
 

i

v 

 

 

Mother's Early Age of Marriage Predicts Children Malaria Risk in the Peruvian Amazon 

by 

Sheng Liu 

Duke Global Health Institute 

Duke University 

 

Date:_______________________ 

Approved: 

 

___________________________ 

William K. Pan, Supervisor 

 

___________________________ 

Joanna A. Maselko 

 

___________________________ 

David Boyd 

 

 

 

Thesis submitted in partial fulfillment of 

the requirements for the degree of  

Master of Science in the Duke Global Health Institute 

in the Graduate School 

of Duke University 

 

2013 

 

 

 



 

 

 

 

ABSTRACT 

Mother's Early Age of Marriage Predicts Children Malaria Risk in the Peruvian Amazon 

by 

Sheng Liu 

Duke Global Health Institute 

Duke University 

 

Date:_______________________ 

Approved: 

 

___________________________ 

William K. Pan, Supervisor 

 

___________________________ 

Joanna A. Maselko 

 

___________________________ 

David Boyd 

 

 

 

An abstract of a thesis submitted in partial 

fulfillment of the requirements for the degree of 

Master of Science in Duke Global Health Institute 

in the Graduate School of 

Duke University 

 

2013  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright by 

Sheng Liu 

2013 

 



 

 

iv 

Abstract 

 

Objectives: 

The objective of this study is to determine the malaria risk among children and 

adolescents from early married families in the Peruvian Amazon. We will explore the 

hypotheses that younger maternal age of marriage, younger maternal age at child birth 

and family member’s involvement in labor migration are associated with increased 

malaria risk among their children under 18 years old. 

 

Methods: 

This research used data from a longitudinal study of human migration and family health 

implemented between February 2009 and August 2013 in 18 road and riverine 

communities of the Peruvian Amazon in the region of Loreto. 852 mother-child dyads 

were recruited, with five follow-up visits for the road communities and two follow-ups 

for the river communities. The primary outcome was number of child malaria episodes 

and the key independent variables were maternal age of marriage, maternal age at child 

birth and family member’s labor activities. We used a multilevel Poisson model to 

examine relationships among these key variables, with standard errors to account for 

clustering of mothers in the households in communities. 
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Results: 

50.1% of the mothers were married before the age of 18; 50.2% of the children lived with 

family members involved in labor migration. The multilevel Poisson model yielded an 

incidence rate ratio (IRR) of 2.19 for children whose mothers were married before 18 

years old (95% CI: 1.68-2.93), compared to mothers who were married at 21 years and 

older, and an IRR of 2.13 for children whose mothers gave birth before 18 (95% CI: 1.52-

2.99). The incidence rate of child malaria episodes was 6.99 times higher for children 

whose mother and other family members were both involved in labor migration than for 

those who were not (95% CI: 5.03-10.79). 

 

Conclusion: 

The results provide new insights of potential risk factors of child malaria and support 

the hypotheses that mother’s early marriage timing, younger age at child birth and 

family member’s involvement in labor migration correlate positively to increased 

malaria risk among children and adolescents in the Peruvian Amazon.
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1. Introduction 

Malaria is caused by five species of Plasmodium parasites that affect human 

beings (P. falciparum, P. vivax, P. knowlesi, P. malariae and P. ovale). It begins with a bite of 

infected female mosquitoes from more than 30 Anopheles species that commonly 

transmit Plasmodium parasites. Malaria due to P. falciparum is the most deadly species 

and it predominates in Sub-Saharan Africa; P. vivax, although rarely lethal, is more 

widespread and is potentially resistant to chloroquine in Latin America and the 

Caribbean (WHO, 2012). However, the global burden of P. vivax malaria has been 

underemphasized and yet the morbidity and temporary disability associated with this 

species are understudied (Chuquiyauri & Paredes, 2011). In the Amazon Region, only 25% 

of diagnosed cases are from P. falciparum infection, while the remaining 75% are caused 

by P. vivax (Price et al., 2007; Duarte et al., 2004). Annually, malaria results in an 

estimated 3.3 billion people at risk and 800,000 deaths all around the world, with 

children under five years old and pregnant women most severely affected (WHO, 2011; 

WHO, 2012). In Peru, nearly 30% of the population is at risk for malaria and 75% of the 

reported cases in 2011 were from the Amazon Region of Loreto (Chuquiyauri & Paredes, 

2011). 
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Population growth and mobility is incipient throughout the Peruvian Amazon. 

Family and individual migration occurs for a myriad of purpose, ranging from 

settlement, logging, resource extraction and agricultural development, with mobility 

believed to be a key cause of malaria transmission, especially in the tropical rainforest 

areas (Singer & Caldas, 2003).  Labor migrants in the Amazon, mostly those involved in 

the logging and agricultural industry, likely lack immunity against infectious disease in 

new locations as well as adequate knowledge of protection against vectors that differ 

from their place of origin, making them potential human reservoirs of malaria parasites 

(Singer, 2003; Chuquiyauri, 2011). As the means of transportation continue to improve, 

movements can be extended to further distances and contribute to heightened risks of 

imported disease transmission in a short time frame. Characteristics of malaria infection 

and disease evolution for susceptible populations such as children and young adults in 

the Peruvian Amazon are not well documented. These populations deserve special 

attention because it may increase the morbidity and mortality of this preventable and 

curable disease. 

 

The legal age of marriage or union in Peru is 18 years old, for both men and 

women (Article 241, Peruvian Civil Code, 1984); however, in the Amazon, women often 

get married and have their first child at an earlier age. This also coincides with the age 
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when male adults first start to work. Our study is conducted in a rural area of Peru’s 

northern Amazon in the Region of Loreto. The study site ranges from 40 to 200km away 

from the city of Iquitos, the largest city in the Peruvian Amazon and the 4th largest city 

in the Amazon Basin. The working environment for this area is primarily along the 

rainforest fringe or working deeper in the jungle as a logger. Recent studies have shown 

that poor access to insecticide treated mosquito nets (ITN) and hospitalization among 

these populations result in higher malaria incidence (UNICEF, 2012; WHO 2011; 

Chuquiyauri, 2011). It is likely that young adults working in these environments have 

lower immunity to malaria, compared to older and more experienced male workers and 

farmers. In addition, if young male labor migrants are married, their families members 

are at greater risk for malaria infection as either the wives are more likely to travel with 

their husbands or, since the young male adults are exposed to greater risk for malaria in 

the forests and fields, have a greater risk of in-home transmission. 

 

The object of this study is to describe characteristics of malaria infection for 

children and adolescents in the Peruvian Amazon and to stratify risk by the maternal 

age of marriage, maternal age at child birth and family member’s involvement in labor 

migration. Our primary hypotheses are that mother’s early marriage timing and 

younger maternal age at birth are associated with increased risk of malaria among 
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children, and that labor mobility interacts with younger age of marriage to 

multiplicatively increase malaria risk for the children and adolescent offspring. We 

expect results to help define the dominant malaria population risk profile in the 

Peruvian Amazon among people under 18 years old and identify strategies to improve 

their health. 
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2. Literature Review 

2.1 Burden of Malaria in Peru 

Malaria, as a critical global health concern, causes an estimated 3.3 billion people 

worldwide at risk, 250 million infections and 800,000 deaths annually (WHO, 2011). In 

Latin America and the Caribbean, about 25% of malaria infections are from of P. 

falciparum, a deadly parasite that is dominant in Sub-Saharan Africa; (WHO, 2012; Price 

et al., 2007), while 75% are infected by P. vivax – a species that is less fatal but causes 

significant morbidity and temporary disability, especially among children and 

adolescents (WHO, 2012) (Figure 1). However, researchers argue that P. vivax and the 

morbidity associated with this infection have been regarded as “benign” and self-

limiting that it receives lower priority from global health researchers, compared to P. 

falciparum malaria (Price et al., 2007). Consequently, malaria in Latin America and the 

Caribbean has been widely neglected by policy makers, ministries of health, and 

funding bodies (Price et al., 2007; Chuquiyauri, 2011). 
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Figure 1. Malaria Map of Peru. Source: Ministry of Health of Peru, 2012. 

 

Peru has a total population of approximately 29 million and 30% is at risk for 

malaria (WHO, 2012). 60% of malaria cases reported in Peru occur in the Loreto Region, 

near the city of Iquitos. Iquitos is the largest city in the Peruvian Amazon (total 

population of approximately 400,000) that is only accessible by air or river and the 4th 

largest city in the Amazon Basin (Chuquiyauri, 2011). Malaria transmission in Loreto 

has increased since 1992, and was most epidemic in the year of 1997, with 118,132 

reported cases (Peruvian Ministry of Health, 2012). Since 1998, the Peruvian Ministry of 

Health has implemented the National Malaria Program that included vector control, 

local health service and malaria surveillance, and the number of reported cases in Loreto 

decreased by approximately 40,000 in 1999 (Peruvian Ministry of Health, 1998). Despite 

regional and governmental interventions, malaria persisted as a serious burden of 

disease in Loreto. The number of reported cases in Peru has increased since 2000 and 



 

7 

peaked in 2005 with 87,565 cases, and is the largest net increase of 31% among Pan 

American Health Organization member states (PAHO, 2013). However, malaria 

transmission in Loreto has declined again from 2006 to 2011, but resurged in the year of 

2012 (Figure 2). 

 

 

Figure 2. Number of reported malaria cases in Loreto, Peru, 1990-2012. Source: 

Ministry of Health of Peru, 2012. 

 

 

2.2 Malaria Migration  

The International Organization for Migration has considered human migration to 

be one of the most important determinants of global health. Out of 20 countries with 

high risk for malaria, 16 consider migration as a major factor of the persistence of the 
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infection. (Prothero, 2001). Seasonal labor migration has been associated with epidemics 

in Kenya (Bloland & Williams, 2003). 

 

Surprisingly, few empirical studies have been conducted to demonstrate the link 

between labor migration and malaria in the Amazon, regardless of the increasing 

population growth, urbanization and human mobility. The growing population exerts 

pressures on resources with major movement and redistribution of people as they seek 

to improve their economic status (Prothero, 2001). Also with the development of 

transportation, it enables people to move more frequently and work in a daily or weekly 

circulation of logging, fishing and farming along the rainforest fringes. Therefore 

movements can take place over greater distance, where people may lack immune 

response to a strain of malaria; and in much less time, which causes heightened risks of 

in-home malaria transmission when the migrant workers return to the households. 

 

Tropical rainforests provide good ecological conditions for mosquito habitat and 

breeding. Anopheles darlingi is the main vector of malaria in the Peruvian Amazon. Land 

use changes due to agriculture expansion, logging, road construction, and other 

manmade modifications to the environment result in a dramatic increase in An. darlingi 

breeding sites (Harris, Matias-Arnez & Hill, 2006). Among the many sites are pits left by 

mining; pools of stagnant water along unpaved roads, river margins, and in areas where 



 

9 

a poor clearing resulted in irregular soils; and accumulated water due to obstruction of 

streams by fell trees (Cruz Marques, 1987; Coimbra, 1988). Furthermore, the daily biting 

pattern of An. darlingi is bimodal, with peaks in the early evening (6-8pm) and at dawn 

(5-6am), which coincides with the hours when migrant laborers carry out outdoor 

activities (Klein & Lima, 1991; Tadei et al., 1998; Harris, Matias-Arnez & Hill, 2006). Such 

working patterns increase contact with Anopheles’ multi-model behavior and 

consequently makes workers as mobile human reservoirs once they are infected 

(Singhanetra-Renard, 1993; Singer & Sawyer, 1992). 

 

2.3 Early marriage in the developing world  

Early marriage, defined as marriage or union of children under 18 years of age, is 

a widespread phenomenon in the developing world. In 2010, 31.3 million South Asian 

girls aged under 18 entered their first marriage or civil union, 14.1 million in Sub-

Saharan Africa, and 6.6 million in Latin America and the Caribbean (UNFPA, 2012). 

Figure 3 is an illustration of percentage of women in the 20-24 age group who entered 

first marriage or union before 18 years old, presented by region in 2010. In Latin 

America and the Caribbean, approximately 45% to 60% of all first children of married 

women are born within two years after the women enter marriage or union and 

therefore results in early child bearing among young mothers (DHS, 2003). 
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Figure 3. Percentage of women aged 20-24 who entered marriage or union 

before 18, by region. 

UNICEF(2010): Progress For Children. 

http://www.unicef.org/protection/Progress_for_Children-No.9_EN_081710.pdf 

 

 

The existing literature has systematically discussed major factors of early 

marriage and early child bearing among women in developing countries (Table 1) – 

limited labor force participation, lack of formal education, urbanization and lack of 

health infrastructure (Singh, 1996; Mason, 1987; Cochrane, 1979; Caldwell, 1976; Pichon 

& Bilsborrow, 1999; UN DESA 2009).  
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Table 1. Literature Review of Factors Associated with Early Marriage and Early 

Child Bearing in Developing Countries. 

 

Factor Country Reference 

Lack of 

employment 

India Mason, 1987 

Mali, Mozambique and Ethiopia Nour, 2006 

Mali and Ethiopia Nour, 2009 

Lack of education 

Kenya, Tanzania and Uganda Caldwell, 1976 

India and Parkistan Cochrane, 1979 

India Singh, 1996 

India Singh & Samara, 1996 

Mali and Ethiopia Nour, 2004 

India Ahmed Al-Ameri, 2008 

Urbanization 

Kenya Caldwell & Caldwell, 1987 

Bolivia, Brazil and Peru 
Walker, Perz, Caldas & 

Teixeira Silva, 2002 

Lack of health 

infrastructure 

Ecuador Pichon & Bilsborrow, 1999 

Ecuador Carr, Pan & Bilsborrow, 2006 

 

Researchers believe that female involvement in paid employment will increase 

both personal and parental desire and financial independence to discourage early 

marriage. Women participating in formal labor activities may adopt new ideas and 

values that influence them to remain single during young adulthood; as women acquire 

economic independence through labor income, parents may encourage their daughters 

to delay marriage or child bearing during this economically active period (Mason, 1987). 

However, some parents believe by marrying their daughter young, they can reinforce 

social ties in the community, and protect their daughters from premarital sexual 

activities and unintended pregnancies (Nour, 2006). 
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Education plays an important role in women’s marriage timing. Although access 

to formal education has increased during the past few decades, education equity for 

girls still varies largely both across and within all regions (Ahmed Al-Ameri, 2008). 

Current theory correlates lack of education for women with early marriage, because 

entering into marriage may force women to abandon schooling, and most married 

women are not expected to return to school in developing countries (Singh, 1996; 

Cochrane, 1979). Theory also suggests the average age to complete secondary school or 

high school education is around 16-19 years old in the developing world, whereas early 

married adolescents are less likely to finish secondary schooling if there entered 

marriage before 18 (Nour, 2004). In addition, formal education shapes values and 

ideology. Caldwell (1976) argued that advanced levels of education increases exposure 

to Western value and behaviors, e.g. democracy, human rights, equal pay and feminism. 

Furthermore, it is acknowledged that higher education is associated with wider access to 

employment and income, and therefore is regarded as an indirect economic incentive to 

postpone marriage timing. Finally, education, especially school-based sex education 

provides effective knowledge of contraceptive methods, family planning and 

reproductive health that empowers women to make contraceptive decisions (UN, 1995; 

Singh & Samara, 1996; Nour 2006). 
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Urbanization is a key socioeconomic factor that relates to women's age of 

marriage in the developing world. According to the description of literature, the urban-

rural difference is mainly reflected as demand for farm labor in the household (Caldwell 

& Caldwell, 1987). In a rural setting, where there is abundant farmland but scarce labor, 

the supply-demand relationship is projected as demand for labor force and demand for 

children therefrom (Walker, Perz, Caldas & Teixeira Silva, 2002). Another factor of early 

child bearing in the rural area is the lack of health infrastructure, which diminishes the 

quality of and access to family planning resources and contraceptive knowledge (Pichon 

& Bilsborrow, 1999; Carr, Pan & Bilsborrow, 2006). 

 

Like most countries in the world, the legal minimum age of marriage or civil 

union for both men and women is 18 years old in Peru; and 21 years of age is defined as 

a complete adult (Article 42 & 241, Peruvian Civil Code, 1984). However, early marriage 

is a common practice in Peru. In 2008, 17% of the 15-19 age group and 23% of the 20-24 

age group of Peruvian women nationwide were married and had their first child before 

18 years of age; 51.2% of these young mothers were from rural Peru (UN DESA, 2009; 

UNFPA, 2012). Nonetheless, the average age of marriage of women nationwide 

increased from 18.4 years old in 1978 to 22.3 years old in 2009 (UNICEF, 2010). 
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Early marriage and early child bearing have attracted enormous attention from 

the United Nations, international agencies and academic scholars, as it directly impacts 

human rights, gender equity, women’s mental health, reproductive health and family 

violence (Louie. et al, 2009; Hern, 1992; Nour, 2009; UN DESA 2009). However, few 

studies related young mothers’ marriage to family health and the health of their 

offspring. Children and adolescents born and raised in early married families deserve 

special attention, fitness and well-being. Not only because they are a vulnerable 

population, but also because they are the key of sustainability of society. In 2005, when 

the global health architecture in WHO and PEPFAR’s HIV/AIDS programs shifted from 

emergency to sustainability, they included three criteria for international assistance: 1) 

saving more lives; 2) treating mothers and children first; and 3) building country 

ownership as the ultimate goal (WHO, 2012). Mother and children are eligible for the 

priority of treatment, because mother-to-child is a noticeable transmission route of 

HIV/AIDS, which passes the disease to the next generation and severely affect the future 

of society. Malaria, although not transmitted the same way as HIV/AIDS, the morbidity 

and disability it causes in children’s early life may incur negative effects to their 

childhood and even adulthood, and therefore impact sustainability of health and well-

being in the developing world. 
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2.4 Mother-child Dyad  

The earliest investigation of mother-child association in global health topics 

focused mainly on HIV/AIDS mother-to-child transmission, and maternal and neonatal 

health. Since 1970s, researchers have started to use the term of “dyad” to describe 

mother-child relationships in breastfeeding, nutrition, inherited disorders, children 

intelligence and psychological development (Jelliffe & Vahlquist, 1978; Reichle, 

Longhurst, & Stepanich, 1976). In recent years, research has emerged to study mother’s 

role in child and family health, on a variety of topics including obesity, cardiovascular 

disease, anxiety, diarrhea and malaria (Mamun, O’Callaghan, Williams, & Najman, 2012; 

Nour, 2009; Martin, Stack, Serbin & Schwartzman, 2011; Achidi et al , 2005).  

 

According to the existing theories, mother’s behavior during pregnancy and 

lactation can affect the health of offspring during their childhood and even into 

adulthood, e.g. maternal smoking or Vitamin E intake during pregnancy (Mamun, 

O’Callaghan, Williams, & Najman, 2012); it is also possible that materal health history 

has prepared her with adequate knowledge and experience in the child bearing 

motherhood (Nour, 2009); or on the contrary, especially for malaria, babies born by 

mothers with infection history may be more susceptible in early life, than those from 

non-infected mothers. Achidi et al (2005) has described early life susceptibility as a 

function of decreased antibody and immune response. 
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3. Methods 

3.1 Study Overview 

A longitudinal study was implemented in the northern Peruvian Amazon 

between February 2009 and August 2013 to examine the relationship between family 

health and human migration. Data from this paper were retrieved from survey 

responses of that longitudinal study. This study design evaluated the association 

between maternal age of marriage, maternal age at birth, family member’s labor 

migration and malaria risk for their unmarried children under 18 years of age. The cut-

offs for marriage timing were set at 18 and 21 years old, as enacted in the Peruvian Civil 

Code; under 18 was considered as risk age. 

 

The mother-child dyad was defined as a currently married woman and each of 

her unmarried children under 18 who live in her home. A total of 852 eligible dyads 

were defined from 318 unique mothers. For each mother in the household from every 

study community, a unique dyad entry was established between the mother and each 

one of her children. Therefore the recruitment strategy can be described as drawing a 

“family tree” – first identify the root (mother), and then extend all the tree branches 

(children) that meet the inclusion criteria. For each follow-up survey round, the number 

of child malaria episodes reported since the last survey round was compared to 
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maternal marriage timing, malaria history, education, etc. Other important factors were 

included such as father’s occupation and age of marriage, number of children living 

with mother, family pattern and involvement of family members in labor migration in 

the past 12 months as the family-level confounders; community size, location and health 

post availability were considered as community-level confounding factors. 

 

3.2 Study Site 

The study site consists of two ecologically and economically distinct sites that are 

linked via a major river system and shared national health resources. The first site is the 

Iquitos-Mazan Road, which is an estimated 45km road whose construction began in 

2008. Bi-weekly Anopheles collections were conducted on the road between March 2009 

and August 2010 to assess changes in Anopheline ecology and vector responses to 

environmental changes and human activities. Baseline demographic and health surveys 

were administered to all homes located at 10 communities within 2km of the highway in 

February 2009, which included a health history, anthropometrics, and blood tests for 

anemia and malaria parasitemia. Five follow-up surveys for these households were 

conducted in June 2009, October 2009, April 2010, July 2011 and August 2012 to record 

demographic events, economic activities, and to screen for primary health outcomes 

(Table 2). Activities of households on this road include agriculture, fishing, logging, and 

manual labor in Iquitos. 
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The second site consists of 8 rural communities located on the Napo River, which 

extends from the end of the Iquitos-Mazan Road into Ecuador. These communities were 

enrolled in January 2011 with two follow-ups in July 2011 and August 2012 (Table 2). 

The same baseline and follow-up surveys were administered as in the Iquitos-Mazan 

Road communities. Activities of families living on the river consist primarily of logging, 

fishing and agriculture. Riverine families are considerably poorer than road-proximate 

families and have less access to health services as the major health center is located in 

the city of Mazan or Iquitos. 

 

Table 2. Time of baseline and follow-up surveys in road and river 

communities in the Peruvian Amazon, 2009-2012 

 

Trip Survey Time Road River 

1 February 2009 Baseline A ---- 

2 June 2009 Follow-up A1 ---- 

3 October 2009 Follow-up A2 ---- 

4 April 2010 Follow-up A3 ---- 

5 January 2011 ---- Baseline B 

6 July 2011 Follow-up A4 Follow-up B1 

7 August 2012 Follow-up A5 Follow-up B2 
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3.3 Study Population 

This population-based study was conducted to investigate each year’s malaria 

risk among children and adolescents: 1) under 18 years of age; 2) unmarried and 3) 

living in the house when the survey was conducted. The study population was selected 

through the “family tree” method. A mother with marriage status response as married, 

civil union, divorced or widow was targeted and through her, children that correspond 

to the criteria above were identified. Adopted children were excluded. Although this 

study discussed mother-child relationship as a behavioral effect rather than a genetic 

terminology, there was no record in terms of adoption year as a start of dyad. However, 

adopted children were counted in the variable of “number of children living with 

mother”. In the follow-ups, newly born or immigrated dyads were added and the time 

when they first entered the study was considered as their baseline survey time. In that 

participants grow older as the longitudinal research processed, those who turned 18 

years old during the follow-up were excluded from analysis in the subsequent rounds. 

 

Although most of the mothers were female heads of household, it is also 

common that children of the heads were married and already had a first child, meaning 

there were three generations in some families. Under this circumstance, the child or 

child-in-law of household head was labeled as mother and the dyad was directed to her 
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children, irrespective of the relationship with household heads. For this reason, there 

were a number of households that have more than one mother identified in our study. 

 

3.4 Measurement 

3.4.1 Child malaria episodes 

In the survey, participants were asked if they had been diagnosed with malaria 

in the past year. And if so, depending on the survey round, the time at risk varied 

between 3, 6 and 12 month. The outcome of child malaria was recorded as a binary 

variable in the surveys (Yes=1, No=0). In this study, we measured it as a count variable – 

number of malaria episodes diagnosed for each child in a certain time of exposure. We 

added the total number of malaria episodes for each child throughout the entire study 

timeline, adjusting for time period of exposure. 

 

3.4.2 Maternal age of marriage 

The variable of interest was maternal age of marriage. The cut-offs for marriage 

timing were 18 for legal minimum age, and 21 for complete adult age. We categorized 

the marriage timing into three groups: under 18 as young mothers, 18-20 as young adult 

mothers, and 21 and above as complete adult mothers. 
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3.4.3 Maternal age at child birth 

Our second variable of interest was maternal age at birth, i.e. child bearing age. 

We collected mother’s current age and child’s current age in each survey around. We 

created a new variable for maternal age at birth and its value was obtained through the 

calculation below: 

 

                                                                      

 

This variable had a constant value for each dyad that would not change over 

time. We divided the values into four categories: under 18 as young mothers, 18-20 as 

young adult mothers, 21-34 as complete adult mothers, and 35 and above as experienced 

adult mothers. 

 

According to the survey responses, 33 out of 318 mothers (10.4%) had first child 

before getting married. 20 of these 33 mothers (60.6%) entered marriage or civil union 1 

or 2 years immediately after giving birth, making the percentage of unmarried mothers 

fairly low in the study sample. 
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3.4.4 Family member’s involvement in labor migration 

Our third variable of interest was family member’s involvement in labor 

migration. We collected this information through the question of “Has anyone above 12 

years old in the family worked outside of the house in the past year?” and obtained 

information on activities of the migrant laborers. We did not narrow down the responses 

only from parents of family, but also observed young adult siblings, grandparents and 

other family members who were involved in labor migration during the time of 

exposure for malaria risk. As we believed mother has the closest relationship to the child 

in her child bearing motherhood, we particularly observed mother’s involvement in 

labor migration activities. Therefore this variable was stratified into 4 categories: none, 

only mother traveling, only other family member traveling, and both mother and other 

family member traveling. 

 

3.4.5 Covariates 

To adjust for potential confounders that could cause variation in child malaria 

incidence rate, we included covariates for child characteristics (age, sex and using ITNs), 

maternal level, family level and community level (Table 3). 
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3.4.5.1 Maternal level 

Mother’s current age.   In child bearing and family health, maternal age plays an 

important role. According to literature, although married young, women may gain more 

experience as they grow older and have more children, which would impact malaria risk 

for the children. Therefore we categorized mother’s current age the same way as we did 

for maternal age at birth: under 18 as young mothers, 18-20 as young adult mothers, 21-

34 as complete adult mothers, and 35 and above as experienced adult mothers. 

 

Education level.   Previous research suggested advanced education for women may 

delay their marriage timing, equip them with health knowledge and contraceptive 

methods and provides more economic opportunities as an incentive to postpone 

marriage. We retrieved data of education level from survey responses, which included 

five categories: none, primary school (complete or incomplete), and secondary school 

and above. 

 

Malaria history.   This variable indicated whether a mother has ever been infected with 

malaria before. We obtained the mothers’ responses to the question asked in baseline: 

“Have you ever been diagnosed with malaria?” We also updated this variable 

throughout the follow-ups. For each survey round, whenever a mother who had no 
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malaria history at baseline but reported malaria episodes in the follow-ups, we 

considered her as a mother with malaria history. 

 

3.4.5.2 Family level 

Father’s age of marriage.   The cut-offs for father’s marriage timing was the same as 

maternal ones: under 18 as young fathers, 18-20 as young adult fathers, and 21 and 

above as complete adult fathers. 

 

Father’s occupation.   The type of occupation for each working individual was recorded 

into five categories: unemployed, agriculture, logging, fishing and other. The category of 

unemployed was used as reference. We extracted the entries of father of each child 

enrolled. The value would be updated if anyone changed type of occupation in the 

follow-up responses. 

 

Extended family.   This variable indicated whether there were any extended family 

members living in the house, especially senior members, e.g. grandparent and 

granduncle. 

 

Number of children living with mother.   We performed a literature review to identify 

that mother’s experience in child bearing can help improve child health and therefore 
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we assessed the number of children living with mother in each household. This variable 

included adopted children as we considered dyad as a behavioral association rather 

than genetic. The value was updated if any child became 18 years old to exit the study, 

immigrated to or emigrated from the house, or was newly born when a follow-up was 

administered. 

 

Socio-economic status.   We calculated the socio-economic score for each family via 

Principal Components Analysis (PCA) in SAS 9.3, which reflected a family’s financial 

status through evaluating durable property ownership, access to utilities and 

infrastructure (e.g. sanitation facility and source of water), and housing characteristics 

(e.g. number of rooms and building material). The set of values was divided into 

quartile categories: poorest, second, middle and richest. 

 

3.4.5.3 Community level 

Community size.   This variable presented the number of households living in each 

community. We categorized it into four groups: 1-15, 16-30, 31-45 and above 45. 

Community size may confound the outcome in the way that a larger community may 

indicate more human mobility and social networks that affects family health. 
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Location.   We surveyed communities located near Iquitos-Mazan Road and along the 

Napo River. This potential confounder could cause variation in malaria incidence rate 

for different communities. 

 

Health post availability.   This variable showed whether there was a health post in the 

community where the child lived. Access to health information and treatment may 

confound our outcome. 

 

Table 3. Summary Descriptive Statistics at Baseline of Enrolled Children 

Under 18 in the Peruvian Amazon 

Characteristic % or n Mean (SD) 

Child Characteristics  n = 852  

Age  7.5 (5.03) 

0-4 35.6  

5-9 27.2  

10-14 25.9  

  15-17 11.3  

Sex   

        Female 44.2  

  Male 55.8  

Using ITNs?   

Yes 36.9  

No 63.1  

 Had malaria in the past 12 months?   

 Yes 39.8  

  No 60.2  

   

Maternal level 

Age of marriage n = 318 18.8 (4.96) 
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     <18 50.1  

     18-20 23.5  

     21 and above 26.4  

Age at child birth n = 852 27.2 (7.45) 

     <18 15.0  

     18-20 6.1  

     21-34 60.6  

     35 and above 18.3  

  Current Age n = 318 33.8 (9.02) 

     <18 1.1  

     18-20 4.7  

     21-34 54.2  

     35 and above 40.0  

  Education Level n = 318  

     None 5.2  

     Primary school 66.9  

     Secondary school and above 27.9  

  Malaria History n = 318  

     Yes 81.5  

     No 18.5  

   

Family level n = 852  

 Family member involved in labor 

migration? 

  

     None 49.8  

     Mother only 10.3  

     Other members only 24.7  

     Mother + others 15.2  

Father’s age of marriage  23.3 (5.79) 

     <18 7.4   

     18-20 29.5  

     21 and above 63.1  

Father’s occupation   

     Unemployed 12.3  

     Agriculture 70.4  
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     Logging 12.4  

     Fishing 4.9  

Living with extended family members?   

     Yes 21.5   

     No 78.5   

 Number of children living with mother  3.65 (1.75) 

 Socio-economic status  -2.33 (0.30) 

     Poorest 43.9  

     Second 40.7  

     Middle 13.3  

     Richest 2.1  

   

Community level  n = 18  

 Number of households in the community  34.2 (15.06) 

     1-15 7  

     16-30 3  

     31-45 6  

     46 and above 2  

 Near road or riverine?   

     Road 11  

     River 7  

 Is there a health post in the community?   

     Yes 12  

     No 6  
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4. Data Analysis 

4.1 Data Coding 

There are three key explanatory variables of interest – maternal age of marriage, 

maternal age at birth and family member’s involvement of labor migration. We 

conducted multivariate analyses to assess association between child malaria risk and 

these variables. The dependent variable was a count of child malaria episodes in a 

certain time of exposure. To adjust for confounders, we assessed child characteristics 

and other covariates at maternal level, family level and community level. Table 4 lists all 

the variables included in our analyses and how they were coded. 

 

Table 4. Variable Coding 

Variable Coding 

Child Characteristics  

Age Categorical 

 “0-4” = 1 

 “5-9” = 2 

 “10-14” = 3 

 “15-17” = 4 

Sex Binary. Female = 1, Male = 0 

Using ITNs Binary. Yes = 1, No = 0 

Survey time 7 categories, coded as 1-7. 

Time of exposure Continuous 

Malaria episodes (outcome) Count 

  

Maternal level  
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Age of marriage Categorical 

 “<18” = 1 

 “18-20” = 2 

 “>20” = 3 

Age at child birth Categorical 

 “<18” = 1 

 “18-20” = 2 

 “21-34” = 3 

 “>34” = 4 

Current Age Categorical 

 “<18” = 1 

 “18-20” = 2 

 “21-34” = 3 

 “>34” = 4 

Education Level Categorical 

 None = 0 

 Primary school = 1 

 Secondary school and above = 2 

Had malaria before? Binary. Yes = 1, No = 0 

  

Family level  

Family member in labor migration? Categorical  

 None = 0 

 Mother only = 1 

 Others only = 2 

 Mother + others = 3 

Father’s age of marriage Categorical 

 “<18” = 1 

 “18-20” = 2 

 “>20” = 3 

Father’s occupation Categorical 

    Unemployed = 0 

    Agriculture = 1 

    Logging = 2 

    Fishing = 3 
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Extended family Binary. Yes = 1, No = 0 

Number of children living with mother Continuous 

Socio-economic status Categorical 

     Poorest = 1 

      Second = 2 

      Middle = 3 

      Richest = 4 

  

Community level  

Community size Categorical 

(Number of households in the      “1-15” = 1 

Community)      “16-30” = 2 

      “31-45” = 3 

      “>45” = 4 

Near road vs. riverine Binary. Road = 1, River = 0 

Is there a health post in the 

community? 

Binary. Yes = 1, No = 0 

 

4.2 Regression Modeling 

The multivariate models were estimated in multilevel Poisson regression, with 

standard errors to account for clustering of mothers in the households in communities. 

All data analyses were performed in GLIMMIX procedure in SAS version 9.3. Poisson 

regression allows for the presentation of incidence rate ratios (IRRs) and 95% CI for the 

relationships between child malaria episodes and young maternal age of marriage, 

young maternal age at birth and family member’s involvement in labor migration. 

Because the data were clustered at maternal, family and community levels, random 

intercepts for all three levels were included in the models. 
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In the study design, we considered mother’s current age as a covariate at 

maternal level. However, when we computed the multivariate analyses, this variable 

cannot fit in the model. We found it the consequence of multicollinearity. The primary 

independent variable, maternal age at birth was calculated by: 

 

                                                                

 

There is a linear relationship between maternal age at birth and current age and 

SAS rejected the latter. Therefore we decided to exclude mother’s current age in the 

model. The final model was fitted as follow: 

 

   ( )    ( )                                               

                                               

                      

 

 Here Y is the count of child malaria episodes and ln(N) is the adjustment for 

time of exposure. X variables are child characteristics, including age, sex, using ITNs and 

survey time. M dataset represents maternal level variables, including maternal age of 

marriage, age at birth, education and malaria history. Family level variables are 

represented by the six F variables, including family member’s involvement in labor 
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migration, father’s age of marriage, father’s occupation type, living with extended 

family member, number of children living with mother and socio-economic status. 

Finally, the three community level covariates – community size, location near road or 

riverine and health post availability – are represented by C1, C2 and C3. 
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5. Results 

5.1 Summary Descriptive Statistics 

A total of 852 eligible mother-child dyads were extracted from the longitudinal 

database, 2009-2012. Table 3 displays descriptive information on the enrolled children at 

baseline. 377 children were girls (44.2%) and 475 were boys (55.8%) in our sample. The 

mean age of children was 7.5 years (SD 5.03) and 35.6% (n=303) were aged under 5 years 

old. Only 36.9% of all children (n=314) used ITNs, of which 97.5% (n=306) were from 

riverine communities. 39.8% of all children (n=339) had been diagnosed with malaria in 

the past year at baseline. 

 

A total number of 318 mothers were identified at baseline. Half of them were 

married before 18 years old (n=159, 50.1%), 23.5% (n=75) were married between 18 to 20 

years old, and 26.4% (n=84) were married at 21 and above as a complete adult. The 

average age of marriage was 18.8 at baseline (SD 4.96), while the average at child birth 

was 27.2 (SD 7.45). The majority of enrolled children were born when mothers were 21-

34 years old (516 child births, 60.6%). 213 mothers (66.9%) were at primary school level, 

while only 89 mothers (27.9%) attended secondary school and above. At baseline, most 

mothers (n=259, 81.5%) reported that they had been diagnosed with malaria before. 

Table 5 and Figure 4 provide the evolution of some risk factors and distribution of 
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number of child malaria cases in the 18 communities over time. It is suggested women 

tended to marry younger and the valley value reached 18.09 years old in the January 

2011 baseline survey in riverine communities. 

 

49.8% of the children did not live with any family member working outside the 

house in the past 12 month. 10.3% of their mothers were migrant laborers and she was 

the only one in the family traveled in the past year; 24.7% of all children lived with at 

least one family member expect mother who were involved in labor migration; and 15.2% 

of the children had both mother and other family members involved in labor migration. 

Most children (n=600, 70.4%) lived with a father who was engaged in agriculture 

occupation. And the majority (n=669, 78.5) was not living with any extended family 

members, including grandparent, grandaunt and granduncle. In the study communities, 

the average number of children living with mother was 3.65 (SD 1.75) and the maximum 

number was 9. According to Table 5, the average number of children living with mother 

increased from 3.58 in February 2009, to the peak value of 3.88 in April 2010, and then 

decreased to 3.63 in August 2012. 

 

Averagely, there were 34.2 households in a community and the community size 

varies largely (SD 15.06). There were 11 road communities and 7 river communities. 12 

out of 18 communities had a health post; residents in the remaining 6 communities 
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either travelled to the nearest communities where a health post was available, or they 

traveled for longer distances to the city of Mazan or Iquitos for better treatment. 
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Table 5. Evolution of malaria risk factors in the Peruvian Amazon, 2009-2012 

 2009/2 

n = 413 

2009/6 

n = 371 

2009/10 

n = 355 

2010/4 

n =102 

2011/1 

n = 408 

2011/7 

n = 770 

2012/8 

n =743 

Using ITNs, %         

    Yes 0.7 0.8 0.8  0.0 75.0  39.0 39.0  

    No 99.3 99.2 99.2 100.0 25.0 61.0 61.0 

        

Mother had 

malaria 

before? % 

       

Yes 87.4  87.9 87.3 81.4 74.0 81.0 81.3 

No 12.6  12.1 12.7 18.6 26.0 19.0 18.7 

        

Family 

member 

       

involved in 

labor 

       

migration? %        

None 35.4 65.8  12.1 30.4  67.9 60.6 50.1 

Mother only 2.6 0.9 15.2 5.7 8.9 10.7 12.5 

Others only 49.8 23.4 38.4 53.8 15.0 14.9 18.6 

Mother + 

others 

12.2 9.9 34.3 10.1 8.2 13.8 18.8 

        

Maternal age 

of  marriage, 

       

mean (SD) 19.62 

(5.80) 

19.58 

(5.91) 

19.52 

(5.83) 

18.88 

(5.16) 

18.09 

(3.76) 

18.74 

(4.88) 

18.69 

(4.91) 

        

Number of 

children 

       

living with 

mother, 

mean (SD) 

3.58 

(1.64) 

3.64 

(1.65) 

3.66 

(1.65) 

3.88 

(1.53) 

3.73 

(1.81) 

3.68 

(1.75) 

3.63 

(1.75) 

 

Incidence Rate 

       

(cases per 

child-year) 

0.4286 0.2049 0.3718 0.0980 0.3701 0.1740 0.0538 
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Figure 4. Evolution of number of child malaria cases in the Peruvian Amazon, 

2009-2012. 
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5.2 Risk Factors for Child Malaria 

According to the multivariate analysis results in Table 6, the count of child 

malaria episodes was found to be positively associated with maternal age of marriage, 

age at birth and family member’s involvement in labor migration, mother’s education 

level, mother’s malaria history, father’s occupation and community location. Other 

multilevel covariates, including child age, sex, using ITNs, father’s age of marriage, 

living with extended family members, number of children living with mother, socio-

economic status, number of households in the community and health post availability, 

were not significant in the models. 

 

There is a significant relationship between the number of child malaria episodes 

and maternal age of marriage (p-value <0.0001). Compared with children whose 

mothers were married at 21 years old and above, the incidence rate ratio (IRR) of child 

malaria was 2.19 for children whose mothers entered marriage before 18 years old (95% 

CI: 1.68-2.93), and 2.01 for those whose mothers were married between 18 to 20 (95% CI: 

1.73, 2.25). Maternal age at birth is significantly associated with child malaria (p-

value<0.0001). Age at child birth <18 group had an IRR of 2.13 (95% CI: 1.52-2.99), 

compared to 35 and above group; IRR for 18-20 and 21-34 groups were 1.82 (95% CI: 

1.35-2.42) and 2.09 (95% CI: 1.51-2.81), respectively. The association between child 

malaria and family member’s involvement in labor migration was significant (p-value 
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<0.0001). The incidence rate of child malaria was 6.99 times higher for children whose 

mother and other family members were both involved in labor migration activities than 

for those who were not (95% CI: 5.03-10.97). 

 

The variables of child characteristics – age, sex and using ITNs were not 

significantly associated with the outcome.  

 

At maternal level, there was a significant relationship between child malaria and 

mother’s education level (p-value <0.0001). Mothers with secondary school and above 

background were used as a reference category. The incidence rate of child malaria was 

1.97 times higher for children whose mothers never attended school (95% CI: 1.71-2.26), 

and was 1.64 times higher for children whose mothers only attended primary school (95% 

CI: 1.47-1.80). We found a significant relationship between child malaria episodes and 

mother’s malaria history (p-value <0.05). Children whose mothers had malaria infections 

before had an IRR of 1.59 (95% CI: 1.34-1.83), compared to those whose mothers were 

never diagnosed with malaria. 

 

Father’s occupation type was the only covariate at family level that was found 

significant in the model (p-value <0.0001). Unemployed fathers were set as a reference 

group. The incidence rate of child malaria episodes was 6.87 times higher for children 
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whose fathers agriculturalists (95% CI: 5.23, 10.84). The incidence rate was 3.21 times 

higher for those whose fathers were loggers (95% CI: 2.01, 6.32). The incidence rate was 

2.98 times higher for those whose fathers were fishermen (95% CI: 2.68, 3.71). Other 

family level covariates, including father’s age of marriage, extended family pattern, 

number of children living with mother and household socio-economic status were not 

significant associated with the count of child malaria episodes. 

 

We observed a statistically significant negative relationship between child 

malaria and community location. Children lived near Iquitos-Mazan Road had an IRR of 

0.16 (95% CI: 0.10, 0.26), compared to children from communities near Napo River. Our 

multivariate models found no significant relationship between community size, health 

post availability and child malaria. 

 

Table 6. Poisson multivariate model of children at malaria risk in the Peruvian 

Amazon, 2009-2012. 

 IRR 95% CI p-value 

Key Explanatory Variable    

Maternal age of marriage   <0.0001 

    <18 2.19 1.68, 2.93  

    18-20 2.01 1.73, 2.25  

    21 and above 1.00   

Maternal age at child birth   <0.0001 

    <18 2.13 1.52, 2.99  

    18-20 1.82 1.35, 2.42  

    21-34 2.09 1.51, 2.81  
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    35 and above 1.00   

Family member’s labor migration    

     None 1.00  <0.0001 

     Mother only 5.35 4.78, 6.09  

     Other members only 2.18 1.60, 3.02  

     Mother + others 6.99 5.03, 10.97  

Child Characteristics    

Age    

    0-4 0.42 0.30, 0.81 <0.05 

   5-9 0.79 0.60, 1.04 0.09 

    10-14 0.93 0.45, 1.28 0.56 

  15-17 1.00   

Sex    

    Female 0.93 0.69, 1.33 0.42 

    Male 1.00   

Using ITNs    

    Yes 0.82 0.68, 1.12 0.25 

    No 1.00   

Maternal level    

Education   <0.0001 

    None 1.97 1.71, 2.26  

Primary school 1.64 1.47, 1.80  

    Secondary and above 1.00   

Malaria history    

    Yes 1.59 1.34, 1.83 <0.05 

    No 1.00   

Family level    

Father’s age of marriage    

    <18 0.87 0.15, 11.63 0.85 

    18-20 0.92 0.26, 4.01 0.63 

    21 and above 1.00   

Father’s occupation   <0.0001 

    Unemployed 1.00   

    Agriculture 6.87 5.23, 10.84  
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    Logging 3.21 2.01, 6.32  

    Fishing 2.98 2.68, 3.71  

Extended family pattern    

    Yes 1.01 0.77, 1.28 0.90 

    No 1.00   

Number of children living with 

mother 

0.95 0.39, 1.58 0.57 

Socio-economic status    

    Poorest 1.97 1.44, 2.38 0.09 

    Second 1.62 1.15, 2.91 0.23 

    Middle 1.34 1.10, 2.23 0.31 

    Richest 1.00   

Community level    

Number of households in the 

community 

   

    1-15 1.43 1.12, 3.01 0.32 

    16-30 1.68 1.08, 2.12 0.04 

    31-45 1.01 0.79, 2.56 0.88 

    46 and above 1.00   

Near road or river    

    Road 0.21 0.10, 0.26 <0.0001 

    River 1.00   

Health post availability    

    Yes 1.22 0.82, 1.77 0.34 

    No 1.00   
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6. Discussion 

Maternal age of marriage and maternal age at child birth significantly correlates 

with malaria risk for children and adolescents under 18 in the Peruvian Amazon. Family 

member, especially mother’s involvement in labor migration is positively associated 

with child malaria risk. Since mother plays the most direct role in child bearing, the in-

home malaria transmission from a migrant mother to her child can be higher than just 

other family members involved in labor migration. These are evident according to the 

result produced by the incidence rate ratios from the multilevel Poisson regression. This 

indicates early maternal age of marriage and younger maternal age at child birth, 

especially before 18 years old, predict malaria risk for their children; and family 

member’s outdoor labor migration activity leads to a higher malaria risk for children 

living in the household. The results have further identified mother’s education level, 

mother’s malaria history, father’s occupation and community location as risk factors for 

child malaria. 

 

As discussed in the literature review, education can delay women’s marriage 

timing, because it shapes value, provides health and contraceptive knowledge, and 

empowers women with more employment opportunities in the future (Singh, 1996; 

Cochrane, 1979). Generally, women who have completed secondary school and above 
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are less likely to enter an early marriage, because the age for an individual to graduate 

from secondary school is 16-19 years old and married women are not expected to return 

to school in developing world (Cochrane, 1979; Nour, 2004). Our results suggest that 

children born by mothers who have never attended school have the highest incidence 

rate among all education levels. 

 

We found the evidence that father’s occupation is significantly associated with 

child malaria. Among all occupation types, the risk for child malaria peaks when the 

father is engaged in agriculture industry. To our surprise, logging is not the most risky 

occupation, while previous studies have related loggers to increasing exposure to 

Anopheles biting hours and biting sites (Harris, Matias-Arnez & Hill, 2006; Chuquiyauri 

& Paredes, 2011). This shift in risky occupation type may be explained as some fathers 

who worked in agriculture were meanwhile conducting their work in labor migration 

activities. 

 

Community location is proved to be significant and children living in the 

communities near Napo River have a higher risk for malaria. The main transportation 

method for riverine communities is boating and walking, while that for road 

communities is mostly walking through the jungles and fields. Compared to bare foot 

walking, boating can deliver people to longer distances within shorter time. This 
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convenience for human mobility may encourage riverine residents to be more engaged 

in labor migration and consequently brings increasing in-home malaria transmission to 

children. However, one could argue that river makes shipping easier – while it may take 

entirely human force to carry food, tools, medicine and even ITNs into a road 

community, it is be more effective to bring cargo to a riverine community via boating. 

For this reason, riverine communities may have more access to health facilities and 

medicine, and thus a lower incidence rates. Nonetheless, perhaps human mobility has a 

higher impact than health access so that riverine communities are more affected. 

 

Although 63.1% of all children were not sleeping under a treated bednet, using of 

ITNs does not significantly correlate to child malaria risk. This may be of the fact that 

Anopheles are most active during early evening (6-8pm) and early dawn (Klein & Lima, 

1991), and children may not go to bed at early evening hours. When family members 

usually gather in the living room during early night, it is less likely that an ITN is set up 

there for people to sit under. 

 

Father’s age of marriage is not significantly associated, although nearly 40% of 

the children had a father married before 21. It is possible that even if the father was 

married young, the maternal age of marriage is above the risk age of 18 and it is the 

mother who plays a more leading role in family health and child bearing. 
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Extended family pattern is not a significant factor in our results. Although living 

with extended family member, e.g. children’s grandparent, the young couples can learn 

family health experience from the elders, or the elders may help take care of their 

grandchildren. However, it is possible that these grandparents were too old to conduct 

housework or child bearing activities and therefore were not directly involved in grand-

parenting. 

 

The association between health post availability and child malaria is not 

significant. It can be inferred that although health post is accessible in some 

communities, the infrastructure capacity, skills of health providers and treatment quality 

are below standard. For example, among the 18 communities this study investigated, 8 

had electricity. Only 2 out of the 8 used alternating current (U=220V), and the remaining 

6 all used direct current (unstable voltage) delivered by generator. Freezers and 

machines produced in Peru are designed to fit its national voltage at 220V. However, 

when stable electricity is not guaranteed in the health post to keep freezers working, a 

large category of medicines will become volatile if exposed in humid, hot and bright 

environments, which, unfortunately all fit the local climate characteristics. 
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Overall, this study provides new insights of potential risk factors of child malaria. 

The considerations discussed here indicate new approaches to control malaria through 

sociodemographic and labor activity aspects in the endemic Peruvian Amazon. 

However, the external validity of these observations to other regions needs to be further 

determined. This study also links family health to women’s early marriage – a human 

rights issue. Early marriage and early child bearing shorten girls’ childhood, stop their 

education and affect their health and health of their offspring. Research has long 

emphasized the importance of education for girls and their families. Some programs 

have shown success in prompting education by providing families with economic 

incentives to keep their daughters in school, by promising employment upon girl’s 

graduation from school, by offering meal plan for children during school hours so 

parents do not bear the responsibility to feed them, or by directly giving food to the 

families as a reward for sending their daughters to school (Mathur, Greene & Malhorta, 

2003; Nour, 2009). Education not only delay the timing of marriage, pregnancy and child 

bearing, but school-based sex education can be effective in changing attitude, awareness 

and practices that women may apply in family health. 

 

Literature also suggests providing employment opportunities for women will 

postpone their marriage timing, because economic independence through labor income 

encourages women to delay marriage and child bearing, and stay in this economically 
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productive period as long as possible (Nour, 2006). However, in the environment of 

Amazon, the most common type of occupation is agriculture, logging and fishing, which 

all require frequent human mobility and our study results revealed that mothers 

engaged in migrant employment activities will adversely increase malaria risk for their 

children. Therefore it will be more feasible if women in the Amazon are provided with 

technical training to obtain trade skills, such as cooking, sewing, weaving, handicraft 

industry, etc. Women occupied in these trade skill industries can work at home instead 

of traveling to high malaria risk areas and bringing in-home malaria transmission to 

children and family members. Especially for mothers, working at home allows them 

more time to take care of their children. 

 

Enforcing legislation, educating the community and empowering women by 

offering education and appropriate employment opportunities are the actions that 

governments can adopt to help stop early marriage and early child bearing. However, 

education and employment cannot simply solve the problem of malaria. Improving 

quality of health infrastructure, enhancing vector control and surveillance in the 

epidemic areas, advocating medicine access campaign and raising stakeholder’s 

awareness of P. vivax malaria – it should be the joining forces of all these key elements 

that can better address the issue of child malaria in the early married families in the 

Peruvian Amazon. 
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