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Abstract

Obijective: In the present study, we aimed to investigate the relationship between serum vitamin
D3 concentration and anaemia in patients with chronic kidney disease (CKD) in China, to assist
understanding of the effects of vitamin D treatment in such patients.

Methods: A total of 225 patients with CKD were enrolled and a range of laboratory parameters
were measured. The participants were allocated to three groups, according to their serum 25-
hydroxyvitamin D3 concentration: a severe deficiency group, a deficiency group, and a sufficiency
group. The prevalences of anaemia in the three groups were assessed, and the factors associated
with anaemia in patients with CKD were analysed using logistic regression.

Results: The prevalences of anaemia were 79.5% in the severe deficiency group, 63.5% in the
deficiency group, and 48.0% in the sufficiency group. The prevalence of anaemia gradually
increased with the severity of vitamin D3 deficiency. The prevalences of anaemia in participants
with stages | to 5 CKD were 21.1%, 30.4%, 39.5%, 78.7%, and 94.6%, respectively.
Conclusion: Vitamin D3 deficiency may increase the risk of anaemia in patients with CKD.
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Introduction

Vitamin D supplementation can ameliorate
anaemia by increasing the expression of
erythropoietin receptors, stimulating the
production of erythropoietin, reducing the
secretion of pro-inflammatory mediators,
and increasing sensitivity to erythropoie-
tin."* Therefore, vitamin D deficiency
may increase the risk or severity of anaemia
in patients with CKD. However, to date,
few studies have examined the effects of
vitamin D on CKD-associated anaemia
around the world.>® In the present study,
we have determined the relationship
between serum 25-hydroxyvitamin D3 (25
(OH) D3) and anaemia in patients with
CKD to better understand the effects of
vitamin D treatment such patients.

Methods

Participants

Patients were enrolled who had been diag-
nosed with stages 1 to 5 CKD in the
Affiliated Hospital of Guizhou Medical
University or Baiyun Hospital of Guizhou
Medical University, both in China, between
March 2017 and February 2018. All the
participants provided their verbal informed
consent. The study was approved by the
Ethics Committee of the Affiliated Baiyun
Hospital of Guizhou Medical University.
The exclusion criteria were: (1) a history
of blood transfusion in the preceding 3
months because the life of a red blood cell
is approximately 120 days; (2) the use of

erythropoietin in the preceding month
because it usually takes 2 to 6 weeks for
the haemoglobin (Hb) concentration to
rise after the use of erythropoietin; (3) the
use of an active vitamin D3 preparation in
the preceding 2 months because 25 (OH)
D3 has a long half-life of up to 2 months;
and (4) gastrointestinal bleeding or other
acute blood loss in the preceding 2 months
because Hb concentrations return to
normal 6 to 8 weeks after the blood loss
ceases.

Participant groups

Adult men with an Hb concentration of
<130 g/L and adult women with an Hb of
<120 g/L were assigned to an anaemia
group, and adult men with an Hb of >130
g/L and adult women with Hb of >120 g/L
were assigned to a normal group, according
to the World Health Organisation (WHO)
recommendations’  According to  the
Application Guidelines for Vitamin D and
Adult Bone Health,® participants with a
serum 25 (OH) D3 concentration of <30
nmol/L were allocated to a severe deficiency
group, those with a serum 25 (OH) D3
between 30 and 50 nmol/L were allocated
to a deficiency group, and those with a
serum 25 (OH) D3 of >50 nmol/L were
allocated to a sufficiency group. Estimated
glomerular filtration rate (¢GFR) was cal-
culated as 186 x (serum creatinine concen-
tration) — 1.154 x age (years) —0.203 (x
0.72 for women).
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Statistical analysis

Quantitative data are summarised as means
and standard deviations. Differences in nor-
mally distributed quantitative data between
groups were analysed using Student’s 7-test
and non-normally distributed quantitative
data were analysed using Wilcoxon’s rank
sum test. Categorical data are described as
rates or proportions and were compared
using the chi-square test. P <0.05 was con-
sidered as indicating statistical significance.
Multivariate analysis was conducted using
binary logistic regression. Data were stored
in MS Excel 2007 for Windows (Microsoft
Corp., Redmond, WA) and data analysis
was conducted using SPSS 19.0 (IBM
Corp., Armonk, NY, USA).

Results

General characteristics of the participants

A total of 225 patients were recruited to the
present study, of whom 134 were male
(59.6%) and 92 were female (40.4%). The
general characteristics of the sample are
shown in Table 1. In total, 153 of the par-
ticipants had anaemia (68%) and 72 did not
(normal group; 32%). One hundred and
twelve participants had severe vitamin D3
deficiency (50%), 63 had vitamin D3 defi-
ciency (28%), and 50 had sufficient
concentrations of vitamin D3 (22%)
(Tables 1 and 2).

Aetiology of the CKD in the participants

Of the participants, 140 had chronic glo-
merulonephritis (62.2%), 65 had diabetic
nephropathy, (28.9%), 14 had hypertensive
nephropathy (6.2%), two had obstructive
nephropathy (0.9%), and four had gouty
nephropathy (1.8%). With regard to the
stage of CKD in the participants, 19 had
stage 1 CKD (8.4%), 23 had stage 2 CKD

(10.2%), 43 had stage 3 CKD (19.1%), 47
had stage 4 CKD (20.9%), and 93 had stage
5 CKD (41.3%).

Prevalences of anaemia in participants
with stages | to 5 CKD

We next compared the prevalences of anae-
mia in participants with stages 1 to 5 CKD
and found that they significantly differed
(21.1% for stage 1, 30.4% for stage 2,
39.5% for stage 3, 78.7% for stage 4, and
94.6% for stage 5; x2:82.95, P<0.001,
Figure 1).

Prevalences of anaemia in the vitamin D3
groups

The prevalences of anaemia were next com-
pared between the participants with severe
deficiency, deficiency, and sufficiency, and
we found that these significantly differed
(79.5% in the severe deficiency group,
63.5% in the deficiency group, and 48.0%
in the sufficiency group; y°>=16.544,
P<0.001, Figure 2). A pairwise comparison
of the prevalence of anaemia among vita-
min D3 groups was then conducted using
the Bonferroni correction, and the results
revealed significant differences in the prev-
alence of anaemia between the severe defi-
ciency and deficiency groups, between the
severe deficiency and sufficiency groups,
and between the deficiency and sufficiency
groups (P<0.0167; Table 3). The prevalence
of anaemia decreased with increasing vita-
min D3 concentration (P<0.001, Table 2).

Comparisons of the anaemia group and
the normal group

Student’s z-test and the rank sum test were
used to analyse the differences in vitamin
D3, parathyroid hormone (PTH), high-
sensitivity  C-reactive  protein  (CRP),
eGFR, transferrin saturation, folate, and
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Table I. Characteristics of the participants.

CKDI CKD2 CKD3 CKD4 CKD5
Sex (male/female) 9/10 17/6 34/9 28/19 46/47
Age (years) 46.7+12.0 51.6£15.0 50.1£15.0 54.8+13.9 49.8+£14.4
BMI (kg/m?) 23.6+148 25.744.1 244134 23.24+2.9 2424119
Vitamin D3 (nmol/L) 41.8424.3 28.34+24.0 41.3+£24.8 32.5421.0 30.0£19.0
PTH (pmol/L) 4.01+1.24 5.69+7.15 6.81+4.15 12.48+9.60  30.871+24.16
High sensitivity C-reactive  32.71+26.8 26.6+33.7 7681159  588+98.6 85.2+162.2

protein (nmol/L)

Albumin (pumol/L) 584.7+91.6 506.0£170.0 576.3+103.2 549.7+92.2  554.8+93.1
Hb (g/L) 135.2+22.6 132.9426.9 130.0£21.0 105.1£25.0  91.54+20.8
eGFR (ml/min. 1.73 m?) 107.65+18.44 75.76+9.00 42.14+6.98  21.97+4.04 837+3.13
Transferrin saturation 0.35+0.07 0.42+0.30 0.27+0.08 0.29+£0.13 0.28+0.15
Ferritin (pmol/L) 549.74+293.9 575744099 475.14+288.3 505.8+326.5 522.74375.5
Folate (nmol/L) 17.73£5.59 16.32£5.93 18.54+8.04 19.65+11.30 20.37+11.49
Vitamin B12 (pmol/L) 267.8+112.5  2854+108.7 396.24+251.8 405.6+£286.1 430.9+331.7

Data are mean 4+ SD or numbers.

CKD -5, chronic kidney disease stages |-5; BMI, body mass index; PTH, parathyroid hormone; Hb, haemoglobin, eGFR,

estimated glomerular filtration rate.

Table 2. Prevalences of anaemia in the vitamin D3 groups.

Presence of anaemia

Vitamin D3 group Yes, n (%) No, n (%) Va p
Severe deficiency 89 (79.8) 23 (20.2) 16.54 <0.001
Deficiency 40 (63.1) 23 (36.9)

Sufficiency 24 (49.0) 26 (51.0)

The results of chi square testing are shown.
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Figure I. Distribution of the prevalence of anaemia in different grades of chronic kidney disease.
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Figure 2. Prevalence of anaemia among different vitamin D3 groups.

Table 3. Comparisons of the prevalences of anaemia between the vitamin D3 groups.

Pearson chi-square statistic Degrees of freedom p
Deficiency vs. Severe deficiency 5.997 | 0.014
Severe deficiency vs. Sufficiency 16.016 | <0.001
Deficiency vs. Sufficiency 5.668 | 0.015

Bonferroni correction (¢ =0.05/3 =0.0167) and a pairwise comparison of the prevalences of anaemia among the vitamin
D3 groups was performed.

Table 4. Comparisons of the characteristics of the participants with and without anaemia (n = 225).

Groups Anaemic (n) Non-anaemic (n) FiZz b

n 153 72 - -

Sex (male/female) 83/74 52/21 - -

Age (years) 51.8+14.1 49.4+15.7 0.284 0.595
BMI (kg/m?) 23.89+9.55 25.08+£3.786 0.246 0.620
Vitamin D3 (nmol/L) 30.0£19.3 40.2+25.6 —3.426 0.001
PTH (pmol/L) 22.74+21.67 8.76+12.09 —6.97 (z) <0.001
High-sensitivity C-reactive 77911452 52.0+82.0 —1.58 (z) 0.115

protein (nmol/L)

Albumin (umol/L) 593.1+£100.8 537.2+103.8 0.71 (2) 0.401
eGFR (ml/min. 1.73 m?) 18.42+17.32 46.46+22.58 —8.86 (z) <0.001
Transferrin saturation 0.28+0.18 0.33+0.11 —4.1 (z) <0.001
Ferritin (pmol/L) 525.24+365.2 458.0+261.8 5.631 0.064
Folate (nmol/l) 19.93£11.12 17.88+7.72 —0.43 (z) 0.665
Vitamin B12 (pmol/l) 417.1+£312.1 360.6+217.3 —0.88 (2) 0.378

Data are mean + SD or numbers. The groups were compared using Student’s t-test or the Wilcoxon rank sum test, as
appropriate.
BMI, body mass index; PTH, parathyroid hormone; Hb, eGFR, estimated glomerular filtration rate.

vitamin B12 between the anaemia and  significant differences in serum vitamin
normal groups. The groups showed homo- D3, PTH, eGFR, and transferrin saturation
geneity of variance with respect to age, between the anaemia and normal groups
BMI, albumin and ferritin. We identified (all P<0.05, Table 4).
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Table 5. Results of the multivariate regression analysis of factors potentially influencing anaemia.

B S.E. Wals df p OR 95% Cl
Vitamin D3 —0.059 0.021 7.874 I 0.005 0.943 (0.905, 0.983)
eGFR —0.045 0.008 29.703 I <0.001 0.956 (0.941, 0.972)
Transferrin saturation —0.006 0.007 0.859 I 0.354 0.994 (0.981, 1.007)
PTH 0.002 0.002 1.062 I 0.303 1.002 (0.998, 1.005)
Constant 3.282 0.686 22.882 I <0.001 26.623

S.E., standard error of the mean; df, degrees of freedom; OR, odds ratio; Cl, confidence interval; eGFR, estimated

glomerular filtration rate, PTH, parathyroid hormone.

Multivariate analysis to identify factors
associated with anaemia

The parameters used the regression model
were vitamin D3, eGFR, and transferrin
saturation (Table 5). Vitamin D3 and
eGFR were found to be independently
associated with a lower prevalence of anae-
mia (P<0.05, odds ratio (OR)=0.943 and
P<0.001, OR=0.956, respectively), but
PTH and transferrin saturation were not
independently associated with anaemia.

Discussion

Kim et al.’ revealed a positive correlation
between serum vitamin D concentration
and Hb concentration in patients with
end-stage renal disease, and vitamin D
was shown to be an independent risk
factor for anaemia in such patients. In addi-
tion, Sonkar et al.'® showed that patients
with CKD and low Hb concentrations
had higher circulating PTH concentrations,
and noted a positive correlation between
their vitamin D and Hb concentrations.
These results suggest that a lack of vitamin
D and secondary hyperparathyroidism may
be closely associated with renal anaemia.
Furthermore, Hb has been shown to posi-
tively correlate with vitamin D and nega-
tively correlate with the erythropoietin
resistance index in patients undergoing
maintenance haemodialysis.'' However, to
date, there have been few studies around

the world that have aimed to determine
the relationship between vitamin D and
anaemia in patients with CKD. In the pre-
sent study, we have explored the relation-
ship between anaemia and serum vitamin
D3 in patients with CKD, to aid under-
standing of the therapeutic efficacy of vita-
min D in such patients. A logistic regression
analysis of factors that might influence the
prevalence of anaemia showed that vitamin
D3 concentration was associated; specifi-
cally, as the vitamin D3 level concentration,
the prevalence of anaemia gradually
decreased. These data suggest that vitamin
D deficiency may represent a novel risk
factor for CKD-associated anaemia.
However, further longitudinal studies are
required to determine whether vitamin D
administration in patients with CKD
might reduce their risk of anaemia.

In the present study, the participants had
stages 1 to 5 CKD and were not undergoing
haemodialysis, whereas in previous stud-
ies,*’ the participants were mainly in the
early stages of CKD or were undergoing
maintenance haemodialysis. We analysed
the relationship between vitamin D and
anaemia after excluding a number of fac-
tors that are known to affect the develop-
ment of anaemia.'? '® Patients from various
parts of Guizhou Province were studied and
they were categorised by their serum 25
(OH) D3 concentration, according to the
Vitamin D and Adult Bone Health
Application Guidelines.
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Although vitamin D status seems to be
associated with anaemia, the mechanism
underlying this association remains unclear.
Previous studies have suggested that the
mechanism whereby vitamin D might influ-
ence Hb concentration in patients with
CKD is through a downregulation of pro-
inflammatory factors and an inhibition of
transcription from the HAM P gene, which
encodes hepcidin.'® There is also evidence
that vitamin D can reduce the risk of anae-
mia by increasing the production of red
blood cells and reducing resistance to the
actions of erythropoietin.>® In addition,
PTH has also been shown to influence the
formation of red blood cells, and vitamin D
may further prevent anaemia by reducing
serum PTH'7!8.

The present study has several limitations.
First, owing to its cross-sectional design,
conclusions regarding causality in the rela-
tionship between vitamin D and anaemia
cannot be drawn. Second, the sample size
was small; therefore, in future studies, more
participants should be recruited to verify
the identified relationship between vitamin
D and anaemia, as well as with other poten-
tial risk factors for anaemia. Third, vitamin
D status is affected by obesity, age, sex, skin
colour, duration of sunlight exposure, exer-
cise, and other factors;'>?° and therefore
differences in these parameters among the
participants may have affected the findings.

Conclusion

Vitamin D3 is associated with anaemia in
patients with CKD. A deficiency of vitamin
D3 may increase the risk of anaemia.
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