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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Anemia is a significant health problem during the first 24
months of life, especially among Andean populations with high
nutritional vulnerability. This study aimed to determine the
prevalence of anemia and characterize patterns of reticulocyte
counts and hematological indices in infants under 24 months
in the Alausi canton, Chimborazo, Ecuador, using altitude-
adjusted hemoglobin levels. This cross-sectional study included
239 infants. Venous blood samples were analyzed using an
automated hematology analyzer to obtain counts of red blood
cells, reticulocytes, hemoglobin, hematocrit, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH),
and mean corpuscular hemoglobin concentration (MCHC).
Anemia was classified according to age- and altitude-corrected
hemoglobin criteria. Nonparametric tests were used: the chi-
square test, Spearman’s correlation, and multivariate logistic
regression. Overall anemia prevalence was 59.0%, with the
highest rates in infants younger than 2 months (88.9%) and
those aged 6-24 months (71.2%). Hypochromic microcytic
anemia was the predominant pattern (56.5%). The reticulocyte
count decreased significantly with age (p=0.010) and showed
a weak positive correlation with mean corpuscular volume
(MCV) (p=0.243; p<0.001) and a negative correlation with
mean corpuscular hemoglobin (MCH) (p=—0.144; p=0.026),
with no significant association with corrected hemoglobin.
In the multivariate model, age was the only independent
predictor of anemia (OR = 1.059; 95% CI: 1.011-1.110; p =
0.016). Integrating reticulocytes and hematological indices
complements the assessment of childhood anemia in high-
altitude settings.

Key words. Anemia, reticulocytes, hematocrit values, infants,
Ecuador.

Introduction.

Anemia is a condition in which the red blood cell count or
hemoglobin concentration falls below normal levels, reducing
the blood's ability to transport oxygen to the body's tissues [1].
This condition remains one of the leading public health problems
worldwide and affects approximately 40% of children under the
age of five, with a greater burden in low- and middle-income
countries [2]. During the first 24 months of life, this condition
affects neurobehavioral development, delays growth, and
increases the risk of morbidity and mortality, with consequences
that may persist in the long term [3].

Hypochromic microcytic anemia (HMA), caused primarily
by iron deficiency, is the most common form of anemia in
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childhood. It results from decreased hemoglobin synthesis,
leading to smaller red blood cells with lower hemoglobin
content, reflected in reduced mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), and, in some cases,
mean corpuscular hemoglobin concentration (MCHC). These
hematological indices, obtained through automated hematology
analysis, are essential tools for morphological characterization of
anemia and guide the differential diagnosis before confirmatory
tests of iron metabolism [4].

In Ecuador, the National Survey on Child Malnutrition (ENDI
2024) identifies the province of Chimborazo as the region with
the highest prevalence of chronic child malnutrition in the
country, at 40.1% among children under two years of age [5].
This figure is nearly double the national average and highlights
deep social, nutritional, and health inequalities that particularly
affect rural and indigenous populations [6]. The coexistence
of chronic malnutrition and hypochromic microcytic anemia
reflects a multifactorial problem in which insufficient intake of
bioavailable iron, inadequate complementary feeding practices,
recurrent infections, and limited access to health services
perpetuate a cycle of nutritional deficiency and impaired
erythropoiesis [7].

From a clinical laboratory perspective, clinicians evaluate
childhood anemia using blood cell counts and hematological
indices, primarily mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC). These parameters allow
morphological characterization of anemia and help determine its
etiology before more complex biochemical tests [8]. However,
in populations living at high altitudes, hemoglobin concentration
must be adjusted for altitude to avoid overestimating normal
values due to physiological erythrocytosis caused by chronic
hypoxia [9].

In addition, the reticulocyte count serves as a complementary
biomarker of bone marrow erythropoietic activity and provides
information on the regenerative response to various types of
anemia. In the pediatric population, this count is particularly
useful for distinguishing hypoproliferative conditions from those
with an adequate bone marrow response and for monitoring
hematologic recovery following therapeutic interventions [10].
However, reference values and the physiological behavior of
reticulocytes vary during the first few months of life; therefore,
interpretation must account for the patient’s age and clinical
context [11].

Despite the high prevalence of anemia and childhood
malnutrition in Ecuador, the available evidence on the combined
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behavior of reticulocyte count and hematological indices
in infants younger than 24 months is limited. Most national
studies have focused exclusively on hemoglobin concentration
as a diagnostic criterion, without incorporating markers of
erythropoietic response or accounting for altitude, which is
particularly relevant in Andean populations. Furthermore, little
information exists on the relationship between reticulocytes,
hematological indices, and hypochromic microcytic anemia in
children living in areas of high nutritional vulnerability.

The high prevalence of chronic childhood malnutrition in
Chimborazo, combined with the expected high incidence of iron-
deficiency anemia, makes it necessary to optimize diagnostic
strategies in the clinical laboratory. Although corrected
hemoglobin is the primary indicator for diagnosing anemia,
interpreting it in isolation may be insufficient to characterize
erythropoietic function. The lack of studies that integrate
reticulocyte counts with Hematimetric indices in infants living
at high altitudes limits our understanding of the hematological
abnormalities associated with iron deficiency and hinders the
generation of local evidence to support clinical decisions and
public health interventions.

This study provides original evidence on the behavior of
reticulocyte counts and hematological indices in infants
under 24 months of age living in one of the provinces with
the highest burden of chronic child malnutrition in Ecuador.
Incorporating altitude-adjusted hemoglobin levels, jointly
analyzing hematological parameters, and evaluating their
association with hypochromic microcytic anemia will allow
a more comprehensive characterization of this population's
erythropoietic status. The results will strengthen the clinical
interpretation of hematological biometrics in high-altitude
settings, support timely diagnosis of iron deficiency, and
provide evidence for designing prevention and control strategies
targeting vulnerable child populations.

This study aims to determine the prevalence of anemia and
characterize patterns of reticulocyte counts and hematological
indices in infants under 24 months in the canton of Alausi,
Chimborazo Province (Ecuador), stratified by age group and
with hemoglobin levels adjusted for altitude.

Materials and Methods.

A cross-sectional, descriptive, and prospective study was
conducted in 2024 as part of the project “Factors Associated
with Chronic Malnutrition in Children Under 2 Years of Age
and Pregnant Women in the Alausi Canton.”

The study population consisted of infants living in the
parishes of the Alausi canton: San Pedro de Alausi, Achupallas,
Guasuntos, Huigra, Multitud, Nizag, Sevilla, Sibambe, Tixan,
and Totoras. A non-probabilistic convenience sampling method
was used, which included all participants who met the eligibility
criteria.

Inclusion criteria included being under 24 months of age,
residing in one of the 10 parishes of the Alausi canton, and
having written informed consent from a legal guardian;
participants were excluded if they were absent on the scheduled
sample collection date or provided incomplete identification
information or laboratory results. The final sample consisted of
239 infants.
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Peripheral venous blood samples were collected under
standardized aseptic conditions using EDTA as an anticoagulant
and processed within established time frames. Hematological
analysis was performed using the Mindray BC-6200 automated
analyzer, which had been previously calibrated and had active
internal quality control. The parameters measured included: red
blood cell (RBC) count, reticulocyte (RET) count, hemoglobin
(HB), hematocrit (HCT), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC).

An altitude correction was applied to the hemoglobin
parameter, given that the parishes in the Alausi canton are
located at different elevations above sea level; this correction
was performed according to the methodology recommended
by the WHO [12]. All secondary hematological indices were
calculated based on the altitude-corrected hemoglobin, ensuring
methodological consistency in the reported values.

Anemia was classified based on age-adjusted WHO thresholds:
< 2 months: Hb < 13.5 g/dL; 2—5 months: Hb < 9.5 g/dL; 6-24
months: Hb <11.0 g/dL. Morphological classification was based
on mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH): hypochromic microcytic anemia (HMA),
reduced MCV and/or MCH < 25 pg; and normochromic
normocytic anemia (NNA), MCV and MCH within the age-
appropriate range. The reticulocyte ranges by age group were: <
2 months: 1.1-4.0%; 2—24 months: 0.5-1.5% [12].

The data were analyzed using STATA 15 software. Normality
was assessed using the Shapiro-Wilk test; since most variables
were non-normally distributed, nonparametric statistics were
used. The Kruskal-Wallis test was used to compare three
independent groups, and the Mann-Whitney U test was used to
compare two groups. Categorical variables were analyzed using
Pearson’s chi-square test, and correlations were analyzed using
Spearman’s correlation coefficient. A binary logistic regression
model was fitted to identify independent predictors of anemia
(age, reticulocytes, MCV, MCH, and MCHC). Results are
expressed as median (IQR), mean + SD, and frequencies (%,
95% CI). Statistical significance was set at p < 0.05.

The study was approved by the Human Research Ethics
Committee of the Instituto Superior Tecnoldgico Portoviejo
(CEISH-ITSUP; code 1700088578; November 15, 2023), and
this approval remained in effect throughout the study period.
Written informed consent was obtained from all legal guardians
prior to enrollment. The study complies with the Declaration of
Helsinki and current national ethical guidelines.

Results.

We analyzed the hematological results of 239 infants younger
than 24 months, of whom 54% (n = 129) were male and 46%
(n = 110) were female. Hematological parameters varied
significantly among age groups. Corrected hemoglobin levels
were slightly higher in infants aged 6—24 months compared with
younger age groups (p = 0.005), while hematocrit increased
progressively with age, reaching its highest value in this same
group (p < 0.001). In contrast, MCV and MCH decreased
significantly as age increased (p < 0.001 for both variables),
reflecting the physiological transition of erythrocytes during the
first months of life. Likewise, the mean corpuscular hemoglobin



(MCH) showed slight differences between the groups (p =
0.024). The reticulocyte count was higher in children younger
than 2 months and decreased progressively in the 6-24-month
group (p=0.010), indicating changes related to the physiological
adaptation of erythropoiesis during early childhood (Table 1).

Overall, anemia prevalence was 59%. The highest prevalence
was among infants aged 6-24 months (71.2%), followed by
those under 2 months (88.9%), while the 2—5-month-old group
had the lowest prevalence (20.0%). Compared with the latter
group, the prevalence ratio was 4.44 among infants younger
than 2 months and 3.56 among those aged 6-24 months. By
sex, anemia prevalence was similar among males (57.4%) and
females (60.9%), with no statistically significant differences
(Table 2).

The reticulocyte count differed significantly among age groups
(H = 9.13; p = 0.010), decreasing progressively from infants
younger than 2 months to older infants. In infants younger than
2 months, 88.9% had counts within the reference range. In
the 2—5-month and 6-24-month age groups, the proportion of
children with normal reticulocyte counts was also predominant
(60.0% and 62.4%, respectively), although approximately
one-third had elevated reticulocyte counts (36.7% and 29.4%,
respectively). Hypochromic microcytic anemia was the
predominant hematological pattern in all age groups, especially

among children under 2 months (77.8%) and infants aged 624
months (68.8%), indicating the prevalence of iron-deficiency-
consistent abnormalities in the study population (Table 3).

Spearman's  correlation analysis revealed significant
associations between the reticulocyte count and certain
Hematimetric indices. Reticulocytes showed a weak positive
correlation with MCV (p = 0.243; p < 0.001), while the
association with MCHC was negative and small (p = —0.144;
p = 0.026). Corrected hemoglobin showed a strong positive
correlation with hematocrit (p = 0.734; p < 0.001), as well as
positive correlations with mean corpuscular hemoglobin (MCH)
(p=0.368; p<0.001) and mean corpuscular volume (MCV) (p
=0.188; p = 0.004). In contrast, no significant association was
found between the reticulocyte count and corrected hemoglobin
(p=-0.079; p=0.222) (Table 4).

In the multivariate logistic regression model, age in months
was the only independent predictor associated with the presence
of anemia (OR = 1.059; 95% CI: 1.011-1.110; p = 0.016). In
contrast, the reticulocyte count, MCV, MCH, and MCHC did
not show statistically significant associations with the outcome
(p > 0.05 in all cases). These results indicate that increasing age
during the first 24 months is the main factor associated with
anemia in the study population, regardless of the hematological
indices included in the model (Table 5).

Table 1. Hematological parameters according to age group among infants younger than 24 months.

Parameter

Corrected hemoglobin (g/dL)

Hematocrit (%)
MCYV (fL)

MCH (pg)
MCHC (g/dL)
Reticulocytes (%)

<2 months (n=9)
10.13+1.99

32.28 £5.32

90.10 (86.00-93.50)
27.67 (26.40-29.90)
30.74 (30.00-32.60)
1.60 (1.20-2.91)

2-5 months (n = 60) 6-24 months (n =170) p-value
10.07 £0.91 10.46 +1.05 0.005
33.49+2.77 3526 +3.13 <0.001
76.20 (72.28-81.78) 72.95 (67.00-77.23) <0.001
22.53 (21.35-24.93) 21.66 (19.60-23.30) <0.001
29.53 (28.70-31.30) 29.30 (28.20-31.30) 0.024
1.22 (0.89-2.50) 1.04 (0.78-1.61) 0.010

Note: Values presented as mean + SD for variables with normal distribution: corrected hemoglobin and hematocrit. Values are presented as
median (IQR) for variables with non-normal distribution: MCV, MCH, MCHC, and reticulocytes. This mixed presentation reflects the results of
normality testing (Shapiro-Wilk test) applied to each variable and follows standard statistical reporting practices for nonparametric data.

Table 2. Prevalence of anemia according to age group and sex.

Characteristic n Anemia n (%)
Age group

<2 months 9 8(88.9)

2-5 months 60 12 (20.0)

624 months 170 121 (71.2)
Total 239 141 (59.0)

Sex

Male 129 74 (57.4)
Female 110 67 (60.9)

No anemia n (%) Prevalence ratio (95% CI)

1(11.1) 4.44

48 (80.0) 1.00 (Reference)
49 (28.8) 3.56

98 (41.0) —

55 (42.6) —

43 (39.1) —

Table 3. Reticulocyte count, reference range classification, and microcytic hypochromic anemia according to age group.

Age group n Reticulocytes (%) Below Within Above Microcytic hypochromic p-value
Median (IQR) reference n (%) reference n (%) reference n (%) anemian (%)

<2 months 9 1.60 (1.20-2.91) 1(11.1) 8 (88.9) 0(0.0) 7(77.8)

2-5 months 60 1.22 (0.89-2.50) 2(3.3) 36 (60.0) 22 (36.7) 11 (18.3) 0.247

6—24 months 170 1.04 (0.78-1.61) 14 (8.2) 106 (62.4) 50 (29.4) 117 (68.8) 0.026

Total 239 1.10 (0.80-1.79) 17 (7.1) 150 (62.8) 72 (30.1) 135 (56.5) 0.010
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Table 4. Spearman correlation coefficients between reticulocyte count, corrected hemoglobin, and Hematimetric indices.

Variables Spearman's p p-value
Reticulocytes vs. MCV 0.243 <0.001
Reticulocytes vs. MCHC —0.144 0.026
Reticulocytes vs. Corrected hemoglobin —-0.079 0.222
Corrected hemoglobin vs. MCH 0.368 <0.001
Corrected hemoglobin vs. MCV 0.188 0.004
Corrected hemoglobin vs. Hematocrit 0.734 <0.001
Table 5. Multivariable logistic regression analysis for predictors of anemia.

Predictor OR (95% CI) p-value
Age (months) 1.059 (1.011-1.110) 0.016
Reticulocytes (%) 1.176 (0.850-1.627) 0.326
MCV (fL) 1.066 (0.933-1.217) 0.348
MCH (pg) 0.725 (0.455-1.156) 0.177
MCHC (g/dL) 0.861 (0.585-1.267) 0.448

Discussion.

Childhood anemia is one of the most significant public
health problems in contexts of nutritional vulnerability, with
prevalence rates varying significantly by the socioeconomic and
environmental characteristics of the study population. In this
study, we report a prevalence of anemia of 59.0% among infants
under 24 months of age living in the parishes of the Alausi
canton, a finding that falls within the expected range for Latin
American populations with established chronic malnutrition,
where systematic reports have identified variations ranging
from 7.6% to 65%, depending on the country and the population
group evaluated [13].

One of the most significant findings of this study is the
heterogeneous age distribution of anemia, indicating that the
underlying pathophysiological mechanisms operate differently
during the first 24 months of life [14]. The disease's temporal
architecture reflects the simultaneous convergence of multiple
biological, nutritional, and environmental processes that require
integrated interpretation. This temporal perspective shows
that diagnostic and therapeutic strategies must be tailored to
each age group, since iron requirements, intestinal absorption,
and metabolic capacity vary significantly during this critical
developmental period [15].

However, it is important to contextualize the finding of
high anemia prevalence in infants younger than 2 months
within the framework of physiological anemia of infancy. The
physiological nadir of hemoglobin typically occurs between
2 and 3 months of age as a consequence of normal postnatal
physiological transition, independent of iron deficiency. This
represents a normal developmental change related to the shift
from fetal to postnatal erythropoiesis. Clinicians should not
interpret normal hemoglobin decreases during this period as
purely pathological or as primary indicators of iron deficiency
without additional evaluation of iron status markers (serum
ferritin, transferrin saturation). This distinction is critical to
avoid unnecessary therapeutic interventions in otherwise
healthy infants undergoing normal developmental transitions.

In Andean populations, the timing between maternal iron
depletion and the introduction of complementary foods rich in
bioavailable iron emerges as a key factor in preventing anemia
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[16,17]. Our analysis highlights that the timing of introducing
complementary foods is a critical intervention point, as delayed
introduction of iron-rich complementary foods increases the
risk of anemia and may adversely affect brain development,
with potentially permanent consequences [18].

The morphological characterization of anemia in the study
cohort revealed a predominance of the hypochromic microcytic
pattern, providing evidence that iron deficiency may be the
predominant pathophysiological mechanism in this population;
however, morphology alone is not sufficient, as this erythrocyte
pattern could also overlap with other conditions, such as
thalassemias, inflammation, and other deficiencies [19,20].
This finding is consistent with previous research: in a study of
children under 5 years of age, 54% of anemic children showed
a pattern consistent with iron deficiency, and the proportion
was higher among those aged 6—23 months, at 63.5% [21]. In
another cohort of children aged 6-24 months, hypochromic
microcytic anemia accounted for 59.3% of cases, supporting the
predominance of iron deficiency in that population [22].

Furthermore, analysis of reticulocyte counts revealed patterns
that enhance our understanding of the bone marrow’s adaptive
response to established anemia. Approximately one-third of
anemic infants had elevated reticulocyte counts, suggesting that
the bone marrow maintains compensatory regenerative capacity
despite clinical anemia [23]. This finding has significant
diagnostic and prognostic implications, as preserving this
responsiveness is a favorable indicator of potential response to
therapeutic interventions involving iron supplementation [24].
The discrepancy between anemia severity and the bone marrow's
ability to respond may reflect patients' functional reserve.

The absence of a significant correlation between reticulocyte
count and hemoglobin in infants younger than 24 months
supports the international recommendation to incorporate
multiple hematological parameters for a comprehensive
assessment of erythropoietic status [25]. This finding suggests
that both markers provide complementary, though partially
independent, information, making it possible to distinguish
hypoproliferative anemia from states with preserved bone
marrow response [26]. Recent evidence shows that reticulocyte
hemoglobin is a better indicator than conventional indices for
detecting functional iron deficiency, with greater sensitivity for



identifying patients who do not yet have clinical anemia but do
have established iron deficiency [27,28].

In multivariate analysis, age emerged as the only independent
predictor of anemia, a finding that requires careful
contextualization in terms of the underlying mechanisms. This
association does not imply that age is, in and of itself, a causal
factor, but rather that it acts as a proxy variable for multiple
simultaneous processes that evolve predictably over time.
Recognizing this complexity is essential to avoid mechanistic
interpretations and to guide preventive interventions that target
the underlying causal processes rather than age itself [29].

Methodologically, applying the altitude-adjusted hemoglobin
correction in our study provides a rigorous approach that allows
comparability with national and international reports [30].
However, recent research in Peruvian Andean populations has
called into question the universal validity of these adjustments,
demonstrating that the application of standard corrections can
lead to a significant overestimation of the prevalence of anemia
[31,32]. This methodological controversy underscores the
importance of establishing context-specific thresholds for each
geographic and population group, recognizing the biological
heterogeneity among groups adapted to high altitude [33,34].

This study has several important limitations to consider when
interpreting the results. First, only 9 infants were younger than
2 months (3.8% of the total sample), making the estimated
prevalence of anemia (88.9%) in this group highly susceptible
to sampling bias. Second, the non-probabilistic convenience
sampling method may introduce selection bias and limit
generalizability to other regions of Ecuador or other Andean
populations with different sociodemographic characteristics.
Third, the cross-sectional design prevents establishing causal
relationships; therefore, the associations identified between
age and anemia, although statistically significant, should be
interpreted as correlations rather than causal mechanisms.
Finally, the lack of biochemical markers of iron status limits the
ability to confirm iron deficiency as an underlying mechanism
of anemia, since morphological classification alone cannot rule
out other causes of hypochromic microcytic anemia.

Conclusion.

The study results document a 59% prevalence of anemia
among infants younger than 24 months in the parishes of the
Alausi canton, with variability by age group. The predominant
type of anemia was microcytic hypochromic anemia, consistent
with iron deficiency, although confirmation requires specific
iron biomarkers. Reticulocyte counts show patterns independent
of those of hemoglobin. These findings strengthen clinical
guidelines for managing childhood anemia in vulnerable
populations and generate local evidence to support preventive
strategies aimed at improving hematological health in contexts
of chronic malnutrition.
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