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Anemia and malnutrition in indigenous children and
adolescents of the Peruvian Amazon in a context
of lead exposure: a cross-sectional study
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Background: Indigenous children and adolescents of the Peruvian Amazon live in precarious conditions that

could increase the risk of malnutrition. A particular problem in the Corrientes river communities is the high

exposure to lead among children and adolescents.

Objective: This study aimed to determine the nutritional status of children and adolescents in indigenous

communities in the Corrientes river basin and examine risk factors for anemia, stunting, underweight, and

wasting.

Design: This was a cross-sectional assessment in children and adolescents aged 0�17 years from six

communities (n�330). Data collection included measurement of hemoglobin levels, anthropometrics, blood

lead levels (BLLs); a parental questionnaire including demographic and dwelling information; parents’

occupation; and the child’s duration of breastfeeding and food consumption. Analysis included univariate,

bivariate, and logistic regression.

Results: Overall, anemia prevalence was 51.0%, stunting (proxy for chronic malnutrition) 50.0%, and

underweight 20.0%. Bivariate analysis showed that anemia and underweight prevalence was higher in the

0�4 years group (pB0.05). No association was found between anemia, stunting, or underweight with gender,

community exposure to oil activity, or consumption of river water. Stunting prevalence was higher in the

group whose BLLs were �5 mg/dL (pB0.05). In the logistic regression analysis, no variable was associated

with anemia or underweight. The group 5�11 years and �12 years had 1.9 and 3.1 times higher risk of

stunting than the group under five years, respectively. Children and adolescents with BLLs �5 mg/dL had

twice the risk of stunting compared to those with lower BLLs.

Conclusions: Half of the study population was found with anemia and stunting. Anemia was more prevalent in

the 0- to 5-year age group and stunting in the 12- to 17-year group. The association between stunting and

BLLs might be attributed to a direct effect of lead on human growth. Also, poor nutrition and other

socioeconomic-related factors may contribute to the simultaneous existence of stunting and elevated BLLs.
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A
nemia and chronic childhood malnutrition con-

stitute some of the major public health problems

in Latin America and the Caribbean. They af-

fect children’s growth and development and increase

the risk of morbidity and mortality. Around 22 million

preschoolers and 9 million children under five in Latin

America and the Caribbean suffer from anemia and

chronic malnutrition, respectively (1, 2).

In all Latin American countries, the indigenous popu-

lation is often one of the most disadvantaged groups.

Indigenous children and adolescents generally live in

precarious conditions and have higher rates of mortality

and morbidity than the non-indigenous (3�6).

Peru has one of the largest indigenous populations

in Latin America, accounting for 12.0% of the total

population below 18 years (8,410,904) (7). Despite the

general advancements in children’s health in the past

decade (i.e. decreasing infant and child mortality rates

from 43 and 59 per thousand live births in 1996 to 21

and 29 per thousand in 2004�2006, respectively), the
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nutritional profile is still worrisome. By 2012, 32.9% of the

Peruvian children under five had anemia and 18.0% had

chronic malnutrition (8). These figures vary widely among

regions, showing a more dramatic nutritional status for

indigenous groups in the Amazon region, likely related to

1) their high poverty rates (86.0% are poor and 46.0% are

extremely poor), 2) diverse environmental exposures and

social conflicts, and 3) their limited access to health care

services and education (7, 9). This appears to be the case of

the indigenous communities in the Corrientes river basin,

where industrialization related to oil exploitation has

developed successfully.

The Corrientes river basin has been an active site for oil

extraction for more than 40 years to date, suffering serious

environmental and social impacts (10) that may affect

nutritional status. A particular problem of these com-

munities is the presence of elevated blood lead levels

(BLLs) among children and adolescents. In 2006, the

Ministry of Health conducted an evaluation in 74 subjects

(0�17 years) from seven communities and reported that

66.0% had BLLs ]10 mg/dL. Data from a concurrent

analysis of water and sediments did not permit making

any conclusion about the source of exposure (11, 12).

In the period 2009�2011, a field investigation to

examine the sources, risk factors, and pathways for lead

exposure in children was conducted in the Corrientes

communities. The results indicated that the main path-

way of exposure was the contact with pieces of lead in

practices related to the artisanal manufacture of fishing

sinkers. In addition, the communities near oil installations

had better accessibility of lead cables and other industrial

wastes from which they collected pieces of lead (13).

The present study used part of the data collected

during the field investigation (anthropometric indicators

and hemoglobin levels) in order to assess the nutritional

status of indigenous children and adolescents from the

Corrientes river basin and to examine potential risk

factors for anemia, stunting, underweight, and wasting.

This paper draws upon two prior focuses of concern

in the current national agenda of Peru, nutritional prob-

lems among children under five and optimal health

for indigenous people (United Nations Declaration on

indigenous peoples rights in 2007) (14, 15). Therefore,

information on their nutritional profile at macro and

local levels, as well as the associated factors will help to

guide policymaking.

Methods

Setting and population

The Corrientes river basin is located in the northeastern

Peruvian Amazon, in the Loreto region. In 2008, the total

population of the Corrientes river basin was estimated

as 8,000, mainly formed by indigenous communities from

the Achuar, Urarina, and Quichua ethnic groups and a

minority of mestizos, with 52.0% under age 15 (16�18).

This study was set in six communities (Fig. 1), selected

based on their geographic location in relation to their

history of oil exposure (number of oil spills nearby). In

the upper river we selected Jose Olaya (population 0�17

years: 74) and Antioquia (population 0�17 years: 65),

both located in close proximity (B2.5 km) to oil battery

facilities. In the middle section, we selected Peruanito

(population 0�17 years: 98), located 5 km downriver from

the closest oil battery facility, and Santa Isabel de Copal

(population 0�17 years: 146), located in the basin of the

Copalyacu river (a tributary of the Corrientes), 42 km

fluvial distance from the junction of the Corrientes and

Copalyacu rivers, with no history of oil activity nearby.

Downriver, we selected San Cristobal (population 0�17

years: 17) and Palmeras (population 0�17 years: 33), both

proximate (B5 km) to oil battery facilities.

The study participants were all children and adoles-

cents aged 0�17 years, whose families had lived in the

area for the past 5 years and whose parents authorized

their participation. For recruitment, all residents in the

desired age range with these characteristics were sought.

Data and samples collection

The fieldwork was carried out during November�
December 2010 and included measurement of hemoglo-

bin (Hb) levels, height and weight, and determination of

BLLs conducted by nursing technicians, at the primary

school of each community (especially arranged for this

purpose).

Hb level was measured using a portable ß-

hemoglobinometer (HemoCue, Lake Forest, CA, USA)

from additional blood drops from capillary samples

collected to test lead concentrations in blood. HemoCue

standard controls were used for quality control. BLLs

were determined using the Leadcare II Blood Lead Test

System (ESA Biosciences, USA); a detailed explanation

of this procedure can be found in Anticona et al. (19).

Height was measured with a standardized wooden

board. Children younger than 24 months had their recum-

bent length measured using a pediatric length board.

Weight was measured with a mechanical pediatric scale

(maximum capacity 16 kg) for children younger than 2

years old and an upright scale (maximum capacity 160 kg)

for the older ones.

Parents completed an interview-administered question-

naire that included demographic information; dwelling

characteristics; water supply; parents’ occupation; history

of employment at the oil company; and cooking and

traditional practices. Specific information on the child

included duration of breastfeeding and consumption

(frequency and amount) of wild animal meat, fish, and

other traditional foodstuffs. Trained local interviewers,

who visited all households in the selected communities,

collected this information.
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Data analysis

Hb levels were used to determine anemia status based on

the cut-off points recommended by the World Health

Organization (WHO) and used by Peru’s national mon-

itoring of nutritional indicators: B11.0 and 11.5 g/dL

for the groups aged 6�59 months and 60�143 months,

respectively, and 12 and 13 g/dL for the groups aged 144�
179 months and older than 180 months, respectively (15,

20). Height and weight data were used to calculate z score

values for height for age (H/A), weight for height

(W/H), and weight for age (W/A), using Nutstat from

Epi-Info software version 3.3.2 (Centers for Disease

Control and Prevention (CDC), Atlanta, GA, USA).

Those participants with a z score B�2 for H/A, W/A,

and W/H were classified as presenting stunting, under-

weight, and wasting, respectively (21).

To compare our results with national statistics, we

took stunting data as an indicator for chronic malnu-

trition. Stunting is considered the best epidemiologi-

cal indicator for assessing chronic malnutrition because

it reflects the accumulated, permanent, and long-term

effects of deficiency in young child nutrition, including

poor breastfeeding, complementary feeding practices,

and repeated infections (22).

BLLs were categorized using the reference value of

]5 mg/dL, which has been recently updated by the CDC

due to the increasing evidence of various neurological

impairments associated with low BLLs in children (23).

The variable ‘communities’ exposure to oil activity’ was

classified into low, medium, and high, based on proximity

of the community to an oil battery facility: no exposure

(�20 km), Sta. Isabel; medium exposure (3�6 km),

Peruanito, San Cristobal, and Palmeras; and high expo-

sure (B2.5 km), Antioquia and Jose Olaya (13).

The data were analyzed using Stata version 10.0.

Bivariate analysis was conducted using a Chi-square

test to examine associations between nutritional indica-

tors and single potential risk factors. Multivariate logistic

regression analysis was conducted to examine the simul-

taneous impact of several factors on the probability

to have anemia, stunting, or underweight. Wasting was

excluded from the analysis due to its low frequency.

Some variables (water supply, parents’ occupation,

history of employment at the oil company, cooking

Fig. 1. Map of the Corrientes River basin and indigenous communities.
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and traditional practices, duration of breastfeeding, and

food consumption) were omitted from the analysis due to

scarce variability.

In all of the analyses, participants were grouped

into three age categories: early childhood (0�4 years),

childhood (5�11 years), and adolescents (12�17 years),

according to UNICEF classification (14).

Ethics

The Research Ethics Committee of the Universidad

Peruana Cayetano Heredia, Lima, approved this study.

The consent process was conducted in Spanish and the

native language of each community. The heads of family

from the surveyed communities signed a consent form.

The study findings were communicated to the commu-

nities in coordination with the indigenous organization

FECONACO and the Regional Directorate of Health

(DIRESA Loreto). Participants with elevated BLLs,

malnutrition, or anemia were referred for medical evalua-

tion to the Trompeteros Health Centre (Peru’s Ministry

of Health).

Results
Data on Hb levels were collected from 330 partici-

pants aged 0�17 years representing a response rate of

76.2% (total population: 433). The non-participants were

not present in their communities or dwellings during

data collection. Some were attending secondary schools

in other communities and some were accompanying

their parents to perform fishing, agriculture, or hunting

activities.

Overall, the prevalence of anemia was 51.0%. One case

(a 5-year-old boy) was identified with severe anemia

(Hb B7 g/dL). The bivariate analysis showed a signifi-

cant difference in the proportion of anemia among age

groups, with the highest prevalence in the 0�4 years

group (pB0.05). No significant difference was found

when comparing groups according to gender, community

exposure to oil activity, consumption of river water, or

BLLs ]5 mg/dL (Table 1).

Anthropometric data were collected from 245 par-

ticipants (response rate of 56.6%). Missing information

occurred because some participants did not go through

all of the procedures. Overall, the prevalence of stunt-

ing and underweight were 50.0% and 20.0% respectively.

There were eight cases (4.0%) of wasting (proxy of acute

malnutrition). Bivariate analysis showed that stunting

prevalence was similar when comparing age or gender

groups (Table 1). However, the prevalence of underweight

showed significant differences among age groups with

the highest proportion in the youngest group (0�4 years)

(pB0.05) (see Table 1).

In addition, no statistically significant association

was found in the occurrence of stunting or underweight

according to the child’s consumption of river water or

the level of exposure to the oil activity in the child’s

community of residence. However, the prevalence of

stunting was significantly higher in the participants

whose BLLs were ]5 mg/dL (pB0.05).

Table 1. Distribution of children and adolescents with anemia, stunting, wasting, and underweight, by potentially associated

factors, Corrientes river basin, Peruvian Amazon, 2010

Gender Anemia, n (%) Stunting, n (%) Underweight, n (%) Wasting, n (%)

Boys 85 (54.8) 58 (52.7) 23 (20.9) 3 (3.0)

Girls 83 (47.4) 64 (47.4) 27 (20.0) 5 (5.0)

Age (years)

0�4 74 (56.9) 40 (42.1) 30 (31.6) 6 (6.5)

5�11 68 (45.6) 58 (52.3) 18 (16.2) 2 (2.0)

12� 26 (50.9) 24 (61.5) 2 (5.1) 0

p B0.05 p B0.05

Community’s exposure to oil activity

No 74 (56.9) 55 (59.7) 23 (25.0) 1 (1.3)

Medium 56 (45.9) 44 (46.3) 19 (20.0) 4 (5.0)

High 38 (48.7) 23 (39.7) 8 (13.8) 3 (6.4)

Consumption of river water

No 143 (50.5) 108 (51.7) 42 (20.1) 5 (3.0)

Yes 25 (53.2) 14 (38.9) 8 (22.2) 3 (9.0)

Blood lead levels (BLLs)

BLLs B5 mg/dL 36 (48.6) 18 (36.7) 10 (20.4) 2 (4.4)

BLLs ]5 mg/dL 132 (51.6) 100 (53.5) 39 (20.8) 6 (4.1)

p B0.05

Total 168 (50.9) 122 (49.8) 50 (20.4) 8 (4.0)
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In the logistic regression analysis, none of the assessed

risk factors were associated with anemia or underweight.

The groups aged 5�11 and ]12 years had 1.9 times and

3.1 times higher risk of stunting than the group under

five, respectively. In addition, participants with BLLs

]5 mg/dL had twice the risk of stunting compared to

those with lower BLLs (Table 2).

Discussion
Around half of the total studied population (51.0%) had

anemia, with the highest frequency (56.9%) in children

under five. These figures are higher than those estimated at

the national level (39.0% for the group 0�17 years and

50.0% for the group 0�4 years) and for rural areas (42.6 for

the group 0�17 years and 54.0% for the group 0�17 years)

(14). However, higher rates have been reported in other

populations in the Peruvian Amazon: 65.0% in children

under five in the Amazonas region and 80.5% in children

7�14 months in the Loreto region (24, 25).

Compared to data from other countries of the Amazon

River Basin, anemia is more frequent in Peru when

considering school-age children and adolescents. For

instance, 13.0% and 16.6% have been reported in children

aged 0�10 years from the western Brazilian Amazon (26)

and another group aged 5�14 years from the Ecuadorian

Amazon (27), respectively. However, the prevalence is

very similar when only looking at children under five.

For instance, frequencies of 40.0% and 51.8% have been

reported in children under five from the western Brazilian

Amazon (26, 28).

When exploring risk factors for anemia, we found that

being in the youngest group increased the risk signifi-

cantly, which is similar to the findings in other studies of

Amazon populations (25, 27�29).

Approximately half of the study population was also

identified with stunting. Focusing on the group under

five (data only available at the national level), stunting

prevalence in the study population (42.1%) was higher

than the national (18.0%) and regional level (22.0%) (7).

Similar studies in other Peruvian Amazon indigenous

communities from the Awajun ethnic group have repor-

ted lower rates ranging from 33.4% to 49.0% in children

under five (24, 30, 31).

When comparing with data (collected in the last decade)

from other countries in the Amazon River Basin, Peru

again appears to be in a worse situation: 22.8% has been

reported in Naporuna children under five from the

Ecuadorian Amazon (32), 7.1% in children under five

from the Brazilian Amazon (33), and 30.0% in children

and adolescents aged 2�16 years from the Colombian

Amazon (34).

Stunting was more prevalent in the oldest group.

According to the literature, most stunting occurs in

the first 2�3 years of life, and although there is biologi-

cal potential for catch-up growth through adolescence,

it is likely that individuals remaining in the same poor

environments that caused them to become stunted in

the first place will continue to be stunted into adulthood

(35). Thus, our results might reflect a high frequency

of stunting among older children and adolescents during

their infancy, which has remained until the time of

the study. We could not find any data from previous

anthropometric measurements in the study population

that could allow us to assess trends or changes across the

different age groups.

A potential risk factor that we explored was elevated

BLLs since this has been a particular health concern in

the studied population. We found that the prevalence of

stunting was higher in participants with BLLs ]5 mg/dL.

The association between stunting and chronic lead

exposure has been reported in previous studies (36).

Similarly, elevated BLLs have been consistently asso-

ciated with reduced growth velocity and lower stature

in children with different blood lead concentrations,

age ranges, and ethnic and socioeconomic characteristics

(37�41).

The mechanism for how lead might directly depress

children’s growth is not clear. One hypothesis states that

lead may interfere with vitamin D metabolism in children

and thus disturb calcium metabolism, which may directly

affect bone growth (37, 42, 43). Another hypothesis says

that lead may displace calcium and interfere with its

endocrine functions, including growth (42�44).

Table 2. Multivariate logistic models of OR and 95% CI for

stunting in the study participants

Variable

Overall (n �236) OR

(95%CI)

Age group

0�4 years 1

5�11 years 1.9 (1.01�3.8)

12 � 3.1 (1.3�7.8)

Gender

Girls 1.0

Boys 1.7 (0.9�2.9)

Reside in a community with high

exposure to oil activity

No 1

Yes 0.6 (0.4�1.0)

Underweight

No 1

Yes 8.0 (3.7�20.4)

Anemia

No 1

Yes 0.9 (0.5�1.5)

BLLs ]5 mg/dL

No 1

Yes 2.0 (1.1�4.1)
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In addition, elevated BLLs have been associated with

other socioeconomic factors that also increase the risk

of child growth impairments (45), thus acting as con-

founders (37). Nevertheless, previous studies have shown

significant association after adjusting for these covariates

(37, 46). In fact, a threshold of 3 mg/dL has been recently

proposed for lead effects on human growth (47).

Taking into account the large environmental pollution

from oil extraction activities in the past 40 years (48),

living in a clean environment (community of residence’s

exposure to oil activity) and access to safe water were also

assessed as potential risk factors for stunting (49, 50).

However, no association was found.

Particularly for Amazonian indigenous children, some

authors have suggested that stunting could be attributed

to a different growth potential and not necessarily to

undernutrition, proposing that other cut-off points from

those recommended by WHO should be used in nutri-

tional surveys on indigenous communities (51). However,

the majority argues that the high levels of stunting should

be interpreted as reflective of their social conditions,

which leads to poor growth on account of poor diets,

frequent infections, and deficient child care, and not as a

genetic trait (52).

Regarding underweight, the highest prevalence (30.0%)

seen in children under five was much higher than the

average for rural areas in Peru (9.0%) in the period 2003�
2009 (53). In addition, we observed a positive association

between underweight and stunting, suggesting that in this

population, stunting could be attributed to a low intake

of main nutrients.

This study had several limitations. First, we did not

examine other risk factors for nutritional indicators

that have been reported in other studies in the Amazon

such as low maternal height, low birth weight, diarrhea

episodes, and geohelminth infection (33).

Second, the small sample size and missing data from

some participants might have contributed to finding a low

variability of other factors explored and explain why we

did not find other associations. Third, the cross-sectional

design did not allow for the identification of the direction

of the association between stunting and BLLs.

Finally, there were some limitations on samples and

data collection. First, we used finger-prick blood samples

to measure Hb and BLLs. This involves a procedure that

can dilute the sample and thus introduce a systematic

error into the results (54). Second, we used the LeadCare

instrument for the analysis of BLLs. This method has been

criticized because of its greater percentage of error and

sensitivity to environmental conditions when compared

to the gold standard method (graphite furnace atomic

absorption). Nevertheless, the use of capillary blood

samples and LeadCare has been supported for clinical

evaluation and monitoring purposes in children (55, 56).

Third, we used a questionnaire to collect information on

risk factors. This may have introduced recall bias from

respondents when answering about past events of the

child’s history and reporting bias, bearing in mind that

respondents might have answered in ways that may be

more socially acceptable. However, the following strategies

were used to mitigate these biases: 1) interviewers visited

every dwelling at a time when the majority of family

members were present so that all could contribute to give

comprehensive and reliable answers and 2) a local inter-

preter was available in case the majority of the household’s

members did not speak Spanish to ensure the questions

were completely understood.

Conclusions
Although improving nutritional status has been a global

health priority in recent years, studies keep showing an

extremely unfavorable scenario for indigenous children

from the Amazon basin. In the communities of the

Corrientes River Basin, half of the indigenous population

aged 0�17 years was found to be affected with anemia and

stunting. Anemia was more prevalent in the youngest age

group (0�5 years), while stunting was found in the oldest

age group (12�17 years). The association between stunting

and BLLs might be attributed to a direct effect of lead

on human growth. Also, poor nutrition and other socio-

economic-related factors may contribute to the simulta-

neous existence of stunting and elevated BLLs. Finally,

these findings should be viewed as a marker of the need

for tailored development programs and effective public

health interventions for the indigenous populations of the

Peruvian Amazon.
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18. Pluspetrol. Evaluación Técnica y Social de los Sistemas de Agua

de las comunidades nativas de la Cuenca del Rio Corrientes.

Loreto, Peru: Pluspetrol; 2006.

19. Anticona C, Bergdahl I, San Sebastian M. Lead exposure

among children from indigenous communities of the Peruvian

Amazon basin. Rev Panam Salud Publica 2012; 31: 296�302.

20. World Health Organization (WHO). Haemoglobin concentra-

tions for the diagnosis of anaemia and assessment of severity.

Vitamin and Mineral Nutrition Information System. Geneva:

WHO; 2011. Available from: http://www.who.int/vmnis/indicators/

haemoglobin.pdf [cited 3 May 2013].

21. Dzieniszewski J, Jarosz M, Szczygie B, Marlicz K, Linke K,

Lachowicz A et al. Nutritional status of patients hospitalized in

Poland. Eur J Clin Nutr 2005; 59: 552�60.

22. Panamerican Health Organization (PAHO). Malnutrition in

infants and young children in Latin America and the Caribbean:

achieving the Millennium Development Goals. Washington,

DC: PAHO; 2008.

23. Centers for Disease Control and Prevention (CDC). CDC

response to advisory committee on childhood lead poisoning

prevention recommendations in ‘‘low level lead exposure harms

children: a renewed call of primary prevention’’ [document on

the Internet]. Atlanta, GA: CDC; 2012. Available from: http://

www.cdc.gov/nceh/lead/ACCLPP/CDC_Response_Lead_Expo-

sure_Recs.pdf [cited 28 June 2013].

24. Gyorkos T, Maheu-Giroux M, Casapı́a M, Joseph S,

Creed-Kanashiro H. Stunting and helminth infection in early

preschool-age children in a resource-poor community in the

Amazon lowlands of Peru. Trans R Soc Trop Med Hyg 2011;

105: 204�8.

25. Huamán-Espino L, Valladares C. Estado Nutricional y

Caracterı́sticas del Consumo Alimentario de la Población

Aguaruna. Rev Peru Med Exp Salud Publica 2006; 23: 12�21.

26. Cardoso MA, Scopel KK, Muniz PT, Villamor E, Ferreira

MU. Underlying factors associated with anaemia in Amazonian

children: a population-based, cross-sectional study. PLoS ONE

2012; 7: e36341. DOI: 10.1371/journal.pone.0036341.

27. Quizhpe E, San Sebastian M, Hurtig AK, Llamas A. Prevalence

of anaemia in schoolchildren in the Amazon area of Ecuador.

Rev Panam Salud Publica 2003; 13: 355�61.

28. De Souza OF, De Macedo LF, De Menezes CS, Santos
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