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Abstract

One in four children younger than age five in Guatemala experiences anaemia

(haemoglobin <11.0 g/dl). This study characterized the factors and micronutrient defi-

ciencies associated with anaemia in a baseline cross‐sectional sample of 182 Guatemalan

infants/toddlers and 207 preschoolers, using generalized linear mixed models. Associa-

tions between anaemia andmaternal, child and household variables, and biomarkers (sol-

uble transferrin receptor, ferritin, zinc, folate, vitamin B12, C‐reactive protein, and α1‐

acid glycoprotein) were explored. Rates of anaemia were 56% among infants/toddlers

and 12.1% among preschoolers. In children with anaemia, rates of iron deficiency (low

ferritin based on inflammation status, and/or high soluble transferrin receptor, ≥1.97

mg/L) and zinc deficiency (serum zinc <65 μg/dl) were 81.1% and 53.7%, respectively.

Folate deficiency (either plasma folate <3 ng/ml or erythrocyte folate <100 ng/ml) was

3.3%. Vitamin B12 deficiency (plasma vitamin B12 <148 pmol/L) was 7.5%. For infants

and toddlers (<24 months), the odds ratio of anaemia was lower when higher number

of adults lived in the household (OR = 0.69; 95%CI [0.53, 0.90]), and higherwhen children

were zinc deficient (OR = 3.40; 95% CI [1.54, 7.47]). For preschoolers (36–60 months),

the odds ratio of anaemia was lower for every additional month of age (OR = 0.90;

95%CI [0.81, 1.00]). Findings suggest that micronutrient deficiencies coexist in Guatema-

lan rural children, and zinc deficiency is associated with anaemia in children <24 months,

highlighting the need of continued multidisciplinary interventions with multiple

micronutrients. Further research examining how household composition, feeding prac-

tices, and accessibility tomicronutrient supplements and to animal source foods is needed

to incorporate strategies to improve the nutritional status of Guatemalan children.
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Key messages

• In rural Southwestern Guatemala, anaemia was prevalent

in 56% of infants and young children between 6 to 24

months of age and 12% of preschoolers ages 36–60

months. Iron and zinc deficiencies were frequently

observed in young children with anaemia, unlike folate

and vitamin B12. Zinc deficiency (62.8% of children

with anaemia) was associated with anaemia in infants

and young children. Historically, local interventions to

improve anaemia in Guatemala have focused on iron

and vitamin A. Our findings suggest that multiple

micronutrient deficiencies exist in young children from

rural Southwestern Guatemala.

• In infants and toddlers, anaemia was associated with

lower numbers of adults living in the household. This

finding suggests that other social factors and caregiver

practices may play a significant role in anaemia status.

Thus, practices around caregiving should be considered

part of the targeted interventions to improve nutritional

status and anaemia in the region.
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1 | INTRODUCTION

Anaemia is a widespread public health problem that affects more than

2 billion people worldwide (Vos et al., 2016). Anaemia is negatively

associated with children's physical and cognitive development, behav-

iour, and academic performance (Grantham‐McGregor & Ani, 2001;

Lozoff, Jimenez, & Smith, 2006; Pollitt, Saco‐Pollitt, Leibel, & Viteri,

1986).

Anaemia has been associatedwith iron deficiency (ID) and other dis-

advantages associated with poverty. Recent meta‐analyses and sys-

tematic reviews have found mixed findings related to improvement in

childhood development after up to 6 months1 of iron

supplementation/therapy and resolution of anaemia, suggesting that

other factors associated with anaemia should be examined (McDonagh,

Blazina, Dana, Cantor, & Bougatsos, 2015). Furthermore, children with

anaemia or undernutrition have higher morbidity and mortality rates,

worse academic performance, and lower earning capacity as adults

(Adair et al., 2013; Bhutta, 2013; Rice, Sacco, Hyder, & Black, 2000).

In Guatemala, the latest maternal and child survey in 2014–2015

reported a national anaemia prevalence of 25% among children youn-

ger than 5 years of age (MSPAS, 2015), a decline from 47.7% in 2008–

2009 (MSPAS, 2008).

Anaemia continues to be an important public health problem, espe-

cially among children aged 6 to 11 months, with a prevalence of

64.3%, and those living in rural areas and of indigenous ethnicity seem

to be the most vulnerable (MSPAS, 2015).

Although anaemia in Guatemala is poorly characterized, multiple

factors have been recognized that are associated with stunting in

the region, which is widely prevalent in children <5 years at 46.5%

(MSPAS, 2015). Some of the factors associated with stunting in the

region include being ages 13–18 months, born at home, Mayan (indig-

enous) ethnicity, low level of maternal education, short stature, and

consumption of iron supplementation (Reurings, Vossenaar, Doak, &

Solomons, 2013). The high prevalence of stunting in this country sug-

gests zinc deficiency in children might be widespread (Fischer Walker,

& Black, 2007). This is supported by the 2008–2009 national Micro-

nutrient Survey that reported a national prevalence of zinc deficiency

of 34.9% (MSPAS, 2012). In the same survey, the prevalence of chil-

dren with low ferritin (<12 μg/L) and no inflammation (AGP <1 g/L)

was of 18.6%.

Currently, little is known to what extent anaemia in young children

of rural origin in Southwestern Guatemala is associated with micronu-

trient deficiencies or other socio‐cultural factors. Yet the rates of

anaemia and stunting of children <5 years of the Southwestern region

in Guatemala are higher than national average at 31.3% and 51.9%,

respectively (MSPAS, 2015).

The purpose of this study was to characterize the factors and

micronutrient deficiencies associated with anaemia in a population of
1α1‐Acid glycoprotein, AGP1; animal source foods, ASF; C‐reactive protein, CRP;

haemoglobin, Hb; iron deficiency, ID; months, mo; odds ratio, OR; preschool‐aged children,

PSAC; soluble transferrin receptor, sTfR.
infants/toddlers and young children and preschool‐aged rural children

from Southwest Guatemala through a cross‐sectional secondary anal-

ysis of baseline data from a randomized controlled trial.
2 | METHODS

2.1 | Location

The study was conducted in the Municipality of Nuevo San Carlos, in

the Department of Retalhuleu, Guatemala. Baseline data were col-

lected between March and May of 2015. According to the National

Statistics Institute of Guatemala, Retalhuleu has a population of

~300,000, of which 84.3% is nonindigenous (MSPAS, 2015).
2.2 | Study design and participants

This cross‐sectional secondary analysis used baseline data collected in

a randomized controlled trial. The original trial was designed to exam-

ine the effect of a micronutrient supplement and an early learning

intervention on the growth, development, and health of infants and

toddlers ages 6–24 months and preschoolers from 36 to 48 months

with length‐/height‐for‐age z‐score <−1, a marker of vulnerability.

Children younger than 6 months were not recruited to avoid interfer-

ing with exclusive breastfeeding with the nutrition supplement. Inclu-

sion criteria for parents or guardians were age ≥18 years, Spanish

speaker, resident in the study community, and not planning to leave



PALACIOS ET AL. 3 of 10
bs_bs_banner
the region in the next year. Exclusion criteria for children were severe

stunting (length‐ or height‐for‐age z‐score <−3 SD), severe anaemia

(haemoglobin [Hb] <7 g/dl), product of a multiple pregnancy, and

genetic or chronic conditions or disability. Children with severe

stunting and anaemia were referred to local resources for further eval-

uation and treatment as indicated. Mothers of participants were

informed in advance about the specific date, time, and location of

the recruitment and data collection sessions. Data collection was con-

ducted in a community centre with transportation provided.

Based on financial limitations, blood biomarkers were collected

from a subsample of 412 participants (189 infants/toddlers and 212

preschoolers), selected through a randomization procedure. Eleven

participants did not complete the enrolment survey (four

infants/toddlers and seven preschoolers) due to different reasons,

nine had severe stunting (five infants/toddlers and four preschoolers),

two had severe anaemia (one infant and one preschooler), and one

infant had both severe anaemia and severe stunting. The resulting

analysis sample included 182 infants/toddlers and 207 preschoolers.

The sample size for the clinical trial was determined by the

expected effect size of the intervention (multiple micronutrient fortifi-

cation powder) on growth and development. The baseline sample size

was fixed and no prior studies have shown “true” effect sizes for zinc

deficiency and anaemia in a similar population. Thus, post hoc power

calculation was not performed using the effect size observed in the

analysis, as recommended (Levine & Ensom, 2001).
2.3 | Data collection

A baseline survey that included family demographics, social, and envi-

ronmental factors was adapted from previously validated question-

naires and administered to mothers/caregivers at the community

centre by local trained field workers (Fernandez‐Rao et al., 2014).

Table S1 lists the measurements assessed in the trial at baseline.
2.4 | Anthropometry

Anthropometry was collected by a standardized team following a

detailed protocol (Gibson, 2005).

Weight was measured using the Health‐o‐meter 553KL Digital

Portable Pediatric Baby Scale® (Pelstar LLC, Countryside, IL, USA)

for infants/toddlers and the digital weight scale Tanita, UM‐028®

(Tanita, Chicago, IL, USA), for preschoolers. Recumbent length was

measured for infants/toddlers; standing height was measured for pre-

schoolers using Shorr Board® stadiometers (Weigh and Measure LLC,

Olney, MD, USA). Anthropometric z‐scores were calculated using the

2006 WHO Child Growth Standards.

2.5 | Maternal, socio‐economic, and home
environment variables

To determine household economic resources, a questionnaire listing

28 household items adapted from the 2014 Guatemala National
Survey of Living Conditions was implemented (INE, 2014). An assets

variable was created by adding all positive answers with higher scores

indicating more assets.

Home environment measurements including child care indicators

adapted from the Home Observation for Measurement of the Envi-

ronment Inventories (Bradley & Caldwell, 1977) and The Household

Chaos Scale (Matheny, Wachs, Ludwig, & Phillips, 1995) were col-

lected at baseline and used in the analysis.

Maternal employment was defined as mothers working for four or

more days per week outside the home.
2.6 | Dietary diversity

A semiquantitative food frequency questionnaire based on commonly

consumed foods during the previous week was adapted and imple-

mented (Rockett et al., 1997). Dietary data were computed into seven

food groups (grains, roots, and tubers; legumes and nuts, milk and

dairy products; meat, fish, poultry, and organ meats; eggs; vitamin A‐

rich fruits and vegetables; and other fruits and vegetables). Each food

group was scored as “0” if there was no consumption reported, or as

“1” if consumption of at least one food item within that food group

was reported. The weekly dietary diversity score for each participant

was computed as the sum of the number of positive answers for the

food groups consumed in the previous 7 days. Higher scores repre-

sented a more diverse diet.
2.7 | Blood samples and analysis

Fasting venous blood was drawn from the antecubital vein with stain-

less‐steel needles by a trained phlebotomist in a closed room. Whole

blood was collected into trace element‐free, polyethylene tubes. Sam-

ples were refrigerated at −8°C immediately after extraction and

shipped to the laboratory for further processing the day of collection,

following the INCAP laboratory protocol of sample shipping and han-

dling and the procedures recommended by the International Zinc

Nutrition Consultative Group (Brown et al., 2004). Ferritin, folate,

and vitamin B12 were measured using a chemiluminescence immuno-

assay method, with the Maglumi 1,000 (SNIBE, Shenzen, China PR). C‐

Reactive protein (CRP) and α1‐acid glycoprotein (AGP1) were

detected using a nephelometer (BN ProSpec, Dade Behring, Germany).

Haemoglobin (Hb) was measured using whole blood on an automated

haematology analyser (Hemaray 83 Rayto, Shenzhen, China PR), and

soluble transferrin receptor (sTfR) was determined via an in‐house

ELISA (30). Serum zinc was assessed by microwave plasma atomic

emission spectrometry (MP‐AES 4200, Agilent Technologies,

Australia).

Anaemia was defined per World Health Organization standards as

Hb <11 g/dl (WHO, 2011).

Subclinical inflammation was defined as CRP >5 mg/L and/or AGP

>1 g/L. Inflammation status categories were defined using the above

CRP and AGP concentrations: (a) reference (normal CRP and AGP),

(b) incubation (elevated CRP and normal AGP), (c) early convalescence
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(elevated CRP and AGP), and (d) late convalescence (normal CRP and

elevated AGP).

Normality of biomarker concentrations was visually inspected

using frequency distributions (histograms) and considered normal if

the ratios of skewness to its standard error and kurtosis to its standard

error were between ±2. Variables that did not follow a normal distri-

bution were log‐transformed.

Corrected values of ferritin, sTfR, and zinc within inflammation

groups were calculated by multiplying individual concentrations by

their group correction factors. For ferritin, the correction factors

were 0.77 (incubation), 0.53 (early convalescence), and 0.75 (late

convalescence; Thurnham et al., 2010). For sTfR and zinc, the correc-

tion factors were the ratios of the geometric means of the zinc con-

centrations of the “reference” group to the respective inflammatory

group. For sTfR, the natural log‐transformed concentrations were

multiplied by 1.40 (incubation), 1.23 (early convalescence), and

0.94 (late convalescence; Rohner et al., 2017). For zinc, the natural

log‐transformed concentrations were multiplied by 0.998 (incuba-

tion), 1.022 (early convalescence), and 0.990 (late convalescence;

Mburu, Thurnham, Mwaniki, Muniu, & Alumasa, 2010). To facilitate

interpretation, the results were converted back to the original scale.

Cut‐offs for ferritin were determined based on inflammation status

as follows: reference, <12 mg/L; incubation and early convalescence,

<15 mg/L; and late convalescence, <22 mg/L. The cut‐off used to

define elevated sTfR was determined using the geometric mean of

children with no subclinical inflammation, no anaemia, and normal

ferritin concentrations (1.97 mg/L; J. Allen et al., 1998). ID was

defined as either low ferritin or high sTfR. The cut‐off used to define

zinc deficiency was of <65 μg/dl. Folates were analysed using both

haematologic indicators for defining folate deficiency (either plasma

folate <3 ng/ml or erythrocyte folate <100 ng/ml; WHO, 2012).

Vitamin B12 deficiency was defined as <148 pmol/L (200 pg/ml; L.

H. Allen, 2009).
2.8 | Statistical analyses

Data were entered into Magpi® (Magpi, Washington, DC, USA), a

cloud‐based software, and the database was exported to SPSS® sta-

tistical software package Version 24.0 (IBM SPSS Inc., Chicago, IL,

USA) for analysis.

Infants/toddlers were analysed separately from preschoolers

because anaemia rates, diets, nutritional status, maternal education,

and maternal employment status differed between the two samples.

To identify maternal, child, and household factors associated with

anaemia, a literature review was performed to identify potential var-

iables associated with anaemia. Those variables available from the

survey, previously identified in the literature review, were included

in a univariate analysis using logistic regressions. At this stage, the

same variables were included in both age categories. To increase

the precision of the final models, a forward selection method was

used to develop a prediction logistic model using the variables iden-

tified in the previous step with a P value ≤.2 and incorporated into a
logistic regression, using a generalized linear mixed model. A final

step included micronutrient deficiencies as fixed effects with a

random intercept for cluster. Final generalized linear mixed models

were adjusted for maternal education, age, and sex, even though

age and sex were not significant in the bivariate analysis. Given

the low prevalence of folate and vitamin B12 deficiencies, these

were not included in the final models; however, the final models

were adjusted by the continuous concentrations of folate and

vitamin B12.

To further investigate the association of the sociodemographic

variables, in particular “number of adults living at home” with anaemia

in the final models, a Poisson model was created using the significant

variable as dependent and childcare and other sociodemographic indi-

cators as independent variables. The dependent variable was also cat-

egorized to identify how many adults would be needed in the

household to reduce the odds of anaemia.

Sensitivity analyses included the construction of unadjusted

models with individual micronutrient deficiencies as fixed effects.
3 | RESULTS

3.1 | Background characteristics

Baseline characteristics of infants/toddlers and preschoolers are listed

inTable 1. Children were evenly distributed by sex in both age catego-

ries. Mean age was 13 months for infants/toddlers and 45 months for

preschoolers. Eighty percent of infants/toddlers and 3.9% of pre-

schoolers were breastfeeding. Introduction of complementary foods

occurred around the fifth month of age in both age categories.

Weekly dietary diversity scores were lower in infants/toddlers ver-

sus preschoolers (5.6 vs. 6.1, P < .001). Consumption of meat, fish,

poultry, or organ meats at least once during the previous week by

age category were infants <12 months = 47.1%; toddlers 12–21

months = 87.5%; preschoolers 36–<48 months = 95.5%; and

preschoolers >48 to <60 months = 95.8%. The prevalence of

stunting and underweight were both significantly lower among

infants/toddlers than preschoolers (25.8% vs. 41.1%, P = .002, and

3.3% vs. 13.0%, P < .001, respectively). The prevalence of wasting

was below 3.5% in both groups.

A larger proportion of mothers in the infants/toddlers group had

completed primary school compared with mothers of preschoolers

(30.2% vs. 21.4%, P = .048).

Overall, more mothers of preschoolers were overweight or obese,

compared with mothers of infants/toddlers (43.4% for mothers of

infants/toddlers and 59.4% for mothers of preschoolers, P = .002).

More than 50% of the households reported food insecurity, with a

higher rate in mothers of preschoolers (55.2% in infants/toddlers and

65.2% in preschoolers, P = .045). Mothers of preschoolers were twice

as likely to be employed outside the home compared with mothers of

infants/toddlers (6.6% vs. 13.5%, P = .025). About 15% of mothers

from both infants/toddlers and preschoolers were single, widowed, or

divorced. Mean household income of 1,257 GTQ/month (equivalent



TABLE 1 Demographic characteristics of infants and toddlers ages 6 to 24 months and preschoolers ages 36 to 60 months from Retalhuleu,
Guatemalaa,b

Infants/toddlers (n = 182) Preschoolers (n = 207) All (n = 389)

Value Value Value

Age (month) 13.2 ± 4.3 45.3 ± 5.6 30.3 ± 16.8

Female sex (%) 55.5 46.4 50.6

Institutional birth (%) 81.3 82.6 82.0

Prenatal checkups 4.3 ± 3.0 4.9 ± 3.2 4.6 ± 3.1

Breastfeeding duration (month) 11.9 ± 4.7 19.9 ± 9.8 16.1 ± 8.8

Age of introduction to complementary foods (month) 5.1 ± 3.0 5.0 ± 3.6 5.0 ± 3.3

Weekly dietary diversity scorec 5.6 ± 1.5 6.1 ± 0.9 5.9 ± 1.3

Weekly consumption of meat, fish, poultry, and organ meats (%) 70.6 95.6 83.9

Stunted (%) 25.8 41.1 33.9

Underweight (%) 3.3 13 8.5

Wasted (%) 3.3 2.4 2.8

BMI‐for‐age z‐score >2 SD (%) 1.7 2.4 2.1

Maternal age (year) 26.8 ± 8.1 30.5 ± 7.9 28.8 ± 8.2

Maternal education (secondary or more; %) 30.2 21.4 25.5

Maternal BMI ≥25.0 (%) 43.4 59.4 51.9

Household Food Insecurity Access Scaled (%) 55.2 65.2 60.6

Indigenous ethnicity (%) 12.7 18 15.5

Number of <18 years old living at home 2.9 ± 1.6 3.3 ± 1.6 3.1 ± 1.6

Number of adults living at home 3.1 ± 1.6 3.0 ± 1.4 3.0 ± 1.5

Single, divorced, or widowed (%) 14.8 14.5 14.7

Mothers works ≥4 days/week outside home (%) 6.6 13.5 10.3

Monthly household income, GTQe 1233.8 ± 698.5 1277.2 ± 819.2 1257.0 ± 764.7

aValues are means ± SDs unless otherwise indicated.
bGroups significantly different by t‐ or chi‐square tests.
cFAO/FANTA Household Dietary Diversity Questionnaire and Guidelines.
dFANTA Household Food Insecurity Access Scale (HFIAS) for Measurement of Household Food Access: Indicator Guide (V.3).
eGTQ, Guatemalan Quetzals (1GTQ = 7.65 USD using exchange rate of March 30, 2015).
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to 164.3 USD/month; exchange rate of March 30, 2015) was similar in

both groups.

3.2 | Description of anaemia, micronutrient, and
inflammation status

The overall prevalence across all age categories of iron and zinc defi-

ciencies were 73.1%; 95% CI [68.0, 78.2] and 36.3%; 95% CI [31.2,

41.4], respectively.

Table 2 provides summary data on the prevalence of micronutrient

deficiencies in children with anaemia. More than half of the

infants/toddlers had anaemia (56%; 95% CI [48.8, 63.3]) and experi-

enced high rates of iron‐ and zinc‐deficiency anaemia, 82.9%; 95%

CI [73.8, 92.0] and 62.8%; 95% CI [52.4, 73.2], respectively.

The proportion of ID in infants/toddlers and preschoolers with no

anaemia was high, 80.3%; 95% CI [70.0, 90.1] and 65.0%; 95% CI
[57.1, 73.0], respectively. Also, infants/toddlers and preschoolers with

no anaemia had a prevalence of zinc deficiency of 36.5%; 95% CI

[25.2, 47.7] and 24.8%; 95% CI [18.2, 31.5], respectively.

Rates of folate and vitamin B12 deficiency were under 10.0% in

infants/toddlers and preschoolers. The inflammation status of

infants/toddlers was 60.9% with no active inflammatory process (ref-

erence group), 1.2% in the incubation period, 9.9% in early convales-

cence, and 28% in late convalescence.

Among preschoolers, anaemia prevalence was 12.1%; 95% CI

[7.6, 16.6]. Three fourths of preschoolers experienced ID, 18.2%;

95% CI [0.7, 35.7] had zinc deficiency, and 4.3%; 95% CI [−4.7,

13.4] had folate deficiency, and none had vitamin B12 deficiency.

The inflammation status of preschoolers was 58.9% with no active

inflammatory process (reference group), none in the incubation

period, 14.2% in early convalescence, and 26.8% in late convales-

cence Table 2.



FIGURE 1 Biomarkers and factors associated with anaemia in
infants and toddlers ages 6 to 24 months from Retalhuleu, Guatemala
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3.3 | Logistic regression analyses associated with
anaemia

Figures 1 and 2 show the results from the multivariate logistic models

testing the association between anaemia, blood biomarkers and signif-

icant maternal, child, and household factors in infants/toddlers and

preschoolers, respectively.

Zinc deficiency was associated with 3.4 times increased odds of

anaemia (OR = 3.40; 95% CI [1.54, 7.47]). Child sex, age, maternal edu-

cation, and ID were not associated with anaemia. Separate models

with either iron or zinc deficiency did not show major variability from

the reported results. Among infants, the number of adults living at

home and zinc deficiency were associated with anaemia. For increas-

ing numbers of adults living at home, the odds of anaemia fell by

31% (OR = 0.69; 95% CI [0.53, 0.90]).

To understand why increasing number of adults living at home

was associated with lower odds of anaemia in the infants/toddler

group, further Poisson model analysis using “total count of adults liv-

ing at home” (range = 8) as the dependent variable identified that

households with more adults have higher assets scores: (OR = 1.17;

95% CI [0.06, 0.25]). Childcare indicators and other sociodemographic

factors were not associated with number of adults living in the

household.

Among preschoolers, age was associated with anaemia. For every

additional month of age, the odds of anaemia fell by 10% (OR =

0.90; 95% CI [0.81, 0.99]). No other variables were associated with

anaemia in preschoolers.
FIGURE 2 Biomarkers and factors associated with anaemia in
preschoolers ages 36 to 60 months from Retalhuleu, Guatemala
4 | DISCUSSION

Over half (56%) of infants/toddlers and 12% of preschoolers had

anaemia, illustrating a severe public health concern, especially among
TABLE 2 Prevalence of micronutrient deficiencies and inflammation stat
36–60 months with anemia

Infants/toddlers

n % 95% C

Anaemia (Hb <11.0 g/dl) 102 56.0 48.8,

Low ferritina 42 53.8 42.5,

Elevated sTfR (≥1.97 mg/L) 48 63.2 52.1,

Iron deficiency (low ferritin and/or elevated sTfR) 58 82.9 73.8,

Zinc deficiency (<65 μg/dl) 54 62.8 52.4,

Folate deficiencyb 3 3.0 −0.4,

Vitamin B12 deficiency (<200 pg/ml) 9 9.3 3.4,

Elevated CRP (>5 mg/L) 12 13.6 6.3,

Elevated AGP (>1.0 g/L) 37 41.1 30.8,

Abbreviations: AGP, alpha‐1‐acid glycoprotein; CRP, C‐reactive protein; ID, iro
aLow ferritin was determined based on inflammation status as follows: Referenc

valescence, <22 mg/L.
bEither plasma folate <3 ng/ml or erythrocyte folate <100 ng/ml.
infants/toddlers. Even though children from this study had a length

or height‐for‐age z‐score <−1 SD at recruitment, findings from this

study are close to the age‐related national averages reported in the

latest 2014 Maternal and Child Survey in Guatemala (children ages
us in infants and toddlers ages 6 to 24 months and preschoolers ages

Preschoolers All

I (%) n % 95% CI (%) n % 95% CI (%)

63.3 25 12.1 7.6, 16.6 127 32.6 28.0, 37.3

65.2 3 14.3 2.0, 30.6 45 45.5 35.5, 55.4

74.3 16 72.7 52.5, 92.9 64 65.3 55.7, 74.9

92.0 15 75.0 54.2, 96.0 73 81.1 72.9, 89.4

73.2 4 18.2 0.7, 35.7 58 53.7 44.2, 63.3

6.5 1 4.3 −4.7, 13.4 4 3.3 0.1, 6.5

15.2 0 0 — 9 7.5 2.7, 12.3

21.0 5 20.8 3.3, 38.4 17 15.2 8.4, 21.9

51.5 8 34.8 13.7, 55.8 45.0 39.8 30.7, 49.0

n deficiency; sTfR, soluble transferrin receptor.

e, <12 mg/L; incubation and early convalescence, <15 mg/L; and late con-
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6–11 months = 64.3%; 12–23 months = 39.6%; 36–47 months =

14.8%; and 48–60 months = 9.1%; MSPAS, 2015).

Micronutrient deficiencies were frequent in both infants/toddlers

and preschoolers, with the prevalence of iron and zinc deficiency over

70% and 36%, respectively. ID in infants was comparable with that

reported by the 2008–2009 micronutrient survey in Guatemala

(80.8% for <12‐month‐old infants with no inflammation). In contrast,

the current analysis found a much greater prevalence of ID in pre-

schoolers at 75.0% versus <10.0% (MSPAS, 2012), either due to our

selection of children with HAZ <1 or due to an underestimation of

ID in the National Micronutrient Survey as they used only ferritin

and AGP1. The present study also found low rates of ferritin in pre-

schoolers (14.3%).

The prevalence of zinc deficiency in the current analysis was simi-

lar to the rates of the Southwestern region in Guatemala reported by

the Micronutrient Survey (36.8%; MSPAS, 2012) and slightly higher

than the rates of zinc deficiency from Mexico and Ecuador (27.5%

and 28.8%, respectively). It is expected that Guatemala would have

higher prevalence of zinc deficiency, as stunting (a functional indicator

of zinc deficiency; Fischer Walker, & Black, 2007) is more frequent in

Guatemala at ~47%, compared with 14% in Mexico and 29% in Ecua-

dor (Cediel, Olivares, Brito, Cori, & Lopez de Romana, 2015).

In contrast to the lack of association between ID and anaemia, the

current study found a strong association between zinc deficiency and

anaemia in infants/toddlers. The odds of anaemia were >3 times

greater for infants/toddlers with zinc deficiency. To our knowledge,

few investigations have examined the relationship between zinc and

anaemia. In school‐aged children from New Zealand, zinc deficiency

increased the probability of anaemia by five times and with no associ-

ation between ID and serum ferritin (Houghton, Parnell, Thomson,

Green, & Gibson, 2016). A study among preschoolers in Vietnam

reported a 45.7% prevalence of zinc deficiency and anaemia, with no

association between anaemia and iron status (Van Nhien et al., 2008).

There are several mechanisms potentially linking zinc deficiency

and anaemia. Zinc is part of more than 100 enzymes and transcription

factors involved in DNA, haem synthesis, and RNA translation, and

processes involved in growth, cell division, and erythropoiesis

(Labbaye et al., 1995; Nishiyama, Kiwaki, Miyazaki, & Hasuda, 1999).

Zinc also is known for stabilizing erythroid cell membranes (O'Dell,

2000) and acts as a catalyst of the enzyme alpha–aminolevulinic acid

dehydratase, which modulates erythroid transcriptional gene expres-

sion, supports the proliferation of immature erythroblasts, and influ-

ences development of erythroid stem cells (Osawa et al., 2002). Also,

the lifespan of red blood cells is reduced in the presence of zinc defi-

ciency due to the compromised function of zinc‐dependent antioxi-

dant enzymes (Powell, 2000).

Although no association was found between anaemia and ID,

infants/toddlers with or without anaemia and preschoolers showed

high rates of ID.

A recent study in India found a weak association between iron

intake and anaemia, suggesting that other factors might be playing a

more important role in the aetiology of anaemia than previously

thought (Swaminathan et al., 2019).
ID occurs when total body iron is reduced, and iron stores are

exhausted (Cook, 2005). When haemoglobin concentrations in eryth-

rocytes decrease, their capacity to bind and carry oxygen is jeopar-

dized. This impacts the peripheral tissue oxygenation homeostasis

and triggers a series of physiologic responses detailed elsewhere

(Weiskopf et al., 1998). Post‐mortem and animal studies suggest that

when ID is present, bioavailable iron is prioritized into erythrocytes

to favour oxygen delivery over energy production for survival (Petry

et al., 1992; Zamora, Guiang, Widness, & Georgieff, 2016). Thus, ID

anaemia is thought to be an end‐stage clinical manifestation of ID.

These explanations may justify a high prevalence of ID without an

association with anaemia as seen in the current study sample.

No biomarkers of nutritional status were associated with anaemia

in preschoolers.

Reasons why zinc deficiency was associated with anaemia in

infants/toddlers and not in preschoolers may be that infants are par-

ticularly vulnerable to micronutrient deficiencies due to their rapid

growth, high micronutrient requirements, lower dietary diversity,

smaller gastric capacity than older children, and an increased suscep-

tibility to infections leading to gastrointestinal disfunction and envi-

ronmental enteropathy (Krebs, Miller, & Hambidge, 2014). During

the first 4–6 months after birth, iron stores begin to deplete and

breastmilk iron and zinc are no longer able to cover the growing

infant's needs (Saarinen, Siimes, & Dallman, 1977; Yalcin, Yalcin, &

Gucus, 2015). By 7 months, human milk provides only 0.5 mg/day

of zinc, or 20% of the estimated average requirement for a 7‐ to

12‐month‐old infant, highlighting the need to incorporate micronutri-

ent‐rich foods as early as 6 months (Krebs, Reidinger, Robertson, &

Hambidge, 1994). This analysis identified that less than half of

<12‐month‐old infants reported consumption of any meat, fish, poul-

try, or organ meats at least once during the previous 7 days com-

pared with >95% of preschoolers. Animal source foods are

essential for obtaining absorbable forms of iron, zinc, and other

micronutrients (Murphy & Allen, 2003) suggesting that

infants/toddlers from this region are particularly vulnerable to defi-

cits of some animal‐source essential micronutrients such as iron

and zinc. On this matter, there is an opportunity to modify local

complementary feeding guidelines as they promote the introduction

of beef, fish, and viscera only after 9 months of age (INCAP, FANTA,

& Nutri‐Salud/URC, 2016). Other inappropriate complementary

feeding practices could be contributing to more prevalent micronu-

trient deficiencies in infants/toddlers in Guatemala, such as the com-

mon habit of providing sweetened water in infants that has been

associated with stunting (Doak et al., 2013).

Structural factors and policies also impact the ability of Guatema-

lan families to access nutrient rich foods. Iannotti and colleagues

identified zinc as the micronutrient with the highest probability of

inadequacy as income decreased in Guatemala (Iannotti, Robles,

Pachón, & Chiarella, 2012). Other cultural and social aspects in the

Guatemalan traditional diet can influence complementary food

choices in this population. Guatemalan diets are mostly plant based,

where the high‐phytate traditional maize (mean phytate content of

840 ± 42 mg/100 g) has been the principal grain of the Mayan people
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for more than a thousand years and continues to be a main staple

(Mazariegos et al., 2006). Phytates form insoluble complexes with

divalent minerals (e.g., iron, zinc, and calcium) inhibiting their

absorption.

Finally, local efforts to address anaemia through supplementation

and fortification have included iron and vitamin A but not zinc.

Among the non‐nutritional findings in this study, we found an

inverse association of increasing number of adults in the household

with anaemia in infants/toddlers. In low‐ and middle‐income countries,

large family sizes have been identified as a factor associated with mal-

nutrition (Keino, Plasqui, Ettyang, & van den Borne, 2014; Pelto et al.,

1991), especially when high numbers of children live in the same

household (Nkurunziza, Meessen, Van Geertruyden, & Korachais,

2017). In the infant/toddler group, the odds of anaemia fell 31% for

each additional adult living in the same household. Yet no association

between anaemia and number of children living at home was

observed. Further analyses showed that households with more adults

had higher asset scores, and mothers of those children also received

more education. Consequently, larger families could have a higher

socio‐economic status and more resources for children, as well as a

stronger social support network, important for the care of infants

and toddlers at home. This finding is aligned with a recent cross‐sec-

tional analysis in Uganda that found that larger households had higher

incomes, and children living in these households had a lower probabil-

ity of anaemia (Legason, Atiku, Ssenyonga, Olupot‐Olupot, &

Barugahare, 2017).

Uncertainty exists as to how to measure ID in populations. A

strength of this study is that it included measurements of inflamma-

tion biomarkers (CRP and AGP1) and two iron status indicators: ferri-

tin and sTfR. These measures provide a comprehensive status of ID in

this population. The present research is novel in that it is the first in

the region to analyze zinc status in the context of anaemia. One limi-

tation is that the sample was selected for infants/toddlers (ages 6–24

months) and preschoolers (ages 36–60 months) with LAZ/HAZ <−1,

excluding children with severe stunting or severe anaemia, and there-

fore is not representative of the population of children younger than

age 5 years. Finally, this study did not test for intestinal parasites

(amoebas, giardias, and soil‐transmitted helminths) endemic to the

region (Hotez, Bottazzi, Franco‐Paredes, Ault, & Periago, 2008) and

other secondary and prevalent factors of undernutrition. In the con-

text of this study, households with dirt floors, and lack of access to

appropriate sources of water and sanitation, are a reality. In the study

location, animals (poultry and other domestic animals) typically inhabit

homes where family members eat, cook, and sleep, potentially contrib-

uting to the disease burden.

Further research understanding family structures, access to animal

source foods, and nutrition supplements could clarify some remaining

questions. Developing strategies to increase consumption of iron‐ and

zinc‐rich foods in young children is needed. Revising local complemen-

tary feeding guidelines, educating health professionals, and

implementing culturally relevant education approaches that target

caregivers, health care providers, and community leaders are some

opportunities to address undernutrition in the region. Also, if food
sources of iron and zinc are unavailable or inaccessible, consideration

of incorporating iron/zinc supplements during the complementary

feeding period would be an inexpensive alternative that could improve

the nutritional status of young children in rural Guatemala. Finally, in

locations with a high prevalence of stunting and phytate‐rich diets,

assessment of zinc should be considered as part of the battery of tests

to identify underlying causes of anaemia.

ACKNOWLEDGMENTS

The authors acknowledge the contributions of Fernando Ortega and

Ana Iris Brea in the data collection process; of Dr. Richard Finnell,

Dr. Nalini Ranjit, and Dr. Elizabeth Widen in the analysis and writing

of this paper; and of Dr. Matthew B. Flynn for his comments and feed-

back. The authors are grateful for the collaboration with the commu-

nity and participants. This study was funded by The Mathile Institute

for the Advancement of Human Nutrition and The Sackler Institute

for Nutrition Sciences of the New York Academy of Sciences.

CONFLICTS OF INTEREST

At the time of the study, AMP, GAR, and LMV worked in the Mathile

Institute, which funded the study. The Mathile Institute is a nonprofit

organization with no vested interest in the outcomes of this study.

The rest of the authors declare no conflict of interest.

CONTRIBUTIONS

MMB, KMH, and AMP designed the research; SDP, VA, KBL, NT, and

LMV conducted the study; AMP, KMH, MMB, and NT analysed the

data; all authors contributed to the interpretation of data; AMP,

KMH, JFG, and MMB wrote the paper; AMP had primary responsibil-

ity for final content. All authors critically reviewed and approved the

final manuscript.

ORCID

Ana M. Palacios https://orcid.org/0000-0002-9489-2219

Kristen M. Hurley https://orcid.org/0000-0001-8339-1681

Silvia De‐Ponce https://orcid.org/0000-0001-5566-9826

Víctor Alfonso https://orcid.org/0000-0003-4694-7569

Nicholas Tilton https://orcid.org/0000-0003-2312-4076

Kaley B. Lambden https://orcid.org/0000-0001-6285-8182

Gregory A. Reinhart https://orcid.org/0000-0002-7240-5619

Jeanne H. Freeland‐Graves https://orcid.org/0000-0002-0456-8993

Lisa M. Villanueva https://orcid.org/0000-0003-3266-1295

Maureen M. Black https://orcid.org/0000-0002-6427-4639

REFERENCES

Adair, L. S., Fall, C. H., Osmond, C., Stein, A. D., Martorell, R., Ramirez‐Zea,
M., … group, C (2013). Associations of linear growth and relative

weight gain during early life with adult health and human capital in

countries of low and middle income: Findings from five birth cohort

studies. Lancet, 382, 525–534. https://doi.org/10.1016/S0140‐
6736(13)60103‐8

Allen, J., Backstrom, K. R., Cooper, J. A., Cooper, M. C., Detwiler, T. C.,

Essex, D. W., … Seligman, P. A. (1998). Measurement of soluble

https://orcid.org/0000-0002-9489-2219
https://orcid.org/0000-0001-8339-1681
https://orcid.org/0000-0001-5566-9826
https://orcid.org/0000-0003-4694-7569
https://orcid.org/0000-0003-2312-4076
https://orcid.org/0000-0001-6285-8182
https://orcid.org/0000-0002-7240-5619
https://orcid.org/0000-0002-0456-8993
https://orcid.org/0000-0003-3266-1295
https://orcid.org/0000-0002-6427-4639
https://doi.org/10.1016/S0140-6736(13)60103-8
https://doi.org/10.1016/S0140-6736(13)60103-8


PALACIOS ET AL. 9 of 10
bs_bs_banner
transferrin receptor in serum of healthy adults. Clinical Chemistry, 44(1),

35–39.

Allen, L. H. (2009). How common is vitamin B‐12 deficiency? The American

Journal of Clinical Nutrition, 89, 693S–696S. https://doi.org/10.3945/
ajcn.2008.26947A

Bhutta, Z. A. (2013). Early nutrition and adult outcomes: Pieces of the puz-

zle. Lancet, 382, 486–487. https://doi.org/10.1016/S0140‐
6736(13)60716‐3

Bradley, R. H., & Caldwell, B. M. (1977). Home observation for measure-

ment of the environment: A validation study of screening efficiency.

American Journal of Mental Deficiency, 81, 417–420.

Brown, K. H., Rivera, J. A., Bhutta, Z., Gibson, R. S., King, J. C., Lönnerdal,

B., … (IZiNCG), I. Z. N. C. G (2004). International Zinc Nutrition Consul-

tative Group (IZiNCG) technical document #1. Assessment of the risk

of zinc deficiency in populations and options for its control. Food and

Nutrition Bulletin, 25, S99–S203.

Cediel, G., Olivares, M., Brito, A., Cori, H., & Lopez de Romana, D. (2015).

Zinc deficiency in Latin America and the Caribbean. Food and Nutrition

Bulletin, 36, S129–S138. https://doi.org/10.1177/

0379572115585781

Cook, J. D. (2005). Diagnosis and management of iron‐deficiency anaemia.

Best Practice & Research Clinical Haematology, 18, 319–332. https://
doi.org/10.1016/j.beha.2004.08.022

Doak, C. M., van der Starre, R. E., van Beusekom, I., Campos Ponce, M.,

Vossenaar, M., & Solomons, N. W. (2013). Earlier introduction of

aguitas is associated with higher risk of stunting in infants and toddlers

in the Western Highlands of Guatemala. The American Journal of Clinical

Nutrition, 97, 631–636. https://doi.org/10.3945/ajcn.112.047621

Fernandez‐Rao, S., Hurley, K. M., Nair, K. M., Balakrishna, N., Radhakrishna,

K. V., Ravinder, P., … Black, M. M. (2014). Integrating nutrition and early

child‐development interventions among infants and preschoolers in

rural India. Annals of the New York Academy of Sciences, 1308,

218–231. https://doi.org/10.1111/nyas.12278

Fischer Walker, C. L., & Black, R. E. (2007). Functional indicators for

assessing zinc deficiency. Food and Nutrition Bulletin, 28(3 Suppl),

S454–S479. https://doi.org/10.1177/15648265070283S305

Gibson, R. S. (2005). Principles of nutritional assessment (2nd ed.). New

York: Oxford University Press.

Grantham‐McGregor, S., & Ani, C. (2001). A review of studies on the effect

of iron deficiency on cognitive development in children. The Journal of

Nutrition, 131, 649S–666S. discussion 666S‐668S

Hotez, P. J., Bottazzi, M. E., Franco‐Paredes, C., Ault, S. K., & Periago, M. R.

(2008). The neglected tropical diseases of Latin America and the Carib-

bean: A review of disease burden and distribution and a road map for

control and elimination. PLoS Neglected Tropical Diseases, 2, e300.

https://doi.org/10.1371/journal.pntd.0000300

Houghton, L. A., Parnell, W. R., Thomson, C. D., Green, T. J., & Gibson, R. S.

(2016). Serum Zinc Is a Major Predictor of Anemia and Mediates the

Effect of Selenium on Hemoglobin in School‐Aged Children in a

Nationally Representative Survey in New Zealand. The Journal of Nutri-

tion, 146, 1670–1676. https://doi.org/10.3945/jn.116.235127

Iannotti, L. L., Robles, M., Pachón, H., & Chiarella, C. (2012). Food prices

and poverty negatively affect micronutrient intakes in Guatemala. The

Journal of Nutrition, 142, 1568–1576. https://doi.org/10.3945/

jn.111.157321

INCAP, FANTA, & Nutri‐Salud/URC. (2016). Diplomado Nutrición Materno

Infantil en los Primeros 1,000 días de Vida: Alimentación

Complementaria de 6 a 24 Meses [Unidad 4], Spanish, (Course on

Maternal and Child Nutrition during the First 1,000 days of life: Com-

plementary feeding from 6 to 24 months of age [Unit 4]). In (pp.

6–32). Guatemala: SESAN.
INE (2014). Encuesta Nacional de Condiciones de Vida ENCOVI, Spanish,

(National Survey of Living Conditions). Guatemala: Instituto Nacional de

Estadística.

Keino, S., Plasqui, G., Ettyang, G., & Van den Borne, B. (2014). Determi-

nants of stunting and overweight among young children and

adolescents in sub‐Saharan Africa. The Food and Nutrition Bulletin, 35,

167–178. https://doi.org/10.1177/156482651403500203

Krebs, N. F., Miller, L. V., & Hambidge, K. M. (2014). Zinc deficiency in

infants and children: A review of its complex and synergistic interac-

tions. Paediatrics and International Child Health, 34, 279–288. https://
doi.org/10.1179/2046905514Y.0000000151

Krebs, N. F., Reidinger, C. J., Robertson, A. D., & Hambidge, K. M. (1994).

Growth and intakes of energy and zinc in infants fed human milk. The

Journal of Pediatrics, 124, 32–39.

Labbaye, C., Valtieri, M., Barberi, T., Meccia, E., Masella, B., Pelosi, E., …
Peschle, C. (1995). Differential expression and functional role of

GATA‐2, NF‐E2, and GATA‐1 in normal adult hematopoiesis. The Jour-

nal of Clinical Investigation, 95, 2346–2358. https://doi.org/10.1172/
JCI117927

Legason, I. D., Atiku, A., Ssenyonga, R., Olupot‐Olupot, P., & Barugahare, J.

B. (2017). Prevalence of anaemia and associated risk factors among

children in North‐western Uganda: A cross sectional study. BMC Hema-

tology, 17, 10. https://doi.org/10.1186/s12878‐017‐0081‐0

Levine, M., & Ensom, M. H. (2001). Post hoc power analysis: An idea

whose time has passed? Pharmacotherapy, 21, 405–409. https://doi.
org/10.1592/phco.21.5.405.34503

Lipschitz, D. A., Cook, J. D., & Finch, C. A. (1974). A clinical evaluation of

serum ferritin as an index of iron stores. N Engl J Med, 290,

1213–1216. https://doi.org/10.1056/NEJM197405302902201

Lozoff, B., Jimenez, E., & Smith, J. B. (2006). Double burden of iron defi-

ciency in infancy and low socioeconomic status: A longitudinal

analysis of cognitive test scores to age 19 years. Archives of Pediatrics

& Adolescent Medicine, 160, 1108–1113. https://doi.org/10.1001/

archpedi.160.11.1108

Matheny, A. P., Wachs, T. D., Ludwig, J. L., & Phillips, K. (1995). Bringing

order out of chaos: Psychometric characteristics of the confusion, hub-

bub, and order scale. Journal of Applied Developmental Psychology, 16,

429–444. https://doi.org/10.1016/0193‐3973(95)90028‐4

Mazariegos, M., Hambidge, K. M., Krebs, N. F., Westcott, J. E., Lei, S.,

Grunwald, G. K., … Solomons, N. W. (2006). Zinc absorption in Guate-

malan schoolchildren fed normal or low‐phytate maize. The American

Journal of Clinical Nutrition, 83, 59–64. https://doi.org/10.1093/ajcn/
83.1.59

Mburu, A. S., Thurnham, D. I., Mwaniki, D. L., Muniu, E. M., & Alumasa, F.

M. (2010). The influence of inflammation on plasma zinc concentration

in apparently healthy, HIV+ Kenyan adults and zinc responses after a

multi‐micronutrient supplement. European Journal of Clinical Nutrition,

64, 510–517. https://doi.org/10.1038/ejcn.2010.33

McDonagh, M. S., Blazina, I., Dana, T., Cantor, A., & Bougatsos, C. (2015).

Screening and routine supplementation for iron deficiency anemia: A

systematic review. Pediatrics, 135(4), 723–733. https://doi.org/

10.1542/peds.2014‐3979

MSPAS. (2008). Encuesta Nacional de Salud Materno Infantil 2008

(ENSMI‐2008/09), Spanish, (National Survey of Maternal and Child

Health 2008). In. Guatemala: Ministerio de Salud Pública y Asistencia

Social (MSPAS)/Instituto Nacional de Estadística (INE)/Centros de

Control y Prevención de Enfermedades (CDC).

MSPAS (2012). Encuesta nacional de micronutrientes 2009‐2010, Spanish,
(National Survey of Micronutrients 2009‐2010). In. Guatemala:

Ministerio de Salud Pública y Asistencia Social.

https://doi.org/10.3945/ajcn.2008.26947A
https://doi.org/10.3945/ajcn.2008.26947A
https://doi.org/10.1016/S0140-6736(13)60716-3
https://doi.org/10.1016/S0140-6736(13)60716-3
https://doi.org/10.1177/0379572115585781
https://doi.org/10.1177/0379572115585781
https://doi.org/10.1016/j.beha.2004.08.022
https://doi.org/10.1016/j.beha.2004.08.022
https://doi.org/10.3945/ajcn.112.047621
https://doi.org/10.1111/nyas.12278
https://doi.org/10.1177/15648265070283S305
https://doi.org/10.1371/journal.pntd.0000300
https://doi.org/10.3945/jn.116.235127
https://doi.org/10.3945/jn.111.157321
https://doi.org/10.3945/jn.111.157321
https://doi.org/10.1177/156482651403500203
https://doi.org/10.1179/2046905514Y.0000000151
https://doi.org/10.1179/2046905514Y.0000000151
https://doi.org/10.1172/JCI117927
https://doi.org/10.1172/JCI117927
https://doi.org/10.1186/s12878-017-0081-0
https://doi.org/10.1592/phco.21.5.405.34503
https://doi.org/10.1592/phco.21.5.405.34503
https://doi.org/10.1056/NEJM197405302902201
https://doi.org/10.1001/archpedi.160.11.1108
https://doi.org/10.1001/archpedi.160.11.1108
https://doi.org/10.1016/0193-3973(95)90028-4
https://doi.org/10.1093/ajcn/83.1.59
https://doi.org/10.1093/ajcn/83.1.59
https://doi.org/10.1038/ejcn.2010.33
https://doi.org/10.1542/peds.2014-3979
https://doi.org/10.1542/peds.2014-3979


10 of 10 PALACIOS ET AL.
bs_bs_banner
MSPAS. (2015). Encuesta Nacional de Salud Materno Infantil 2014‐2015,
Spanish, (National Survey of Maternal and Child Health 2014‐2015).
Ciudad de Guatemala, Guatemala: Ministerio de Salud Pública y

Asistencia Social (MSPAS)/Instituto Nacional de Estadística (INE)/ICF

International

Murphy, S. P., & Allen, L. H. (2003). Nutritional importance of animal source

foods. The Journal of Nutrition, 133, 3932S–3935S. https://doi.org/
10.1093/jn/133.11.3932S

Nishiyama, S., Kiwaki, K., Miyazaki, Y., & Hasuda, T. (1999). Zinc and IGF‐I
concentrations in pregnant women with anemia befoor zin/or zinc. J

Am Coll Nutr, 18, 261–267.

Nkurunziza, S., Meessen, B., Van Geertruyden, J. P., & Korachais, C. (2017).

Determinants of stunting and severe stunting among Burundian chil-

dren aged 6‐23 months: evidence from a national cross-sectional

household survey, 2014. BMC Pediatrics, 17, 176. https://doi.org/

10.1186/s12887‐017‐0929‐2

O'Dell, B. L. (2000). Role of zinc in plasma membrane function. The Journal

of Nutrition, 130, 1432S–1436S. https://doi.org/10.1093/jn/

130.5.1432S

Osawa, M., Yamaguchi, T., Nakamura, Y., Kaneko, S., Onodera, M., Sawada,

K., … Iwama, A. (2002). Erythroid expansion mediated by the Gfi‐1B
zinc finger protein: Role in normal hematopoiesis. Blood, 100,

2769–2777. https://doi.org/10.1182/blood‐2002‐01‐0182

Pelto, G. H., Urgello, J., Allen, L. H., Chavez, A., Martinez, H., Meneses, L., …
Backstrand, J. (1991). Household size, food intake and anthropometric

status of school-age children in a highland Mexican area. Soc Sci Med,

33, 1135–40.

Petry, C. D., Eaton, M. A., Wobken, J. D., Mills, M. M., Johnson, D. E., &

Georgieff, M. K. (1992). Iron deficiency of liver, heart, and brain in new-

born infants of diabetic mothers. The Journal of Pediatrics, 121,

109–114.

Pollitt, E., Saco‐Pollitt, C., Leibel, R. L., & Viteri, F. E. (1986). Iron deficiency

and behavioral development in infants and preschool children. The

American Journal of Clinical Nutrition, 43, 555–565. https://doi.org/
10.1093/ajcn/43.4.555

Powell, S. R. (2000). The antioxidant properties of zinc. The Journal of Nutri-

tion, 130, 1447S–1454S. https://doi.org/10.1093/jn/130.5.1447S

Reurings, M., Vossenaar, M., Doak, C. M., & Solomons, N. W. (2013).

Stunting rates in infants and toddlers born in metropolitan

Quetzaltenango, Guatemala. Nutrition, 29, 655–660. https://doi.org/
10.1016/j.nut.2012.12.012

Rice, A. L., Sacco, L., Hyder, A., & Black, R. E. (2000). Malnutrition as an

underlying cause of childhood deaths associated with infectious dis-

eases in developing countries. Bulletin of the World Health

Organization, 78, 1207–1221.

Rockett, H. R., Breitenbach, M., Frazier, A. L., Witschi, J., Wolf, A. M., Field,

A. E., & Colditz, G. A. (1997). Validation of a youth/adolescent food fre-

quency questionnaire. Preventive Medicine, 26, 808–816. https://doi.
org/10.1006/pmed.1997.0200

Rohner, F., Namaste, S. M., Larson, L. M., Addo, O. Y., Mei, Z., Suchdev, P.

S., … Northrop‐Clewes, C. A. (2017). Adjusting soluble transferrin

receptor concentrations for inflammation: Biomarkers reflecting

inflammation and nutritional determinants of anemia (BRINDA) project.

The American Journal of Clinical Nutrition, 106, 372S–382S. https://doi.
org/10.3945/ajcn.116.142232
Saarinen, U. M., Siimes, M. A., & Dallman, P. R. (1977). Iron absorption in

infants: High bioavailability of breast milk iron as indicated by the

extrinsic tag method of iron absorption and by the concentration of

serum ferritin. The Journal of Pediatrics, 91, 36–39.

Swaminathan, S., Ghosh, S., Varghese, J. S., Sachdev, H. S., Kurpad, A. V., &

Thomas, T. (2019). Dietary iron intake and anemia are weakly associ-

ated, limiting effective iron fortification strategies in India. The Journal

of Nutrition, 149, 831–839. https://doi.org/10.1093/jn/nxz009

Thurnham, D. I., McCabe, L. D., Haldar, S., Wieringa, F. T., Northrop‐
Clewes, C. A., & McCabe, G. P. (2010). Adjusting plasma ferritin con-

centrations to remove the effects of subclinical inflammation in the

assessment of iron deficiency: A meta‐analysis. The American Journal

of Clinical Nutrition, 92, 546–555. https://doi.org/10.3945/

ajcn.2010.29284

Van Nhien, N., Khan, N. C., Ninh, N. X., Van Huan, P., Hople, T., Lam, N. T.,

… Nakaya, Y. (2008). Micronutrient deficiencies and anemia among

preschool children in rural Vietnam. Asia Pacific Journal of Clinical Nutri-

tion, 17(1), 48–55.

Vos, T., Allen, C., Arora, M., Barber, R. M., Bhutta, Z. A., Brown, A., … Mur-

ray, C. J. L. (2016). Global, regional, and national incidence, prevalence,

and years lived with disability for 310 diseases and injuries, 1990–
2015: A systematic analysis for the Global Burden of Disease Study

2015. The Lancet, 388, 1545–1602. https://doi.org/10.1016/S0140‐
6736(16)31678‐6

Weiskopf, R. B., Viele, M. K., Feiner, J., Kelley, S., Lieberman, J., Noorani,

M., … Moore, M. A. (1998). Human cardiovascular and metabolic

response to acute, severe isovolemic anemia. JAMA, 279, 217–221.

WHO (2011). Haemoglobin concentrations for the diagnosis of anaemia and

assessment of severity (Vol. 11.1). Geneva, Switzerland: WHO/NMH/

NHD/MNM.

WHO (2012). Serum and red blood cell folate concentrations for assessing

folate status in populations. In. Geneva: World Health Organization.

Yalcin, S. S., Yalcin, S., & Gucus, A. I. (2015). Zinc and Copper Concentra-

tions in Breast Milk During the First Nine Months of Lactation: A

Longitudinal Study. Pediatrics, 135, S13–S4. https://doi.org/10.1542/
peds.2014‐3330X

Zamora, T. G., Guiang, S. F., Widness, J. A., & Georgieff, M. K. (2016). Iron

is prioritized to red blood cells over the brain in phlebotomized anemic

newborn lambs. Pediatr Res, 79(6):922–8. https://doi.org/10.1038/

pr.2016.20
SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Palacios AM, Hurley KM, De‐Ponce

S, et al. Zinc deficiency associated with anaemia among young

children in rural Guatemala. Matern Child Nutr. 2020;16:

e12885. https://doi.org/10.1111/mcn.12885

https://doi.org/10.1093/jn/133.11.3932S
https://doi.org/10.1093/jn/133.11.3932S
https://doi.org/10.1186/s12887-017-0929-2
https://doi.org/10.1186/s12887-017-0929-2
https://doi.org/10.1093/jn/130.5.1432S
https://doi.org/10.1093/jn/130.5.1432S
https://doi.org/10.1182/blood-2002-01-0182
https://doi.org/10.1093/ajcn/43.4.555
https://doi.org/10.1093/ajcn/43.4.555
https://doi.org/10.1093/jn/130.5.1447S
https://doi.org/10.1016/j.nut.2012.12.012
https://doi.org/10.1016/j.nut.2012.12.012
https://doi.org/10.1006/pmed.1997.0200
https://doi.org/10.1006/pmed.1997.0200
https://doi.org/10.3945/ajcn.116.142232
https://doi.org/10.3945/ajcn.116.142232
https://doi.org/10.1093/jn/nxz009
https://doi.org/10.3945/ajcn.2010.29284
https://doi.org/10.3945/ajcn.2010.29284
https://doi.org/10.1016/S0140-6736(16)31678-6
https://doi.org/10.1016/S0140-6736(16)31678-6
https://doi.org/10.1542/peds.2014&e_x2010;3330X
https://doi.org/10.1542/peds.2014&e_x2010;3330X
https://doi.org/10.1038/pr.2016.20
https://doi.org/10.1038/pr.2016.20
https://doi.org/10.1111/mcn.12885


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


