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Dear Editor,

Anemia is still one of the main unsolved global health
problems, affecting 41.7% of preschool children (PSC) L1,
According to WHO, 50% of anemia cases are attributable to
iron deficiency (ID) [2]. Based on these statements, most in-
tervention programs use iron supplementation and/or iron
food fortification. Nevertheless, anemia prevalence fell since
1990 until 2014, but then stagnated with a tendency to in-
crease in the last years [1). Recent systematic studies suggest
that the proportion of anemia cases attributable to ID is lower
than previously assumed. In PSC, 25.0% of anemia cases
from 23 countries (3! and 30% from several Latin American
countries were attributable to ID 4/,

There is no information reported of iron deficiency anemia
(IDA) in PSC living in mountain areas. The importance of its
study lies in the fact that around 350 million people live in
altitudes over 1000 m '5! and as WHO recommends correcting
hemoglobin by altitude, the prevalence of anemia increases
dramatically (6. Recent evidence suggests that this correction
should not be applied to all high-altitude populations world-
wide and despite the intervention is based on iron supplemen-
tation, progress in reducing anemia has been modest [7!. Even
the anemia prevalence is higher in the mountain than in pop-
ulations living at lower elevations [7]. The prevalence of
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anemia in children 6-59 months of age in Bolivia is persis-
tently very high and virtually unchanged between 1998 and
2016, except for an increase in children living at high altitude
[8].

In two populations residing in the Peruvian highlands, the
anemia prevalence in PSC aged between 6 and 35 months was
67.7% in Puno and 53.2% in Apurimac 7. These figures are
higher than the national average (43.5%). In general, preva-
lence of anemia is higher in mountain region of Peru than in
the rest of the country (Fig. 1a). However, the proportion of
anemia attributable to ID in these highland populations is
unknown.

We have assessed data from a previous study in Apurimac
[9] and our database obtained in Puno aimed to solve the
above question. In Apurimac, children aged 10-35 months
residing between 2500 and 3699 m above sea level consumed
60 or more sachets of powders of multi micronutrients
(MMN) during a period of 6 months [9]. They were compared
with a control population not consuming MMN powders.
Each sachet contains 12.5 mg iron; 300 ug vitamin A; folic
acid 160 ug; vitamin C 30 mg; zinc 5 mg. The iron interven-
tion reduced the prevalence of anemia from 47.4% (control
group) to 36% (intervention group).

Subsequently, we have calculated that this value represents
about 25% of anemia attributable to ID and the remaining
75% is due to other causes not evaluated. The study showed
that mean hemoglobin increased by 0.3 g/dL in the interven-
tion group compared with the control [9]. In populations
where anemia is prevalent, the intervention with iron to be
successful should result in a mean hemoglobin change of
about 1.17 g/dl or higher [2]. The value in Apurimac is around
4 times lower than the expected.

We have assessed a database from 334 children evaluated in
the highland region of Puno in the southern part of Peru (average
3800 m above sea level). We found that anemia prevalence was
66.8%, and the prevalence of IDA was 14.7% (Fig. 1b). Then,
we estimated the proportion of anemia attributable to ID.
According to this, 22% of cases of anemia in children aged 6—
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Fig. 1 a Prevalence of anemia in Peruvian infants aged 6-35 months
according to geographical region of residence. p < 0.01 between moun-
tain and coast regions, and between jungle and the coast region. Anemia
in mountain places was diagnosed with hemoglobin correction by alti-
tude. Source: INEIL, 2019 [7]. b Proportion of anemia by causes in Puno,
Peru. Total sample included 334 children between 6 and 59 months. From
these, 223 children were diagnosed with anemia after Hb correction,
whereas 49 and 62 children were diagnosed with iron deficiency anemia
(IDA) and inflammatory anemia (IA), respectively. We estimated the
proportion of anemia attributable to iron deficiency as (IDA preva-
lence)/(anemia prevalence) and the proportion of anemia attributable to
inflammation as (IA prevalence)/(anemia prevalence). 21.97% of the total
cases of anemia were attributable to iron deficiency, 27.8% was attribut-
able by inflammation, and more than half of anemia cases are attributable
to other causes no evaluated. Body iron content (BIC) was calculated
using measurements of ferritin and soluble transferrin receptor (sTfR) in
serum. BIC = (mg/kg) = —[log(sTfRx1000/ferritin)—2.8229)]/0.1207.
Serum ferritin levels (ng/mL) were determined using a ELISA kit
(Reference: EIA-1872; DRG Instruments GmbH, Germany). Serum sol-
uble transferrin receptor (sTfR)(mg/L) was detected using sensitive
ELISA (Reference: EIA-4256; DRG Instruments GmbH, Germany).
Inflammatory status was assessed measuring serum interleukin 6

59 months were attributable to ID. Besides, we have calculated
the proportion of anemia attributable to inflammation (27.8%)
(Fig. 1b). It is probably that in the 50.23% of the remaining cases,
anemia could be due to other causes and/or that diagnosis was
inaccurate as it has been suggested previously for highlanders
[6,10]. Figure 1c shows that odds ratio (OR) for anemia is lower
in mountain region when hemoglobin is not corrected by altitude.
Interestingly, anemia in the jungle has high OR despite iron
intervention suggesting that treatment of anemia in this geo-
graphical region should not be based only on iron. Comparing
data from World Bank is evident that populations living at high
altitude in Latin America and Asia have consistently high
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concentration. Interleukin 6 was measured using ELISA kit (Reference:
EIA-4640; DRG Instruments GmbH, Germany). Interleukin 6 correlated
directly with serum hepcidin (Y=0.16X+0.07; »=0.27; p < 0.01) but not
with BIC (Y=—0.01x + 5.39; =-0.07; p > 0.05). ¢ Multivariate analysis
to determine odds ratio (OR) for anemia in preschool children (6-59
months) by geographical region in Peru. Data were controlled by inter-
vention with multimicronutrients containing iron supplement, age
(months), and stunting. OR at the coast was considered the reference
(OR = 1). Confidence intervals at 95 % at the mountain places were
0.81-0.85 (p = 0.0001) and at the jungle region, 2.28-2.42 (p =
0.0001). Anemia in mountain places was diagnosed without hemoglobin
correction by altitude. d Prevalence of anemia in 8 countries where people
live in elevations zones compared with prevalence of anemia in Asia and
Latin America countries excluding high income. Population living at high
altitudes are from Latin America (Bolivia, Peru) and Asia (Afghanistan,
Bhutan, Kyrgyz Republic, Nepal, Pakistan, and Tajikistan). Source:
World Bank [1] Figure 1 contains poor quality of text in image.
Otherwise, please provide replacement figure file.Higher quality
Figurel has been sent as an attachment to the following email
CorrAdminl @spi-global.com because we could not upload it on this
platform.

prevalence of anemia (Fig. 1d) and this could be due to the
correction factor rather than a true anemia.

Iron supplementation could even be severely harmful in
populations without ID or when anemia is due to other condi-
tions, as observed for PSC in malaria-endemic settings [4]. It
may be necessary to review the continuous practice of attrib-
uting 50% of anemia cases to ID and the general use of anemia
diagnosis as ID. Finally, studies to quantify and map anemia
distribution in different settings are necessary to implement
adequate anemia-reduction strategies and interventions should
be based on an analysis of country-specific data since ID can-
not always be the key determinant of anemia.
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