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Abstract 
Background: Understanding the multifactorial causes of anemia on a population level is 

important for creating effective interventions that mitigate poor health outcomes 

associated with anemia, particularly in regions where these rates are highly elevated. This 

study aims to quantify the relative prevalence of iron deficiency anemia, anemia of 

inflammation, and micronutrient deficiency anemia within 2 – 11 year olds in Madre de 

Dios (MDD), Peru, where anemia rates are estimated to be between 40 and 50%. It 

further aims to assess varying risk factors for given etiologies by community type, 

particularly as many communities in this region experience varied exposure to gold-

mining related methylmercury. Methods: Eight communities along the Madre de Dios 

River, within the Peruvian Amazon, were selected in order to screen 2 – 11 year olds for 

anemia. Those qualifying as anemic were invited to provide venous blood samples for 

iron level, inflammation, and nutrition biomarker analyses in order to differentiate 

between these anemia etiologies. Health history and household characteristics were 

gathered in survey format, and analyzed in relation to gathered biomarkers. Results: 

Overall anemia prevalence (18.5%) was significantly decreased from previous studies. 

14.9% were iron deficient, 12.8% showed signs of inflammation, and 12.8% were 

Vitamin B12 deficient. Anemia prevalence varied significantly by sex. Risk factors for 

anemia did not vary significantly by community type, other than increased annual income 

in urban and mining communities, and a reduced likelihood for having been born 

prematurely within mining communities. Conclusions: Peru’s multi-sectoral approach to 
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reducing anemia has shown promising results in MDD. Health determinant variations 

have proven largely insignificant for anemia outcomes within the screened communities. 
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1. Introduction  
Anemia affects an estimated 1.62 billion people globally, disproportionately 

impacting women and children in lower and middle-income countries1. As a condition 

with multifactorial etiologies, anemia is a complex disorder to tackle, however the public 

health impact makes it an important issue to prioritize1. Understanding the various risk 

factors, and how to appropriately determine the presence of each is an important first 

step, particularly as local contexts create unique risk environments. 

1.1 Anemia Etiology 

Although anemia is often thought of as a disease, it is actually a condition that 

results from various underlying biological dysfunctions. An anemia diagnosis, therefore, 

indicates a need to investigate further into the cause of the condition.  

Anemia is characterized by abnormal red blood cells (RBCs), resulting in poor 

oxygenation of the body. Impaired RBC production, premature destruction of RBC, or 

excessive loss of these same cells can all lead to anemia, with each pathway stemming 

from a series of potential causes2–4. Common anemia etiologies include nutritional 

deficiencies, inflammation, malaria, intestinal parasites, blood disorders such as 

thalassemia or sickle-cell disease, and exposure to heavy metals2–4. 

The most common cause of anemia worldwide is due to nutritional deficiencies, with 

the most prevalent form being iron deficiency. The World Health Organization (WHO) 

estimates that 50% of anemia cases are caused by iron deficiency,5 however in specific 

populations that etiology may vary significantly6. Iron deficiency can be due to poor iron 
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absorption, significant blood loss, or dietary insufficiency7. Regardless of the cause, iron 

plays a pivotal role in RBC production as the central oxygen-binding component of 

hemoglobin8,3. With inadequate iron stores in the system, hemoglobin production is 

impaired and RBC are unable to effectively transport oxygen throughout the body. 

In addition to iron, micronutrients such as folate and Vitamin B12, are critical for 

healthy RBC development. In the absence of these key nutrients, DNA synthesis is 

negatively impacted and RBC are abnormally enlarged, leading to megaloblastic anemia9. 

Following nutritional deficiencies, the second most common cause of anemia stems 

from activation of the immune system10. Known as anemia of inflammation, or anemia of 

chronic disease, common causes include viral, bacterial, and parasitic infections, cancers, 

auto-immune disease, and chronic kidney disease10. As part of the body’s inflammatory 

response, when the immune system recognizes a foreign pathogen in the blood stream, it 

locks away the body’s iron stores, reduces erythropoiesis, and diminishes the life-span of 

RBC10. Intended to protect the individual by keeping body iron from being available to 

invading pathogens, the immune system response can become detrimental to the host as 

it, in effect, creates pseudo iron deficiency. 

Various forms of parasitemia, such as malaria, helminths, and protozoa also lead to 

anemia11–15. Malaria is a mosquito-borne disease, caused by infection through the 

Plasmodium falciparum and Plasmodium vivax parasites11. Malarial anemia occurs as the 

infection simultaneously reduces erythropoiesis and causes infected RBC to rupture11; the 

ruptured blood cells allow the pathogen to spread to new host cells where the destructive 
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cycle is replicated. Ultimately, the body is challenged to keep up with the accelerated 

need for RBC production, causing anemia. 

Unlike blood-borne plasmodium parasites, intestinal parasites directly impact the 

host’s gastrointestinal tract12–15. These parasites proliferate in warm, humid locations, 

with poor water and sanitation, and are easily spread in crowded living circumstances12. 

Worm infections can cause excessive blood loss in the GI tract13,15, while common 

protozoa infections such Giardia lamblia has been linked to poor iron absorption in the 

gut14. Both pathways reduce the amount of available iron in the body, leading to anemia. 

Genetic blood conditions, such as thalassemia and sickle-cell disease, can also result 

in anemia3,16. These hemoglobinopathies cause morphological changes of hemoglobin 

molecules and premature destruction of RBC, reducing the ability of erythrocytes to 

function properly16. These conditions are primarily encountered in the Middle East, Asia, 

and Africa, and in bloodlines descended from these regions3. 

Although less common in the general population, heavy metal exposure can also 

cause anemia. Iron deficiency increases body uptake of lead and cadmium17,18, and high 

exposure to these same elements causes anemia through competition with iron absorption 

pathways17,18; heavy metal exposure and iron deficiency are linked in a reciprocal 

relationship. 

1.2 Differential Diagnosis 

Due to the frequent overlap between anemia and iron deficiency, iron 

supplementation is the primary method used to counteract anemia19. Iron 

supplementation is cheap and easy to administer7,20, and negates the need for further 
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diagnostic testing if proven successful in eliminating anemia19,21. However, it has been 

suggested that blindly treating anemia as iron deficiency increases the risk of malaria 

morbidity in malaria endemic areas22. These findings highlight the need to understand 

local variations of anemia presentation before providing a treatment that may have 

unintended consequences. 

Differential anemia diagnosis begins with a complete blood count (CBC) to assess 

red blood cell, white blood cell, and blood platelet characteristics 21,23. RBC indicators of 

red blood cell distribution width (RDW) and mean corpuscular volume (MCV) are used 

to identify any morphological anomalies, identifying blood cells as microcytic (unusually 

small RBC, as seen with iron deficiency or thalassemia), normocytic (RBC of normal 

size, potentially indicating severe blood loss, infection, lead poisoning, or anemia of 

chronic disease), or macrocytic (unusually large RBC, associated with Vitamin B12 and 

folate deficiencies, sickle-cell disease, and liver disease)21,23–25. Peripheral blood smears 

provide further proof, and then specific tests are done to confirm diagnosis of the 

underlying disease21,23,24. 

Venous blood samples are run for confirmatory biomarker tests, looking for iron 

storage indicators, inflammatory cytokines, micronutrient deficiencies, or heavy metal 

exposures21,23,24. The medical professional may further explore medication history for 

potential interactions, or order a bone marrow biopsy23,24.  

These laboratory tests are highly effective in broadening the understanding of a 

patient’s disease. They are common in high resource settings, however they can be cost 

prohibitive in low resource contexts3. In these locations, anemia diagnosis frequently 
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relies on physical appearance such as pallor and jaundice, and standard symptomatology 

such as fatigue or dizziness3. For low resource areas with high anemia prevalence, it is 

recommended that daily iron supplementation be provided preemptively26. Deworming 

medication may be provided preventatively, as well, for those considered most at risk27. 

Fecal samples and blood smears may be assessed for the presence of enteric and malarial 

parasites, however further testing typically is not feasible. 

1.3 Health Determinants 

Specific conditions predispose individuals to developing anemia. Risk factors 

include biological, social, and environmental health determinants. 

Biological risk factors for anemia extend beyond genetic hemoglobinopathies. These 

include gender, age, maternal anemia, and being born prematurely. Young children and 

women of reproductive age are considered to be the most at risk for anemia, due to the 

physiological needs experienced during critical growth periods early in life and at the 

onset of puberty1,3,5. Maternal anemia is highly correlated with child anemia presentation; 

iron reserves for the first few months of life are built up during gestation, and low 

maternal iron levels inhibit absorption3,28. Furthermore, maternal anemia is correlated 

with premature birth29; given that infants absorb the majority of their iron supply in the 

final weeks of gestation, prematurity and low birthweight are both correlated with 

decreased iron stores and increased likelihood of anemia, particularly early in life21,28. 

Social risk factors for anemia include length of exclusive breastfeeding, maternal 

education, and household income. In addition to providing a rich mix of nutrition, 

breastmilk contains a form of iron that is highly bioavailable for infant uptake5,30,31; 
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breastfeeding exclusively for 6+ months is associated with healthier babies32,33. In 

settings with unclean water sources, using formula may also expose infants to water-

borne pathogens and parasites, increasing the likelihood of developing anemia. 

Therefore, breastfeeding may lower exposure to some of these pathogens early in life. 

Maternal education and household income are also correlated with anemia presentation3,5, 

perhaps as proxies for access to diverse food sources, improved health care, and access to 

clean water and sewage infrastructure.  

As an environmental health determinant, poor sanitation exposes individuals to 

enteric parasites and disease-causing pathogens12, heightening the risk for anemia. 

Tropical climates bring the added challenge of mosquito-borne pathogens into the mix. 

Access to nutrition, and maternal anemia status further impact anemia. In addition to 

being a biological predictor for child anemia, maternal anemia status provides insight into 

nutritional and environmental exposures experienced within the household. 

1.4 Public Health Concern 

Anemia has been known to cause cognitive and developmental delays during critical 

time points in childhood development, with mounting evidence that these negative 

impacts may be irreversible31. Anemia is associated with high maternal and perinatal 

mortality3,29,34, and is believed to lower corporeal defenses against infections. Anemia has 

also been linked to reduced endurance and work capacity, resulting in an adverse 

economic impact both on an individual and a population scale35,36.  

Due in part to the deleterious impacts of anemia, the WHO created a severity 

ranking to identify the public health significance created by elevated anemia rates5. 
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Locations with less than 5% anemia are considered to have normal anemia health risk, 

while those with up to 20% anemia have mild public health significance, up to 40% 

moderate, and over 40% severe (Table 1). Countries experiencing moderate to severe 

public health significance are encouraged to mobilize resources in order to address the 

underlying causes of anemia and improve health outcomes across the population.  

Table 1 Public health importance in relation to anemia prevalence rates. 
Values and rankings set by WHO. 

 
1.5 Anemia in Peru 

In 2008, Peru was classified as having a severe public health problem for anemia 

among the most vulnerable populations1, indicating prevalence exceeding 40.0% for 

preschool age children, pregnant women, and women of reproductive age. Anemia 

prevalence was reported to be as high as 50.4% in pre-school aged children, 42.7% in 

pregnant women, and 40.4% in non-pregnant women of reproductive age1. By 2014, 

national under-5 anemia rates were reduced to 35.6%, and prevalence among women of 

reproductive age drastically improved to 21.6% (Table 2)37. 
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Table 2 Estimated anemia prevalence in Peru. All included women were of 
reproductive age, classified as 15 – 49. 

 
Micronutrient supplementation, poverty reduction, nutritional education, and school 

feeding campaigns played a large role in this reduction of anemia38–40, although the true 

impact of each of these programs is hard to quantify40. In 2018, the Peruvian government 

took these early initiatives a step further, creating a multisectoral plan to target anemia41. 

This plan includes prenatal care, iron supplementation, anemia screenings, and infection 

control measures in the health sector, teaching healthy eating and handwashing practices 

in the education sector, providing clean water and basic sanitation through the 

infrastructure sector, and support for growing and disseminating nutritionally dense foods 

through the agricultural sector41. 

With many of these anemia interventions taking place on a national level, it is 

important to note that significant health disparities continue to exist between urban and 

rural populations in Peru. As overall under-5 anemia rates have fallen below 40% in Peru 

since 2009, the rural under-5 prevalence rate still indicates a severe public health 

significance at 44.4%37. Likewise, 24.3% of women of reproductive age in rural areas are 

anemic, compared to only 21.6% nationally37.  
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This may be reflective of reduced access to clean water and sanitation in rural areas; 

while 69.0% of rural households have access to running water, only 17.7% of rural 

households have basic sanitation needs met37. These numbers compare to 86.5% running 

water and 84.8% sewage infrastructure for urban households37. 

Additionally, healthcare is less accessible to rural households. There are several 

public health insurance schemes in place in Peru, with the goal of providing universal 

healthcare coverage to all Peruvians42. Indeed, 74.2% of rural women of reproductive age 

are enrolled in the comprehensive health insurance plan directed towards providing 

health coverage to the poorest sectors of the population (Seguro Integral de Salud)37,42. 

However, 90% of hospitals are located in urban areas or Peru, and rural zones receive 

only basic primary care through understaffed health posts42. 

1.6 Anemia in Madre de Dios 

Situated in the Peruvian Amazon, the department of Madre de Dios (MDD) contains 

both incredible biodiversity and artisanal small-scale gold mining (ASGM) that threatens 

this biodiversity through habitat destruction. In addition to the existence of common risk 

factors for anemia, the presence of methylmercury as a by-product of ASGM has further 

threatened health outcomes in the local population.  

MDD is characterized by spread out rural communities, interspersed with a handful 

of growing urban hubs. The 2012 MDD Demographic Household Survey identified a 

39.9% anemia rate among children under-5 and a 25.0% prevalence among women of 

child-bearing age (Table 3)43. Paradoxically, rural anemia prevalence is lower than that of 

the overall department, with under-5 rural anemia reported at 38.6% and that of women 



 

10 

of reproductive age 24.6%43. A 2015 study found a 45% anemia rate for children under-5, 

and 37% for children 5-1144. Feingold et.al. similarly estimates that 45.6% of children 

under 10 (44% urban, 47% rural) are anemic.45 

Table 3 Estimated anemia prevalence in Madre de Dios, Peru, showing moderate 
to severe public health significance across all available data categories. 

 
 

As one of the most sparsely populated departments in Peru (1.7 

inhabitants/km2)46,47, providing residents with access to basic services has proven 

challenging. As such, MDD reflects many of the traditional health disparities experienced 

in rural settings. 

In 2012, 52.3% of rural households in MDD had access to running water, and 

only 19.3% had basic sanitation43. This compares to 70.7% running water and 55.2% 

sewage infrastructure for urban households43, reflecting the same disparities seen on the 

national level. 

MDD has a total of 101 public healthcare facilities, of which 74 are basic health 

posts that provide the most basic preventative care47. There are only 2 hospitals in the 

department that are prepared to provide secondary level medical care47. For tertiary care, 
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individuals must be referred outside of the department, which only has a total of 13 

ambulances to aid in medical care transport47.  

Beyond these established challenges to health outcomes in MDD, a recently 

published study found a correlation between high levels of methylmercury exposure and 

anemia presentation within MDD communities44. Although there are no specific known 

mechanisms relating the two, the study proposed that methylmercury exposure could 

create anemia through oxidative damage, micronutrient disruption, or iron storage 

interference44. More information is needed in order to elucidate the primary drivers of 

anemia in MDD, and how those etiologies may relate to elevated methylmercury 

exposures. 

1.7 Study Aims 

In parts of the world where anemia rates are highly elevated, more effective 

interventions can be designed through an understanding of the local contributors to the 

condition. Given the high anemia rates within the MDD region over recent years, this 

study will determine the relative prevalence of iron deficiency, inflammation, and general 

nutritional deficiencies among anemic children in select communities along the Madre de 

Dios River, and correlate anemia etiology with community characteristics. Health 

determinants across community types differ according to diet, socio-economic class, 

cultural traditions, resource accessibility, and environmental exposures. This study will 

serve as an exploratory step in understanding the mechanisms behind the unusually 

elevated rates of anemia in the Madre de Dios region of Peru and provide incentive for 

further studies regarding methylmercury and its potential relationship to anemia. 
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2. Methods 

2.1 Setting 

MDD is located in the southeastern part of Peru, bordered by Brazil and Bolivia. 

The department is subdivided into 3 provinces, which together cover 85,182.63 km2 and 

account for 6.6% of Peru’s terrain47. Over the course of June and July 2018, the study 

team traveled down the Madre de Dios River and across the department to screen and 

enroll study participants from various communities (Figure 1). 

 
Figure 1 Communities included in study, located along the Madre de Dios River in 

Southern Madre de Dios, Peru 

The Madre de Dios River cuts across the southern portion of MDD, starting in the 

protected lands of the Amarakaeri Reserve and joining with various tributaries along its 

journey to Brazil. Eight communities were chosen along this river, representing both 

urban and rural populations, with and without active mining activity (Table 4). This 

mining activity comprises either extraction of gold (the mining itself), or purification of 
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the metal (burning mercury out of a gold amalgamation) and is indicative of potential 

primary mercury exposures. 

Table 4 Characteristics of communities selected for study 
*per 2014 MDD ASIS Report,☨per 2007 Peruvian Census, ★per internal DIRESA report 

 
The included rural communities are primarily indigenous, as classified by the 

Peruvian government, and are significantly smaller than the urban locations. The capital 

of MDD, Puerto Maldonado, is by far the largest city in the department; it is represented 

here by Triunfo, which is a smaller suburb just across the river, with similar access to 

resources. These communities were intentionally chosen to represent different 

stakeholders affected by local gold mining, and were randomly selected in a previous 

study. 

2.2 Participants 

All children between 2 – 12 years old were eligible for anemia screening. 

Children under 2 were excluded, given the need to obtain venous blood samples from 

enrolled participants, and those over 12 were left out in an effort to minimize the number 

of participants entering puberty.  

In order be considered anemic, the qualifying child was required to have a 

hemoglobin level below the age specific thresholds set by the WHO. Children 2-4 were 
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considered anemic at hemoglobin thresholds below 11.0 g/dl, 5-11 year olds below 11.5 

g/dl, and 12 year olds below 12.0 g/dl5. Families were eligible to enroll in the study based 

on the anemia status of an individual child within the given age range. 

Participants were recruited through convenience sampling at local schools and 

health centers. In smaller communities (Shintuya, Boca Manu, Diamante), participants 

were screened through census selection. In larger communities, participants were 

screened purposively through schools and health posts. The study team partnered with 

local health workers to gain access to schools the workers identified as being of interest. 

In one community, Mazuko, the health center was already screening for anemia in the 

public schools, and the study team was able to support their efforts. In each community, 

anemic individuals were encouraged to follow up with their local health providers, and 

screening results were left with the local health posts to include in their records. 

A calculated sample size of 158 anemic 

children was targeted to identify 40% iron 

deficiency prevalence with 80% power at a 

5% significance level. In anticipation of a 

25% rejection rate for venous blood samples 

provision, the desired sample size was raised 

to 198 anemic children across all 

communities. This total was broken down 

across the surveyed communities in accordance with the number of eligible children 

Table 5 Desired sample size by 
community type, using an estimated 
anemia prevalence of 40-50% 
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residing in each location (Table 5). In agreement with the literature, anemia prevalence 

was expected to be between 40 – 50% in each community. 

2.3 Procedures 

2.3.1 Screening 

Eligibility screening was performed following informed consent of the first stage 

of the study. For school screenings, the principal gave verbal approval to explain the 

study to the students and send permission slips home with the children the day prior to 

the screening. Parents were allowed to accompany their child to the screening, otherwise 

the procedure was monitored by the teacher.  

The initial anemia screening was done through a finger-prick blood draw with 

single-use, contact activated lancets. Resulting hemoglobin concentrations were 

compared to age-standardized hemoglobin values to assess anemia status5. 

Once the qualifying child was determined to be eligible, families were invited to 

enroll in the study. Eligible children screened at health posts were enrolled immediately 

following screening. Parents of the children screened at school were contacted and 

invited to come to the local health post to learn more about the larger study. 

2.3.2 Informed Consent 

Parents were informed of the full scope of the broader study, including heavy 

metal analysis and kidney function tests of children and any interested household 

members, and they were given the opportunity to consent to participation for themselves 

and any child that presented as anemic. Local Peruvian research assistants trained in 

study procedures obtained consents and enumerated the study surveys to participants, 
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whenever possible. This allowed for any areas of confusion to be addressed in real time 

and mitigated potential issues of illiteracy. Age appropriate explanations were provided 

for participating children, as well, who were given the opportunity to assent either 

verbally (children under 7) or through signing a form (7-12 year olds). 

2.3.3 Surveys 

A representative of the household (usually the mother or head of household) was 

asked to complete two surveys. The first provided demographic information (such as age, 

income, occupation, level of education) for each member of the household, as well as 

household level consumption habits (such as types of fish eaten, typical grains and 

produce in the diet, and where ingredients were sourced). The second survey collected 

basic health information and identified common anemia risk factors for the anemic child 

and their mother. The questions for the second survey were adapted from the DHS 

Anemia Testing in Population-Based Surveys guidebook48, and pertained to history of 

anemia diagnoses, supplements taken, length of exclusive breastfeeding, and birth 

spacing, among other variables. These surveys are included in the Appendices. 

2.3.4 Sample Collection 

Following enrollment, all members of the participating family were asked to 

provide anthropometric measures, including height and weight. Additionally, BMI and 

heart rate were captured for anyone over the age of 18. 

Anemic children and household members over the age of 18 were asked for hair 

and nail samples to measure methylmercury absorption, a venous blood specimen to test 

for circulating heavy metals (cadmium, lead, arsenic, mercury), and a urine sample to test 
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for excreted heavy metals (cadmium, arsenic) and creatinine – a measure of renal 

function (Figure 2).  

Hair samples were taken in triplicate from the occipital region of the head, using 

stainless steel scissors to cut the tufts of hair from as close to the scalp as possible; 

samples were stored in individually marked post-it notes. Nail samples were cut from 

either the hands or feet, using stainless steel nail clippers. Specimen from each participant 

were stored in individually labelled plastic bags. Participants were informed that they 

could participate in as many or few aspects of the project as they desired, thus the 

gathering of biological samples was not requisite for participation in the study. 

 
Figure 2 Biological specimen obtained from study participants; *samples analyzed in 
this paper 

Anemic children and their mothers were asked to provide an additional sample of 

venous blood to test for anemia biomarkers of interest, indicating iron levels, signs of 

inflammation, and B12 deficiency. Other biomarkers were also of interest, however the 

most likely etiologies for the region were selected for, given available funding and the 

desire to limit the volume of the blood draw. Venous blood samples were collected by a 
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certified lab technician and processed for storage within 2 hours of collection. Serum, 

blood, and urine samples were stored in temperature-conditioned Credo cubes before 

being shipped on dry ice to Lima, Peru for analysis. 

The study was reviewed and approved by the International Review Board of 

Universidad Peruana Cayetano Heredia (IRB# 102134). 

2.4 Measures 

Given the complexity of anemia and its multifactorial etiology, various biological 

tests are available to measure the severity of and factors related to this condition. In 

addition to hemoglobin screening, two markers of iron levels, two markers of 

inflammation, and one marker of general nutrition were selected to identify anemia 

presentation. Hemoglobin was assessed through a finger-prick blood draw, while the 

remaining biomarkers were assessed through venous blood samples. Standard thresholds 

for each biomarker were available within the literature, however, the diagnostic lab cut-

offs were preferentially chosen when there was discordance (Table 6). 
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Table 6 Literature values for selected biomarkers, compared to Peruvian diagnostic 
lab thresholds; diagnostic lab cut-offs were preferentially utilized in this analysis 

 
2.4.1 Hemoglobin 

Hemoglobin levels were measured using a drop of blood obtained through a 

minimally invasive finger-prick. The first 1-2 drops of blood were discarded, after which 

a third drop was allowed to form and then collected in specially formulated micro-

cuvettes, pre-filled with a lysing solution. A Hemocue 201+ point-of-care diagnostic tool 

was used to analyze hemoglobin concentration in the blood sample. 

Due to local availability of supplies and preference of some health posts, the 

finger-prick blood draw was alternatively collected in hematocrit capillary tubes, which 

were subsequently capped off and centrifuged in order to calculate a packed red cell 

volume, which was converted to a hemoglobin value at a 3:1 ratio, according to standard 

calculations49. 

Cut-off levels for anemia were established using the WHO guidelines, which are 

adjusted for key developmental stages. Children 2-4 were considered anemic with 

hemoglobin levels below 11.0 g/dl, and 5-11 year olds below 11.5 g/dl. Mothers were 

likewise considered anemic with hemoglobin below 12.0 g/dl. 



 

20 

2.4.2 Ferritin 

Ferritin, a transporter protein in charge of storing and dispensing iron, was used as 

an indicator of an individual’s iron deficiency. As with hemoglobin, standard ranges vary 

by age; iron deficiency is correlated with serum ferritin levels < 12 ng/ml for children 

under-5 and < 15 ng/ml for children above 516,50. For this study, the diagnostic lab 

threshold level of 9.94 ng/ml was used to qualify low ferritin. 

While ferritin may be used individually to measure presence of iron in the system, 

it can be falsely elevated in cases of chronic inflammation. Using a soluble transferrin 

receptor / log ferritin ratio creates a more accurate assessment of true body iron levels in 

the presence of inflammation16,51. 

2.4.3 Soluble transferrin receptor (sTfR) 

Soluble transferrin receptors (sTfR) used in conjunction with serum ferritin 

measurements allow for assessment of both storage and utilization of iron in the body, 

serving as a more complete indicator of iron deficiency. STfR levels are not impacted by 

inflammation in the same way that ferritin is. Transferrin receptors on the surface of red 

blood cells import iron into the cell body. The soluble component of this receptor (sTfR) 

has been shown to increase in correlation with cellular requirements for iron16,51. 

Although standard sTfR ranges have not been created, a cut-off of 2.5 mg/L has been 

found to provide clinical sensitivity and specificity for identifying functional iron 

deficiency16,51. For this study, a threshold of 1.76 mg/L was selected, in accordance to the 

diagnostic lab specifications.  
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A sTfR / log ferritin ratio > 2 indicates the presence of iron deficiency, while a 

ratio < 1 infers an inflammatory anemia etiology7,16,52. 

2.4.4 C-Reactive Protein (CRP) 

CRP is an acute phase protein (APP) released within 4-5 hours of an immune 

system response to inflammatory stimulus53. Elevated levels of CRP are encountered in 

the blood stream for up to 48 hours, after which they begin to decrease53. 

C-Reactive Protein (CRP) levels above 5 mg/L16,54 were used as cutoff values for 

assessing acute anemia of inflammation in conjunction with alpha-1-acid-glycoproteins 

(AGP). 

2.4.5 Alpha-1-acid-glycoprotein (AGP) 

AGP was used in conjunction with CRP to assess for signs of inflammation 

within anemic children. Similar to CRP, AGP is an APP that is released in response to 

immune system stimulation. AGP, however, takes 4-5 days to reach maximum levels 

within the blood stream, and dissipates more slowly than CRP16,54.  

A threshold of 1 g/L was used to identify elevated AGP levels. 

2.4.6 Vitamin B12 

The synthesis of healthy red blood cells depends on the presence of various 

micronutrients, including Vitamin B12. B12 is used as a proxy for non-iron deficient 

nutritional anemia in this study. In the absence of this critical vitamin, erythropoiesis 

results in abnormally enlarged RBC9,16.  
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Although thresholds of 150 mg/L are often used to indicate general nutritional 

deficiency related anemia9,16, a cut-off off B12 levels below 243 pg/mL was adopted for 

this study, in accordance with the techniques utilized by the diagnostic lab55. 

2.4.7 Common measures not included 

A folate deficiency test was excluded, as the fasting blood draw required was not 

deemed feasible in terms of the study recruitment strategies. Vitamin A deficiency was 

found to be less prevalent in these communities in a previous study44, and was likewise 

not included. Further studies may choose to incorporate these biomarkers. 

As participants were already being asked to provide numerous samples, testing for 

enteric parasites was decided against to lessen the testing burden on individuals. The 

presence of parasites primarily contributes to anemia through inducing iron deficiency, 

therefore it is expected that these cases will still be accounted for within the analysis. 

Malaria presentation in MDD has been negligible in recent years, and was thus 

not tested for in this study. Malaria is a major contributor to anemia in many malaria-

endemic regions, however, since 2014 less than 10 annual cases have been confirmed 

across the department47. Health posts in each of the 8 communities surveyed confirmed 

that they had not encountered any cases within their populations in the preceding months. 

2.5 Analysis 

2.5.1 Sample analysis 

All venous blood samples were processed by MedLab, a Peruvian diagnostic lab 

located in Lima. Samples were maintained at -20°C for the course of the study, and 

shipped to the lab on dry ice. 
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2.5.2 Statistical analysis 

All paper surveys were entered and cleaned by research project staff. Responses 

were assessed for concordance with standard references ranges, and listed as missing if 

deemed beyond a realistic range. 

Anemic children were broken into age categories corresponding to the appropriate 

anemia-defining hemoglobin thresholds, give the varied biological requirements in each 

age group. Children 2 - 4 (n = 22) and 5 - 11 (n = 55) were grouped accordingly for 

analysis. During the original capture of study participants, an alternative hemoglobin 

threshold of 11.5 g/dl was used for classifying children under-5. For the analysis, the 

WHO cut-off of 11.0 was adopted, and those who did not qualify as anemic under the 

new standard were removed (n = 14; urban = 12, rural = 2). 

Originally, 12 year olds were included in sampling, but were later excluded from 

current analysis to allow for more effective comparison to WHO age categories. The 

exclusion of 12 year olds (n=6; urban = 3, rural = 3) did not significantly affect study 

findings. Future studies may choose to include adolescents in order to understand how 

current interventions impact their anemia status, as children 6 - 14 are frequently 

understudied. 

Communities were divided by community type for analysis. Shintuya, Boca 

Manu, Diamante, and Tres Islas were categorized as rural, while Mazuko, Huepetuhe, 

Laberinto, and Puerto Maldonado were considered urban. The communities were further 

labelled according to mining activity, to assess for risk factor variation from local 

industry and potential methylmercury exposure. Mazuko, Huepetuhe, and Tres Islas were 
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categorized as mining communities; the remaining locations were considered non-

mining. Only one rural, non-indigenous community (Boca Manu) was included, and only 

1 child from that community was enrolled in the study. Therefore, communities were not 

assessed for variation according to indigenous classification. 

Separate logistic regression models were run to assess likelihood of a specific 

anemia etiology outcome according to community type and common anemia risk factors 

such as gender, age, maternal hemoglobin, household income, community type, and 

previous anemia diagnosis within anemic children enrolled in the study. 

Categorical variables (gender, categorical age, anemia symptomatology, previous 

anemia diagnoses, previous parasite diagnoses, deworming medication taken, birth 

characteristics) were analyzed using Fisher’s exact test, to test for variability between 

community types (urban vs rural, mining vs non-mining). Wilcoxon Rank Sum was used 

to assess community variation among continuous variables (child hemoglobin levels, 

household income, maternal education, maternal hemoglobin, biomarker levels). Unless 

otherwise stated, statistical significance for all variables was determined at an alpha of 

0.05. 

Statistical analyses were completed in RStudio, Version 1.1.456. 
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3. Results 

3.1 Enrollment Characteristics 

Anemia prevalence across the total study population was 18.5% (155/840), about 

half the expected value (Table 7). Anemia prevalence was highest among rural pre-school 

aged children (26.7%) and urban school-aged children (19.6%).  

Table 7 Anemia prevalence and hemoglobin ranges across age groups and community 
types. Predicted prevalence from 2012 MDD Demographic Health Survey. 

 
 

Overall hemoglobin values in the screened population ranged from 8.3 – 15.6 g/dl 

(mean: 12.1 g/dl), with a non-significant difference in mean levels between mining and 

non-mining communities (p-value = 0.083). Mean hemoglobin was consistently higher in 

rural communities than urban ones (p-value = 0.001). 

Nearly half of screened participants were female (48.3%). Despite similar 

participation, anemia rates were lower for females (15.3%) than males (22.8%) (p-value 

= 0.009, Figure 3). This trend holds true across community types, with mining 

communities reflecting the lowest rate of female anemia at 12.3% (Table 8). 
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Figure 3 Hemoglobin distribution by sex for children 2 - 12. Hemoglobin 
values were higher for females across all community types. The dotted line 
indicates hemoglobin of 11.5 g/dl, with individuals falling beneath this cut-off 
considered anemic. 

Table 8 Anemia prevalence among screened children, 2-12. Prevalence among females 
was consistently lower across all community types. 

 
 

The majority of screened participants were in the 5 – 11 year old age category, 

accounting for 65.2% of the population and 59.2% of enrolled individuals (Table 9). This 

age disparity holds true across community types during screening, however rural 

communities at enrollment, in contrast to other locations, enrolled a larger proportion of 

2-4 year olds (44.4%) than 5-11 year olds (38.9%). 
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A total of 840 children were screened 

across the 8 communities, of which 155 children 

were eligible for the study, based on anemia status. 

From the eligible population, 97 children aged 2-

12 were enrolled (37.4% rejection rate, Figure 4). 

Enrolled participants came from 84 households, 

with 13 sibling pairs included. 83 mothers 

participated in the study, along with their children.  

In order to make results more comparable 

to existing studies, 20 children were removed from 

analysis. A total of 77 children were analyzed in 

this study, of which 47 (61.0%) provided venous 

blood samples for biomarker testing. 

Table 9 Screened participants by community type. 12 year olds were excluded from the 
final analysis. 

Figure 4 Participant Flow Chart, 
indicating a 37% rejection rate 
among eligible participants, and 
61% of analyzed participants 
providing venous blood samples. 
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3.2 Anemia Etiology 

  Venous blood samples were analyzed for 47 children to assess potential anemia 

etiologies related to iron deficiency, inflammation, and Vitamin B12 deficiency. 

Biomarkers of ferritin and sTfR were assessed jointly for iron status, with 7 participants 

(14.6%) qualifying as iron deficient (Table 10). Signs of inflammation were accounted 

for through both CRP and AGP levels, with 6 participants (12.8%) qualifying as 

experiencing inflammatory responses. Both children with depressed ferritin levels also 

had elevated sTfR levels, and all 3 children with CRP above the threshold also had 

elevated AGP.  

Table 10 Etiological classifications of anemia, by diagnostic lab thresholds.  

 
 

Table 11 Etiological classifications. Grey cells indicate total number of individuals 
with the etiology, white cells display number of comorbidities. 
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Iron deficiency was additionally examined using a sTfR / log ferritin ratio, 

creating a combined assessment of the two iron markers. This allows for both circulating 

iron and available iron storage to be considered. Individuals presenting with ratios > 2 (n 

= 2) were classified as iron deficient. Both individuals with an elevated sTfR / log ferritin 

ratio were also considered iron deficient using individual biomarkers thresholds. 

Vitamin B12 testing identified 6 participants (12.8%) as Vitamin B12 deficient. Overlap 

between categories was present, indicating multifactorial anemia etiologies. One child 

presented with both iron and B12 deficiencies. Two children with iron deficiency - and 

one with B12 deficiency - also showed signs of inflammation (Table 11). 

A total of 15 children (31.9%) presented with identifiable anemia etiologies. 

3.3 Model Creation 

Logistic regression models were fit to determine the probability of differential 

anemia etiology. Separate models were tested for iron deficiency (determined by low 

ferritin and high soluble transferrin receptor values), inflammation (determined by 

elevated CRP and/or AGP levels), and Vitamin B12 deficiency. A priori, it was 

hypothesized that lower socioeconomic levels would coincide with nutritional deficiency 

risk factors (i.e. iron or vitamin B12 deficiency) given varying access to resources. 

Likewise, health history – in terms of previous anemia status and known parasite 

exposure – was expected to be a significant risk factor for current anemia status.  

Predictor variables of gender, age, maternal hemoglobin, household income, 

community type, and previous anemia diagnosis did not significantly correlate with 

identified anemia etiologies. Anthropometric measurements of height and weight, 
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however, correlated with iron deficiency biomarkers (height: p-value = 0.037, weight: p-

value = 0.021). This statistical significance disappears when the two variables are 

considered jointly; therefore, the proposed model for iron deficiency is:  

IDA[p/(1-p)] = ß1 + ß2*weight; ß1 = -7.147, ß2 = 0.227 

In this model, the odds of iron deficiency within an anemic 2-11 year-old child in MDD 

is 0.001 (95% CI 0.182 to 2.755) with each additional kilogram increasing the odds by a 

multiplicative effect of 1.225 (95% CI 1.042 to 1.512).  

Urban and rural communities did not differ significantly in identified anemia 

etiologies, even when accounting for mining characteristics. 

3.4 Anemia Variation by Community Type 

3.4.1 Common Risk Factors 

The presence of common biological, social, and environmental risk factors for 

anemia were compared across community types, to assess the strength of relationship 

based on varying community characteristics. 

Biological factors strongly impact anemia. Anemia was found to vary 

significantly within gender for the screened population (p-value = 0.009). Although 

typically considered at a higher risk for anemia, only 15.3% of screened females were 

found to be anemic, compared to 22.8% of screened males. This corresponds to higher 

male study enrollment, accounting for nearly 2/3 of study participants. 57.6% of eligible 

females enrolled in the study (34 out of 59) and 67.0% of males did the same (63 out of 

94). Gender was not found to significantly vary in prevalence nor enrollment rates across 
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community types. It is difficult to assess correlation with previous studies, as official 

MDD prevalence rates are not disaggregated by sex. 

Younger children and those entering puberty are expected to be at higher risk for 

anemia, given the physiological needs at each of these developmental stages1,3,5. This is 

reflected in the study population, with the highest anemia prevalence identified in pre-

school age children within rural communities (26.7%).  

Maternal anemia rates among anemic children analyzed were low, with about 

36.5% of mothers qualifying as anemic (n = 23). This was not found to vary across 

community type (Table 12). Few children were reported as having been born prematurely 

or at a low birth weight (n = 9, 12.2%), both of which are correlated with increased risk 

of developing anemia. Anemic children in non-mining communities were more likely to 

have been born prematurely than those from mining communities (p-value = 0.030). 

Table 12 Biological risk factors for anemia among enrolled children. 

 

Social determinants can also strongly impact health outcomes (Table 13). Across 

all communities, rates of exclusive breastfeeding were high (n = 66, 89.2%). Considered 

protective for early cognitive and developmental health, anemic children across all 

community types were found to have been breastfed for at least 6 months. Annual 

household income was similar across urban and rural communities (p-value = 0.137 and 
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0.512, respectively), however income was determined to be significantly higher for 

mining communities than their non-mining counterparts (p-value = 0.044, Figure 5). 

Table 13 Social risk factors for anemia among enrolled children. 

 
 

 
Figure 5 Mean annual household income, according to the presence of significant 
mining activity within the community. Mean income was greater in mining 
communities than in their non-mining counterparts. Income was reported in local 
Peruvian currency. 

Environmental exposures likewise impact the likelihood a child will develop 

anemia. Unclean water sources and poor sanitation can lead to parasitic infections, as 

experienced by 85.1% of children studied (n=63, survey data). Just over half of the group 

reported taking deworming medication within the preceding 6 months (n = 34, 53.1%). 

Those children living in mining communities were more likely to have received the 

medication than those in non-mining communities (p-value = 0.027), however variation 

between urban and rural communities was non-significant (p-value = 0.757). 
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Only 10 anemic children (13.0%) had been diagnosed as anemic within the 6 

months preceding the study. Although none of these children came from rural 

communities, the overall low rate of diagnosis did not differ statistically by community 

type. 

3.4.2 Biomarker Variation 

Anemia etiology did not differ by community type, nor by community mining 

status, however there was some variation in individual biomarker presentations (Table 

14). Iron markers of ferritin and sTfR levels were similar across community types, with 

means of 59.9 ng/ml and 1.46 mg/ml, respectively (ferritin threshold < 9.94 ng/ml; sTfR 

> 1.76 mg/ml). The later stage inflammatory biomarker AGP likewise did not differ 

statistically between community types, with a mean of 6.96 g/L (cut-off > 1.0 g/l). 

Table 14 Mean levels of anemia biomarkers, disaggregated by community type. 
Highlighted cells indicate statistical difference at a significance level of 0.10 

 
Although there was no significant difference between urban and rural 

communities, CRP, did show variation between mining and non-mining communities at 

an alpha of 0.10 (p-value = 0.081). The lowest mean value for the acute inflammatory 

response protein was identified in rural communities (1.05 mg/L) and the highest among 

mining communities (3.21 mg/L). Mean levels of CRP across all community types were 
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still below the 5 mg/L threshold used to identify a full inflammatory response within 

individuals and therefore did not impact etiological classification. 

Similarly, Vitamin B12 levels showed variation across community types at a 0.10 

significance level. Mean levels for the total population analyzed were 393 pg/ml and 

were found to be similar for both urban and rural communities. Mining communities 

were found to have even higher levels of Vitamin B12 (433 pg/ml) than their non-mining 

counterparts (355 pg/ml; p-value = 0.083). These levels were well above the 243 pg/ml 

cut-off point connoting B12 deficiency. 
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4. Discussion 
According to the biomarkers collected in this study, 15 children (31.9%) were 

classified as having iron deficiency, inflammation, general malnutrition, or a combination 

of these factors contribute to their anemia outcomes. No etiological variation was 

identified between community types, nor were particular risk factors more highly 

correlated with any specific etiology; however, height and weight did correlate minimally 

with iron deficiency in the study population.  

Anemia prevalence was lower within females than males across the different 

communities, while under-5 prevalence was higher than that of older children – 

especially within rural locations. Maternal anemia rates were consistent across all 

analyzed community groups. Exclusive breastfeeding and a history of parasites were 

common experiences across all communities. Household income and rates of deworming 

treatment were both higher in mining than non-mining communities, as were 

inflammatory CRP and Vitamin B12 levels. Children from non-mining communities 

were more likely to have been born prematurely. 

Anemia prevalence within surveyed communities in MDD was significantly 

lower than anticipated. Perhaps as a result of these drastically reduced anemia rates, 

individual anemia etiologies were difficult to identify. Peru has taken the call to reduce 

anemia seriously, running nationwide campaigns through health centers, school feeding 

programs, and strong marketing. This is a recent push to improve nutritional status in 

children, with political support increasing in 2018 and coordination between programs 

becoming a focus.  
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Health centers provide both iron and micronutrient supplementation for children, 

and run deworming campaigns in local schools and through targeted home visits. 

Government sponsored school feeding programs provide iron-rich foods to children at 

local public schools. Farmers are encouraged to grow and disseminate nutritionally dense 

foods, and the government is striving to make clean water available to all. Colorful 

advertising throughout urban areas advises families to be on the lookout for anemia in 

their children, and anemia screening campaigns are run periodically throughout the 

country.  

The anemia interventions employed in Peru over the last several years have 

overwhelmingly targeted nutritional deficiencies and parasite presence. As such, it is not 

surprising that iron deficiency was significantly less than the expected 50% within the 

sampled population. These interventions may also have had a positive spill-over effect on 

other health measures, thus reducing inflammation and Vitamin B12 markers. 

Given the push for improved health outcomes, the identified reduction in anemia 

prevalence is a promising sign for the effectiveness of these programs. Importantly, the 

reduction in anemia is seen not only in children under-5, but also in the older 5-11 year-

old population. Although MDD has made commendable progress, it is important to 

continue monitoring anemia rates. If anemia reduction should stall through current 

efforts, it may point to the existence of less common anemia etiologies and the need for 

more varied interventions. 

This study has identified a significant reduction in anemia prevalence within a 

subpopulation of the Peruvian Amazon. In addition, it has provided anemia rates for 5 – 
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11 year olds, providing further insight into how older children in MDD are impacted by 

anemia. The study further provided preliminary information regarding anemia etiology; 

this information can be built on in future studies, and specifically investigated for 

correlation with elevated methylmercury levels in populations at risk for exposure. 

The use of the Peruvian diagnostic lab biomarker cut-offs instead of more 

commonly utilized literature values allowed for a greater rate of etiological classification; 

using published biomarker values, 5 iron deficient children would not have qualified as 

such, and 4 Vitamin B12 deficient children would not have been identified. Although this 

may be seen as controversial, it was hypothesized that local lab values more accurately 

reflected standard values within the given population, therefore providing better insight 

into abnormal ranges than globally standardized biomarker levels would. Future studies 

may choose to investigate this more fully. 

4.1 Limitations 

With 47 venous blood samples analyzed, this study was severely underpowered. 

The study design was strongly affected by the improved nutritional conditions of the 

local population. As a result, there were fewer eligible children available to enroll. 

The participation of rural community participation was disproportionately 

impacted, given the smaller size of these communities. The desired sample size was 

impossible to achieve given the eligible population, and as such, anemic children in rural 

communities were not effectively represented in the study. 

The targeted sampling strategy utilized in this study helped identify and screen 

large proportions of the community, however, using schools and health centers as central 
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access points meant that the primary children being screened were also the ones receiving 

the multi-sectoral anemia interventions. As such, these children were less likely to be 

experiencing the anemia outcomes. Children who do not attend school, or have easy 

access to health centers are not captured in this study, although they may be at an 

elevated risk. 

Ideally, differential anemia diagnosis would include a complete blood count and 

peripheral blood smears in order to assess specific red blood cell traits. These were not 

possible in this study, given the existing field conditions, and thus limited the ability to 

typify anemia etiologies beyond those identified through specific biomarker testing. 

Using a broader range of biomarkers may have improved classification rates, however, 

selecting the appropriate tests is made more challenging when the initial differentials are 

not able to be carried out. Future studies should seek to employ these methods in order to 

hone in on any continued anemia risk factors. 

A high rejection rate was anticipated and incorporated into the study design, 

however, the actual rejection rate encountered (37%) was significantly higher than 

expected (25%). This was due to the invasive nature of gathering biological samples, and 

was increased by parental concern regarding drawing blood from already anemic 

children. Unfortunately, this further limited the ability to classify local experiences of 

anemia. 

Information gathered on household characteristics and individual health histories 

were self-reported. Favorability bias may have changed the way some questions were 

answered, and recall bias likely impacted the way some questions were answered. In one 
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community, it was observed that parents were not always aware of the interventions 

carried out at schools and in health centers; in several cases, research team members 

observed deworming treatment provided to enrolled children, however parents responded 

that their child had not recently taken any such medication. 

4.2 Future Implications 

This study was born out of a need to better understand a severe public health 

concern in MDD. If the current anemia trends continue, however, this may no longer be a 

top research priority.  

Current anemia prevalence rates indicate that MDD still has some ways to go – at 

18.5% prevalence, screened communities just barely cross into the mild public health 

significance category. While this is strong progress in comparison to previous values, 

monitoring should continue to ensure that anemia rates continue to be reduced.   

Should anemia rates stall or worsen, future studies may want to broaden the spectrum of 

biomarkers used, in order to identify underlying etiologies for any remaining anemia 

presentations that are not effectively resolved through the current interventions. Future 

studies should also endeavor to identify children outside of schools and local health 

centers where the primary interventions are taking place, in order to decipher whether the 

improved health trends are reaching those who do not have direct access to public 

resources – given the high school enrollment rate for children in Peru, this was not 

prioritized in the current study.  

Additionally, enrolling both anemic and non-anemic children in a similar study to 

the one performed would provide interesting insight into the comparative impact of 
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various health determinants on anemia outcomes. Individual mercury levels should also 

be assessed in correlation with hemoglobin, given the elevated rates of methylmercury 

exposure identified in communities along the MDD River. This is an important step for 

corroborating the findings of the original study that provided the basis for this project, as 

well as to provide deeper understanding as to what etiologies and health determinants 

might correlate more strongly with elevated body mercury levels. 
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5. Conclusion 
Peru	has been identified as having elevated rates of anemia within much of its 

population, however the targeted multi-sectoral approach to resolving this health issue is 

showing strong improvement in reducing anemia prevalence within MDD. While this 

study provides evidence that other etiologies may be at play within anemic individuals, 

the strong focus placed on resolving iron deficiency suggests this may have historically 

been the primary cause of anemia within the region, given the subsequent reduction in 

anemia outcomes. Peru has further identified potential sources of health disparities within 

different communities, and worked to overcome these challenges – as seen with the 

placement of health posts in remote communities, and the provision of twice daily school 

feedings in indigenous communities. 

The initial results of this study indicate that the chosen intervention strategies 

have great promise in resolving much of the remaining anemia within MDD, however, 

prevalence rates should continue to be monitored for further improvement.  Should 

anemia rates worsen, or improvements stagnate, future studies may choose to examine 

broader anemia etiologies to determine whether any remaining anemia cases should be 

approached from another direction. 
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Appendix A: Full table of Community Characteristics 
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