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Anaemia is frequently seen in children with chronic kidney disease 
(CKD), where it has been associated with increased morbidity and 
mortality.[1-3] Iron deficiency (ID) contributes significantly to the 
chronic anaemia seen in CKD, especially in patients on maintenance 
dialysis.[4] Other causes of anaemia include erythropoietin deficiency, 
decreased red cell survival, chronic inflammation, poor nutrition 
and marrow hyporesponsiveness.[4-6]

ID in CKD has been attributed to chronic blood loss, poor gut 
absorption, reduced intake or poor nutrition, chronic inflammation 
and increased requirements owing to therapy with erythropoiesis 
stimulating agents.[7] In addition to anaemia, ID has also been 
implicated in lower cognitive function in children, and long-term 
developmental outcomes.[8-10]

Both the Kidney Diseases Outcome Quality Initiative (KDOQI)[11] 
and the Kidney Disease Improving Global Outcomes (KDIGO)[12] 
clinical practice guidelines for anaemia in CKD recommend the use 
of iron parameters, namely serum ferritin and transferrin saturation 
(TSAT), in determining the iron status in CKD, as routine direct 
quantification of body iron stores by bone marrow iron staining 
is impracticable. More effective methods for assessing iron status 
include measuring the percentage of circulating hypochromic red 
blood cells (PHRC) and the reticulocyte haemoglobin content 
(CHr), but they are not widely available.[13-15]

The use of haemoglobin levels and other traditional red cell 
indices, such as mean corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH), mean corpuscular haemoglobin concentration 
(MCHC) and red cell distribution width (RCDW), in screening 
for ID has also been recommended, because they are inexpensive 
and widely available.[16,17] However, these measures are often late 
indicators of ID, have low specificity and sensitivity and their normal 
values differ with age, sex and race.[16-18] 

In our experience, in poor-resource settings, especially in Africa, 
where means of assessing for ferritin and TSAT are expensive or 
not readily available, clinicians often use traditional red cell indices 
to screen for ID in children with CKD, despite the drawbacks 
mentioned above. The present study determined the prevalence of 
anaemia and ID, and the role of red cell indices in screening for ID 
in children with CKD.

Methods
One hundred and thirty children (aged 5 - 18 years) with various 
stages of CKD, including those on maintenance dialysis being 
followed up in the Divisions of Paediatric Nephrology of the 
Charlotte Maxeke Johannesburg Academic Hospital and Chris 
Hani Baragwanath Academic Hospital, Johannesburg, South Africa 
(SA), were recruited consecutively between August 2015 and July 
2016. Ninety-four patients had pre-dialysis CKD (GFR >15 mL/
min/1.73 m2), and 36 patients were on maintenance haemodialysis 
and peritoneal dialysis. The pre-dialysis group comprised 58 CKD-I, 
19 CKD-II, 11 CKD-III and 6 CKD-IV patients. Patients who had 
received a blood transfusion in the last 4 months were excluded. 
There were no known patients with haemoglobinopathies in the 
study group.

All patients had a short demographic and clinical history taken, 
along with a physical examination. Routine blood samples for red 
cell indices (MCV, MCH, MCHC and RCDW), serum haemoglobin, 
creatinine, C-reactive protein (CRP), iron, transferrin, TSAT and 
ferritin were analysed.

Anaemia was defined based on age and gender, and the severity 
of anaemia was graded into mild, moderate and severe.[11,12,19] 
Microcytosis was defined for age,[20] and elevated CRP classified as 
>10 mg/L.[21] Low TSAT was defined as <20%, and low ferritin as 
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<100 ng/mL in all children with CKD.[11,12, 22] Absolute ID was defined 
as low TSAT and ferritin, functional ID as low TSAT and normal 
ferritin, ID anaemia (IDA) as having ID with anaemia, iron deplete 
as low TSAT and/or low ferritin, and iron replete as normal TSAT 
and ferritin.

Data analysis 
All data were collected and managed using research electronic 
data capture (REDCap) tools, hosted at the University of the 
Witwatersrand, Johannesburg, SA.[23] Computer-based statistical 
package Stata 13.1 (StataCorp, USA) was used for the analysis. 
Continuous variables were described using means and standard 
deviations (SDs) for data normally distributed, and medians and 
interquartile ranges for skewed data. Categorical variables were 
presented as percentages and frequencies. Statistical significance 
in the prevalence of risk factors was tested for using χ2 tests, or 
Fisher’s exact test where appropriate. The mean/median values of the 
different groups were compared using t-tests and Mann-Whitney U 
tests, depending on the distribution of the data. Logistic regression 
was used to determine the predictors of anaemia, ID and IDA. A 
confidence interval of 95% was used, and p<0.05 was regarded as 
significant. 

Ethics and permission
The study was approved by the University of the Witwatersrand 
Human Research Ethics Committee (ref. no. M150312), and was 
conducted in conformance with the Helsinki Declaration and Good 
Clinical Practice guidelines, and within the laws and regulations of 
SA. Written consent was obtained from each participating parent/
guardian, with assent from those children >8 years old.

Results
The mean (SD) age was 10.7 (3.6) years, with a male-to-female 
ratio of 1.8:1. Thirty-two (25%) of the patients were on oral iron 
supplements, and 32 (25%) on erythropoietin. Twenty-one (16%) 
had an elevated CRP (>10 mg/L) (Table 1). There was a high 
prevalence (41/130; 32%) of anaemia among the patients, and the 
dialysis CKD patients had a higher prevalence of anaemia (30/36; 
83%) than the pre-dialysis group (11/94; 12%) (Table 2). 

The traditional red cell indices (MCV, MCH, MCHC and RCDW) 
for the patients can be seen in Table 1. Microcytosis was observed 
in 28/130 (22%) and macrocytosis in 3/130 (2%) of the patients. A 
higher prevalence of microcytosis (22/94; 23%) was recorded in the 
pre-dialysis group when compared with the dialysis group (6/36; 
17%). Macrocytosis was exclusively seen in the dialysis group.

The median (interquartile range; IQR) TSAT and ferritin were 
19 (13 - 26)% and 50 (28 - 102) ng/mL respectively. There was no 
significant difference in the TSAT levels in the pre-dialysis and 
dialysis group (p=0.120), but a significant difference was noted when 
patients on iron supplements were excluded (p=0.034) (Table 2). 
Ferritin levels were significantly higher in the dialysis group than the 
pre-dialysis group (p<0.001) (Table 2). There was a higher prevalence 
of abnormal CRP in the dialysis group, when compared with the pre-
dialysis group (p=0.026), and a weak correlation between CRP and 
ferritin levels was also observed ρ=0.28; p=0.002.

Low TSAT was recorded in 72 (55%) patients (Table 1). There was 
no significant difference in the prevalence of low TSAT among the 
two CKD groups (p=0.109) (Table 2). However, when patients on 
iron supplements and patients with an elevated CRP were excluded, 
a significant difference was observed between the two study groups 
(p<0.05). Low ferritin was observed in 94 (72%) patients (Table 1). 

Table 1. General characteristics of patients 

All patients (N=130)
Patients not on iron 
supplement (n=98)

Patients with normal CRP and 
not on iron supplements (n=86)

Age (years), mean (SD) 10.7 (3.6) 10.6 (3.5) 10.6 (3.4)
Sex (M/F) 83/47 65/33 59/27
CRP (mg/L) 10 (10 - 63)* 10 (10 - 63) ≤10 
Elevated CRP, n (%) 21 (16) 12 (12) 0 (0)
Haemoglobin  (g/dL) 12.8 (10.8 - 13.8) 13.2 (12.1 - 14.1) 13.2 (12.2 - 14.4)
Anaemia, n (%) 41 (32) 17 (17) 13 (15)
Haematocrit (%) 0.39 (0.33 - 0.42) 0.40 (0.37 - 0.43) 0.40 (0.38 - 0.43)
MCV (Fl) 85.0 (6.5) 84.5 (6.4) 85.0 (6.1)
Microcytosis, n (%) 28 (22) 22 (22) 17 (20)
Macrocytosis, n (%) 3 (2) 2 (2) 2/(2)
MCH (pg) 28.0 (26.2 - 29.3) 28.0 (26.6 - 29.2) 28.0 (2.1)
MCHC (g/dL) 32.8 (31.8 - 33.6) 32.9 (31.9 - 33.6) 32.9 (1.2)
RCDW (%) 14.0 (13.3 - 15.3) 13.8 (13.3 - 14.8) 13.7 (13.2 - 14.8)
Platelet (× 109/L) 309 (253 - 387) 343 (260 - 400) 312 (260 - 399)
Serum iron (μmol/L) 11.9 (7.3 - 16.3) 12 (7.8 - 17.4) 13.2 (8.4 - 17.6)
TSAT (%) 19 (13 - 26) 18 (13 - 25) 19 (14 - 26)
Low TSAT, n (%) 72 (55) 54 (55) 46 (54)
Transferrin (g/dL) 2.6 (0.7) 2.6 (0.6) 2.7 (0.6)
Ferritin (ng/mL) 50 (28 - 102) 43 (27 - 86) 38 (25 - 73)
Low ferritin, n (%) 94 (72) 72 (74) 71 (83)
Absolute ID, n (%) 56 (43) 44 (45) 38 (44)
Functional ID, n (%) 16 (12) 10 (10) 8 (9)
IDA, n (%) 14 (11) 6 (6) 5 (6)
Iron deplete, n (%) 110 (83) 88 (90) 79 (92)
CRP = C-reactive protein; SD = standard deviation; MCV = mean corpuscular volume; MCH = mean corpuscular haemoglobin; MCHC = mean corpuscular haemoglobin concentration; 
RCDW = red cell distribution width; TSAT = transferrin saturation; ID = iron deficiency; IDA = iron deficiency anaemia. *Values in brackets show range, unless otherwise specified.
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There was a significant difference in the 
prevalence of low ferritin between the 
two study groups (p<0.005) (Table 2).

Absolute and functional ID were 
observed in 56 (43%) and 16 (12%) 
patients, respectively (Table 1). There 
was no significant difference in 
the prevalence of absolute ID when 
compared between the pre-dialysis and 
dialysis patients (p=0.551). Functional 
ID was observed to be more common in 
the dialysis group than the pre-dialysis 
group (p<0.050) (Table 2).

IDA was observed in 14 (11%) of 
the patients. The prevalence of IDA 
was found to be significantly higher in 
the dialysis patients (9/36; 25%) than 
the pre-dialysis patients (5/94; 5%) 
(p<0.001). The majority of the patients 
(110/130; 85%) were observed to be iron 
deplete, and no significant difference 
was observed in the prevalence of 
iron deplete status between the pre-
dialysis and dialysis CKD groups 
(p>0.050) (Table 2). In spite of the 
significant difference in haemoglobin 
levels between patients who were iron 
deplete and those who were iron replete, 
we did not observe any significant 
difference in the red cell indices in 
these patients (Table 3). We also did 
not observe any significant difference 
in the haemoglobin levels and red cell 
indices between iron-deplete and iron-       
replete patients in a subgroup analysis 
for the pre-dialysis and dialysis patients, 
even when patients on iron supplements 
and patients with an elevated CRP were 
excluded (p>0.050).

Serum ferritin and RCDW were found 
to be the only independent predictors 
for anaemia, iron deficiency and IDA 
(p<0.050) (Table 4).

Discussion
Frequent occurrence of anaemia has 
been reported in children with CKD, 
including patients on maintenance 
dialysis. We found a high prevalence 
(32%) of anaemia in our cohort, and the 
majority of those children with anaemia 
were on maintenance dialysis. Wong 
et al.,[24] in a multicentre study that 
recruited children in all stages of CKD, 
found a similar prevalence of 37%,while 
Rinat et al.[25] reported a prevalence of 
54% in a group of children with CKD 
3 - 5. The Chronic Kidney Disease 
in Children (CKiD) study and the 
North American Pediatric Renal Trials 
and Collaborative Studies database 
(NAPRTCS) also report the high 
prevalence of anaemia (45% and 44%, 
respectively) in children with CKD, but Ta
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their reports only looked at children with 
pre-dialysis CKD.[1,2] 

There are a number of possible explanations 
for the disparity in the reported prevalence 
of anaemia in children with CKD, not least 
of which are the differences in the cohorts in 
terms of CKD groups, and also the various 
definitions of anaemia used in the different 
studies. The majority of the studies referred 
to above were carried out before the release of 
the KDIGO guideline for anaemia, and they 
relied on the KDOQI and the Third National 
Health and Nutritional Examination Survey 
(NHANES III) definitions of anaemia.[11,12,26] 
Furthermore, some of the studies used 
haemoglobin or haematocrit z-scores or 
percentile-for-age to define anaemia, while 
others used fixed values such as haematocrit 
levels <33% or haemoglobin levels <11 g/dL 
for all ages.[1,2,25,27] For example, the NAPRTCS 
study used two definitions of anaemia: 
a haematocrit z-score of <–2 SD, and a 
haematocrit level <33%. The study reported 
a higher prevalence of anaemia when the 
z-scores were used rather than haematocrit 
levels, at 44% and 35%, respectively.[2] 

Although our study observed a high 
prevalence of anaemia (83%) in the dialysis 
patients, in keeping with previously reported 
ranges (65 - 93%), we found a significantly 
lower prevalence of anaemia (12%) in the 
pre-dialysis group than those found by the 
CKiD and NAPRTCS reports. This difference 
may be due to the composition of our pre-
dialysis group, where the majority had mild 
disease compared with the subjects in the 
CKiD and NAPRTCS studies, in which the 
majority of their patients had moderate to 
advanced disease.[1,2] The significantly high 
prevalence of anaemia (83%) observed in the 
dialysis patients in our study is in keeping 
with previous reports (65 - 93%).[24,25]

The predominant morphologic pattern of 
anaemia in CKD has been described as 
similar to the pattern seen in anaemia of 
chronic disease.[12] In CKD, microcytosis 
may be attributed to ID and/or 
haemoglobinopathies, while macrocytosis 
may be attributed to folate and/or vitamin 
B12 deficiency.[12] In keeping with a previous 
report, our study reports a higher prevalence 
of microcytosis than macrocytosis, with the 
former being more common in the pre-
dialysis group and the latter being more 
common in the dialysis group.[28]

The overall median TSAT and ferritin levels 
in our patients differ from those reported by 
Atkinson et al.[29] They reported higher TSAT 
levels and lower ferritin levels than those 
found in our study. These differences may be 
attributed to the difference in patient selection 
method; our study recruited children with all 
stages of CKD, including those on dialysis, 
while Atkinson et al. recruited only children 
with mild to moderate CKD (pre-dialysis 

CKD). It is interesting that when we excluded 
patients on iron supplementation and those 
with inflammation, as defined by an elevated 
CRP, from our pre-dialysis patients, our 
results were similar to the values reported by 
Atkinson et al.

The finding of a higher TSAT levels in the 
pre-dialysis group than the dialysis group, 
and the reverse pattern in the case of ferritin 
levels in our patients, may be related to disease 
severity. With advancing disease, TSAT levels 
are expected to be lower than in patients 
with mild to moderate disease, especially in 
dialysis patients, owing to chronic blood loss, 
poor gut absorption, reduced intake/poor 
nutrition and increased requirements due 
to therapy with erythropoiesis-stimulating 
agents.[4,7] Similarly, as a result of the increased 
risk of inflammation with advancing CKD, 
especially in dialysis patients, ferritin, which 
is an acute-phase reactant, may be much 
higher in those with advanced CKD than in 
those with mild to moderate disease.[13,29,30]

In our study, the majority (82%) of the pre-
dialysis patients failed to meet the criteria 
for normal ferritin levels (>100 ng/mL) 
recommended by the KDOQI and KDIGO 
guidelines, and this is in keeping with 
the high prevalence of low ferritin (93%) 
reported in the CKiD study.[29] In spite of 
the mild to moderate disease in pre-dialysis 
CKD, and the knowledge that inflammation 
increases with advancing CKD, especially in 
patients on dialysis, the 100 ng/mL cut-off 
value for ferritin may be too high for pre-
dialysis paediatric CKD. This may be the 
reason why Baracco et al.[22] used lower cut-
off values for ferritin to define ID in their 
CKD patients.

In spite of the differing definitions 
of abnormal ferritin levels used, the 
prevalence of ID in the pre-dialysis 
patients in our study (45%) is similar 
to that reported by Baracco et al.[22] in 
pre-dialysis patients. The prevalence of 
IDA in children with CKD increases with 
the progression of CKD, and tends to 
be highest in patients on dialysis, and 
especially haemodialysis.[4,22] A similar 
pattern of IDA was observed in our study.

Serum ferritin levels, and not TSAT 
levels, have been shown to be strongly 
associated with haemoglobin levels.[29] A 
similar association between ferritin levels 
and anaemia (p=0.018) was observed in our 
patients. Furthermore, ferritin levels and 
RCDW were found to be the independent 
predictors of anaemia, ID and IDA (p<0.050).

In summary, our results confirm that the 
traditional red cell indices (MCV, MCH, 
MCHC and RCDW) have a low specificity 
and sensitivity for distinguishing between 
iron-deplete and iron-replete patients, and 
also tend to be late indicators of ID.[16-18] 
Therefore it is important to emphasise that 
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the routine use of red cell indices such as MCV, MCH, MCHC and 
RCDW in screening for ID in children with CKD by clinicians in 
poor-resource settings should be discouraged. 

Limitations
This study highlights the problem associated with the use of 
traditional red cell indices alone in screening for ID in children 
with CKD. The major limitations are the small sample size and the 
fact that the study did not assess other markers of anaemia such as 
absolute reticulocyte count, reticulocyte haemoglobin concentration 
and vitamin B12 and folate blood levels. 

Conclusion
This comparative study demonstrated a high prevalence of anaemia 
and ID in children with CKD, with the dialysis patients having a 
higher prevalence than their pre-dialysis counterparts. In addition 
to the significant relationship between anaemia and ferritin levels 
observed in this study, ferritin levels and RCDW were found to be 
independent predictors of anaemia, ID and IDA. The study also 
reports no significant difference in the traditional red cell indices 
(MCV, MCH, MCHC and RCDW) of iron-deplete and iron-replete 
patients, and therefore the routine use of these indices alone in 
screening for ID in children with CKD may be misleading. We 
advise the use of serum iron parameters, rather than red cell indices 
alone, to assess for ID in CKD, as recommended by the KDIGO 
guidelines.
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