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ABSTRACT

Background: Iron deficiency (ID) is the most common micronutrient deficiency 
in the world. If left untreated, ID will lead to iron deficiency anemia (IDA) 
and other irreversible consequences. The American Academy of Pediatrics 
recommended reticulocyte hemoglobin content (Ret-He) as an alternative 
laboratory examination to screen and detect ID. We aimed to compare Ret-He 
with other laboratory parameters to screen for iron status in healthy children. 
Methods: This is a cross-sectional study comprising 207 children aged 6-18 
years in Jakarta, Indonesia. Children were divided according to their iron 
status. Ret-He was compared with hemoglobin (Hb), mean corpuscular volume 
(MCV), ferritin, and transferrin saturation (TS) to assess iron status in children. 
Receiver operating characteristic (ROC) curve was performed to determine the 
optimal cut-off value for Ret-He using SPSS software. 
Results: Ret-He had a positive correlation with MCV (r=0.690, n=207, P<0.001), 
Hb (r=0.491, n=207, P<0.01), and ferritin (r=0.336, n= 207, P<0.001). Ret-He can 
not be used  to detect iron depletion with the cut-off value of 30.3 pg with 100% 
sensitivity, 19.7% specificity, 100% negative predictive value (NPV), and 5.4% 
positive predictive value (PPV). A Ret-He cut-off value of 28.9 pg was established 
as optimal to identify ID (78.9% sensitivity, 56.2% specificity, 92.2% NPV, and 
28.9% PPV) and 27 pg to detect IDA (75% sensitivity, 80% specificity, 98.1% 
NPV, and 18.7% PPV).
Conclusion: Ret-He can be used as an alternative screening parameter to detect 
ID and IDA in children aged 6-18 years. Screening for IDA with Ret-He has to 
be done with other parameters, such as Hb examination.
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Introduction
Iron deficiency (ID) is the most common micronutrient 

deficiency and the most common cause of anemia 
worldwide (1–3). Children in the developing world are 
especially susceptible to ID primarily because of their 
rapid growth and diet low in bioavailable iron (4, 5). A 
study in East Kalimantan, Indonesia, showed that the 
prevalence of ID and IDA in school-aged children were 
7.6% and 28%, respectively (6). Another study by South 
East Asian Nutrition Survey Indonesia among 3,600 
school-aged children revealed low iron intake below the 

Indonesian recommended dietary allowances (65.3%) (7). 
ID in children, especially during critical stages of 

development can cause cognitive and behavioral deficits, 
impair psychomotor development, increase morbidity 
of infectious diseases, and reduce intelligent quotient 
(IQ) test scores (5, 8–10). Studies have shown that 
raising hemoglobin to normal levels results in significant 
improvement in IQ scores and attention (10). Therefore, 
it is essential to screen and detect ID at the earliest stage 
to prevent unwanted consequences. 

Diagnosis of ID is somewhat complex and using several 
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iron indicators in combination seems to provide the best 
assessment for iron status. There are multiple biomarkers 
available to assess ID, but none of them are sufficiently 
validated in children (4, 11). Using Hb concentrations to 
assess iron status lacks sensitivity and specificity, so it 
needs to be combined with other measurements of iron 
status (2). Until now, serum ferritin is the most specific 
test that correlates with total body iron stores and is 
universally available and standardized; however, it is 
an acute phase reactant that could be increased in the 
presence of inflammation (3, 11). Transferrin saturation 
(TS) is also affected diurnally and prandially, whereas 
serum soluble transferrin receptors (sTfR) lack a standard 
reference material and are not routinely used in daily 
practice (3, 12). 

The American Academy of Pediatrics (AAP) considers 
IDA in children as Hb concentration of <11 g/dL and 
one of the two criteria: (i) ferritin and C-reactive protein 
(CRP) measurement or (ii) reticulocyte Hb content (Ret-
He) measurement. It is also recommended measuring 
either (i) ferritin and CRP or (ii) Ret-He to screen for 
ID (2). Ret-He directly measures the recent functional 
availability of iron in the erythrocyte (2, 13). Prior studies 
showed that Ret-He is an early and sensitive marker for 
diagnosis of ID and is not affected by inflammation, 
diurnal variation, malignancy, or anemia of chronic 
disease (2). Unlike other biochemical assays, Ret-He can 
be measured together with a complete peripheral blood 
test; therefore, it does not require additional blood tubes 
and is provided with no additional cost (14). 

Nevertheless, Ret-He measurement is still limited in 
certain laboratories in Indonesia. The reference range and 
cut-offvalues for ID screening have not been universally 
established and still vary between studies in children. A 
recent study in Indonesian children aged 6 months to 5 
years established a cut-offvalue of 27.65 pg to detect ID 
with 91.7% sensitivity and 78.3% specificity (15), whereas 
another study conducted in 50 school-aged Indonesian 
children established a cut-offvalue of 27.8 pg with 43.8% 
sensitivity and 85.3% specificity to screen for IDA (16).

We aimed to determine the performance of Ret-He 
as a new parameter to assess iron status in children 
compared with other laboratory parameters. This study 
also aimed to establish Ret-He cut-offvalues with the best 
performance to identify iron-deficient state in this setting. 

Materials and Methods
Study Population

This is a cross-sectional study conducted on school-
aged children in the suburbs of Jakarta, Indonesia, 
between March and November 2016. A total of 242 
children aged 6–18 years were recruited as subjects in 
this study. Children who (i) had hematological or systemic 
diseases such as infection, inflammation, malignancy, and 
other chronic diseases that could affect the parameters 
analyzed, (ii) had history of blood transfusion in the past 
3 months, (iii) received iron therapy, or (iv) presented 
with a high value of high sensitivity CRP (hs-CRP) were 
excluded from this study. All written consent was obtained 
from the subjects or parents and legal guardians of the 

subjects. The examiners did history taking and physical 
examination on the subjects before taking their blood 
samples. The protocol of this study was in agreement with 
the standards set by the Faculty of Medicine Universitas 
Indonesia Ethics Committee.

Clinical Laboratory Parameters
The following indices were measured: Hb, hematocrit 

(Hct), mean corpuscular volume (MCV), mean corpuscular 
Hb (MCH), mean corpuscular Hb concentration (MCHC), 
Ret-He, ferritin, serum iron (SI), and total iron-binding 
capacity (TIBC). TS was calculated using SI and TIBC 
[TS=(SI/TIBC)×100] (17).

Laboratory Method and Statistical Analysis
Venous blood samples were analyzed at two different 

laboratories using Sysmex XT 2000i and ADVIA 2120 
to measure Ret-He. Data analysis was performed using 
Statistical Package for Social Sciences version 22.0. 
Normality was confirmed using the Kolmogorov–
Smirnov test. Data with normal distribution were 
presented as mean and standard deviation, whereas 
abnormally distributed data were presented as median 
(min–max). Spearman’s correlation was calculated to 
determine the extent of association between variables. 
Receiver operating characteristic (ROC) analysis 
was used to assess the overall discriminative power 
of Ret-He for detection of iron depletion, ID without 
anemia, and IDA at different cut-offvalues. Diagnostic 
accuracy of Ret-He was compared with other laboratory 
parameters to determine iron status. The optimal cut-
offvalue was chosen using Youden’s index, where 
sensitivity- (1-specificity) reached the maximum value 
(18). Sensitivity, specificity, negative predictive value 
(NPV), positive predictive value (PPV), likelihood ratio 
(LR) and accuracy for each cut-offvalue were calculated 
with 95% confidence interval (CI). A p-value of <0.05 
was considered statistically significant. 

Definition of Iron Status
IDA is defined by World Health Organization criteria as 

low Hb value according to age: Hb < 11.5 g/dL in 6–11 
years old children and Hb<12 g/dL in 12-18 years old 
children (19) with one out of the two criteria: TS<15% 
and/or ferritin <15 µg/L (20). ID without anemia is 
diagnosed if the subjects have normal Hb according to 
age and one of the two criteria mentioned earlier (20, 
21). Diagnostic criteria of iron depletion are normal Hb 
according to age, normal TS, and ferritin <15 µg/L (21). 

Results
A total of 242 children were enrolled in this study. Of 

these subjects, 29 were excluded because of illnesses and 
high hs-CRP levels and 6 subjects for incomplete data 
entry. This study analyzed a total of 207 subjects. The 
median age of the subjects was 11 years old (7-18 years), 
with 103 boys (49.8%) and 104 girls (50.2%). 

Iron Status in School-Aged Children 
A total of 133 subjects (64.2%) had normal iron status, 
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9 (4.3%) were iron depleted, 38 (18.4%) had ID, and 12 
(5.8%) had IDA. The overall prevalence of anemia was 
13.0% (27 subjects). 

Correlation of Ret-He with Other Hematological 
Parameters 

We found that Ret-He had a positive moderate degree 
significant correlation with MCV (r=0.690, n=207, 
P<0.01) and Hb level (r=0.491, n=207, P<0.001). We 
also found a positive low degree significant correlation 
between Ret-He and ferritin (r=0.336, n=207, P<0.001). 

Diagnostic Performance of Ret-He 
The ROC curve is designed to find the cut-off value of 

Ret-He for iron depletion, ID, and IDA. Analysis with 
ROC showed that Ret-He was an unreliable diagnostic 
parameter for iron depletion with an area under the curve 
(AUC) of 0.395 (P=0.289, 95% CI 0.284–0.506) as seen in 
Figure 1. The optimal cut-off value for iron depletion was 
30.3 pg with 100% sensitivity and 19.7% specificity. The 
NPV and PPV were 100% and 5.4%, respectively. LR for 
positive and negative value were 1.25 and 0, respectively 
with accuracy of 0.819.

Figure 2 shows the comparison of AUC between Ret-He 
and other hematological parameters that are often used 
to detect ID. Ret-He was compared with Hb, MCV, and 
ferritin. The AUC for Ret-He was the highest compared 
with other parameters (AUC=0.676, P=0.001, 95% CI 
0.592–0.760), followed by ferritin (AUC=0.672, P=0.001, 
95% CI 0.572–0.773) and MCV (AUC=0.645, P=0.005, 
95% CI 0.555–0.735). Hb was the most unreliable 
diagnostic parameter with AUC of 0.517 (P=0.744, 95% 
CI 0.430–0.604). According to Youden’s index, a Ret-He 
cut-off value of 28.9 pg was established as optimal to 
identify ID with an overall mean sensitivity of 78.9% and 
specificity of 56.2%. The NPV was 92.2%, PPV 28.9%, 

LR + 1.80, and LR- 0.38 with accuracy of 0.604.
A Ret-He cut-off value of 27 pg was established as the 

most optimal to detect IDA with AUC of 0.700 (P=0.01, 
95% CI 0.517–0.883) as seen in Figure 3. Overall mean 
sensitivity and specificity was 75% and 80%, respectively. 
The NPV was 98.1%, PPV 18.7%, LR+ 3.75, and LR - 0.31 
with accuracy of 0.797. The AUC for Ret-He to detect 
IDA was inferior to Hb (AUC=0.941, P<0.01, 95% CI 
0.902–0.980) and ferritin (AUC=0.763, P=0.02, 95% 
CI 0.602–0.925) but higher than MCV (AUC=0.614, 
P=0.184, 95% CI 0.416–0.769). 

Discussion
The overall prevalence of anemia was 13% in our sample 

of school-aged children in the suburbs of Jakarta. In a 
previous study, we showed a prevalence of 14% in two 
schools of these areas (22). Both these rates (the current 

Figure 1: Diagnostic performance of reticulocyte hemoglobin 
content to diagnose iron depletion. 

Figure 2: Diagnostic performance of reticulocyte hemoglobin 
content (Ret-He) compared with hemoglobin, ferritin, and mean 
corpuscular volume (MCV) to detect iron deficiency.

Figure 3: Diagnostic performance of reticulocyte hemoglobin 
content to detect iron deficiency anemia.
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and our previous study) seems lower than the reports 
of other studies in other districts of Indonesia, such as 
that reported in East Kalimantan Province that reported 
a prevalence of about 54% for anemia in children and 
adolescents (23). Also the prevalence of IDA was 5.8% 
in our study, which was again less than the study in East 
Kalimantan that reported a prevalence of 16% in children 
aged 5–12 years and 15% in children aged 12–18 years 
(23). This difference can be related to the decreasing 
trend of anemia in children of Indonesia, with the greatest 
decline in children (24). 

There are three stages of ID before anemia develops: 
iron depletion, ID without anemia, and IDA (20). Even the 
early stages of ID can cause irreversible consequences, 
especially to growth and development; therefore, it is 
important to detect ID in the early stages to prevent 
unwanted complications (25-27). Currently, no universal 
screening test is recommended for diagnosis of ID and 
IDA. The AAP recommends a screening program to 
detect IDA in children aged 9–12 months who are at 
risk of developing anemia (2), whereas the Centers for 
Disease Control and Prevention recommends Hb and 
Hct screening in 5–12 years old children with a history 
of IDA (28). Because of the high prevalence of IDA in 
Indonesia, the Indonesian Pediatric Society recommends 
a screening program for IDA using Hb in children aged 2 
years and to be repeated every year until adolescence (29). 

The globally accepted IDA diagnosis, also used in the 
present study, is by the use of TS and ferritin. However, 
detecting mild ID in the absence of anemia presents a 
great challenge, as ferritin, TS, and sTfR are affected by 
diurnal variation, inflammation, and other conditions 
(2, 3). Furthermore, these parameters are expensive and 
need more volume of blood samples taken; therefore, they 
are not suitable as screening parameters. Using Hb to 
screen IDA is also neither sensitive nor specific (2). This 
is while a screening test is a medical test performed on 
subjects of a defined asymptomatic population to reduce 
the morbidity of the disease by early detection, such as in 
asymptomatic iron-deficient children (30) and should be 
more accessible, less invasive, less expensive, less time 
consuming, and less psychologically discomforting for 
the patients, compared to a diagnostic test (31). 

The AAP recommends using Ret-He as an alternative 
laboratory examination to screen for ID and IDA (2, 
32). Compared with other parameters of iron status, Ret-
He has better credentials as a screening tool because it 
has the advantage of needing less blood sample and is 
cheaper, making it more practical for ambulatory screening 
of ID. This diagnostic parameter is also not affected by 
inflammation and malignancy. Reticulocyte indices also 
provide a more real-time view of bone marrow iron status 
because it only exists in blood circulation for 1–2 days (33). 

As a relatively new variable, cut-off values of Ret-
He still vary among different studies, especially in the 
pediatric population. There has not been any universally 
agreed cut-off value to diagnose ID and IDA in children. 
A prior study suggests that reference values of Ret-He 
are influenced by age (34). A study by Mateos et al. (35) 
proposed a cut-off value of 25 pg in children aged 6 

months to 14 years, whereas another study established a 
cut-off value of 27.6 pg in 6–8 years old and 26.9 pg in 
9-11 years old children to detect functional ID (34). Cut-
off values also differ on infants (27.5 pg) (14), preschool 
children (27.65 pg) (15), and adults (27.2 pg) (13).

Our results established that Ret-He is a good predictor 
of ID in children with an optimal cut-off value of 28.9 
pg (overall mean sensitivity of 78.9% and specificity of 
56.2%). Our cut-off value is higher than the cut-off values 
proposed by prior studies. This may be caused by the 
difference in operational definitions to diagnose ID and 
population characteristics. As a diagnostic parameter to 
detect ID, Ret-He is comparable to ferritin with slightly 
higher AUC. Ret-He was also stronger than Hb and MCV 
to detect ID. Ret-He also showed a positive correlation 
with other hematological parameters, such as Hb, MCV, 
and ferritin.

This study established a Ret-He cut-off value of 27 pg 
as the most optimal to detect IDA with 75% sensitivity 
and 80% specificity. This result is similar to another study 
in elementary school children in Minahasa, Indonesia, 
which determined a cut-off point of 27.8 pg with 43.8% 
sensitivity and 85.3% specificity to diagnose IDA in 
children (16). Currently, there has not been any large-
scale study to determine the reference range of Ret-He in 
Indonesian children, so we cannot compare our proposed 
cut-off values to healthy children population. The AUC for 
detecting IDA with Ret-He alone is still inferior to other 
parameters, such as Hb and ferritin. Thus, diagnosing 
IDA using Ret-He must be performed in conjunction with 
other parameters, such as Hb measurement.

This study showed that Ret-He is not a reliable 
parameter to diagnose iron depletion, with AUC less 
than 0.5. Therefore, we still recommend diagnosing iron 
depletion with considering other measures such as serum 
ferritin. Although the accuracy of Ret-He as a screening 
test in this study was moderate (moderate sensitivity and 
specificity), it has the credentials of a good screening test 
which is a good NPV. Having a high NPV for a screening 
test allows us to “rule out” people without the disease (31). 
Although having a low PPV can lead to overtreatment 
and unnecessary cost requirement for further diagnosis, 
it can be minimized by using the test in populations at 
risk to diminish false positive outcomes. 

The main limitation of our study was the use of two 
types of machines to measure Ret-He. The ADVIA 
machine measures reticulocyte hemoglobin content 
(CHr), which is older and more studied, whereas Ret-He 
is a newer parameter measured by the Sysmex machine 
(32). Although prior studies showed a very good level 
of agreement and correlation between measurements 
performed by both tools, the two methods are not identical 
and can cause slight variations in the results (13, 36). We 
also did not take into consideration the point that cut-off 
values may differ between special age groups. Another 
limitation of this study was the definition of iron status 
using a combination of diagnostic tests.

Further studies with larger samples need to be done to 
determine the reference range for Ret-He in Indonesian 
children. 
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Conclusion
Our results indicated that Ret-He can be used to screen 

for ID in populations with a high prevalence of ID. The 
authors also recommended using Ret-He to screen for 
IDA in conjunction with other hematological parameters 
such as Hb measurement. This indicator may be cost 
effective and more practical for ambulatory settings. 
Further studies need to be taken with larger subject 
samples to establish a Ret-He reference range according 
to age group. 

Conflict of Interest: None declared.
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