circulating levels of hemoglobin
concentrations in the non-uremic population [11], and a few studies have shown that treatment with vitamin D compounds
appeared to improve anemia in hemodialysis patients [7, 8]. In the present cross-sectional study, our results also showed a
stepwise increase in hemoglobin concentration with increasing 25(OH)D levels (p<0.01). Previously, a few reports
demonstrated that 25(OH)D suppresses pro-inflammatory cytokines and increases anti-inflammatory cytokines [10], and
treatment with vitamin D3 significantly decreased levels of the pro-inflammatory cytokine TNF-α and significantly
increased levels of the anti-inflammatory cytokine interleukin-10 in a study of healthy non-CKD patients [19]. However,
we did not detect the level of TNF-α and anti-inflammatory cytokines. Fortunately, a previous study showed that CRP is
the most generally used acute-phase protein and represents the degree of inflammation [20]. In this study, Pearson’s
correlation analysis and multivariate linear regression analysis a revealed that Hb concentration was also negatively
correlated with hs-CRP and Pearson’s correlation analysis showed that serum 25(OH)D level significantly correlated with
hs-CRP (r=-0.2673, p=0.0165). When these former studies are considered in the context of the present findings, it is
intriguing to speculate that 25(OH)D level may affect hemoglobin levels, at least in part, through its regulation of
inflammatory marker. This speculation is also supported by a report that in PD patients, vitamin D supplementation in vitro
and in vivo promotes innate immune responses that may enhance macrophage antibacterial responses and prevent
infection-related complications [21], and 25(OH)D deficiency increased levels of inflammatory factor and results in a
decreased response to erythropoietin [22].

More recently, a report has shown that 25(OH)D can suppress the expression of an antibacterial protein (hepcidin) [23] in
dialysis patients. Hepcidin, a recently discovered small, cysteine-rich cationic peptide hormone produced in the liver, is the
key regulator of iron homeostasis [24], and is regulated in response to anemia, hypoxia, and inflammation [25]. Just as in
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hemodialysis patients [26], our results show that serum hepcidin was markedly increased in PD patients and was inversely
associated with hemoglobin level. A possible mechanism is that increased hepcidin was involved in elimination of hepcidin
from the kidney [27] and endogenous erythropoietin deficiency [25]. We also found that increased hepcidin levels were
inversely related with 25(OH)D levels, supporting a previous report that disorders of mineral metabolism may promote
increased hepcidin secretion in CKD not yet requiring dialysis [28]. The mechanism may involve direct transcriptional
suppression of hepcidin gene expression mediated by1,25-dihydroxyvitamin D binding to the vitamin D receptor, caused
by the decrease in hepcidin mRNA levels. Previous studies indicated that 25(OH)D-induced suppression of hepcidin is
associated with changes in ferritin expression, and 25(OH)D is a potent regulator of the hepcidin-ferroportin axis in
humans [23], which suppressed intracellular iron transport and then cause the anemia developing [29]. However, in our
study there was no significant correlation between hepcidin, and serum iron and ferritin, which was inconsistent with a
previously published paper [30], which was perhaps due to a small sample. Take these results together, we speculated that
25(OH)D insufficiency may promote hepcidin secretion, which impede utilization of iron, and result in the development of
anemia in PD patients. If so, supplementary vitamin D could be a novel method for decreasing hepcidin levels and thereby
improving anemia in PD patients.

Nevertheless, a few limitations in the current study should be noted. First, the cross-sectional design makes it difficult to
establish a causal relationship between vitamin D deficiency and anemia. Second, this was a single-center study and the
sample in our study was not large enough, so additional studies with larger numbers of participants are needed to further
establish the potential relationships between vitamin D deficiency and anemia. In addition, all participants in this study
residents of northeastern China, which may affect generalizability of the results to other regions because the prevalence of
25(OH)D deficiency varies with latitude [18].

In summary, 25(OH)D insufficient and anemia are a common problem in PD patients. Our study has shown that lower
25(OH)D levels affect the hemoglobin level, which may be involved in hepcidin and inflammation in PD patients. Future
studies should be designed for cohort study and increase the number of samples, and regional issues should be considered.

Acknowledgements
This work was supported in part by the China Postdoctoral Science Foundation (Grant No. 2017M610213). The funder had
no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Author Contributions
Fanwu Kong and Yeping Ren wrote the main manuscript text; Hongda Li, Wei Zhang, Baoyun Xia, Guojian Liu and
Shijian Liu collected data; Hongda Li and Xiaowen Kang detected samples; Xiaowen Kang and Tianrong Ji analyzed the
data; and Yeping Ren and Fanwu Kong conceived and designed the experiments. All authors reviewed the manuscript.

Archives of Clinical and Biomedical Research

Vol. 3 No. 2 – April 2019. [ISSN 2572-5017]

43

Arch Clin Biomed Res 2019; 3 (2): 036-046

DOI: 10.26502/acbr.50170066

Competing Interests
The authors declare that they have no conflicts of interests.

References
1.

Levin A. The treatment of anemia in chronic kidney disease: understandings in 2006. Curr Opin Nephrol
Hypertens 16 (2007): 267-271.

2.

Astor BC, Coresh J, Heiss G, Pettitt D, Sarnak MJ. Kidney function and anemia as risk factors for coronary heart
disease and mortality: the Atherosclerosis Risk in Communities (ARIC) Study. Am Heart J 151 (2006): 492-500.

3.

Patel NM, Gutierrez OM, Andress DL, Coyne DW, Levin A, Wolf M. Vitamin D deficiency and anemia in early
chronic kidney disease. Kidney Int 77 (2010): 715-720.

4.

Kiss Z, Ambrus C, Almasi C, Berta K, Deak G, Horonyi P, et al. Serum 25(OH)-cholecalciferol concentration is
associated with hemoglobin level and erythropoietin resistance in patients on maintenance hemodialysis.
Nephron Clin Pract 117 (2011): 373-378.

5.

Bellasi A, Galassi A, Mangano M, Di Lullo L, Cozzolino M. Vitamin D metabolism and potential effects of
vitamin D receptor modulation in chronic kidney disease. Curr Drug Metab 18 (2017): 680-688.

6.

Brown AJ, Slatopolsky E. Drug insight: vitamin D analogs in the treatment of secondary hyperparathyroidism in
patients with chronic kidney disease. Nat Clin Pract Endocrinol Metab 3 (2007): 134-144.

7.

Kumar VA, Kujubu DA, Sim JJ, Rasgon SA, Yang PS. Vitamin D supplementation and recombinant human
erythropoietin utilization in vitamin D-deficient hemodialysis patients. J Nephrol 24 (2010): 98-105.

8.

Saab G, Young DO, Gincherman Y, Giles K, Norwood K, Coyne DW. Prevalence of vitamin D deficiency and
the safety and effectiveness of monthly ergocalciferol in hemodialysis patients. Nephron Clin Pract 105 (2007):
132-138.

9.

Rianthavorn P, Boonyapapong P. Ergocalciferol decreases erythropoietin resistance in children with chronic
kidney disease stage5. Pediatr Nephrol 28 (2013): 1261-1266.

10. Schleithoff SS, Zittermann A, Tenderich G, Berthold HK, Stehle P, Koerfer R. Vitamin D supplementation
improves cytokine profiles in patients with congestive heart failure: a double-blind, randomized, placebo-controlled trial. Am J Clin Nutr 83 (2006): 754-759.
11. Kendrick J, Targher G, Smits G, Chonchol M. 25-Hydroxyvitamin D deficiency and inflammation and their
association with hemoglobin levels in chronic kidney disease. Am J Nephrol 30 (2009): 64-72.
12. Esen B, Sahin I, Atay AE, Saglam Gokmen E, Harmankaya Kaptanogullari O, Yılmaz M, et al. Decreased
Serum 25-hydroxyvitamin D Level Causes Interventricular Septal Hypertrophy in Patients on Peritoneal
Dialysis: Cardiovascular Aspects of Endogenous Vitamin D Deficiency. Int J Nephrol 17 (2016): 1-6.
13. Pi HC, Ren YP, Wang Q, Xu R, Dong J. Serum 25-Hydroxyvitamin D Level Could Predict the Risk for
Peritoneal Dialysis-Associated Peritonitis. Perit Dial Int 35 (2015): 729-735.
14. Dong J, Wang Q, Chen MH, Zhao HP, Zhu TY, Tian N, et al. Associations between serum-intact parathyroid
hormone, serum 25-hydroxyvitamin D, oral vitamin D analogs and metabolic syndrome in peritoneal dialysis

Archives of Clinical and Biomedical Research

Vol. 3 No. 2 – April 2019. [ISSN 2572-5017]

44

Arch Clin Biomed Res 2019; 3 (2): 036-046

DOI: 10.26502/acbr.50170066

patients: a multi-center cross-sectional study. Perit Dial Int 34 (2014): 447-455.
15. Coyne DW. The KDOQI US commentary on KDIGO anemia guideline and quality of life. Am J Kidney Dis 63
(2014): 540.
16. HannaK, FassettRG, GillE, HealyH, KimlinM, RossL, et al. Serum25-hydroxyvitaminDconcentrations are more
deficient/insufficient in peritoneal dialysis than haemodialysis patients in a sunny climate. J Hum Nutr Diet 28
(2015): 209-218.
17. Alkerwi A, Sauvageot N, Gilson G, Stranges S. Prevalence and Correlates of Vitamin D Deficiency and
Insufficiency in Luxembourg Adults: Evidence from the Observation of Cardiovascular Risk Factors
(ORISCAV-LUX) Study. Nutrients 7 (2015): 6780-6796.
18. Scharla SH. Prevalence of subclinical vitamin D deficiency in different European countries. Osteoporos Int 8
(1998): 7-12.
19. Timms PM, Mannan N, Hitman GA, Noon-an K, Mills PG, Syndercombe-Court D, et al. Circulating MMP9,
vitamin D and variation in the TIMP-1 response with VDR genotype: mechanisms for inflammatory damage in
chronic disorders. QJM 95 (2002): 787-796.
20. Yilmaz MI, Carrero JJ, Axelsson J, Lindholm B, Stenvinkel P. Low-grade inflammation in chronic kidney
disease patients before the start of renal replacement therapy: sources and consequences. Clin Nephrol 68
(2007): 1-9.
21. Chun RF, Gales B, Zaritsky JJ, Leroy S, Wesseling-Perry K, Boregaard N, et al. Antibacterial responses by
peritoneal macrophages are enhanced following vitamin D supplementation. PLoS One 30 (2014): e116530.
22. Goicoechea M, Martin J, de Sequera P, Quiroga JA, Ortiz A, Carreno V, et al. Role of cytokines in the response
to erythropoietinin hemodialysis patients. Kidney Int 54 (1998): 1337-1343.
23. Bacchetta J, Zaritsky JJ, Sea JL, Chun RF, Lisse TS, Zavala K, et al. Suppression of iron-regulatory hepcidin by
vitamin D. J Am Soc Nephrol 25 (2014): 564-572.
24. Laftah AH, Ramesh B, Simpson RJ, Solanky N, Bahram S,Schumann K, et al. Effect of hepcidin on intestinal
iron absorption in mice. Blood 103 (2004): 3940-3944.
25. Nicolas G, Chauvet C, Viatte L, Danan JL, BigardX, Devaux I, et al. The gene encoding the iron regulatory
peptide hepcidin is regulated by anemia, hypoxia, and inflammation. J Clin Invest 110 (2002): 1037-1044.
26. Małyszko J, Małyszko JS, Hryszko T, Pawlak K, Mysliwiec M. Is Hepcidin a Link between Anemia,
Inflammation and Liver Function in Hemodialyzed Patients?. Am J Nephrol 25 (2005): 586-590.
27. Kulaksiz H, Gehrke SG, Janetzko A, Rost D, Bruckner T, Kallinowski B, et al. Prohepcidin: expression and cell
specific localisation in the liver and its regulation in hereditary haemochromatosis, chronic renal insufficiency,
and renal anaemia. Gut 53 (2004): 735-743.
28. Carvalho C, Isakova T, Collerone G, Olbina G, Wolf M, Westerman M, et al. Hepcidin and disordered mineral
metabolism in chronic kidney disease. Clin Nephrol 76 (2011): 90-98.
29. Ganz T. Hepcidin and iron regulation, 10 years later. Blood 117 (2011): 4425-4433.
30. Nicolas G, Bennoun M, Porteu A, Mativet S, Beaumont C, Grandchamp B, et al. Severe iron deficiency anemia
in transgenic mice expressing liver hepcidin. Proc Natl Acad Sci USA 99 (2002): 4596-4601.
Archives of Clinical and Biomedical Research

Vol. 3 No. 2 – April 2019. [ISSN 2572-5017]

45

Arch Clin Biomed Res 2019; 3 (2): 036-046

DOI: 10.26502/acbr.50170066

Citation: Fanwu Kong, Hongda Li, Xiaowen Kang, Yeping Ren, et al. Decreased 25-Hydroxyvitamin D Level Is Linked to Anemia in Peritoneal Dialysis Patients. Archives of Clinical and
Biomedical Research 3 (2019): 036-046.

This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC-BY) license 4.0

Archives of Clinical and Biomedical Research

Vol. 3 No. 2 – April 2019. [ISSN 2572-5017]

46

