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Abstract 

Background Manganese (Mn) and Selenium (Se) deficiencies are noted in adult patients with chronic kidney disease 
(CKD). However, levels of these trace elements have not been well studied in the paediatric CKD population. We 
determined the Mn and Se levels in a single-institution cohort of paediatric patients with CKD.

Methods Ancillary cross-sectional study to a prospective longitudinal randomized control trial on zinc supplementa-
tion, which included 42 children and adolescents aged 0 to 19 years with CKD stages I to IV not on dialysis, who had 
1–6 trace element measurements. Cystatin C estimated glomerular filtration rate (eGFR) was calculated using the Filler 
formula. Plasma Mn and Se levels were measured, and anthropomorphic data/blood parameters were collected from 
electronic health records. The trial was registered on clinicaltrials.gov, NCT02126293.

Results There were 96 Mn and Se levels in 42 patients (age 12.5 ± 4.6 years). The median Mn concentra-
tion was 12.61 nmol/L [10.08, 16.42] with a trend towards lower values with lower eGFR (p = 0.0367 one-sided). 
Mn z-scores were significantly lower than the general paediatric reference population. The mean Se level was 
1.661 ± 0.3399 µmol/L with a significant positive correlation with eGFR (p = 0.0159, r = 0.366). However, only 4 
patients with low eGFR had abnormally low Se levels.

Conclusions This single-institution study of children with CKD demonstrates a significant decrease in Se levels with 
decreasing eGFR, but no significant difference between mean Se z-scores of our cohort and the reference population. 
There was no significant relationship between Mn levels and eGFR however the mean Mn z-score was significantly 
lower than the theoretical mean.

Trial registration: clinicaltrials.gov, NCT02126293, https:// clini caltr ials. gov/ ct2/ show/ NCT02 126293. Date: April 30, 2014.
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Background
Manganese (Mn) and Selenium (Se) are essential trace 
elements needed for growth and development. In chronic 
kidney disease, several trace elements are deranged 
(Filler et  al. 2021). Adult and few paediatric studies 
demonstrated deficiencies in both elements in dialysis-
dependent patients (Harshman et  al. 2018; Esmaeili 
and Rakhshanizadeh 2019). Paediatric Mn and Se levels 
across the entire CKD spectrum are lacking.

Sources of Mn include water, grains, legumes, and nuts 
(Filler et al. 2021). Mn is bound and transported predom-
inantly by albumin and to a lesser extent by transferrin 
(Horning et  al. 2015). It is involved in immune func-
tion, blood sugar, cellular energy regulation, protection 
against free radicals, and used as a cofactor for various 
enzymes (Kim et  al. 2017). Mn is excreted through fae-
ces, bile, and minimally through the kidneys. It has been 
shown that osmotic diuresis can enhance the manganese 
excretion and some children have CKD with tubular salt 
wasting and substantial osmotic diuresis. In adults Mn 
levels don’t change much if the eGFR is > 30 mL/min/1.73 
 m2, but in children this may be different. Adult studies 
have shown low Mn levels in haemodialysis-dependent 
patients (Tonelli et  al. 2009). Mn deficiency results in 
poor growth and bone formation, skeletal defects, abnor-
mal glucose tolerance and altered lipid and carbohydrate 
metabolism in children but is also detrimental for adults 
(Horning et al. 2015).

As in the case of Mn, sources of Se include water, sea-
foods, meats, and whole grains (Filler et  al. 2021). Se is 
bound and transported predominantly by selenopro-
teins and albumin (Filler et  al. 2021). It is found in the 
active centre of glutathione peroxidase (GSH-Px) and 
has a role in protecting cell membranes against lipid per-
oxidation (Harshman et  al. 2018). Se is predominantly 
excreted through glomerular filtration (Filler et al. 2021). 
Deficiency of Se may result in vascular disease, loss of 
hair and skin pigmentation, or nutritional cardiomyo-
pathy (Harshman et  al. 2018). Adult studies associate 

worsening Se deficiency with progressive CKD. Se defi-
ciency has been associated with mortality of adult hae-
modialysis patients (Tonelli et al. 2018).

The objective of this study is to determine the levels of 
Se and Mn in a cohort of paediatric patients with CKD 
stages I to IV. We hypothesized that serum Se and Mn 
would be low in paediatric patients with CKD and that 
the levels will decrease in direct correlation to eGFR 
decline.

Materials and methods
Study design and ethics approval
This is an ancillary study from one of the participating 
centres in a cross-sectional sample that had longitudi-
nal Se and Mn levels measured before and during zinc 
supplementation. This was a prospective cohort study. 
Patients were recruited from April 2014 to April 2016. 
The Research Ethics Board of the University of Western 
Ontario approved the study as part of an intervention 
study on Zinc supplementation in patients with CKD 
cantered at McMaster University (HC #172241; REB 
#104976).

Parent study
The parent study included patients with CKD Stages 
1-IV and renal transplant recipients with declining GFR 
between the ages of 0 to 18 years who underwent serum 
trace elements (including Se and Mn) measurements. 
Children with CKD or kidney transplant were excluded 
from the parent study.

Study population
Forty-three patients from a single institution in Lon-
don, Ontario were approached (see Table 1). One patient 
declined to participate after enrolment, leaving 42 study 
patients. CKD stage was classified per the KDIGO guide-
lines [KDIGO, 2009]. Non-dialysis patients with CKD 
stage I (eGFR > 90  mL/min/1.73   m2) to CKD stage V 
(< 15  mL/min/1.73   m2) were included in the study. The 

Table 1 Patient characteristics

Parameter Mean or median Range

Number of patients 42

Sex distribution 21 female and 21 male

Age 12.5 ± 4.6 years 0.6–19.0 years

Median GFR 53 mL/min/1.73  m2 15–138 mL/min/1.73  m2

Aetiology of CKD 48% glomerular and 52% non-glomerular

CKD stage I (> 90 mL/min/1.73  m2) 10%
II (60–89 mL/min/1.73  m2) 26%
III (30–59 mL/min/1.73  m2) 49%
IV (15–29 mL/min/1.73  m2) 15%
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aetiology of CKD was divided as glomerular and non-
glomerular conditions. Since this was an ancillary study, 
we did not specifically select for the stage of CKD, age, 
or location of residence. Patients also had different num-
bers of repeated samples, depending on their clinic visits. 
Patients were treated as per standard of care with ACE 
inhibitors, treatment of renal anaemia, renal acidosis, 
renal osteodystrophy, etc.

Experimental methods
Estimated GFR was calculated using the Filler cystatin C 
formula (Filler and Lepage 2003). Plasma samples were 
collected in BD  K2-EDTA Royal Blue Vacutainer tubes. 
Trace element measurements were undertaken both 
before and during zinc supplementation. Se and Mn lev-
els were measured using High Resolution Sector Field 
Inductively Coupled Plasma Mass Spectrometry. Refer-
ence ranges for Mn are between 7.3–50.2  nmol/L for 
ages 0–12 months, 14.9–67.0 nmol/L for ages 1–5 years, 
5.3–40.8 nmol/L for ages 6–9 years, 7.6–36.4 nmol/L for 
ages 10–13 years and 8.0- 20.7 nmol/L for ages ≥ 14 years 
(Pathology and Laboratory Medicine [PaLM], 2017). 
References ranges for Se are between 0.72–1.21  µmol/L 
for ages 0–12  months, 1.22–1.82  µmol/L for ages 
1–5  years, 1.28–2.04  µmol/L for ages 6–9  years, 1.33–
2.03  µmol/L for ages ≥ 10  years (PaLM, 2017). Impre-
cision of the Mn measurements were 2.7% at low 
concentration, (65.5  nmol/L), 3.6% at medium concen-
tration (188.7  nmol/L), and 2.7% at high concentration 
(281.7 nmol/L). Total imprecision (CV) of the Se meas-
urements were 3.6% at low concentration, (1.12 nmol/L), 
2.6% at medium concentration (1.62 nmol/L), and 2.3% at 
high concentration (2.44 nmol/L).

Patients’ height was measured by a stadiometer, for cal-
culation of cystatin C eGFR and their creatinine and cys-
tatin C levels were collected from the hospital electronic 
chart, PowerChart. Data were entered into Excel for Mac 
2011, version 14.4.4.

Statistical methods
Data analysis was performed using GraphPad Prism 5 
for Mac OS X, version 5.0f, San Diego, CA, USA. Since 
most data were normally distributed as tested by the 
D’Agostino & Pearson omnibus normality test, para-
metric methods were used for all statistical tests except 
for Mn and eGFR, which were expressed as median and 
interquartile range (25th and 75th percentiles). If mul-
tiple measurements occurred in each patient, the levels 
were averaged to avoid a bias of multiple measurements 
per patient. Since Se and Mn levels are age-dependent, 
age-independent z-scores were calculated for age and sex 
based on local reference intervals.

Spearman’s rank correlation analysis was used to ana-
lyse the correlation analysis of Se and Mn levels that were 
not normally distributed. The one sample t-test was used 
to compare Mn and Se means to the reference mean.

Results
Patient characteristics are summarized in Table 1. There 
were 96 Mn and Se levels measured in 42 patients (range 
of 1–6 measurements per patient).

Manganese (Mn)
There were six patients (5 females, 1 male) with Mn lev-
els below the lower limit of normal. The eGFR values 
ranged between 19–89  mL/min/1.73   m2. The median 
Mn concentration was 12.61  nmol/L (10.08  nmol/L, 
16.42  nmol/L). While there was a trend towards lower 
Mn values with lower eGFR (non-parametric correlation 
p = 0.0367; one-sided, Spearman r = 0.2791). There was 
no significant correlation between cystatin C eGFR and 
the Mn concentration (Fig. 1). The mean age-independ-
ent Mn z-score was −0.06509 ± 2.742, was significantly 
lower than the theoretical mean of 0.0 (p = 0.0222, one 
sample t-test) shown in Fig. 1.

Selenium (Se)
There were four female patients with Se levels below the 
lower limit of normal. The eGFR values ranged between 
15–73  mL/min/1.73   m2. The median Se concentration 
was 1.625 µmol/L (1.500 µmol/L, 1.76 µmol/L). The mean 
Se level was 1.661 ± 0.3399  µmol/L. Linear regression 
analysis between mean GFR and Se levels was significant 
(p = 0.0159, r = 0.366, Fig. 1). The mean age-independent 
Se z-score (0.1577 ± 1.717) was not significantly different 
than the theoretical mean of 0.0, p = 0.3679, one sample 
t-test (shown in Fig. 1).

Discussion
This novel study demonstrates a significant decrease in 
Se levels with decreasing eGFR but no significant differ-
ence between mean Se z-scores of our cohort and the 
reference range. There was no significant relationship 
between Mn levels and eGFR, however the mean Mn 
z-score was significantly lower than the theoretical mean.

Se deficiency in CKD can be explained by decreased 
intake secondary to declining appetite, prescribed dietary 
restrictions (with lower eGFR), and increased Se and 
plasma binding protein excretion through the kidneys. 
Additionally, Se is a component of GSH-Px, an antioxi-
dant enzyme. As reactive oxygen species and reactive 
nitrogen species accumulate in CKD (Daenen et al. 2019), 
Se consumption may be increased due to higher GSH-
Px activity. These mechanisms progress with worsening 
CKD represented by decreasing eGFR. However, Se levels 
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were not significantly lower than the reference popula-
tion. Se is excreted through the glomerulus therefore in 
the paediatric population where glomerular disease is 
less prevalent it may be theorized that the prevalence of 
selenium deficiency is lower than in adults (Filler et  al. 
2021). While previous adult studies have demonstrated 
Se deficiency, paediatric studies are scant. One paediatric 
study found significantly lower Se levels in haemodialysis 
and peritoneal dialysis patients, as compared to healthy 
children and children with conservatively treated CKD 
(Esmaeili and Rakhshanizadeh 2019), similar to our find-
ings. The newfound evidence of Se deficiency associated 
mortality (Tonelli et  al. 2018) suggests that close moni-
toring and Se supplementation in children with CKD 
may be warranted. Patients with lower eGFR values may 
benefit the most from this close monitoring.

Mn has been studied much less than Se in paediatric 
patients with CKD. Our cohort did not demonstrate a sig-
nificant decrease in Mn levels with decreased eGFR. This 
may be due to its predominant faecal and biliary excre-
tion. However, there was a significantly lower z-score 

of Mn levels as compared to the reference population. 
Although there is limited renal excretion, the impact of 
decreased intake and loss of plasma binding proteins in 
progressive CKD may explain this finding. Furthermore, 
Mn consumption as part of increased activity of man-
ganese superoxide dismutase and arginase may further 
explain lower Mn levels (Bresciani et  al. 2015). These 
enzymes play a role in detoxification of reactive oxygen 
species and ammonia respectively, toxins that accumu-
late in CKD (Daenen et al. 2019). The impact of these Mn 
levels needs further elucidation.

Strengths of our study include the cross-sectional 
design with longitudinal data and the high precision of 
the instruments used to measure Mn and Se levels. The 
single-centre nature and the number of patients exam-
ined in this study prevent generalization of the results. 
This study includes a general bias towards milder CKD 
stages which may underestimate the true prevalence of 
deficiencies. The authors did not assess baseline variation 
in dietary consumption, potential supplement intake, or 
local water content. Finally, while we used reference data, 

Fig. 1 The relationship between manganese, manganese z-score, selenium, and selenium z-score levels and the cystatin C eGFR
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we did not recruit control children without CKD for 
comparison.

Conclusions
This study adds important information of Mn and Se 
levels for paediatric patients with CKD and corrobo-
rates previous adult-focused studies that have shown Se 
deficiency in relationship with decreasing eGFR. Se and 
Mn are important trace minerals that ensure appropri-
ate growth and development in the growing child and 
our findings support the monitoring of levels of these 
trace elements in paediatric patients with CKD. Further 
research is required to better understand the extent of 
Se deficiency in paediatric patients with decreased renal 
function.
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