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Abstract

Background: Anemia is a frequent and clinically important comorbidity in children with severe acute
malnutrition (SAM), but its severity and etiological profile are multifactorial. This study compared the
prevalence, severity, hematological characteristics, micronutrient-related parameters, and outcomes of anemia in
children with SAM and age- and sex-matched non-SAM controls.

Methods: This hospital-based case-control study was conducted in the Department of Pediatrics, Geetanjali
Medical College and Hospital, Udaipur, over 1.5 years. Children aged 6—59 months with SAM were enrolled
consecutively, with age- and sex-matched children without SAM serving as controls. SAM was defined by
weight-for-height below —3 SD, MUAC <11.5 cm, or bilateral pitting nutritional edema. Children with
congenital malformations or congenital anemia and those without parental consent were excluded. Clinical and
anthropometric assessments were performed, followed by complete blood count, peripheral blood film,
reticulocyte count, serum vitamin B12, and iron profile evaluation.

Results: A total of 136 children were analyzed, 68 in each group. Anemia was present in 61 (89.7%) children
with SAM compared with 6 (8.8%) controls (p<<0.01). In the SAM group, 48 (70.6%) had moderate anemia, and
13 (19.1%) had severe anemia; No child in the SAM group had mild anemia. Mean hemoglobin was
significantly lower in SAM than controls (8.42+1.58 vs 12.04+0.55 g/dL; p<0.01). SAM children had lower
MCV, MCH, MCHC, RBC count, and reticulocyte count, with higher WBC and platelet counts. Mean vitamin
B12 was lower in SAM (175.65+46.33 vs 304.46+36.27 pg/mL; p<0.01). Serum iron and ferritin were lower,
and TIBC was higher in SAM. Mean hospital stay was significantly longer in SAM (17.38+1.46 vs 9.85+1.48
days; p<0.01). Mortality was 2.9% in SAM and 0% in controls (p=0.15).

Conclusion: SAM was strongly associated with a high prevalence and greater severity of anemia, altered
erythrocyte indices, impaired reticulocyte response, and abnormalities in vitamin B12 and iron-related
parameters. Routine anemia screening and comprehensive micronutrient and infection assessment should be
integrated into the management of children with SAM.
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Introduction

Severe acute malnutrition (SAM) remains an
important cause of childhood morbidity and
mortality, particularly in low- and middle-income
countries. In children aged 6-59 months, SAM is
defined by severe wasting, a low mid-upper arm
circumference, or bilateral nutritional edema. The
condition is accompanied by metabolic, immune,
and hematological disturbances and substantially
increases susceptibility to infection and adverse
outcomes. [1,2,3,4]

Anemia is one of the most frequent comorbidities
in children with malnutrition. Its causes are not
limited to iron deficiency and may include multiple
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micronutrient deficiencies, chronic inflammation,
recurrent infection, impaired erythropoiesis, blood
loss, and other systemic or hematological disorders.
In SAM, inadequate nutrient intake and absorption
may coexist with inflammatory pathways that alter
iron utilization and suppress erythroid production.
[5.,6,7.8]

Previous studies have reported a high prevalence of
anemia among children with SAM, but the reported
magnitude and morphological pattern vary between
populations. Some studies have identified
predominantly microcytic anemia, whereas others
have emphasized megaloblastic or mixed patterns
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related to vitamin B12 and folate deficiency.
Comparative studies including non-malnourished
controls are relatively limited. [9,10,11,12,13] The
present study was therefore undertaken to compare
the prevalence and severity of anemia,
hematological and biochemical characteristics,
selected micronutrient-related parameters, and
clinical outcomes between children with SAM and
age- and sex-matched non-SAM controls.

Aim and Objectives

To study the clinical and etiological profile of
anemia in children with severe acute malnutrition.

1. To compare the prevalence of anemia among
children with SAM and non-SAM controls.

2. To compare the clinico-etiological profile of
anemia among children with SAM and non-
SAM controls.

3. To compare outcomes, including mortality and
duration of hospitalization, between the two
groups.

Materials and Methods

Study Design and Setting: This hospital-based
case-control study was conducted in the
Department of Pediatrics, Geetanjali Medical
College and Hospital, Udaipur, Rajasthan, over a
period of 1.5 years.

The study included children aged 6-59 months
with SAM and age- and sex-matched children
without SAM as controls.

Sample Size and Sampling: The thesis sample-
size calculation used a 95% confidence level, 80%
power, 5% absolute error, and an assumed SAM
prevalence of 2.2%, yielding a minimum sample
size of 67. To allow balanced comparison, 68
children were enrolled in each group. Consecutive
sampling was used.

Eligibility Criteria: SAM was defined using any
of the following criteria: weight-for-height below
—3 SD of the WHO median, MUAC <11.5 cm, or
bilateral pitting nutritional edema. Age- and sex-
matched children without SAM were included as
controls. Children with congenital malformations,
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congenital anemia, or without parental consent
were excluded.

Clinical and Laboratory Assessment: Clinical
history, examination, and  anthropometric
assessment were performed using standard
methods. Laboratory evaluation included complete
blood count, peripheral blood film, reticulocyte
count, serum vitamin B12, and iron profile. CBC
parameters were measured using automated
hematology analyzers documented in the thesis;
vitamin B12 was estimated by
electrochemiluminescence immunoassay and iron
profile by colorimetric assay.

Ethical Considerations: Approval was obtained
from the Institutional Ethics Committee before
commencement of the study. Written informed
consent was obtained from parents/guardians.
Participant confidentiality was maintained.

Statistical Analysis: Data were analyzed using
statistical software (the thesis records SPSS among
the study tools). Categorical variables were
expressed as numbers and percentages, and
continuous variables as Mean+SD. Categorical
variables were compared using the chi-square test
or Fisher’s exact test, as appropriate.

Continuous variables were expressed as mean =+
standard deviation and compared using the
independent-samples t-test where applicable. A
two-sided p-value <0.05 was considered
statistically significant.

Before submission, the authors should insert the
exact SPSS version and the exact continuous-
variable test used in the original analysis, because
these details are not explicitly stated in the thesis
methods section.

Results

A total of 136 children aged 6-59 months were
analyzed: 68 children with SAM and 68 age- and
sex-matched non-SAM controls. The mean age was
33.12+15.37 months in the SAM group and
32.35+15.47 months in controls (p=0.78). Females
constituted 52.9% and 54.4% of the SAM and
control groups, respectively (p=0.80).

Table 1: Key clinical and demographic characteristics

Variable SAM (n=68) Non-SAM (n=68) p value
Mean age, months 33.12+15.37 32.35+¢15.47 0.78
Female sex 36 (52.9%) 37 (54.4%) 0.80
Rural residence 54 (79.4%) 45 (66.2%) 0.01
Previous hospitalization 15 (22.1%) 7 (10.3%) 0.0014
Exclusive breastfeeding 25 (36.8%) 37 (54.4%) 0.03

Rural residence was more common among SAM children (79.4% vs 66.2%, p=0.01). Previous hospitalization
was reported in 22.1% of SAM children compared with 10.3% of controls (p=0.0014). Exclusive breastfeeding
was less frequent in SAM (36.8% vs 54.4%, p=0.03). Pallor, tiredness, failure to gain weight, vomiting,

dizziness, and loose stools were more frequently reported among SAM children.
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Table 2: Prevalence and severity of anemia

Anemia category SAM (n=68) Non-SAM (n=68)
Anemia present 61 (89.7%) 6 (8.8%)

Mild 0 (0%) 6 (8.8%)
Moderate 48 (70.6%) 0 (0%)

Severe 13 (19.1%) 0 (0%)

No anemia 7 (10.3%) 62 (91.2%)

Anemia was present in 89.7% of children with SAM compared with 8.8% of controls (¥*=92.05, p<0.01).
Moderate anemia was the predominant category in SAM (70.6%), followed by severe anemia (19.1%). No child
with SAM had isolated mild anemia.

Table 3: Hematological profile

Parameter SAM (Mean+SD) Non-SAM (Mean+SD) p value
Hemoglobin, g/dL 8.42+1.58 12.04+0.55 <0.01
MCV, fL 70.124+5.96 74.90+4.18 <0.01
MCH, pg 21.85+2.44 24.03+1.81 <0.01
MCHC, g/dL 30.30+1.06 31.53+0.95 <0.01
WBC, /mm? 16283.79+£1120.17 12885.13+£1905.15 <0.01
RBC, million/mm? 3.16+0.43 3.93+0.23 <0.01
Platelets, x105/uL 3.90+0.67 3.27+0.31 <0.01
Reticulocyte count, % 0.60+0.25 1.38+0.14 <0.01

Children with SAM had significantly lower hemoglobin, MCV, MCH, MCHC, RBC count, and reticulocyte
count, along with higher WBC and platelet counts than controls. The reduced MCV, MCH, and MCHC suggest
a predominantly microcytic-hypochromic pattern, while the lower reticulocyte count suggests a reduced

erythropoietic response.

Table 4: Selected micronutrient and iron-profile parameters

Parameter SAM (MeanSD) Non-SAM (Mean+SD) p value
Vitamin B12, pg./mL 175.65+46.33 304.46+36.27 <0.01
Serum iron, png/dL. 34.09+9.08 49.75+8.56 <0.01
Serum ferritin, ng/mL 176.20£75.42 198.68+29.87 0.03
TIBC, pg/dL 401.34+33.24 374.74£27.94 <0.01

Vitamin B12 levels were substantially lower in SAM. Serum iron and ferritin were lower, and TIBC was higher
in SAM, demonstrating significant alterations in iron-related parameters. Because ferritin is influenced by
inflammation, these findings should be interpreted as an altered iron profile rather than proof of isolated iron-

deficiency anemia.

Table 5: Clinical outcomes

QOutcome SAM (n=68) Non-SAM (n=68) p value
Mean hospital stay, days 17.38+1.46 9.85+1.48 <0.01
Mortality 2 (2.9%) 0 0.15

Mean hospital stay was significantly longer in
children with SAM. Mortality was observed in two
SAM children and none of the controls; the
difference was not statistically significant.

Discussion

The principal finding of this study was the very
high burden of anemia among children with SAM.
Nearly nine of every ten SAM children were
anemic, and most had moderate or severe anemia.
This burden was substantially greater than that
observed among matched controls. The finding is
consistent with earlier hospital-based studies
reporting anemia prevalence in the range of
approximately 85-95% among children with SAM
[9,10,11,12,13] The severity distribution 1is
clinically important. In the present study, 70.6% of
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SAM children had moderate anemia and 19.1% had
severe anemia, whereas controls had no moderate
or severe anemia. Thakur et al. reported anemia in
90% of children with SAM, with severe anemia in
67.3%, while Dwivedi et al. reported anemia in
85% of SAM children. [9,10] Differences in
severity across studies may reflect variation in case
mix, referral patterns, infection burden, nutritional
status, and study setting.

The hematological profile supports a major
disturbance of erythropoiesis in SAM. Hemoglobin
and RBC counts were lower, and MCV, MCH, and
MCHC were reduced, indicating a predominantly
microcytic-hypochromic pattern. Similar findings
have been reported in other pediatric SAM cohorts.
[12,13,14] However, anemia in SAM should not be
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regarded as synonymous with iron deficiency
because inflammation and other micronutrient
deficiencies can coexist.

The low reticulocyte counts in SAM compared
with controls provide additional evidence of
inadequate marrow response. This may reflect
protein and micronutrient deficiency, inflammatory
suppression of erythropoiesis, infection, and altered
iron availability. The concomitant higher WBC and
platelet counts may also indicate greater
inflammatory or infectious burden in the SAM

group.

Vitamin B12 was markedly lower in children with
SAM. Shukla et al. similarly demonstrated
significant abnormalities of vitamin B12 and iron
status in children with SAM, supporting the
concept that anemia in malnutrition is frequently
multifactorial. [16] The present study did not
include folate estimation; therefore, the relative
contribution of folate deficiency cannot be
determined.

The iron profile showed lower serum iron and
ferritin with higher TIBC in SAM. Reduced serum
iron with increased TIBC is compatible with iron-
restricted erythropoiesis, but ferritin interpretation
is difficult in the presence of inflammation because
ferritin is an acute-phase reactant.

The findings therefore support disturbed iron
metabolism rather than allowing a definitive
classification of isolated iron-deficiency anemia.
Children with SAM had a significantly longer
hospital stay than controls.

This is consistent with the greater clinical and
infectious burden associated with severe
malnutrition and with previous literature showing
prolonged hospitalization among malnourished
children. The observed mortality difference did not
reach statistical significance, likely in part because
only two deaths occurred and the sample size was
small.

The study also identified several characteristics
associated with SAM, including rural residence,
previous hospitalization, lower prevalence of
exclusive breastfeeding, and a higher frequency of
gastrointestinal and other clinical complaints.
These observations reinforce the importance of
early nutritional assessment, breastfeeding support,
infection  prevention, and  comprehensive
management of micronutrient deficiencies.

Strengths

e Age- and sex-matched control group enabled
direct comparison with children without SAM.

e The study evaluated anemia using clinical,
hematological, reticulocyte, vitamin B12, and
iron-profile parameters rather than hemoglobin
alone.
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o Hospital outcomes, including duration of stay
and mortality, were assessed.

Limitations

e This was a single-center hospital-based study
with a relatively small sample size, limiting
generalizability.

e The study was observational and therefore
cannot establish causality between SAM and
anemia.

o Folate levels and other micronutrients were not
assessed, so the complete etiological spectrum
of anemia could not be characterized.

o Inflammatory markers were not incorporated
into the final etiological classification;
therefore, ferritin should be interpreted
cautiously.

o The exact statistical software version and the
specific tests used for continuous variables are
not explicitly documented in the thesis
methods section and should be verified from
the original statistical analysis before journal
submission.

Conclusion

Severe acute malnutrition was strongly associated
with a markedly higher prevalence and severity of
anemia in children aged 6-59 months. SAM
children demonstrated lower hemoglobin and red-
cell indices, a reduced reticulocyte response, lower
vitamin B12, and significant abnormalities in iron-
related parameters. They also had a substantially
longer hospital stay. These findings support routine
anemia screening and comprehensive evaluation of
micronutrient and infectious contributors in all
children with SAM. Management should integrate
nutritional ~ rehabilitation ~ with  appropriate
identification and correction of anemia-related
deficiencies.
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