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ABSTRACT
Background:Anemia is one of the well-recognized and significant
complications of chronic kidney disease (CKD) which manifests
noteworthy association with the progression of CKD, the inevitable
necessity for blood transfusion, prolonged hospitalization. This study
aimed to conduct a comprehensive study as regards the prevalence of
anemia and its association with laboratory parameters in CKD patients.
Methods:The Chronic Kidney Disease-Epidemiology Collaboration
(CKD-EPI) equation was applied to calculate the estimated glomerular
filtration rate (eGFR) and the patients with hemoglobin (Hb) level < 13.0
g/dL in case of males and that < 12.0 g/dL in females was defined as
anemic. The patients were stratified according to their Hb level into four
different categories: Hb <10 g/dL, Hb = 10-11 g/dL, Hb =11-12 g/dL and
Hb >12 g/dL.
Results:Demographic status of CKD patients: Male/Female = 106/123
(M/F% = 46.28/53.71) with mean age 54.94 + 17.98 and 55.13 + 14.27,
respectively. Out of 229 CKD patients, 157 (69%) were anemic, and 72
(31%) patients were non-anemic. The mean eGFR of anemic and non-
anemic CKD patients was 10.14 +13.57 and 35.74 + 30.36 with a
significance level (P<0.001). Anemia was more prevalent in females’
(36%) than males’ patients (32%). The Prevalence for Hb < 12 g/dL for
male and female patients was 55.29% and 79.25%, respectively, while
that < 11 g/dL for male and female was found to be 39.03% and 63.21%.
Conclusion:The prevalence of anemia in CKD population is notable and
correlates with the progression of CKD

INTRODUCTION

Anemia is a well-recognized initial complication and has a correlation with
the progression of chronic kidney diseases (CKD), the prospective necessity for blood
transfusion, substandard quality of life as well as with the huge hike in morbidity and
mortality Smith Jr (2010), van Nooten et al. (2010), Farag et al. (2011), Iseki and
Kohagura (2007), (Tamura et al., 2016, Moranne et al., 2009, Herzog et al., 2004).
The Prevalence of anemia with the aggrandized risk of cardiovascular (Strippoli et
al., 2004, Wheeler et al., 2003, Thorp et al., 2009, Servilla et al., 2009, Pereira, 2002,
Silverberg et al., 1998) and cerebrovascular(Abramson et al., 2003) phenomena leads
to the progression of CKD, and hospitalization (Keane et al., 2003, Levin et al., 2005,
Staples et al., 2009). Anemia in CKD patients is a clinically considerable burden, and
it turns out to be predominant with the reduction of glomerular filtration rate (GFR)
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(McClellan et al., 2004). Progressive
enhancement in anemia with the
decline of the estimated glomerular
filtration rate (eGFR) below 60
mL/min/1.73 m? was exhibited in a
population-based investigation using
the National Health and Nutrition
Examination Survey (NHANES) in the
USA (Astor et al., 2002). Its type in
CKD  patients is  normocytic,
normochromic and hypo-proliferative;
it can be caused by -erythropoietin
(EPO) deficiency from declined renal
mass, different types of pro-
inflammatory mediators, nutritional
and iron deficiencies which probably
affect the process of erythropoiesis in
patients suffering from CKD (Babitt
and Lin, 2012). Of note, anemia is an
ultimate result of CKD as the kidneys
synthesize and secrete the majority of
EPO (Mercadal et al., 2012, Jacobson
etal., 1957).

CKD is categorized into five
stages (CKD-1, CKD-2, CKD-3,
CKD-4, and CKD-5) based on the
amount of kidney function remaining
(glomerular filtration). The
classification system refers to stage-1
as the least severe while the stage-5 as
the most severe stage of the kidney
damage (Tomasello, 2008). There have
been several recent reports of
population-based investigation about
the prevalence of anemia in CKD
patients. Prevalence of anemia was
found to be 15.4% in patients with
CKD stage 1-5 as compared to 7.5%
in non-CKD population as per the
recent NHANES report  which
indicates the association of anemia
with different CKD stages (Stauffer
and Fan, 2014). The association of
anemia with CKD stages was reported
in a Chinese study (Li et al., 2016).
However, there are limited data as
regards the prevalence of anemia in
CKD patients in Jazan region, the
Kingdom of Saudi Arabia (KSA).
Hence, this study was intended to
investigate the prevalence of anemia
among the patients of CKD across the

gender line and the different stage of

CKD in Jazan region, KSA.
MATERIALS AND METHODS

Study Design and Participants:

This study is a cross-sectional
analysis that included all CKD patients
(n=228) applied to King Fahad Central
Hospital, Jazan, KSA for receiving
treatment for 24 months from January
2016 to December 2017.

Ethical Considerations:

The ethics committee of
granting approved this study was King
Fahad central hospital research ethics
committee (Registry no. 083)
Exclusion criteria

Patients less than 18 years old,
mentally patients, and severe cardiac
and pulmonary disease, smokers,
pregnant women, patients with kidney
transplant, malignancy, patients with
chronic infections were excluded.

Data Collection:

Demographic (age and gender)
and laboratory data: serum
haemoglobin (Hb) (g/dL), creatinine
(umol/L), iron (umol/L), total iron
binding capacity (TIBC) in umol/L,
ferritin (mg/L), RDW%, Hematocrit
(HCT%), mean corpuscular volume
(MCV) in femtolitre (fL), mean
corpuscular haemoglobin
concentration (MCHC) in g/dL and
mean corpuscular haemoglobin (MCH)
in picogram (pG) were collected.
Transferrin saturation (TSAT %) was
calculated using serum iron and TIBC
data of each patient. Calculation of the
eGFR was accomplished by using the
Chronic Kidney Disease-
Epidemiology Collaboration (CKD-
EPI) equation that is preferable to
serve the purpose of the investigation
(Levey et al, 2009). CKD-EPI
estimated GFR (eGFR) = 141 x min
(SCr mg/dL)/x, 1)* x max (SCr/x,
1) 1209 x 0,993%° x 1.018 (if female) x
1.159 (if Black), where eGFR is
estimated glomerular filtration rate in
mL/min/1.73 m?, SCr is standardized
serum creatinine, k is 0.7 for females
and 0.9 for males, a is —0.329 for
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females and —0.411 for males, age in
years, min indicates the minimum of
SCr/k or 1, and max indicates the
maximum of SCr/x or 1 (Levey and
Stevens, 2010, Matsushita et al.,
2010).

Definitions:

With the aim of performing
cross-sectional analysis (prevalence) of
anemia in CKD patients (n=228) they
were stratified according to their
eGFRs into five different stages as per
kidney disease outcome quality
initiative (KDOQI) (Kopple, 2001) as
follows: eGFR above 90 mL/min/1.73
m? (CKD stage-1), eGFR 60-90
mL/min/1.73 m?(CKD stage-2), eGFR
30-59 mL/min/1.73 m? (CKD stage-
3), eGFR 1529 mL/min/1.73 m?
(CKD stage-4) and eGFR: <15
mL/min/1.73 m? (CKD stage-5).
Stage-1, stage-2, and stage-3 in this
study have been defined as the early
stages of CKD while stage-4 and
stage-5 as advanced stages of CKD.
Patients with Hb <10 g/dL were
defined as severely anemic. The
patients were evaluated based on four
different sub-groups (Hb <10 g/dL,
Hb=10-11 g/dL, Hb=11-12 g/dL, and
Hb >12 g/dL). The reason behind the
first two sub-groupings: Hb <10 g/dL
and Hb=10-11 g/dL is the fact that the
ESA in CKD patients starts when the
Hb level drops below 10 g/dL with the
setting of a therapeutic target, not over
and above 115 g/dL as per
recommendation of KDIGO (The
Kidney Disease: Improving Global
Outcomes) guidelines (McMurray et

al., 2012). We defined anemia as a Hb
concentration is less than 13 g/dL in
males and less than 12 g/dL in females
according to the KDIGO guidelines or
a state receiving ESA (Colantonio et
al., 2016).

Statistical Analysis:

The data collected were
reviewed, inquisitively verified and
statistically analyzed to get the
descriptive statistic (mean, STD.,
median 95% CI, IQR). All analyses
were executed in the International
Business Machines Corporation (IBM)
Statistical Package for Social Sciences
(SPSS) statistics version 21 (IBM
Corp., Armonk, NY, USA). Statistical
significance was considered when
P<0.05.

RESULTS

Characteristics of the patients

In total CKD patients (n=229),
including female (n=106, 46.28%) and
male (n=123, 53.71%) who satisfied
the criteria for investigation were
recruited over a time period of 24
months  from January 2016 to
December 2017. The mean age of all
the participants was 51.17 + 15.37
years, and that of male patients and
female patients was 54.94 + 17.98 and
55.13 * 14.27 years, respectively. The
overall  characteristics of CKD
patients, as well as the patients’
characteristics by gender and CKD
stage sub-groups, are summarized
well-summarized in table 1.
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Table 1. Baseline characteristics of CKD patients
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(n=229) and patients’

characteristics according to gender and CKD stage sub-groups.

Y ariable StalEhcs Fesnliz
Urverall Liale Female
Ime Tlediae (T0E IS TE AT TR
e =50 STTT=I55T AHE=TIE TR
elzT R Median (1) 0.3 (4.0-12) EER Ly b3 (2.3-1253)
L“;*éﬂﬂilr_;-’l WEm =350 AL YR MG B30 1130
CED staze-1 T ] W T
CED staze ] T E o) R F Ry
TED staze T T R ER:H T
CED staze 4 T g S F Ry
THD staze s A 051 I X
B (zAL) | Medaz TR 3 0 T I 0 D I T 05 )
e =50 TI3T=005E PR ELERR
=IWzdL) A 05T W E! 3T
—TO-ITzAL) A R i ] 070
TI-TIEdL) A 518 TR 572
=T3zdl) T TIET T I
Cres umol L | Mediae 108 B . 1 0 R - T ]
e =50 T =364 R N DT
Trom amolL | Medizs (105 L B3] T T k)]
Ilean = 500 Ila9=35358 | R lilgy =344
TIEC umelL | MedanICE EL.TEE by L7 I B | 5 BT
TEm =50 ) RS EPIEE} eI 011 ISR S0
AL T T )T D O B 0 O W R T e
Wm0 ) RSEIGEE! GE R MR
Terning | TN O ) T S I G L R T e
{umelT) WEm =350 TEHIIRD 0 N U ™ W PR S
ROWT  [WMEDAN IR | 152 (4T TR e (TE3TE)
ACT W [MEDTAN IR [ T (0T8T TIOES | Do E0se
MCV{L] |[MEDIANIQE) | S40(786004) | WITTE0REEs) | 50 m0E0rlT
MCH{PG) [MEDEANIGR | B0 (H6-10 | O Em-NEE [ DI E 0
MCHC (gdl) [MEDIAN QR | S8 008324 | IIOGRLESIm | 315 30831

CKD= chronic kidney disease, eGFR=estimated glomerular filtration rate, TSAT=transferrin
saturation, TIBC=total iron binding capacity, RDW= Red blood cell distribution width, HCT% =
Hematocrit, MCV= mean corpuscular volume, MCHC= mean corpuscular haemoglobin concentration,
MCH =mean corpuscular haemoglobin, fL = femtolitre and pG = pictogram.

The Prevalence of Anemia in Overall CKD Patients:

In totality among 229 CKD patients raging from stage-1 to stage-5, 157 (69%)
and 72 (31%) patients were anemic and non-anemic, respectively (Fig. 1). The mean
age of anemic and non-anemic CKD patients were 52.73 + 15.82 and 60.04 + 16.42,
respectively (P<0.0019). The mean eGFR of anemic and non-anemic CKD patients
was 10.14 +13.57 and 35.74 £30.36 (P<0.001). Comparison of anthropometric data
and the laboratory parameters of anemic and non-anemic CKD patients with the level
of their significance (P<0.001) were summarized in (Table 2). Female CKD patients
(36%) were found to be more anemic than male patients (32%) (Fig. 2).
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Fig. 1 Percentage distribution of anemic and non-anemic CKD patients recruited for
the study

MNon-
anemic
female

s T

Anemic vs Non-anemic CKD patients gender wise

Fig. 2 Percentage distribution of anemic and non-anemic CKD patients by gender

recruited for the study

Table 2. Comparisons of Anthropometric data and laboratory parameters between

anemic and non-anemic CKD patients

Variables Anemic Non-anemic Pvalue
(n=157) (n=72)

Anthropometric data
Age, v1l | 5273+1582 | 60041642 [ 0.0019
Laboratory parameters
Hb (g/dL) 0.9+ 1.491 14.38 = 1.58 <0.001
Crea umol/'L 711.62+311.90 391.52 +£379.39 <0.001
eGFR 10.14 £ 13.57 35.74+ 30.36 <0.001
(mL/min/1.73 m?)
CKD-EPI
Iron umol/L 10.82+5.73 13.5+4.45 0.002
TIBC umol/L 38.13x224 4323+ 10.45 0.041
TSAT (%) 31.06= 17.6 32,4+11.93 0.5
Ferritin umol/L. 738.39 = 538.85 67422 + 458.6 0.5
RDW% 16.64 = 2.61 1479+ 2.19 <0.001
HCT % 31.5+ 4.75 44.71 £ 4.65 <0.001
MCV fL 83.89 ¢ 9.18 85.5= 5.97 0.11
MCH pG 2646+ 3.20 27.57+ 2.23 0.003
MCHC g/dL 31.20+ 2.69 34+ 1581 0.15

eGFR=estimated glomerular filtration rate, TSAT=transferrin saturation, TIBC=total iron binding
capacity, RDW= Red blood cell distribution width, HCT%= Hematocrit, MCV= mean corpuscular

volume,

MCHC=mean

corpuscular

haemoglobin

haemoglobin, fL= femtolitre and pG = pictogram.

concentration,

MCH=mean

corpuscular
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Anemic Characteristics of CKD
Patients by Gender and eGFR:

All the study patients were
stratified based on their GFR into five
CKD stages (from stage-1 to stage-5).
70.61% of total patients belonged to
stage-5 category while stage-3: 13.16
%, stage-4: 8.77%, stage-2: 4.82% and
stage-1: 2.63 %. Stage-4 (N%=65.81)
was the most common CKD condition
in the male category while stage-5
(N%=76.42%) in female patients
(Table 1). The distribution of the
differences in the prevalence level of
Hb between male and female CKD
patients are shown in (Fig. 3). The
patients were stratified according to

their Hb level into four different
categories: Hb <10 g/dL, Hb = 10-11
g/dL, Hb =11-12 g/dL and Hb >12 g/d.
A total of 41.51% female patients and
21.14% of male CKD patients had Hb
level <10 g/dL (male to female ratio of
Hb <10g/dL = 1:2). The Hb level
prevalence < 12 g/dL (the level of Hb
at which the anemia workup ought to
be begun) for male and female patients
was 55.29% and 79.25%, respectively,
while that < 11 g/dL (the level of Hb at
which the EPO therapy for treating
anemia ought to be started) for male
and female was found to be 39.03%
and 63.21%, respectively.

70.00% -

60.00% -

50.00% -

40.00% -

30.00% -

20.00% -

10.00% -

0.00%

Female

Male

Hb<10 g/dl Hb=10-11 g/dIHb=11-12 g/dl Hb>12 g/dl

Fig. 3 Distribution of level of the prevalence of Hb in the study patients according to gender

The prevalence of anemia
across all the five stages of CKD
(stage-1 to stage-5) was assessed. The
level of Hb<12 g/dL was reported to
be 13.37%, 18.18%, 23.33%, 45%
accordingly while that was evaluated
the level of Hb<11 g/dL was found to
be 15.7%, 16.09%, 19.66%,40%, and
43.36%, respectively (Fig. 4). Severe
anemia (Hb<10 g/dL category) was
observed in the advanced stages of
CKD (stage-4 and stage-5) with the
decline of renal functions (Fig. 4). The
overall  prevalence of anemia
correlated with the advancement in
CKD stages (stage-4 and stage-5)
which means that anemia becomes

more prevalent as the progression of
the diseases and decline of kidney
function. Also, CKD patients across
the stages ranging from stage-1 to
stage-4 while anemia prevalence was
almost equally distributed between
male and female in stage-5 (Fig. 5).
The severity of anemia was more
predominant in female patients than
their male counterparts in the stage-4
to stage-5 (Fig. 6). The overall status
of anemia and comparison prevalence
of anemia under the four different
categories of Hb between male and
female across all the CKD stages are
summarized in (Fig. 5 and Fig. 6).
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Fig. 4. The distribution of patients according to their haemoglobin levels in the
different stages of the estimated glomerular filtration rate (GFR).
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DISCUSSION

The foreground of this study is
the heightened prevalence of anemia in
CKD patients recruited from Jazan
region, KSA, at King Fahad Central
Hospital for the period of 24 months
from January 2016 to December 2017.
Remarkably, this study reveals that the
overall prevalence of anemia in CKD
patients (mean age: 51.17+15.37)
based on the definition of anemia as a
Hb concentration is less than 13 g/dL
in males and less than 12 g/dL in
females according to the KDIGO
guidelines or a state receiving ESA
was 69%. The anemia prevalence in
China including CKD patients of all
the stages from 1-5 with age range 18—
75 reported that 51.5% of patients
were anemic (Li et al., 2016). 32.3% of
the patients were diagnosed to be
anemic in a Japanese study including
CKD patients (n=2930) of advanced
CKD stages from 3-5 (Akizawa et al.,
2011). A prevalence of anemia was
found to be 46% and 15.4% in the
Chronic Renal Insufficiency Cohort
(CRIC) study in the USA, which
investigate 762 CKD patients (stage 1
5) with the age of more than 55 year
and in  NHANES study comprising
410 CKD (stage 1-5) patients older
than 18 years, respectively (Stauffer
and Fan, 2014, Tamura et al., 2016).
The potential explanation of the higher
prevalence of anemia in our study
might be owing to the difference in the
study population and the geographical
variation, therefore, a larger
population-based study is required to
confirm it (Obrador et al., 2001).
Additionally, the trends of anemia
differ gender wise where the female
CKD patients (N%=36) was found to
be more anemic than male CKD
patients (N% =32%) which indicates
that the female gender could be
considered as one of the various risk
factors associated with the worsening
of anemia in CKD patients. This
finding is similar to the findings of a
study that was done in the USA (Hsu

et al., 2002). The results of our study
show that the prevalence pattern of
anemia across the different gender of
CKD patients is significantly different
for the male and female for the level of
Hb at which the anemia assessment is
necessitated and Hb level at which
anemic patients need EPO therapy.
The prevalence was also noticed to be
enhanced with the progression of
CKD. Anemic patients have twofold
their relative risk of death when CKD
is present, and threefold their risk if
they have the -cardio-renal anemia
syndrome (Silverberg et al., 2003).

In our study the four different
categories of CKD patients stratified
based on their Hb level, including Hb
<10 g/dL, Hb = 10-11 g/dL, Hb =11-
12 g/dL and Hb >12 g/d across all the
stages of CKD. This stratification
demonstrated that a total of 41.51%
female patients and 21.14% of male
CKD patients had Hb level <10 g/dL
(male to female ratio of Hb <10g/dL =
1:2). Additionally, Hb level prevalence
< 12 g/dL for male and female patients
was 55.29% and 79.25%, respectively,
while that < 11 g/dL for male and
female was found to be 39.03% and
63.21% that is similar to the results
demonstrated in a large a multi-center
cross-sectional study that included the
patients with different chronic CKD (n
= 250) from 11 different medical
centers of nephrology well-distributed
all over the KSA (Hsu et al., 2002,
Shaheen et al., 2011). In our study
patients stratified based on their GFR
into five CKD stages, 70.61%
(maximum) of the total patients
belonged to stage-5 category while
stage-3: 13.16 %, stage-4:. 8.77%,
stage-2: 4.82% and stage-1: 2.63 %
(minimum). Stage-4 (N%=65.81) was
the most common CKD condition in
male category while stage-5 (N% =
76.42%) in female patients.

Our work highlights the
severity and prevalence of anemia was
observed to be comparatively higher in
the advanced stages of CKD (stage-4
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and stage-5) with the decline of renal
functions in both the gender which is
in accordance with the fact that the
anemia prevalence in case of CKD
patients enhances from 26% to 75%
when the renal function declines from
> 60 ml/min (stage-2) to < 15 ml/min
(stage-5) most likely owing to the
deficiency of EPO (McClellan et al.,
2004). The prevalence pattern of
anemia was shown to be increased
with the progression of the CKD
stages 1 to 5 at Hb<12 g/dL as well as
Hb<11 g/dL in a study in Boston, the
USA (Kazmi et al., 2001). The
prevalence pattern of anemia in our
study across all the five stages of CKD
(stage-1 to stage-5) for the level of
Hb<12 g/dL was reported to be
13.37%, 18.18%, 23.33%, 45% and
81.22% accordingly while that for the
level of Hb<11 g/dL was found to be
15.7%, 16.09%, 19.66%,40% and
43.36%, respectively, which is similar
to the finding of a study in KSA
(Shaheen et al., 2011) and slightly
lower than the findings of the study in
Boston, the USA which is most
probably duet difference in population
(Kazmi et al., 2001). In addition to that
if the therapeutic burden of CKD
patients with the Hb<llg/dL is
estimated in the USA as per a study
carried out by (Kazmi et al., 2001) (no.
of CKD population = 13.0 million) and
the anemic population that needs
treatment with EPO will be 11.8
million. Ranging from 3 x 10° to 5 X
10° CKD patients in KSA s
considered as the therapeutic burden of
patients as they are in need of EPO
therapy as per the estimated CKD
population of KSA (estimated CKD
patients: 1-2 million Saudis who
comes from 5-10% of the 21 millions
of total population) (Alsuwaida et al.,
2010). It may be concluded that Jazan
region of KSA shows the large
prevalence of anemia among the CKD
population and so the therapeutic
burden is significantly high.

Conclusion:

Largely the prevalence of
anemia as per definition by World
Health Organization criteria was
observed to be 69.0%, and both the
severity and prevalence of anemia
were found to be higher in the female
gender. This cross-sectional study
revealed the association of anemia
with different stages of CKD as the
severity and prevalence of anemia
enhanced with the progression of the
CKD. In summary, Jazan region of
KSA shows the enormous prevalence
of anemia among the CKD population
and so reflecting the significantly high
therapeutic burden which emphasizes
the necessity of further analysis
involving a bigger population and its
feasible solution.
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