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Abstract

Anemia (An) is a public health problem in South America, with iron deficiency (ID) as the main 
cause. In high-altitude cities, hypobaric hypoxia causes an increase in hemoglobin (Hb) levels in resi-
dents. For the diagnosis of An, Hb is measured, which is modified after erythrocyte indices (EI) mea-
surements. There is evidence that there is an overestimation of the prevalence of An at high altitudes. 
Objective: To correlate serum ferritin (SF) with Hb and EI, and to determine the Hb cut-off point 
for predicting ID in 6-month-old infants at 3400 m of altitude. Subjects and Method: 128 infants 

What do we know about the subject matter of this study?

In Peru, the prevalence of anemia is a public health problem. About 
50% of newborns suffer from this condition, with iron deficiency 
as the main cause. The World Health Organization recommends 
hemoglobin measurement for its diagnosis. About 11 million Pe-
ruvians live in high-altitude cities, where a correction factor is used 
to correct the hemoglobin value obtained, thus increasing the diag-
nostic thresholds and prevalence of anemia. The use of this hemog-
lobin correction factor according to altitude for the diagnosis of 
anemia is debatable.

What does this study contribute to what is already known?

In this study, we show that the erythrocyte indexes, mean corpus-
cular volume, and mean corpuscular hemoglobin have the best 
correlation with serum ferritin levels compared with hemoglobin. 
Besides, the cut-off point Hb 12.15 g/dL best predicts iron deficien-
cy in 6-month-old newborns living at 3400 m.a.s.l.
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Introduction

In 1968, the World Health Organization 
(WHO) defined anemia as hemoglobin (Hb) levels 
< 11 g/dL in newborns ≥ 6 months of age at < 1000 
m.a.s.l.1,2. anemia is a public health problem in 
Asia, Africa, and South America3, and its prevalence 
in Peruvian children is 43.6%4. Its main cause is iron 
deficiency (ID)5,6, which generates cognitive deficien-
cies and behavioral alterations in children7. In Peru, 
the prevalence of anemia has not changed in the last 
decade, despite the various iron (Fe) supplementation 
strategies implemented8.

Hb is a molecule composed of 4 globin chains 
(2 alpha and 2 beta) attached to the heme group9. It 
transports oxygen and carbon dioxide; the heme group 
binds oxygen through iron (oxyhemoglobin) and is 
carried from the lungs to the tissues. At this level, it 
binds to carbon dioxide to return to the lungs where it 
is released, favoring oxygen binding.

Ferritin is a protein responsible for storing Fe in 
the human body and is found in the cytosol and blood. 
Serum ferritin (SF) is an indirect marker of the total 
amount of iron stored10. SF concentrations < 12 ug/dL 
allow the diagnosis of ID8,11, with 82% sensitivity and 
95% specificity12. Inflammatory processes may affect 
its levels, so it is appropriate to measure acute phase 
reactants such as C-reactive protein (CRP) or hepcidin 
simultaneously, in order to rule out these processes13,14.

Hypobaric hypoxia (HH) is a condition in high-al-
titude cities that generates an increase in the number of 
erythrocytes and Hb levels in people who live there in 
response to the increase of erythropoietin15,16. In adap-
ted populations (people who have experienced chan-
ges by epigenetic processes over time in response to 
HH)17 this is not evident18. For this reason, the WHO 
recommends using Hb levels with an altitude correc-
tion factor (ACF), which was determined through the 
formula proposed by the Centers for Disease Control 
and Prevention (CDC)19. The ACF should be added to 
the 11 g/dL which is the threshold for anemia at sea 

level. For a population living at 3400 m.a.s.l., the re-
commended Hb ACF is 2.4 g/dL, consequently, for 6 
months of age, the cut-off point established to define 
anemia is <13.4 g/dL8. There is controversy regarding 
this cut-off point, because Hb levels present physio-
logical variations during the first three years of life20, 
and there is no clinical evidence to support it21, which 
would generate an overdiagnosis of anemia.

Erythrocyte indexes (EI) include mean corpuscular 
volume (MCV), which is the mean size of each erythro-
cyte; mean corpuscular Hb concentration (MCHC), 
which is the amount of Hb in a given volume of red 
blood cells; mean corpuscular Hb (MCH), which is the 
mean amount of Hb contained in each red blood cell. 
The decrease in each of them is related to decreased 
levels of SF22,23. Finally, the red cell distribution width 
(RDW) measures the variability of red blood cell size. 
There is no information on the correlation between 
SF and EI in newborns from high-altitude cities, but 
there is a 21% positive correlation with MCHC and a 
25% negative correlation with RDW in pregnant wo-
men from high-altitude cities24. The main objective of 
this study was to establish the correlation between SF 
and EI, as well as with Hb. Secondarily, the Hb cut-off 
point for SF defining ID in 6-month-old newborns li-
ving at 3400 m.a.s.l. was determined.

Subjects and Method

Study design and population
Analytical cross-sectional study conducted from 

June 2021 to February 2022 in the primary healthcare 
centers (PHC) “Centro Médico Metropolitano”, “Poli-
clínico San Sebastián”, and “Centro Médico Santiago” 
of the Red Asistencial del Seguro Social de Salud (EsSa-
lud), in Cusco at 3400 m.a.s.l. and included 128 new-
borns aged 6 months. The sample was calculated using 
the EPIDAT 4.2 statistical software (developed by the 
Consellería de Sanidade, Xunta de Galicia, Spain; Pan 
American Health Organization, and CES University of 

aged 6 months at 3400 m altitude were evaluated. The SF was considered an independent variable. IE 
and Hb were the dependent variables. The An in the infant was defined with an Hb < 13.4 g/dl. The 
DH was defined by FS <12 ug/dL. Data were processed in SPSS® version 25. Spearman correlation 
was used for bivariate analysis. The ROC curve was constructed to determine the Hb cut-off point for 
ID. Results: The highest correlation of SF was observed with mean corpuscular hemoglobin (MCH), 
rho = 0.449 (p < 0.001), and mean corpuscular volume (MCV) rho= 0.423 (p < 0.001). The Hb 
cut-off point according to SF, defining ID was 12.15 g/dL (ROC curve: 0.704; 95% CI: 0.597-0.811; 
p < 0.001). Conclusion: MCV and MCH showed a better correlation with SF. The cubic and loga-
rithmic models were the ones that best represented these relationships, respectively. Hb < 12.15 g/dL 
allows diagnosing ID in 6-month-old infants at 3400 m altitude.
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Colombia). For this purpose, the information publis-
hed by McCarthy et al.25 was used, with a 95% confi-
dence interval and 80% power, which finally resulted 
in a sample size of 123 newborns.

Participants
The study included newborns seen at the EsSalud 

PHCs, whose parents had agreed to participate in the 
study and met the inclusion criteria (newborns without 
pathology or anomalies, from single pregnancy, born 
at term at 3400 m.a.s.l.). Those newborns with a his-
tory of perinatal asphyxia or Apgar score <  7 points 
at 5 minutes, children with congenital malformations, 
clinically ill, birth weight < 2500 g, and with a CRP le-
vel > 5 mg/dL were excluded.

Variables
SF was considered an independent variable and EI 

and Hb levels were the dependent variables. Anemia 
was established when the newborn’s Hb levels were 
< 3.4 g/dL26. ID was defined by SF < 12 ug/dL2.

Procedure
Selected newborns underwent a 4 mL venous 

puncture blood collection. To evaluate SF, 3 mL of 
blood was collected in a sodium citrate tube and pro-
cessed in the AIA-900 Analyzer (Tosoh Bioscience Inc., 
USA). To determine Hb and EI, 1 mL of blood was 
collected in an EDTA anticoagulant tube and proces-
sed in the BC-5300 analyzer (Mindray, China). Sample 
processing was performed within 2 hours of sample 
collection. The rest of the descriptive variables of the 
child (sex, current weight, gestational age at birth, de-
livery route, birth weight, and length) were obtained 
from the newborn’s clinical history. All the informa-
tion was recorded on a data collection form.

Data processing
The IBM® SPSS® version 25 statistical software was 

used for data analysis. The normality of the data was 
determined using the Kolmogorov-Smirnov test, using 
mean and standard deviation (SD) for the variables 
with a normal distribution (weight and current Hb in 
addition to weight, length, and gestational age at bir-
th), as well as median and interquartile ranges (IQR) 
for those with a non-normal distribution (newborn 
age, MCV, MCHC, MCH, RDW, and SF). For this re-
ason, Spearman’s correlation was used, considering a 
p < 0.05 value statistically significant, to see the rela-
tionship of the variables and then the best mathema-
tical model for the best data distribution function was 
determined. Using the statistical software G*Power 
3.1, the effect size was obtained through the chi-square 
test, as well as the statistical power. The Receiver Ope-
rating Characteristic (ROC) curve was elaborated and 

the Hb cut-off point for SF defining ID was established 
through the highest Youden index.

Ethical considerations
The study protocol was evaluated and approved by 

the Ethics Committee of the Red Asistencial EsSalud 
Cusco (Note No 34-CE-GRACU-ESSALUD-2021) and 
endorsed by management resolution N°364-GRACU-
ESSALUD-2021. Informed consent was obtained from 
the parents of the newborn studied. The information 
on each case was handled anonymously.

Results

From a total of 1,453 births registered from January 
to August 2021 in the EsSalud Healthcare Network of 
Cusco, 176 children were selected according to the 
inclusion criteria and only 138 parents agreed to par-
ticipate by signing the corresponding authorizations. 
Finally, the study was carried out with 128 participants 
(Figure 1).

The median age of the newborns was 199 days 
(IQR:191 - 205.5), male sex was predominant (53.9%), 
the mean weight on the day of evaluation was 8024.8 g, 
and 52% of the newborns studied were born via cesa-
rean section. 28.1% had ID and the prevalence of ane-
mia was 69.5% (Table 1).

The median Hb observed was 12.76 g/dL (SD: 
1.1). The median MCH was 26.5 pg/dL (IQR: 25.3 - 
27.2), and SF was 56.5 ng/mL (IQR: 27.5 - 86.5) (Ta-
ble 2). The correlation of SF with MCH and MCV was 
moderate positive with rho  =  0.449 (p  <  0.001) and 
rho = 0.423 (p < 0.001), respectively. With Hb, it was 
weak positive rho = 0.299 (p = 0.001). In all cases, the 
effect size was large and the statistical power was higher 
than 80% (Table 3), and the best fitting models were 
the logarithmic and cubic ones, respectively (Graph 1).

The cut-off point of Hb for SF defining ID was 
12.15 g/dL, with an ROC curve: 0.704 (95%CI: 0.597 
- 0.811; p < 0.001), 87% sensitivity, and 47.2% specifi-
city (Graph 2).

Discussion

In 6-month-old newborns living at 3400 m.a.s.l., 
there was a better correlation between SF and MCH, 
as well as MCV, compared with Hb. Similarly, the Hb 
threshold (12.15 g/dL) was determined to diagnose ID 
in this population.

The correlation between MCV and MCH as well 
as the cubic and logarithmic model relating these to 
SF, in 6-month-old newborns living at 3400 m.a.s.l., 
are explained by a decrease in the production of glo-

Anemia - W. Villamonte-Calanche et al
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bin chains in the red blood cell due to ID, so there is a 
lower synthesis of Hb and, consequently, a lower cell 
volume24, therefore, MCH is an early and more sen-
sitive indicator of ID23. In the initial phase of anemia 
due to ID, erythrocytes are of different sizes, between 
normal and small, consequently, RDW increases27 and 
explains the negative correlation observed in our stu-

Anemia - W. Villamonte-Calanche et al

Table 1. Characteristics of the study population

Sex n (%)

Male
Female 69 (53.9)
Type of delivery 59 (46.1)

Vaginal
Caesarean section 61 (47.7)
Iron status 67 (52.3)

No iron deficiency
Iron deficiency 92 (71.9)
Con deficiencia de hierro 36 (28.1)

Anemia prevalence 89 (69.5)

Age (days) 199 (191-205.5)

Observed weight (g) 8.024.8 (781.3)

Birth weight (g) 3.246.2 (363.3)
Length at birth (cm) 49.3 (1.6)
Gestational age at birth (weeks) 39 (38-40)

Table 2. Ferritin, hemoglobin and erythrocyte indices.

Variable Mean (SD)

Hemoglobin (g/dl) 12.7 (1.1)

Mediana (RIC)

Mean corpuscular volume (fl) 77.2 (74.6 - 78.9)

Mean corpuscular hemoglobin concentration 
(g/dl)

34.2 (33.3 - 34.9)

Mean corpuscular hemoglobin (pg) 26.5 (25.3 - 27.3)

Red cell distribution width (%) 12.3 (11.9 - 13.1)

Serum ferritin (ng/ml) 56.5 (27.5 - 86.5)

Amplitud de eritrocitos (%) 12.3 (11.9 - 13.1)

Table 3. Correlation of hemoglobin and erythrocyte indices with serum ferritin (n = 128)

Spearman's rank correlation coefficient (rho)    

Serum ferritin (ng/ml) Rho coefficient p-value Effect size Statistical power 

Hemoglobin (g/dl) 0.299 < 0.001 0.547 0.999

Mean corpuscular volume (fl) 0.423 < 0.001 0.650 1

Mean corpuscular hemoglobin concentration (g/dl) 0.397 < 0.001 0.630 1

Mean corpuscular hemoglobin (pg) 0.449 < 0.001 0.670 1

Red cell distribution width (%) -0.373 < 0.001 0.611 1

dy. Besides, McCarthy et al.25 found a lower correlation 
using Pearson’s test between SF and MCV (r = 0.282; 
p  <  0.001) in 2-year-old children living at sea level, 
which could be explained by a higher frequency of in-
flammatory pathology in this population, which were 
not excluded in this study and which would have con-
ditioned a higher ID and increased SF20.

A weak positive correlation was determined and 
the model that generated the best coefficient of de-
termination (R2 = 0.168) was the logarithmic model 
between SF and Hb. These findings are similar to those 
found by Ahmad et al. (28) (rho = 0.170; p = 0.003) in 
a population with a mean age of 67 months, but di-
fferent from those determined by Kusumastuti et al.29 

(rho = -0.222; p = 0.043) who also did not discrimina-
te newborn population (6-59 months) with an inflam-
matory process that could increase SF. The observed 
weak correlation could be due to a lower frequency of 
anemia (4.7%) in the study population if we did not 

Figure 1. Participant inclusion flowchart
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Graph 1. Scatter plots of hemoglobin and erythrocyte indices with serum ferritin.
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use the ACF. Likewise, ID is a condition that could 
exist in a child before Hb levels are affected since this is 
a late marker of this pathology14,23.

The frequency of anemia was 69.5% and ID was 
28.1% in the newborns evaluated, which is not con-
sistent, especially when iron deficiency conditions are 
the main cause of anemia3. For this reason, it would 
seem that the use of ACF in newborns living at 3400 
m.a.s.l. would not show a real prevalence of anemia 
due to ID20,30, as reported by the Peruvian Ministry of 
Health, where the frequency of anemia (using ACF) in 
children aged 6 to 35 months is 43.6%, being higher in 
departments located above 3000 m.a.s.l., such as Puno 
(75.9%) and Cusco (56.6%), among others4. Therefo-
re, it would be advisable to establish cut-off points for 
Hb for each population, since it does not have the same 
behavior at different ages, altitude levels, and pregnan-
cy, among other factors30. In addition, how the ACF 
was obtained comes from a mathematical model21,31.

The cut-off point Hb 12.15 g/dL to determine ID in 
6-month-old newborns living at 3400 m.a.s.l., despite 
a weak correlation between the two (sensitivity 87% 
and specificity 47.2%), would allow better prescribing 
of Fe treatment and avoid its adverse effects when ad-
ministered to children without ID, such as decreased 
weight gain and linear growth5,32, decreased absorption 

of other trace elements33, increase and duration of dia-
rrheal diseases34, and alteration of the microbiota35 and 
cognitive development36, among others. Also, Hb le-
vels of 13.4 g/dL (threshold for the diagnosis of anemia 
in a population living at 3400 m.a.s.l.)8 corresponds, 
according to the ROC curve determined, to an SF le-
vel of 48.65 ug/dL, which shows that many children 
with this value or less do not have ID and do not need 
treatment with Fe. In contrast, an Hb level of 11 g/dL 
(threshold for anemia at sea level) is associated with an 
SF of 5.7 ug/dL.

On the one hand, the strength of our study is that it 
was conducted in a socioeconomically intermediate and 
homogeneous population living at 3400 m.a.s.l. but, on 
the other hand, a limitation was not having determi-
ned IL-6, IL-8, and hepcidin levels, which would have 
allowed us to better evaluate the inflammatory pictu-
re in newborns, as well as not having information on 
maternal Hb levels at the end of gestation, and time of 
umbilical cord clamping at birth, among other factors.

We concluded that MCV and MCH presented the 
best correlation with SF and that the cubic and loga-
rithmic models are the ones that best represented the-
se relationships, respectively. A Hb level < 12.15 g/dL 
allows the diagnosis of ID in 6-month-old newborns 
living at 3400 m.a.s.l.
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Graph 2. ROC curve for determining the hemoglobin cut-off level to identify 
the serum ferritin level.A: Hb of 11 g/dl that identified a serum ferritin of 5.7 
ug/dl (0.958(0.896-1)). B: Hb of 12.15 g/dl that identified a serum ferritin 
of 12 ug/dl (0.704(0.597-0.811)). C: Hb of 13.4 g/dl that identified a serum 
ferritin of 48.65 ug/dl (0.634(0.514-0.735)).
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