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Abstract  

Background: Reticulocyte haemoglobin equivalent (RET-He) is a potential 

early detection and management marker, providing a snapshot of iron 

availability, therapy response, and iron-deficient erythropoiesis. The study 

aimed to investigate RET-He value in various states and to evaluate its 

diagnostic performance in iron status assessment. Materials and Methods: 
This cross-sectional observational study was conducted on 50 patients admitted 

under the Department of General Medicine for Anemia evaluation at Madurai 

Medical College- Government Rajaji Hospital, Madurai, for six months from 

January 2022 to June 2022. Laboratory investigations included liver function 

tests, renal function tests, complete blood count, urine examination, red cell 

indices, reticulocyte haemoglobin equivalent, serum ferritin, and transferrin 

saturation. Result: The mean age of participants is 45.6 years, with 63.6% 

females and 36.4% males. There is a significant difference in haemoglobin, 

MCV, MCH, MCHC, Reticulocyte haemoglobin equivalent, Sr. Iron, Sr. 

Ferritin, Total Saturation, and TIBC between groups, but no difference in RBC, 

Platelet count, HCT, and RDW. There is a significant positive correlation of 

moderate strength in Reticulocyte haemoglobin equivalent, Total Saturation, Sr. 

Iron, RBC, MCV, and MCH between reticulocyte count, but no correlation in 

Sr. Ferritin. A significant positive correlation of strong strength in Hb, MCHC, 

and HCT between reticulocyte count. The Peripheral smear in Iron deficiency 

anaemia patients revealed a Microcytic hypochromic picture in 42.4%, 

Microcytic hypochromic with anisopoikilocytosis in 42.4%, and Dimorphic 

picture in 6.1%. Conclusion: Reticulocyte Hemoglobin equivalent (RET-He 

>30 pg) is a potential marker for diagnosing iron deficiency anaemia with 

excellent diagnostic sensitivity, but serum ferritin evaluation is necessary for 

coexisting conditions. 

 
 

 

INTRODUCTION 
 

Iron deficiency is one of the most prevalent forms of 

malnutrition. Globally, 50% of anaemia is 

attributable to iron deficiency and accounts for 

approximately nearly a million deaths annually 

worldwide.[1] Early detection is, thus, crucial for 

proper and timely management to prevent such 

consequences. Presently, there is still no single best 

test for diagnosing this condition. Conventional iron 

biomarkers are also affected by acute-phase 

responses and influenced by diurnal variation and 

dietary intake. Due to these diagnostic difficulties, an 

alternative marker is sought. Reticulocyte 

haemoglobin equivalent (RET-He) is one of the 

potential markers. Its measurement is not only rapid 

but also convenient and cost-effective.[1-3] 

Reticulocyte haemoglobin content has been reported 

as a marker that provides a snapshot of iron 

availability for erythropoiesis in the bone marrow, an 

indicator of iron therapy response, and an early 

marker of iron-deficient erythropoiesis.[2,4] It enables 

an early detection and indication of ID owing to its 

short life span (1-2 days) in the circulation compared 

to mature erythrocytes.[2] RET-He is the first 

peripheral blood count marker to be abnormal in the 

presence of iron deficiency. It is also an early 

indicator of response to iron therapy, of which effect 

is detected about two days after initiation of the 

optimal treatment as opposed to ferritin, of which the 

first response occurs in 1-2 weeks RET-He>30 pg 

positively confirms the non-iron deficiency anaemia 

(IDA) state.[2-4] The study aimed to investigate RET-

He value in various states and to evaluate its 

diagnostic performance in iron status assessment. 
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MATERIALS AND METHODS 

 

This cross-sectional observational study was 

conducted on 50 patients admitted under the 

Department of General Medicine for Anemia 

evaluation at Madurai Medical College- Government 

Rajaji Hospital, Madurai, for six months from 

January 2022 to June 2022. Ethical Committee 

approval and informed consent were obtained before 

the study started. 

Inclusion Criteria 

Age >18 years, anaemia, Hb <12 – females, <13 in 

males were included. 

Exclusion Criteria 

Patients on iron supplements, Hemoglobinopathies, 

and Malignancy were excluded. 

Laboratory investigations included liver function 

tests, renal function tests, complete blood count, 

urine examination, red cell indices, reticulocyte 

haemoglobin equivalent, serum ferritin, and 

transferrin saturation. 

Statistical Analysis 

The data were entered in an MS Excel sheet and 

analysed using SPSS version 16. Continuous data 

with normal distribution was expressed as mean with 

standard deviation. Categorical data were expressed 

as frequency and percentage. Fisher's exact test was 

used to compare the frequency between the groups. 

An unpaired 't' test was used to compare the mean 

values between the two groups. Pearson's correlation 

test measured the variables' direction and degree of 

association. ROC was constructed to predict the cut-

off value for various variables to predict iron 

deficiency anaemia status. P<0.05 was considered 

statistically significant. 

 

RESULTS 

 

The mean (SD) age is 45.6 years, and 63.6% are 

females and 36.4% are males. There is no significant 

difference in age, gender, and Peripheral smear 

between groups [Table 1]. 

There is a significant difference in haemoglobin, 

MCV, MCH, and MCHC between groups, but no 

difference in RBC, Platelet count, HCT, and RDW. 

There is a significant difference between groups in 

Reticulocyte haemoglobin equivalent, Sr. Iron, Sr. 

Ferritin, Total Saturation, and TIBC [Table 2]. 

There is a significant positive correlation of moderate 

strength in Reticulocyte haemoglobin equivalent, 

Total Saturation, Sr. Iron, RBC, MCV, and MCH 

between reticulocyte count, but no correlation in Sr. 

Ferritin. 

A significant negative correlation of moderate 

strength in TIBC and RDW between reticulocyte 

count. A significant positive correlation of strong 

strength in Hb, MCHC, and HCT between 

reticulocyte count [Table 3]. 

Correlation of reticulocyte-Hb equivalent (%) 

showed a significant positive correlation of moderate 

strength in Reticulocyte count, Sr. Iron, Sr. Ferritin, 

Hb, MCV, MCH, MCHC, and HCT. There is a 

significant positive correlation of weak strength in 

total saturation and no correlation in RBC. A 

significant negative correlation of moderate strength 

exists in TIBC and RDW [Table 4]. 

The total saturation percentage showed the highest 

area under the curve (AUC), with an AUC of 0.957 

and a p-value of < 0.0001, indicating a strong 

association with IDA. The serum iron showed the 

second highest AUC, which had an AUC of 0.845 

and a p-value of < 0.0001, also showing a significant 

relationship with IDA. The other parameters with 

significant AUCs and p values were reticulocyte 

haemoglobin equivalent percentage, TIBC, and 

reticulocyte count. Serum ferritin showed an 

insignificant AUC of 0.633 and a p-value of 0.127, 

suggesting that it was not a good predictor of IDA 

[Table 5]. 

 

 
Figure 1: ROC for various parameters in predicting the 

iron deficiency anaemia state 

 

Table 1: Comparison of age, gender and peripheral smear between groups 

Parameter No iron deficiency anemia (N=17) Iron deficiency anemia (N=33) P-value 

Age in years 45.3 20.5 45.6 16.7 0.962 (NS) 

Gender Female 13 (76.5%) 21 (63.6%) 0.524 (NS) 

Male 4 (23.5%) 12 (36.4%) 

Peripheral 

smear 

MCHC 5 (29.4%) 14 (42.4%) 0.175 (NS) 

MCHC-APC 5 (29.4%) 14 (42.4%) 

Dimorphic 2 (11.8%) 2 (6.1%) 

MCNC 0 1 (3%) 

NCNC 5 (29.4%) 2 (6.1%) 
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Table 2: Comparison of various parameters for iron deficiency anaemia status 

  Mean ± SD P-value 

No iron deficiency anemia 

(N=17) 

Iron deficiency anemia 

(N=33) 

Hb (g/dL) 8.8 ± 1.8 7.7 ± 1.7 0.03* 

RBC (million/cc) 3.4 ± 0.6 3.3 ± 0.7 0.541 (NS) 

Platelet count (L/cc) 3.2 ± 1.5 3.9 ± 1.1 0.057 (NS) 

HCT (%) 28.2 ± 4.9 25.5 ± 5.1 0.999 (NS) 

MCV (fL) 78.1 ± 11.2 71.2 ± 9.1 0.022* 

MCH (pg) 25.9 ± 4.2 23.5 ± 4.1 0.049* 

MCHC (%) 29.3 ± 3.2 26.6 ± 4.2 0.026* 

RDW (%) 14.6 ± 2.1 15.5 ± 1.8 0.127 (NS) 

Reticulocyte count (%) 1.8 ± 0.36 1.48 ± 0.36 <0.0001* 

Reticulocyte haemoglobin equivalent (%) 28.5 ± 5.3 23.3 ± 4.4 0.001* 

Sr. Iron (mcg/dL) 43.7 ± 13.8 27.1 ± 7.9 <0.0001* 

Sr. Ferritin (ng/ml) 42 ± 27.2 27.9 ± 17.3 0.03* 

Total Saturation % 21.3 ± 7.2 11.5 ± 3.3 <0.0001* 

TIBC (mcg/dL) 393.9 ± 40.5 438.1 ± 38.3 <0.0001* 

 

Table 3: Correlation of reticulocyte count for various parameters 

Correlation of reticulocyte count 

(%) with 

Pearson's 'r' P value Inference 

Reticulocyte hemoglobin equivalent 0.511 <0.0001* Significant positive correlation of moderate strength 

TIBC (mcg/dL) -0.448 0.001* Significant negative correlation of moderate strength 

Total saturation (%) 0.501 <0.0001* Significant positive correlation of moderate strength 

Sr. Iron (mcg/dL) 0.401 0.004* Significant positive correlation of moderate strength 

Sr. Ferritin (ng/ml) 0.207 0.149 (NS) No correlation 

RDW % -0.541 <0.0001* Significant negative correlation of moderate strength 

Hb (g/dL) 0.748 <0.0001* Significant positive correlation of strong strength 

RBC (million/cc) 0.459 0.001* Significant positive correlation of moderate strength 

MCV (fL) 0.521 <0.0001* Significant positive correlation of moderate strength 

MCH (pg) 0.519 <0.0001* Significant positive correlation of moderate strength 

MCHC (%) 0.606 <0.0001* Significant positive correlation of strong strength 

HCT (%) 0.613 <0.0001* Significant positive correlation of strong strength 

 

Table 4: Correlation of reticulocyte – Hb equivalent for various parameters 

Correlation of reticulocyte-Hb 

equivalent (%) with 

Pearson's 'r' P value Inference 

Reticulocyte Count (%) 0.511 <0.0001* Significant positive correlation of moderate strength 

TIBC (mcg/dL) -0.404 0.004* Significant negative correlation of moderate strength 

Total saturation (%) 0.368 0.009* Significant positive correlation of weak strength 

Sr. Iron (mcg/dL) 0.513 <0.0001* Significant positive correlation of moderate strength 

Sr. Ferritin (ng/ml) 0.41 0.003* Significant positive correlation of moderate strength 

RDW % -0.471 0.001* Significant negative correlation of moderate strength 

Hb (g/dL) 0.576 <0.0001* Significant positive correlation of moderate strength 

RBC (million/cc) 0.211 0.141 (NS) No correlation 

MCV (fL) 0.667 <0.0001* Significant positive correlation of moderate strength 

MCH (pg) 0.587 <0.0001* Significant positive correlation of moderate strength 

MCHC (%) 0.557 <0.0001* Significant positive correlation of moderate strength 

HCT (%) 0.503 <0.0001* Significant positive correlation of moderate strength 

 

Table 5: ROC curve characteristics of various parameters for predicting iron deficiency anaemia 

Parameter Area under curve P value 

Reticulocyte-Hb equivalent (%) 0.771 0.002* 

Sr. Iron (mcg/dL) 0.845 <0.0001* 

Sr. Ferritin (ng/ml) 0.633 0.127 (NS) 

Total Saturation % 0.957 <0.0001* 

TIBC (mcg/dL) 0.764 0.002* 

Reticulocyte Count (%) 0.737 0.006* 

 

Table 6: Validity indexes of various measurements at their cut-off values for predicting iron deficiency anaemia status 

Measurement Critical limit Sensitivity Specificity 

Reticulocyte-Hb equivalent (%) 28.5 88% 60% 

Sr. Iron (mcg/dL) 50 100% 42% 

Sr. Ferritin (ng/ml) 25 51% 60% 

Total Saturation % 15 97% 83% 

TIBC (mcg/dL) 425 57% 89% 

Reticulocyte Count (%) 1.75 67% 65% 
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The Peripheral smear in Iron deficiency anaemia 

patients in our study revealed a Microcytic 

hypochromic picture in 42.4%, Microcytic 

hypochromic with anisopoikilocytosis in 42.4%, and 

Dimorphic picture in 6.1%. The mean reticulocyte 

count was 1.6% with a p-value <0.0001, which is 

statistically significant in our study. A statistically 

significant association exists between Reticulocyte 

Hemoglobin equivalent and Iron deficiency anaemia. 

Hence, according to the study results, the 

Reticulocyte Hemoglobin equivalent has 88% 

sensitivity in diagnosing Iron deficiency anaemia. 

 

DISCUSSION 
 

Iron deficiency is a worldwide health issue that 

significantly challenges developing nations. Simple 

iron supplementation may address anaemia and 

reduced iron storage, but the diagnostic indicators 

may take weeks or months to change. Better 

indicators that detect the effects of iron therapy in a 

shorter amount of time are required due to the large 

global prevalence of iron deficiency and IDA. 

Reticulocyte has a short lifespan before it turn out to 

be mature. Instead of waiting for the treatment course 

to end, which might take up to three months, using 

this brief window to assess the impact of iron therapy 

would make it easier to decide whether to study the 

treatment option.[1-4] 

Thus, in this study, we have determined RET-He 

value in various states and evaluated its diagnostic 

performance in iron status assessment. Our study 

shows that the mean age is 45.6 years, with 63.6% 

females and 36.4% males. We have observed a 

significant difference between groups in 

haemoglobin, MCV, MCH, MCHC, Reticulocyte 

haemoglobin equivalent, Sr. Iron, Sr. Ferritin, Total 

Saturation, and TIBC. There is a significant positive 

correlation of moderate strength in Reticulocyte 

haemoglobin equivalent, Total Saturation, Sr. Iron, 

RBC, MCV, and MCH between reticulocyte count, 

but no correlation in Sr. Ferritin. A significant 

negative correlation between moderate strength in 

TIBC and RDW in reticulocyte count, whereas a 

significant positive correlation of strong strength in 

Hb, MCHC, and HCT between reticulocyte count. 

Numerous investigations have been conducted to 

explore the clinical use of RET-He. The findings 

reported that RET-He is a useful diagnostic tool for 

iron-restricted erythropoiesis,[4] ID,[5-8] and IDA. 

[9,10] In several articles, Reticulocyte Hb 

measurement is clinically valuable in diagnosing 

iron-deficient conditions. Previous studies used CHr 

in adults,[11] pediatric/adolescent iron 

deficiency,[7,13,14] and renal failure anaemia.[14,15] 

Whereas some studies have used the RET-He 

parameter, which has revealed a rational correlation 

with CHr.[16] Moreover, our study reported that the 

Peripheral smear in iron deficiency anaemia patients 

revealed a Microcytic hypochromic picture in 42.4%, 

a Microcytic hypochromic with anisopoikilocytosis 

in 42.4%, and a Dimorphic picture in 6.1%. Our 

study's mean reticulocyte count was statistically 

significant (1.6% with a p-value <0.0001).  

Further, correlation studies and ROC analysis were 

used to examine the efficacy of Ret-He as a marker 

for iron deficiency and IDA compared to other iron 

markers and serum ferritin, the gold standard non-

invasive marker. A statistically significant 

association exists between Reticulocyte Hemoglobin 

equivalent and IDA. Hence, according to the study 

results, the Reticulocyte Hemoglobin equivalent has 

88% sensitivity in diagnosing iron deficiency 

anaemia. 

Almashjary et al. showed a significantly positive 

correlation of Ret-He with ferritin and TS and a 

significant negative correlation with TIBC.[17] Also, 

other studies conducted by Toki et al. and Uçar et al. 

demonstrated the same findings.[6,18] Further, 

Almashjary et al. suggested that as a diagnostic 

marker, Ret-He indorses advanced sensitivity and 

specificity with a cut-off of <21.55 and <28.25 pg for 

iron deficiency anaemia and iron deficiency, 

respectively. This further suggested that Ret-He is a 

highly sensitive marker that may quickly reflect iron 

incorporation and is valid for identifying and 

diagnosing various stages of iron shortage.[17] 

The findings of Almashjary et al,[17] were greater than 

those of Toki et al. and Uçar et al. With a sensitivity 

of 49.1% and a specificity of <90%, Uçar et al. 

identified iron insufficiency using a Ret-He cut-off 

value of <25.4 pg.[6,18] Toki et al. diagnosed ID with 

a sensitivity of 68% and a specificity of >90% using 

a Ret-He cut-off value of 28.5 pg. The specificity to 

identify ID fell back to 81%, but the sensitivity rose 

to 92% at a higher cut-off (30.9 pg).[6] 

The collective findings of this study should 

encourage the medical community to use Ret-He as a 

possible marker for high-validity detection and 

diagnosis of various stages of iron deficiency, 

particularly in endemic areas of IDA. Furthermore, it 

supports Ret-He as a very sensitive and useful marker 

that can quickly reflect the bone marrow response to 

iron treatment. The use of this marker in several 

erythropoietic diseases, including 

hemoglobinopathies, anaemia of chronic 

inflammation, anaemia of infection, and sideroblastic 

anaemia, will require further research to determine 

reference ranges and appropriate cut-offs. Most 

contemporary haematology analysers use Ret-He, a 

straightforward and integrated marker that doesn't 

need an extra tube. It is necessary to address the 

drawbacks of RET-He, not the possible benefits. 

While prior research suggests that RET-He may be 

able to predict early response to iron therapy, the 

restoration of iron stores is the ultimate goal of 

treatment monitoring or follow-up, for which ferritin 

measurement is essential. 

 

CONCLUSION 
 

Reticulocyte haemoglobin equivalent is a quick, 

practical, and affordable measurement method. Our 
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findings further support the idea that RET-He >30 pg 

is a possible marker with great diagnostic sensitivity 

for ruling out iron deficiency anaemia. Serum ferritin 

testing is still required for the diagnosis and other 

factors when iron deficiency anaemia coexists with 

other non-ID illnesses, as is frequently the case in 

actual clinical practice. 

Limitations  

This study has some limitations. Although serum 

ferritin is an acute-phase protein, its levels rise in the 

presence of chronic inflammation, and serum ferritin 

levels are still frequently used to assess iron status. 

Thus, when assessing RET-He, inflammation should 

be taken into account. Our main shortcoming is that 

inflammation has not been taken into account. 

Second, we cannot extrapolate the results to the entire 

Indian population due to the small sample size. Since 

the sample size is small, we haven't determined the 

cut-offs for RET-He. 
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