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Background: Agricultural interventions are often recommended to address 
undernutrition in subsistence farming communities. However, intensified 
agriculture exposure can increase soil transmitted helminth (STH) infections, 
which are linked with poor child growth. This study examined impacts of the 
VERASAN public health and agricultural intervention program on preschool child 
growth attainment (HAZ and WAZ) and relative growth velocity over 7  months 
[change in height-for-age (∆HAD) and weight-for-age (∆WAD) difference].

Methods: VERASAN was initiated in 15 subsistence farming communities in 
rural Panama experiencing chronic undernutrition. Activities targeted improved 
household food security, preschool child diets and growth by intensifying and 
diversifying household agriculture. Our objectives were to explore the relationship 
between VERASAN and preschool child growth attainment (HAZ and WAZ) and 
velocity (∆HAD and ∆WAD) during one agricultural cycle in 238 households. 
We compared those new to VERASAN with those involved for 1 or 5  years, and 
identified if agricultural practices, food security, diet diversity and treatment of 
pre-existing STH infection were associated with growth attainment or velocity.

Results: Prior participation in VERASAN did not directly influence WAZ, HAZ 
or ΔHAD but VERASAN-related benefits had an indirect influence. ΔHAD was 
positively associated with VERASAN-associated improvements in diet diversity and 
food security. HAZ and WAZ during land preparation were positively associated 
with diet diversity and HAZ with food security during harvest. HAZ was negatively 
associated with children visiting the agricultural plot, consuming leafy green 
vegetables and pre-existing hookworm infections. Both agricultural season and 
STH influenced ΔWAD. Children in VERASAN for 1 or 5  years experienced growth 
faltering between land preparation and growing season, but not those new to 
VERASAN. In contrast, between growing and harvest, ∆WAD declined in children 
new to VERASAN compared to children in VERASAN for longer. ΔWAD from land 
preparation to harvest was higher with pre-existing Ascaris infection whereas 
it was lower between growing season and harvest for pre-existing hookworm 
infection.

Conclusion: In a context of preschool child growth faltering, malnutrition and 
STH infections, improved food security, agricultural production and diet diversity 
associated with VERASAN were associated with improved growth. In contrast, STH 
infections were negatively associated with some, but not all, growth outcomes.
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1. Introduction

Agricultural interventions have become an important tool in 
eradicating poverty and undernutrition, particularly in poor, rural 
areas of developing countries that practice some level of subsistence 
agriculture (1–3). There has been considerable effort to design 
nutrition-sensitive interventions (4–7) around objectives to improve 
the supply of nutritious foods in lean seasons of the year (8, 9), and to 
increase dietary diversity by including a greater variety of nutrient-
dense and micronutrient-rich foods (7, 10–14). However, Ruel and 
Alderman (4) define “nutrition-sensitive” agricultural interventions 
as those that go beyond providing an adequate diet to addressing 
underlying causes, including food insecurity, insufficient childcare, 
gender inequity, and an unhygienic environment.

Child growth has also been shown to be negatively impacted by 
chronic infection with soil-transmitted helminths (STHs), with 
infection and malnutrition mutually reinforcing each other (15–17). 
Co-occurrence of STH infection and undernutrition is well 
documented in rural developing regions (18). Further, there is evidence 
that preschool child growth is improved when STH treatment is 
incorporated in interventions that provide nutritional support (18–20). 
However, most agricultural interventions have disregarded the 
impairment that STHs have on preschool child growth, including 
farming communities where STHs are endemic (10, 21–24). 
Undetected STH infections may help to explain why recent reviews on 
the impact of agriculture-based interventions have not shown the 
growth benefits, especially height-for-age z-scores (HAZ), that would 
be expected to accompany improved nutrition and diet (4, 25–30).

In the province of Veraguas in Panama, approximately 50% of 
preschool children in the poorest, rural subsistence farming 
communities experience chronic undernutrition (31). In response, the 
agricultural intervention VERASAN (“Proyecto para el mejoramiento 
del consumo y la disponibilidad de alimentos en comunidades de la 
provincia de Veraguas,” translated as “Project for the improvement of 
consumption and availability of food in communities in the province of 
Veraguas”) was implemented in rural subsistence farming communities 
in Veraguas by the Panama Ministry of Health (MoH) with support 
from the Japan International Cooperation Agency and in collaboration 
with the Panama Ministries of Agricultural Development and Education. 
The targeted goals were to improve food production for household use, 
household food security and child diets, and ultimately child growth, by 
intensifying and diversifying household agriculture. Agricultural 
training occurred primarily in community demonstration gardens 
where participants met weekly to learn new agricultural techniques and 
interact with nutritionists and agricultural extensionists (32).

Five years after the program had begun, our team was invited by 
the MoH to conduct an interim evaluation of VERASAN outcomes. All 
households practiced subsistence agriculture on plots approximately 
0.9 ha in size and located up to 2 h by foot from the home (33). 
Households grew rice, maize, beans, pigeon peas, cassava, plantains, 
cucumbers, squash, sweet peppers, and tomatoes, almost exclusively for 
their own consumption. Most households also raised chickens and a 

few had pigs (34). As described previously, at the time of the study, 
households lived in extreme poverty with an average earned monthly 
per capita income less than $6 USD. Very few households were food 
secure (34). Homes were adobe or concrete block with 1–2 rooms, palm 
or tin roofs and dirt or concrete floors. Houses either had untreated 
water piped to a faucet in the yard or relied on river or other unprotected 
above-ground sources. Most had pit latrines but very few had electricity. 
Each community had a primary school, and a few communities had a 
secondary school and/or a health post which was visited by medical 
staff on a regular but not daily basis (35). We have previously shown 
that the VERASAN program was positively associated with improved 
agricultural practices, increased household food production, and 
improved household food security and aspects of preschool child diets 
such as greater animal-source foods and vitamin A-rich foods (32), but 
that intensification of agricultural practices and the associated increased 
presence of children on the agricultural plots increased STH 
transmission and infection in preschool children (33).

The goal of the present study was to examine the impacts of the 
VERASAN program on preschool child growth attainment (HAZ and 
WAZ) and relative growth velocity over a 7 month period measured 
as change in height for age difference (∆HAD) and weight for age 
difference (∆WAD) in the context of the ongoing delivery of public 
health and agricultural interventions. We posited that preschool child 
growth would benefit from diversified diets and improved household 
food security but might be impaired by exposure to other health risks 
such as inadequate nutritional intake and STH transmission when the 
preschool child accompanies the caregiver to the household 
agricultural plot for field work. Our specific objective was to assess 
whether VERASAN involvement and/or agricultural, environmental, 
dietary, and STH variables were associated with preschool child 
growth attainment (HAZ and WAZ) or relative growth velocity 
(∆HAD and ∆WAD) during one agricultural cycle that included land 
preparation, growing and harvest seasons.

2. Materials and methods

2.1. Study design

This 7-month longitudinal, interim program evaluation followed 
participating families of the 15 VERASAN communities during one 
agricultural cycle in 2012. At the start of the evaluation in January 
2012, 8 of the communities had been involved in VERASAN for 
5 years, 5 for 1 year; and 2 were new to VERASAN. Communities with 
1 or 5 years participation did not differ significantly in growth 
outcomes and therefore were pooled for all analyses (data not shown). 
Outcomes were measured at 3.5 months intervals in land preparation 
(February–March), growing season (June–July) and harvest 
(September–October) periods (Figure 1). The three inclusion criteria 
for households were: (1) the household practiced subsistence 
agriculture; (2) at least one member of the household reported 
participating in VERASAN programming; and (3) at least one child 
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was between the ages of 6 months and 5 years at recruitment. All 
eligible preschool children in the household were enrolled in the study 
and one preschool child per household who was not breastfeeding was 
randomly selected as the index child for data analysis.

2.2. Recruitment and ethics protocol

The study protocol was reviewed and approved by the Internal 
Review Board of the Faculty of Medicine of McGill University, Canada, 
and the National Research Bioethics Committee of the Gorgas 
Commemorative Institute for the Study of Health, Panama. Prior to 
visiting the study communities, permission was obtained from the 
national and regional directors of the Panama MoH. Then, the lead 
author and local MoH staff visited all study communities, explained the 
research, answered questions from community members, and obtained 
verbal permission to conduct the study. When households were formally 
recruited into the study, the research was again explained, questions 
answered, and signed consent was obtained from a representative adult.

2.3. Household economic and 
sociodemographic variables

Demographic and socioeconomic data characteristics relevant for 
the present analysis are summarized in Table 1. This includes the 

asset-based household wealth index (HWI) developed previously for 
these subsistence farming communities (34). We chose to use HWI 
instead of income because HWI has been shown to be a more reliable 
measure of longer-term household wealth than irregular monthly 
income that is easily missed on infrequent questionnaires (36, 37). 
Our HWI was constructed using principal components analysis of 12 
variables including durable assets, home building materials, type of 
roof, floor and cooking stove, and ownership of a variety of agricultural 
tools. HWI values averaged 0.78 ± 0.05 and ranged from −0.58 to 2.74 
(34, 35).

A questionnaire administered once during the study provided 
data on whether the index child accompanied their caregiver to the 
household’s agricultural plot, how many hours per week the 
primary caregiver worked in the household’s agricultural plot, and 
the use of a variety of crop production methods summarized in an 
agricultural activities index (AAI). The AAI was developed using 
principal components analysis and included 17 agricultural 
methods including use of purchased fertilizers and pesticides, 
methods for improving and conserving soil, and methods for seed 
saving, planting, and growing. AAI averaged 1.47 ± 0.08 and ranged 
from 0 to 4.07 (33).

The food insecurity score (FIS) was derived for each sampling 
period from an experience-based food insecurity scale previously 
validated for this population that categorized the degree of household-
level food insecurity on a scale from 0 (“food secure”) to 42 (“extremely 
food insecure”) [see details in (34)].

FIGURE 1

Study design and variables measured over the study during land preparation, growing, and harvest seasons.
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2.4. Child diet-derived variables

Data from a semi-quantitative 7-day food frequency recall 
questionnaire administered for each index child at each sampling 
period was used to obtain a diet diversity score (DDS) adapted from 
Arimond et al. (38) based on 11 food categories (grains and starches, 
legumes, dairy products, eggs, meat and fish, vitamin A-rich leafy 
green vegetables, orange-fleshed vegetables, vitamin A-rich fruits, 
vitamin C-rich vegetables, citrus and other vitamin C-rich fruits, and 
other fruits and vegetables). The final score was the number of 
categories the child had consumed in the previous 7 days in any 
quantity (32). In the present analysis, in addition to the DDS 
we  considered all animal-source foods combined, vitamin A-rich 
fruits and vegetables, vitamin A-rich leafy green vegetables, all vitamin 
A-source foods combined, and all vegetables combined.

2.5. Intestinal infection and treatment

In order to explore whether VERASAN-associated changes in 
growth were associated with initial STH infection and reinfection, 
fecal samples were collected at each sampling period for prevalence 
and intensity, after which all children over 12 months were treated 
with albendazole according to WHO guidelines to clear Ascaris and 
hookworm (35). Children infected with hookworm also received a 
further three-day course of albendazole to ensure clearance of this 
infection (39). This allowed us to measure reinfection during the 
growth and harvest periods. Also, at each sample collection, caregivers 
were asked how many days in the previous month each child had 
experienced diarrhea.

2.6. Anthropometry

Given the debate in the literature regarding indices for child 
catch-up growth (40, 41), both growth attainment and relative growth 
velocity were used as outcome variables. Z-scores are appropriate for 
cross-sectional analyses (41) but may underestimate growth faltering 
or improvement over time because the observed height or weight is 
divided by standard deviations from the WHO global growth standard 
(42) that increase with age (41, 43, 44). This is corrected by measuring 
the change in absolute height-for-age difference (∆HAD) and weight-
for-age difference (∆WAD) over time (41, 43, 44).

The primary outcome variables were preschool child height and 
weight, which were used to calculate HAZ and WAZ for each sampling 
period as well as ∆HAD and ∆WAD over the whole 7-month study 
(land preparation to harvest), as well as ∆WAD from land preparation 
to growing season, and from growing season to harvest.

Weight and height/length of each index child were measured 
during each interval. Weight was measured to the nearest 0.5 kg using 
a portable anthropometry scale (Seca 750; Seca). Height of children 
older than 24 months was measured to the nearest 0.1 cm using a 
portable stadiometer (Seca 214; Seca). Length of younger children was 
measured to the nearest 0.5 cm using an infant measuring board (Seca 
210; Seca). For simplicity, length and height are referred to as “height.”

Growth attainment was calculated as height-for-age z-scores 
(HAZ) and weight-for-age z-scores (WAZ) calculated according to the 
WHO Child Growth Standards (42), using WHO Anthro software 

(version 3.2.2) for children 6–60 months and WHO AnthroPlus 
software (version 1.0.4) for children >60 months. Children with 
z-scores between <-2SD and ≥-3SD were categorized as moderately 
stunted or underweight, and those with z-scores <-3SD were 
categorized as severely stunted or underweight.

The absolute difference in height (HAD) or weight (WAD) of the 
index child compared with age- and sex-specific median height or 
weight from WHO growth standards was calculated at each sampling 
period. For relative growth velocities, ΔHAD and ∆WAD were 
calculated over the duration of the study and ΔWAD was also 
calculated from land preparation to growing and from growing to 
harvest. Positive ∆HAD and ∆WAD were interpreted as catch-up 
growth and negative values as further growth faltering.

2.7. Data analysis

All statistical analyses were carried out using SAS version 9.3 (SAS 
Institute Inc., Cary, NC, USA) and statistical significance was set at 
p-values <0.05 unless otherwise noted. All analyses were done on the 
index child as described above.

Stepwise multiple linear regression analysis was used to explore 
variables associated with growth attainment (HAZ and WAZ) during 
land preparation and harvest. All initial stepwise models included 
socio-demographic and basic household data (child age and sex, 
caregiver age and years of education, number of children ≤12 years in 
the household, water piped to the yard, HWI), and our variables of 
interest: whether the household was new to VERASAN, agricultural 
variables [AAI, the caregiver worked in the agriculture plot (hr/wk), 
whether the child went to the agriculture plot with the caregiver] 
infection variables (presence of Ascaris and hookworm at land 
preparation, Ascaris reinfection measured at harvest, presence and 
days/month of diarrhea), and household food insecurity (FIS), and 
diet-derived variables (DDS, consumption of vegetables, vitamin 
A-rich fruits and vegetables, vitamin A-rich leafy green vegetables, 
and animal-source foods). Independent variables collected during the 
agricultural period that matched the model were used. However, as 
HAZ was expected to reflect longer-term infection and nutrition 
status, HAZ at harvest was first correlated with each diet-derived 
variable and infection variable from each sampling period and the 
most strongly correlated variables overall were then included in the 
initial model. From the initial stepwise models of HAZ and WAZ, 
independent variables with p < 0.3 were selected, and variables with 
p < 0.15 were retained in the final model. Variables were considered 
non-collinear for variance inflation factors <10 and tolerances >0.10.

In order to understand the underlying growth profile, the 
relationship of HAD and WAD with child sex and age category was 
examined using two-way ANOVAs with data from all children at the 
beginning of the study (land preparation). Growth velocity variables 
were then explored using three statistical approaches. One-way 
ANOVA was used to determine if ∆HAD and ∆WAD were associated 
with prior experience with VERASAN, inclusion of specific items in 
the child’s diet, and infection with Ascaris and hookworm at the 
beginning of the study (during land preparation). Linear regression 
analysis was used to explore the relationship of ∆HAD and ∆WAD 
with FIS and DDS. Logistic regression was used to assess the effects of 
FIS on diet components and one-way ANOVA was used to assess the 
effects of being new to VERASAN and eating leafy green vegetables 
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on number of days of diarrhea. Finally, two-way ANOVA was used to 
explore the impact of measurement interval (land preparation to 
growing, growing to harvest) and prior involvement with VERASAN 
on growth velocity as represented by ∆WAD.

3. Results

3.1. Study participants

A total of 238 households were recruited. The 27 households lost 
to follow-up did not differ from other participating households in 
socio-demographic, child anthropometry, infection characteristics, 
AAI or frequency of children visiting the agricultural plot (data not 
shown). A summary of descriptive data relevant to this study is 
presented in Table 1. The average age of the 211 index children was 
40.4 ± 1.1 months and 50.8% were girls. Almost 50% of index children 
were stunted (47.1–49.1% depending on sampling period) and 
underweight was less common (16.2–20.7%) (Table  1). Very few 
children were overweight. This was reinforced by HAD and WAD 
(Table 1). Child age category was significantly associated with both 
HAD and WAD (Figure 2), with older children having greater height 
and weight deficits relative to the WHO reference data (HAD: 
F4,190 = 20.94, p < 0.0001; WAD: F4,190 = 7.56, p < 0.0001). Child sex was 
not associated with HAD or WAD and there was no interaction 
(Figure 2).

At baseline, 28% of children were infected with hookworm and 
16.2% were infected with Ascaris. Reinfection prevalence following 
anthelmintic treatment was very low for both infections between land 
preparation and growing (Ascaris, 3.8%; hookworm, 1.9%) and from 
growing to harvest (Ascaris, 10.6%; hookworm, 3.1%), and intensities 
were extremely low (Table 1). Diarrhea was common but of very short 
duration (Table 1) and was higher in children from households with 
longer exposure to VERASAN (prevalence: 26.7% vs. 9.3%, X2 = 8.64, 
p = 0.003; duration: 2.5 days/month vs. 0.8 days/month, F = 12.6, 
p = 0.0005) although only during the growing season and not during 
land preparation or harvest.

Children from households with higher food insecurity (higher 
FIS) were more likely to have consumed leafy green vegetables [OR 
(95% CI) = 1.12 (1.05, 1.19), p = 0.0006] but less likely to have 
consumed animal-source foods [OR (95% CI) = 0.94 (0.90, 0.98), 
p = 0.005], all measured during land preparation. Children who had 
consumed vitamin A-rich leafy green vegetables during land 
preparation experienced significantly more days of diarrhea in the 
same season (F = 10.07, p = 0.0018).

3.2. HAZ

HAZ was explored in multiple regression models during land 
preparation and harvest. During land preparation, HAZ was positively 
associated with diet diversity (DDS) and negatively associated with the 
child accompanying their caregiver to the household agricultural plot, 
initial infection with hookworm, and child having eaten leafy green 
vegetables (Table 2). During harvest, HAZ was negatively associated 
with being from a household with more children, the child going to 
the agricultural plot, presence of hookworm at the beginning of the 
study, higher household food insecurity, and the child eating leafy 

green vegetables (Table 2). Being new to VERASAN did not enter the 
multiple regression models. Variables with p > 0.15 that were not 
included in the final models are listed in Table 2.

3.3. WAZ

Multiple regression models for WAZ were also constructed during 
land preparation and harvest. In the land preparation model, WAZ 
was positively associated with diet diversity (DDS) and negatively 
associated with consumption of animal-source foods (Table  3). 
During the harvest, WAZ was positively associated with years of 
caregiver education and HWI and negatively associated with presence 
of hookworm at the beginning of the study (Table 3). Being new to 
VERASAN entered the multiple regression model for harvest but was 
not significant (p = 0.1268). Variables with p > 0.15 that were not 
included in the final models are listed in Table 3.

3.4. ∆HAD

Linear regression analyses revealed that ∆HAD from land 
preparation to harvest increased with a more diverse diet (Figure 3A) 
and decreased with greater household food insecurity (Figure 3B) but 
did not differ between those new to VERASAN and those involved for 
1 to 5 years (Figure  3C). In addition, ∆HAD was unaffected by 
presence of Ascaris or hookworm at the beginning of the study 
(Figure 3D), or by consumption of vitamin A-source or animal-source 
foods (data not shown).

3.5. ∆WAD

Although ∆WAD between land preparation and harvest did not 
differ between those new to VERASAN and those with longer 
involvement, there was a highly significant interaction between 
VERASAN involvement and the two sampling intervals (p = 0.0009) 
reflecting the difference in direction of association with VERASAN 
between the sampling windows (Figure  4A). During the land 
preparation-growing interval, we  found a positive ∆WAD 
(0.13 ± 0.28 kg) in children from households new to VERASAN in 
contrast to growth faltering (−0.65 ± 0.15 kg) in children in households 
participating for 1 or 5 years. This pattern was not seen in the growing-
harvest interval when children new to VERASAN had a lower ∆WAD 
(−0.80 ± 0.28 kg) relative to the global growth standard in comparison 
to children from households with 1 or 5 years in VERASAN, whose 
∆WAD was 0.07 ± 0.10 kg.

Presence of both Ascaris and hookworm at the beginning of the 
study affected ∆WAD, a measure of relative growth velocity for weight. 
Compared with children with no Ascaris who showed growth faltering 
between land preparation and harvest (∆WAD –0.73 ± 0.16 kg), those 
initially infected with Ascaris had a significantly higher ∆WAD 
(0.04 ± 0.35 kg) (Figure  4B). When separated into the two study 
intervals, ∆WAD was unaffected by initial STH infection between land 
preparation and growing season (Figure 4C) but ∆WAD between the 
growing and harvest periods was significantly lower (−0.78 ± 0.20 kg vs. 
0.13 ± 0.14 kg) in children who had been infected with hookworm at the 
beginning of the study (Figure 4D), indicating growth faltering. ∆WAD 
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TABLE 1 Household demographic, caregiver, and index preschool child characteristics during land preparation, growing and harvest periods (values are 
percentages or means  ±  standard error1,2).

Land preparation Growing season Harvest

Demographic and behavioral variables

 Child age at baseline (mo) 40.4 ± 1.1 – –

 Child sex, % female 50.8 – –

 Caregiver age (year) 33.1 ± 0.6 – –

 Caregiver education (year) 5.0 ± 0.2 – –

 Children ≤12 years in household (#) 3.0 ± 0.1 – –

 Caregiver hours in plot (hours/week) 11.1 ± 1.0 – –

 Child goes to plot (%) 27.6 – –

Food security and diet

 Food insecurity score (FIS) 7.9 ± 0.6 7.3 ± 0.5 6.6 ± 0.5

 Diet diversity score (DDS) 4.7 ± 0.1 5.3 ± 0.1 4.7 ± 0.1

 Child ate vitamin A-rich foods (%) 13.9 33.3 23.8

 Child ate animal-source foods (%) 88.9 91.3 85.5

 Child ate vitamin A-rich leafy greens (%) 4.5 0.7 2.0

 Child ate any category of vegetable (%) 57.2 58.0 65.1

Infections

 Ascaris baseline prevalence (%) 16.0 – –

 Ascaris baseline intensity (epg) 264.6 ± 155.0 – –

 Ascaris reinfection prevalence (%) – 3.8 10.6

 Ascaris reinfection intensity (epg) – 127.6 ± 121.5 1421.2 ± 1208.8

 Hookworm baseline prevalence (%) 28.2 – –

 Hookworm baseline intensity (epg) 85.2 ± 24.8 – –

 Hookworm reinfection prevalence (%) – 1.9 3.1

 Hookworm reinfection intensity (epg) – 1.7 ± 1.3 4.0 ± 2.0

 Diarrhea prevalence (%) 24.5 36.0 13.9

 Diarrhea duration (days in previous 30 days) 0.7 ± 0.1 1.1 ± 0.2 0.4 ± 0.1

Anthropometry

 Height

  Height-for-Age z-score (HAZ) −2.00 ± 0.07 −2.00 ± 0.08 −2.03 ± 0.08

  Moderately stunted (%)3 37.6 37.0 39.0

  Severely stunted (%)4 11.8 12.6 11.8

  Height-for-Age difference (HAD) (cm)5 −7.13 ± 0.31 −7.30 ± 0.34 −8.02 ± 0.34

  ∆HAD land preparation to harvest (cm) 6 – – −0.64 ± 0.13

 Weight

  Weight-for-Age z-score (WAZ) −1.17 ± 0.08 −1.35 ± 0.08 −1.29 ± 0.08

  Overweight (WAZ > 2SD) (%) 1.2 0.0 0.0

  Moderately underweight (%)3 11.2 13.3 14.7

  Severely underweight (%)4 5.9 5.9 3.7

  Weight-for-Age difference (WAD) (kg)7 −1.67 ± 0.14 −2.12 ± 0.15 −2.26 ± 0.14

  ∆WAD land preparation to harvest (kg)8 – – −0.58 ± 0.14

  ∆WAD land preparation to growing (kg)9 – −0.54 ± 0.14 –

  ∆WAD growing to harvest (kg)10 – – −0.06 ± 0.10

1Sample sizes for variables measured at all three sampling times: land preparation, 170; growing, 135; harvest, 136. 2Sample size for variables measured only once, 238. 3Z scores <-2SD 
and > -3SD. 4Z scores <-3SD. 5Calculated as difference in cm between individual children and median from the WHO reference group. 6n = 139. 7Calculated as difference in kg between 
individual children and median from the WHO reference group. 8n = 140. 9n = 145. 10n = 125.
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was not associated with FIS, DDS, or consumption of vitamin A-source 
or animal-source foods (data not shown).

4. Discussion

Important goals of agricultural interventions in subsistence 
farming communities are to increase food availability and diet 
diversity, to reduce household food insecurity and to improve growth 
of children, especially preschool children who routinely fall outside 
school feeding programs. Previously we showed that the VERASAN 
intervention in subsistence farming communities in Panama improved 
agricultural production, food security and preschool child diets (32, 
34) but that STH prevalence in preschool children was positively 
associated with visiting the agricultural plot and with the hours the 
caregiver spent per week on the plot (33, 35). This highlighted the 
likelihood of transmission on the plot, potentially limiting growth 
(15–17). Our goal was to identify among this set of factors those that 
were positively or negatively associated with preschool child growth.

Three major findings emerged. First, participation in VERASAN 
for 1 or 5 years did not directly influence child height (HAZ) or weight 

(WAZ) or ΔHAD but VERASAN-related outcomes did. The 
VERASAN-related increase in diet diversity was positively associated 
with HAZ and WAZ, VERASAN-related reduction in food insecurity 
was positively associated with HAZ but not WAZ, and the VERASAN-
related increase in intake of leafy green vegetables was negatively 
associated with HAZ. Similarly, ΔHAD was positively associated with 
the VERASAN-driven improvements in diet diversity and food 
security. Second, VERASAN increased the time that caregivers spent 
on their agricultural plots with their preschool children and their 
presence on the plot was positively associated with hookworm 
infection and hookworm was negatively associated with WAZ. Third, 
both agricultural season and STH influenced relative change in 
weight. Whereas ∆WAD relative to the global growth standard from 
land preparation to growing was marginally positive in children from 
households new to VERASAN, children from households in 
VERASAN for 1 or 5 years experienced growth faltering. However, 
between growing and harvest, ∆WAD declined in children new to 
VERASAN in comparison to children participating in VERASAN for 
1 to 5 years.

To date, reviews of nutrition-sensitive agricultural interventions 
have shown limited impacts of interventions on child anthropometry, 
particularly height gain (4, 25–30). In our study, history of participation 
in VERASAN did not modify HAZ, WAZ or ∆HAD but for 
households new to VERASAN, ∆WAD was higher for children 
between land preparation and growing periods. This might 
be associated with greater initial support in these new communities 
from VERASAN staff, through more frequent visits from staff and 
more resources provided, such as food provided from demonstration 
gardens that would have supplemented limited stores from the 
previous harvest (pers. obs.). Between land preparation and growing 
seasons, children in households with 1 or 5 years in VERASAN showed 
a negative ∆WAD, which is consistent with lower food availability 
during the land preparation to growing season. Between growing and 
harvest, the opposite pattern was seen with those new to the program 
having much lower ∆WAD, suggesting that these households were not 

TABLE 2 Multiple regression models1 of HAZ of index children during 
land preparation (n  =  107) and harvest (n  =  103) periods of the study.

Land preparation Harvest

β p β p

Overall model R2 = 0.2817 <0.0001 R2 = 0.2542 <0.0001

Children in household (#) −0.096 0.0916 −0.129 0.0266

Child went to agriculture 

plot (Yes)

−0.470 0.0044 −0.443 0.0138

Hookworm infection 

(Yes)2

−0.326 0.0457 −0.396 0.0263

Food Insecurity Score2 NI3 −0.030 0.0099

Dietary Diversity Score2 0.122 0.0278 NI

Child ate leafy green 

vegetables (Yes)2

−0.916 0.0488 −1.032 0.0200

1Variables initially included in the model that did not emerge in any of the final models at 
p < 0.015: household was new to VERASAN, child age and sex, caregiver age, household 
wealth index (HWI), water piped to the yard, number of hours/week. the caregiver worked 
in the agriculture plot, agricultural activity index reflecting diversity of agricultural methods 
used, Ascaris, number of days of diarrhea in the previous 30 days, consumption of vegetables, 
vitamin A-rich fruits and vegetables, and animal-source foods. 2Measured during land 
preparation (beginning of the study). 3NI, not included in final model (p > 0.15).

FIGURE 2

(A) Height-for-age difference (HAD) and (B) weight-for-age 
difference (WAD) for index children age 6  months to 5  years by age 
category and child sex during land preparation.
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yet experiencing improvements to home agriculture from the 
intervention. This contrasted with children whose families had been 
in the intervention for 1 or 5 years, whose weight deficit remained 
constant relative to the global growth standard, as expected during a 
more plentiful time of year (growing season to harvest). These findings 
were not evident using HAZ and WAZ, highlighting the importance 
of choice of anthropometry indices to capture potential shorter-term 
as well as longer-term impacts of interventions on child growth, as 
linear growth depends on adequate weight gain (45, 46). Therefore, 
measures like WAZ, and in our study ∆WAD, may be expected to 
respond more quickly to interventions than HAZ and ∆HAD.

4.1. Seasonal food insecurity and diet 
diversity affect child growth

Interventions such as VERASAN would be expected to influence 
child growth outcomes through, for example, improved household 
food security and child diet diversity (4, 29, 30, 40) but the ability to 
observe growth differences can be obscured by seasonal patterns in 
food availability. Previously we showed that, during land preparation 
and the growing season, household food security and child diet 
diversity were higher for households with 1–5 years in VERASAN 
compared with those that were new, but the association with 
VERASAN disappeared during harvest when these outcomes, on 
average, were improved for all households (32). In the present study, 
we showed that food insecurity was negatively associated only with 
HAZ and only during harvest, and that diet diversity was positively 

associated with HAZ and WAZ in land preparation but not during 
harvest. Thus, seasonality must be taken into account in subsistence 
contexts in which food availability may fluctuate over the year (47, 48). 
Furthermore, diet diversity was positively associated with higher 
growth velocity (∆HAD), highlighting the value of including growth 
velocity when evaluating agricultural interventions (40).

4.2. VERASAN-associated dietary change 
linked to child growth attainment

Consumption of “vitamin A-rich leafy green vegetables” emerged 
as a significant predictor of lower HAZ during land preparation and 
harvest. This negative relationship was unexpected, given that many 
nutrition-sensitive agricultural interventions in rural, subsistence 
farming communities in developing countries have focused on 
increased production and intake of vitamin A-rich foods (10–14, 49). 
Consumption of leafy green vegetables, which in this setting are 
gathered in the wild, may be an indicator of lack of household access to 
preferred foods, given that more food insecure households consumed 
more leafy green vegetables (32). Similar relationships have been 
observed in Kenya where wild edible plants were more commonly 
consumed in households that were more vulnerable to food insecurity 
(50). In addition, leafy green vegetables are often contaminated with 
soil- or water-borne pathogens (22, 51, 52), and children who consumed 
leafy green vegetables experienced more days of diarrhea in the previous 
month, and diarrhea is negatively associated with linear growth (53–55).

Consumption of nutrient-dense “animal-source foods” emerged as 
a significant predictor of lower WAZ during land preparation. This may 
reflect an imbalance between protein and carbohydrates in the season 
when staples are scarce, as would be the case in many households in these 
communities during land preparation. Additionally, reliance on animal-
source foods may increase during times of scarcity and signal a scarcity 
of other key food sources, as reported in a study in Mozambique where 
farming families increased their meat and vegetable consumption during 
lean periods of the year when maize, the local staple, was scarce (56).

4.3. STH infections limit growth attainment 
and velocity

Previous agricultural interventions have often overlooked STH 
infection when evaluating intervention effects on child growth (29), even 
though there are notable examples where failure to detect an impact on 
growth has been attributed to lack of attention to helminth infections 
(10, 57). We addressed this shortcoming by measuring STH infection 
and by repeated albendazole treatment of all preschool children both to 
clear existing infections and to monitor any reinfection that occurred. 
Our data indicate that treatment was successful, that minimal reinfection 
occurred, and that despite repeated treatment, STH infection present at 
the beginning of the study continued to exert an impact on 
anthropometric measures up to 7 months after treatment. Consistent 
with the literature [e.g., (54, 58, 59)], several sociodemographic variables 
associated with STH infection emerged in at least one of the growth 
models, specifically child age, maternal education, and household wealth 
(HWI), as well as child exposure to household agricultural activities (33).

Intestinal nematode infections have been associated with 
diminished child growth in other populations at risk for malnutrition 

TABLE 3 Multiple regression models of WAZ1 of index children during 
land preparation (n  =  107) and harvest (n  =  98) periods of the study.

Land preparation Harvest

β p β p

Overall model R2 = 0.1059 0.0184 R2 = 0.2368 0.0005

Household new in 

VERASAN

NI5 0.448 0.1268

Child age (month) NI −0.009 0.1235

Caregiver education 

(year)

0.079 0.0659 0.128 0.0030

Household wealth index 0.233 0.1212 0.273 0.0465

Ascaris reinfection (Yes)3 NA6 0.525 0.1070

Hookworm infection 

(Yes)2

NI −0.444 0.0332

Diet Diversity Score4 0.192 0.0217 NI

Child ate vegetables (Yes)4 NI 0.289 0.1398

Child ate animal-source 

foods (Yes)4

−0.920 0.0208 NI

1Variables initially included in the model that did not emerge in any of the final models at 
p < 0.015: household was new to VERASAN, child sex, caregiver age, number of children 
≤12 years, water piped to the yard, food insecurity score, number of hours/week, the 
caregiver worked in the agriculture plot, agricultural activity index reflecting diversity of 
agricultural methods used, diarrhea (Y/N and number of days in previous month), whether 
the child went to the agricultural plot, consumption of vitamin A-rich fruits and vegetables, 
and consumption of leafy green vegetables. 2Measured during land preparation. 3Measured 
during harvest (end of the study). 4Measured in same season as modeled WAZ. 5NI, not 
included in final model (p > 0.15). 6NA, not applicable in the season for which the outcome 
variable was measured.

https://doi.org/10.3389/fpubh.2023.1122528
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Krause et al. 10.3389/fpubh.2023.1122528

Frontiers in Public Health 09 frontiersin.org

(60–64) and recovery from any infection-induced pathology can 
be prolonged in the context of malnutrition (18). We detected a negative 
association of initial hookworm infection with HAZ both at land 
preparation and harvest, and with WAZ at harvest. Furthermore, 
whereas the relative velocity of change in weight (∆WAD) between the 
growing and harvest was +0.13 kg in children that did not have 
hookworms at the beginning of the study, ∆WAD was −0.78 kg in those 
initially infected with hookworm and successfully treated indicating a 
significant growth faltering. Thus, the association of initial hookworm 
infection with lower HAZ and WAZ and lower ∆WAD at the end of the 
study suggests that the pre-existing hookworm infection continued to 
exert a negative influence on child height and height even 7 months later. 
The blood feeding and hemorrhaging associated with even low intensity 
hookworm infection could contribute to anemia and iron deficiency 
(65) that might persist in undernourished children making catch-up 
growth more difficult to achieve (18). In contrast to hookworm, initial 
Ascaris infection was positively associated with ∆WAD over the 
7 months of the study. Even though light infections with Ascaris are not 

normally pathogenic or a cause of malabsorption (66), initial treatment 
appeared to provide a growth benefit to the initially infected children 
relative to initially uninfected children, consistent with studies 
demonstrating that treatment of Ascaris has immediate benefits for 
growth (16). These observations highlight the importance of considering 
STH infection as an important modifier of child growth particularly 
when exploring the impacts of agricultural interventions.

4.4. Risks associated with preschool 
children accompanying their caregiver to 
the agricultural plot

Interventions such as VERASAN involve a wide range of 
components that may benefit agricultural production or food security 
more rapidly than nutritional status or growth. We had hypothesized 
that the growth benefits resulting from improved diet diversity and 
food security might have been partially offset by increased exposure 

FIGURE 3

Change in height-for-age difference (∆HAD; kg) for index children age 6  months to 5  years compared to the WHO growth standard during land 
preparation to harvest (whole study) by: (A) new or 1–5  years in the VERASAN intervention, (B) baseline Ascaris and hookworm infections, (C) diet 
diversity score [DDS; measured during harvest; β (95% CI)  =  0.250 (0.007, 0.423), p  =  0.005], and (D) food insecurity score [FIS; measured during the 
growing season; β (95% CI)  =  −0.058 (−0.097, −0.019), p  =  0.004].
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of preschool children to infections. Presence of children on the 
household agricultural plot was associated with lower linear growth 
attainment (HAZ) in both land preparation and harvest models, 
perhaps because exposure to intensified subsistence agriculture 
increased the risk of Ascaris and hookworm infections in preschool 
children and because STH transmission occurred when preschool 
children accompanied their caregiver who was working on the 
household agricultural plot (33). However, given the very low 
reinfection rates, increased presence of children on the plot may have 
limited child growth through other pathways. Plots were typically 
some distance from the home, meaning that access to latrines and 
water was limited. Exposure to unhygienic conditions can result in 
environmental enteropathy which can lead to growth faltering (67–
69). Diarrhea, our only indicator of environmental enteropathy, did 
not affect growth attainment or velocity, possibly because the reported 
duration was about 1 day/mo. It is also possible that child feeding 
patterns may differ when children are in the plot. We did not explore 
this, but Bolivian women participating in their household’s farming 
activity lacked the time and foods to feed their children in their 
agricultural plots, resulting in lower feeding frequency, a less diverse 

diet, and a lower caloric intake (70). Taken together, children who 
accompany their caregiver to the agricultural plot are likely exposed 
to STH transmission and other pathogens and may receive a less 
nutritious diet, all of which could contribute to lower HAZ.

4.5. Strengths and limitations

Our interim program evaluation had three important strengths, 
each associated with limitations. First, the design of this ongoing 
multi-sector intervention program reflected the needs of the 
participants and the logistical requirements of the MoH and its 
partnering agencies. Our opportunity to evaluate this program 
allowed us to explore a comprehensive set of variables that potentially 
influence preschool child growth. However, these strengths limited 
our ability to follow best practices in intervention research design. All 
communities were involved with VERASAN, so we were unable to 
include a true control group. Fortunately, our study coincided with 
implementation of VERASAN into a new set of communities that 
we could compare with those involved for 1 to 5 years. Given the scope 

FIGURE 4

Change in weight-for-age difference (∆WAD; kg) for index children age 6  months to 5  years compared to the WHO growth standard by: (A) being new 
to VERASAN in the first half of the study (land preparation to growing season) and the second half of the study (growing season to harvest); and 
baseline Ascaris and hookworm infections during (B) land preparation to harvest (whole study), (C) land preparation to growing season (first half of the 
study), and (D) growing season to harvest (second half of the study). Significant differences indicated with * (p  <  0.05).
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of data collected, we relied on self-reported qualitative data for diet- 
and agriculture-related variables, which are less subject to recall bias 
than quantitative recall data.

Second, to our knowledge, this is the first study to explicitly 
include STH infections and STH-related infection risks within an 
agricultural intervention when exploring the impacts of an agricultural 
intervention on preschool child growth outcomes. However, the study 
partnership requirement that all children be treated with albendazole 
throughout the study precluded us from having an untreated 
comparison group. Low reinfection rates precluded us from directly 
exploring the impact of reinfection on growth, but we were able to 
observe the lasting impact of STH infections even after treatment and 
within this context of low-level transmission.

Third, we  were able to explore seasons by incorporating a 
longitudinal design over one agricultural cycle (land preparation, 
growing season and harvest), allowing us to evaluate relative growth 
velocity (∆HAD and ∆WAD) that revealed associations with 
measured variables that would not have been found using only routine 
HAZ and WAZ measures. Despite this, the 7-month window was 
relatively short for detecting changes in growth, particularly linear 
growth. We were limited to monitoring a single agricultural cycle, 
precluding us from making conclusions about agricultural seasons.

5. Conclusion

Taken together, this interim assessment of the VERASAN initiative 
provided evidence that the positive impacts on agricultural production, 
child diet diversity and household food security benefited child growth. 
It highlights the value of ∆HAD and ∆WAD as sensitive short-term 
growth indicators. It also indicates that such programs may also have 
unintended negative consequences for child growth especially if 
children’s exposure to STH infections and unhygienic conditions is 
increased. Further research into nutrition-sensitive agricultural 
interventions should consider potential impacts of agricultural exposures 
on increased STH infections, as nutrition-sensitive, agricultural 
interventions that are also “infection-sensitive” may improve 
child growth.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Internal Review 
Board of the Faculty of Medicine of McGill University, Canada and the 

National Research Bioethics Committee of the Gorgas Commemorative 
Institute for the Study of Health, Panama. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
Written informed consent for participation in this study was provided by 
the participants’ legal guardians/next of kin.

Author contributions

RK designed the study with contributions from MS, OS, and 
KK. RK collected the data, with logistical support from OS. RK 
analyzed the data, with contributions from MS and KK. RK wrote the 
manuscript, with contributions from MS, OS, and KK. All authors 
contributed to the article and approved the submitted version.

Funding

This research was carried out with the aid of grants from the 
International Development Research Centre, Ottawa, Canada (RK, 
grant number 106204–99906075-039) and the Natural Sciences and 
Engineering Research Council of Canada (RK, grant number PGSD3-
392828-2010). The Panama Ministry of Health provided logistical and 
in-kind support for data collection activities and provided albendazole 
for treatment of all preschool children.

Acknowledgments

We are grateful to collaborators from the VERASAN intervention, 
including Dalys de Abrego, Dimas Ulloa, and Elvia Murgas, who 
worked with us to coordinate the research. We would like to express 
our gratitude to all the families in the VERASAN intervention whose 
participation made this study possible.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Pichon F, Uquillas J. Agricultural intensification and poverty reduction in Latin 

America's risk-prone areas: opportunities and challenges. J Dev Area. (1997) 31:479–514.

 2. Rose DD. Interventions to reduce household food insecurity: a synthesis of current 
concepts and approaches for Latin America. Rev Nutr. (2008) 21:159s–73s. doi: 10.1590/
S1415-52732008000700014

 3. Byerlee D. Agriculture for development: toward a new paradigm. Annu Rev Resour 
Econom. (2009) 1:15–31. doi: 10.1146/annurev.resource.050708.144239

 4. Ruel MT, Alderman H. Nutrition-sensitive interventions and programmes: how can 
they help to accelerate progress in improving maternal and child nutrition? Lancet. 
(2013) 382:536–51. doi: 10.1016/S0140-6736(13)60843-0

https://doi.org/10.3389/fpubh.2023.1122528
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1590/S1415-52732008000700014
https://doi.org/10.1590/S1415-52732008000700014
https://doi.org/10.1146/annurev.resource.050708.144239
https://doi.org/10.1016/S0140-6736(13)60843-0


Krause et al. 10.3389/fpubh.2023.1122528

Frontiers in Public Health 12 frontiersin.org

 5. Hawkes C, Ruel MT. World Bank. From agriculture to nutrition: pathways, 
synergies and outcomes. (2008). Available at: https://openknowledge.worldbank.org/
handle/10986/9511

 6. Pinstrup-Andersen P. Incorporating nutritional goals into the design of 
international agricultural research. Food Nutr Bull. (1983) 5:1–11. doi: 
10.1177/156482658300500301

 7. Zamora OB, de Guzman LEP, Saguiguit SLC, Talavera MTM, Gordoncillo NP. 
Leveraging agriculture to improve nutrition in the Philippines. Food Secur. (2013) 
5:873–86. doi: 10.1007/s12571-013-0306-4

 8. Olney DK, Talukder A, Iannotti LL, Ruel MT, Quinn V. Assessing impact and impact 
pathways of a homestead food production program on household and child nutrition in 
Cambodia. Food Nutr Bull. (2009) 30:355–69. doi: 10.1177/156482650903000407

 9. Aliber M, Hart TG. Should subsistence agriculture be supported as a strategy to address 
rural food insecurity? Agrekon. (2009) 48:434–58. doi: 10.1080/03031853.2009.9523835

 10. Kidala D, Greiner T, Gebre-Medhin M. Five-year follow-up of a food-based 
vitamin A intervention in Tanzania. Public Health Nutr. (2000) 3:425–31. doi: 10.1017/
S1368980000000495

 11. Faber M, Phungula MA, Venter SL, Dhansay MA, Benadé AS. Home gardens 
focusing on the production of yellow and dark-green leafy vegetables increase the serum 
retinol concentrations of 2–5-y-old children in South Africa. Am J Clin Nutr. (2002) 
76:1048–54. doi: 10.1093/ajcn/76.5.1048

 12. Faber M, Venter SL, Benade A. Increased vitamin A intake in children aged 2–5 
years through targeted home-gardens in a rural south African community. Public Health 
Nutr. (2002) 5:11–6. doi: 10.1079/PHN2001239

 13. Laurie SM, Faber M. Integrated community-based growth monitoring and 
vegetable gardens focusing on crops rich in β-carotene: project evaluation in a rural 
community in the eastern cape. South Africa J Sci Food Agr. (2008) 88:2093–101. doi: 
10.1002/jsfa.3319

 14. Low JW, Arimond M, Osman N, Cunguara B, Zano F, Tschirley D. A food-based 
approach introducing orange-fleshed sweet potatoes increased vitamin A intake and 
serum retinol concentrations in young children in rural Mozambique. J Nutr. (2007) 
137:1320–7. doi: 10.1093/jn/137.5.1320

 15. Koski KG, Scott ME. Gastrointestinal nematodes, nutrition and immunity: 
breaking the negative spiral. Annu Rev Nutr. (2001) 21:297–321. doi: 10.1146/annurev.
nutr.21.1.297

 16. Stephenson LS, Latham MC, Ottesen EA. Malnutrition and parasitic helminth 
infections. Parasitology. (2000) 121:S23–38. doi: 10.1017/S0031182000006491

 17. Papier K, Williams GM, Luceres-Catubig R, Ahmed F, Olveda RM, McManus DP, 
et al. Childhood malnutrition and parasitic helminth interactions. Clin Infect Dis. (2014) 
59:234–43. doi: 10.1093/cid/ciu211

 18. Hall A, Zhang Y, MacArthur C, Baker S. The role of nutrition in integrated 
programs to control neglected tropical diseases. BMC Med. (2012) 10:41. doi: 
10.1186/1741-7015-10-41

 19. Stoltzfus R, Chway H, Montresor A, Tielsch J, Jape J, Albonico M, et al. Low dose 
daily iron supplementation improves iron status and appetite but not anemia, whereas 
quarterly anthelminthic treatment improves growth, appetite and anemia in Zanzibari 
preschool children. J Nutr. (2004) 134:348–56. doi: 10.1093/jn/134.2.348

 20. Payne L, Koski K, Ortega-Barria E, Scott M. Benefit of vitamin A supplementation 
on Ascaris reinfection is less evident in stunted children. J Nutr. (2007) 137:1455–9. doi: 
10.1093/jn/137.6.1455

 21. Asaolu S, Ofoezie I, Odumuyiwa P, Sowemimo O, Ogunniyi T. Effect of water 
supply and sanitation on the prevalence and intensity of Ascaris lumbricoides among 
pre-school-age children in Ajebandele and Ifewara, Osun state, Nigeria. Trans R Soc Trop 
Med Hyg. (2002) 96:600–4. doi: 10.1016/S0035-9203(02)90323-8

 22. Ensink JHJ, Blumenthal UJ, Brooker S. Wastewater quality and the risk of intestinal 
nematode infection in sewage farming families in Hyderabad. India Am J Trop Med Hyg. 
(2008) 79:561–7. doi: 10.4269/ajtmh.2008.79.561

 23. Ensink JHJ, van der Hoek W, Mukhtar M, Tahir Z, Amerasinghe FP. High risk of 
hookworm infection among wastewater farmers in Pakistan. Trans R Soc Trop Med Hyg. 
(2005) 99:809–18. doi: 10.1016/j.trstmh.2005.01.005

 24. Mihrshahi S, Casey GJ, Montresor A, Phuc TQ, Thach DTC, Tien NT, et al. The 
effectiveness of 4 monthly albendazole treatment in the reduction of soil-transmitted 
helminth infections in women of reproductive age in Viet Nam. Int J Parasitol. (2009) 
39:1037–43. doi: 10.1016/j.ijpara.2009.01.013

 25. Webb P, Kennedy E. Impacts of agriculture on nutrition: nature of the evidence 
and research gaps. Food Nutr Bull. (2014) 35:126–32. doi: 10.1177/156482651403500113

 26. Masset E, Haddad L, Cornelius A, Isaza-Castro J. EPPI-Centre, University of 
London. A systematic review of agricultural interventions that aim to improve 
nutritional status of children (2011). Available at: https://eppi.ioe.ac.uk/cms/Default.
aspx?tabid=2974

 27. Masset E, Haddad L, Cornelius A, Isaza-Castro J. Effectiveness of agricultural 
interventions that aim to improve nutritional status of children: systematic review. BMJ. 
(2012) 344:d8222. doi: 10.1136/bmj.d8222

 28. Girard AW, Self JL, McAuliffe C, Olude O. The effects of household food 
production strategies on the health and nutrition outcomes of women and young 

children: a systematic review. Paediatr Perinat Epidemiol. (2012) 26:205–22. doi: 
10.1111/j.1365-3016.2012.01282.x

 29. Ruel MT, Quisumbing AR, Balagamwala M. Nutrition-sensitive agriculture: what 
have we learned so far? Glob Food Sec. (2018) 17:128–53. doi: 10.1016/j.gfs.2018.01.002

 30. Sibhatu KT, Qaim M. Meta-analysis of the association between production 
diversity, diets, and nutrition in smallholder farm households. Food Policy. (2018) 
77:1–8. doi: 10.1016/j.foodpol.2018.04.013

 31. Ministerio de Salud de Panamá. Encuesta de linea base del proyecto de 
mejoramiento del consumo y disponibilidad de alimentos en comunidades de Veraguas. 
MINSA. (2007)

 32. Krause RJ, Scott ME, Sinisterra O, Koski KG. Demonstration gardens improve 
agricultural production, food security and preschool child diets in subsistence farming 
communities in Panama. Public Health Nutr. (2021) 24:1104–16. doi: 10.1017/
S1368980020002918

 33. Krause RJ, Koski KG, Pons E, Sinisterra O, Scott ME. Ascaris and hookworm 
transmission in preschool children in rural Panama: role of subsistence agricultural 
activities. Parasitology. (2016) 143:1043–54. doi: 10.1017/S0031182016000366

 34. Krause RJ, Scott ME, Sinisterra O, Koski KG. Household food insecurity in 
Panamanian subsistence farming communities is associated with indicators of 
household wealth and constraints on food production. Public Health Nutr. (2019) 
22:2398–407. doi: 10.1017/S1368980019001186

 35. Krause RJ, Koski KG, Pons E, Sandoval N, Sinisterra O, Scott ME. Ascaris and 
hookworm transmission in preschool children from rural Panama: role of yard 
environment, soil eggs/larvae and hygiene and play behaviours. Parasitology. (2015) 
142:1543–54. doi: 10.1017/S0031182015001043

 36. Filmer D, Pritchett LH. Estimating wealth effects without expenditure data—or 
tears: an application to educational enrollments in states of India. Demography. (2001) 
38:115–32. doi: 10.1353/dem.2001.0003

 37. Balen J, McManus DP, Li YS, Zhao ZY, Yuan LP, Utzinger J, et al. Comparison of 
two approaches for measuring household wealth via an asset-based index in rural and 
peri-urban settings of Hunan province. China Emerg Themes Epidemiol. (2010) 7:1–7. 
doi: 10.1186/1742-7622-7-7

 38. Arimond M, Wiesmann D, Becquey EA, Carriquiry A, Daniels M, Deitchler M, 
et al. Dietary diversity as a measure of the micronutrient adequacy of women’s diets in 
resource-poor areas: Summary of results from five sites. Washington, DC: FANTA-2 
Bridge, FHI (2011).

 39. Crompton DWT, World Health Organization. Preventive chemotherapy in human 
helminthiasis: coordinated use of anthelminthic drugs in control interventions: a 
manual for health professionals and programme managers. WHO (2006). Available at: 
https://apps.who.int/iris/handle/10665/43545

 40. Frongillo EA, Leroy JL, Lapping K. Appropriate use of linear growth measures to 
assess impact of interventions on child development and catch-up growth. Adv Nutr. 
(2019) 10:372–9. doi: 10.1093/advances/nmy093

 41. Leroy JL, Frongillo EA, Dewan P, Black MM, Waterland RA. Can children catch 
up from the consequences of undernourishment? Evidence from child linear growth, 
developmental epigenetics, and brain and neurocognitive development. Adv Nutr. 
(2020) 11:1032–41. doi: 10.1093/advances/nmaa020

 42. World Health Organization. WHO child growth standards: Length/height-for-age, 
weight-for-age, weight-for-length, weight-for-height and body mass index-for-age: methods 
and development. Geneva: WHO (2006).

 43. Leroy JL, Ruel M, Habicht JP, Frongillo EA. Linear growth deficit continues to 
accumulate beyond the first 1000 days in low-and middle-income countries: global evidence 
from 51 national surveys. J Nutr. (2014) 144:1460–6. doi: 10.3945/jn.114.191981

 44. Leroy JL, Ruel M, Habicht JP, Frongillo EA. Using height-for-age differences 
(HAD) instead of height-for-age z-scores (HAZ) for the meaningful measurement of 
population-level catch-up in linear growth in children less than 5 years of age. BMC 
Pediatr. (2015) 15:1–11. doi: 10.1186/s12887-015-0458-9

 45. Isanaka S, Hitchings MD, Berthé F, Briend A, Grais RF. Linear growth faltering and 
the role of weight attainment: prospective analysis of young children recovering from severe 
wasting in Niger. Matern Child Nutr. (2019) 15:e12817. doi: 10.1111/mcn.12817

 46. Thurstans S, Sessions N, Dolan C, Sadler K, Cichon B, Isanaka S, et al. The 
relationship between wasting and stunting in young children: a systematic review. 
Matern Child Nutr. (2022) 18:e13246. doi: 10.1111/mcn.13246

 47. Miller J, Ritchie B, Tran C, Beggs S, Lada CO, Whetter K, et al. Seasonal variation 
in the nutritional status of children aged 6 to 60 months in a resettlement village in West 
Timor. Asia Pac J Clin Nutr. (2013) 22:449–56. doi: 10.3316/ielapa.507527427145727

 48. Schwinger C, Lunde TM, Andersen P, Kismul H, Van den Broeck J. Seasonal and 
spatial factors related to longitudinal patterns of child growth in Bwamanda. DR Congo 
Earth Perspectives. (2014) 1:1–11. doi: 10.1186/s40322-014-0026-8

 49. Jones KM, de Brauw A. Using agriculture to improve child health: promoting 
orange sweet potatoes reduces diarrhea. World Dev. (2015) 74:15–24. doi: 10.1016/j.
worlddev.2015.04.007

 50. Shumsky SA, Hickey GM, Pelletier B, Johns T. Understanding the contribution of 
wild edible plants to rural social-ecological resilience in semi-arid Kenya. Ecol Soc. 
(2013) 19:34. doi: 10.5751/ES-06924-190434

https://doi.org/10.3389/fpubh.2023.1122528
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://openknowledge.worldbank.org/handle/10986/9511
https://openknowledge.worldbank.org/handle/10986/9511
https://doi.org/10.1177/156482658300500301
https://doi.org/10.1007/s12571-013-0306-4
https://doi.org/10.1177/156482650903000407
https://doi.org/10.1080/03031853.2009.9523835
https://doi.org/10.1017/S1368980000000495
https://doi.org/10.1017/S1368980000000495
https://doi.org/10.1093/ajcn/76.5.1048
https://doi.org/10.1079/PHN2001239
https://doi.org/10.1002/jsfa.3319
https://doi.org/10.1093/jn/137.5.1320
https://doi.org/10.1146/annurev.nutr.21.1.297
https://doi.org/10.1146/annurev.nutr.21.1.297
https://doi.org/10.1017/S0031182000006491
https://doi.org/10.1093/cid/ciu211
https://doi.org/10.1186/1741-7015-10-41
https://doi.org/10.1093/jn/134.2.348
https://doi.org/10.1093/jn/137.6.1455
https://doi.org/10.1016/S0035-9203(02)90323-8
https://doi.org/10.4269/ajtmh.2008.79.561
https://doi.org/10.1016/j.trstmh.2005.01.005
https://doi.org/10.1016/j.ijpara.2009.01.013
https://doi.org/10.1177/156482651403500113
https://eppi.ioe.ac.uk/cms/Default.aspx?tabid=2974
https://eppi.ioe.ac.uk/cms/Default.aspx?tabid=2974
https://doi.org/10.1136/bmj.d8222
https://doi.org/10.1111/j.1365-3016.2012.01282.x
https://doi.org/10.1016/j.gfs.2018.01.002
https://doi.org/10.1016/j.foodpol.2018.04.013
https://doi.org/10.1017/S1368980020002918
https://doi.org/10.1017/S1368980020002918
https://doi.org/10.1017/S0031182016000366
https://doi.org/10.1017/S1368980019001186
https://doi.org/10.1017/S0031182015001043
https://doi.org/10.1353/dem.2001.0003
https://doi.org/10.1186/1742-7622-7-7
https://apps.who.int/iris/handle/10665/43545
https://doi.org/10.1093/advances/nmy093
https://doi.org/10.1093/advances/nmaa020
https://doi.org/10.3945/jn.114.191981
https://doi.org/10.1186/s12887-015-0458-9
https://doi.org/10.1111/mcn.12817
https://doi.org/10.1111/mcn.13246
https://doi.org/10.3316/ielapa.507527427145727
https://doi.org/10.1186/s40322-014-0026-8
https://doi.org/10.1016/j.worlddev.2015.04.007
https://doi.org/10.1016/j.worlddev.2015.04.007
https://doi.org/10.5751/ES-06924-190434


Krause et al. 10.3389/fpubh.2023.1122528

Frontiers in Public Health 13 frontiersin.org

 51. Amahmid O, Asmama S, Bouhoum K. The effect of waste water reuse in irrigation 
on the contamination level of food crops by Giardia cysts and Ascaris eggs. Int J Food 
Microbiol. (1999) 49:19–26. doi: 10.1016/S0168-1605(99)00058-6

 52. Yajima A, Pascal J, Dung DT, Thach DTC, Dai TC, Didier O, et al. High latrine 
coverage is not reducing the prevalence of soil-transmitted helminthiasis in Hoa Binh 
province. Vietnam Trans R Soc Trop Med Hyg. (2009) 103:237–41. doi: 10.1016/j.
trstmh.2008.08.012

 53. Checkley W, Buckley G, Gilman RH, Assis AM, Guerrant RL, Morris SS, et al. 
Multi-country analysis of the effects of diarrhoea on childhood stunting. Int J Epidemiol. 
(2008) 37:816–30. doi: 10.1093/ije/dyn099

 54. Halpenny CM, Koski KG, Valdés VE, Scott ME. Prediction of child health by 
household density and asset-based indices in impoverished indigenous villages in rural 
Panamá. Am J Trop Med Hyg. (2012) 86:280–91. doi: 10.4269/ajtmh.2012.11-0289

 55. Ortiz J, Van Camp J, Wijaya S, Donoso S, Huybregts L. Determinants of child 
malnutrition in rural and urban Ecuadorian highlands. Public Health Nutr. (2014) 
17:2122–30. doi: 10.1017/S1368980013002528

 56. Handa S, Mlay G. Food consumption patterns, seasonality and market access in 
Mozambique. Dev South Afr. (2006) 23:541–60. doi: 10.1080/03768350600929249

 57. Fauziah N, Ar-Rizqi MA, Hana S, Patahuddin NM, Diptyanusa A. Stunting as a 
risk factor of soil-transmitted helminthiasis in children: a literature review. Interdiscip 
Perspect Infect Dis. (2022) 2022:8929025. doi: 10.1155/2022/8929025

 58. Hotez PJ, Brooker S, Bethony JM, Bottazzi ME, Loukas A, Xiao S. Hookworm 
infection. N Engl J Med. (2004) 351:799–807. doi: 10.1056/NEJMra032492

 59. de Silva NR, Jayapani VP, De Silva HJ. Socioeconomic and behavioral factors 
affecting the prevalence of geohelminths in preschool children. Southeast Asian J Trop 
Med Public Health. (1996) 27:36–42.

 60. Wong HJ, Moy FM, Nair S. Risk factors of malnutrition among preschool children 
in Terengganu, Malaysia: a case control study. BMC Public Health. (2014) 14:785. doi: 
10.1186/1471-2458-14-785

 61. Gyorkos TW, Maheu-Giroux M, Casapia M, Joseph SA, 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. doi: 10.1016/j.trstmh.2010.12.003

 62. Cobayashi F, Augusto RA, Lourenco BH, Muniz PT, Cardoso MA. Factors 
associated with stunting and overweight in Amazonian children: a population-based, 
cross-sectional study. Public Health Nutr. (2014) 17:551–60. doi: 10.1017/
S1368980013000190

 63. Sanchez AL, Gabrie JA, Usuanlele M-T, Rueda MM, Canales M, Gyorkos TW. 
Soil-transmitted helminth infections and nutritional status in school-age children from 
rural communities in Honduras. PLoS Negl Trop Dis. (2013) 7:e2378. doi: 10.1371/
journal.pntd.0002378

 64. Verhagen LM, Incani RN, Franco CR, Ugarte A, Cadenas Y, Sierra Ruiz CI, et al. 
High malnutrition rate in Venezuelan Yanomami compared to Warao Amerindians and 
Creoles: significant associations with intestinal parasites and anemia. PLoS One. (2013) 
8:e77581. doi: 10.1371/journal.pone.0077581

 65. Crompton DW. The public health importance of hookworm disease. Parasitology. 
(2000) 121:S39–50. doi: 10.1017/S0031182000006454

 66. Hall A, Hewitt G, Tuffrey V, de Silva N. A review and meta-analysis of the impact 
of intestinal worms on child growth and nutrition. Matern Child Nutr. (2008) 4:118–236. 
doi: 10.1111/j.1740-8709.2007.00127.x

 67. Humphrey JH. Child undernutrition, tropical enteropathy, toilets, and 
handwashing. Lancet. (2009) 374:1032–5. doi: 10.1016/S0140-6736(09)60950-8

 68. Korpe PS, Petri WA Jr. Environmental enteropathy: critical implications of a 
poorly understood condition. Trends Mol Med. (2012) 18:328–36. doi: 10.1016/j.
molmed.2012.04.007

 69. Prendergast AJ, Rukobo S, Chasekwa B, Mutasa K, Ntozini R, Mbuya MN, et al. 
Stunting is characterized by chronic inflammation in Zimbabwean infants. PLoS One. 
(2014) 9:e86928. doi: 10.1371/journal.pone.0086928

 70. Jones AD, Cruz Agudo Y, Galway L, Bentley J, Pinstrup-Andersen P. Heavy 
agricultural workloads and low crop diversity are strong barriers to improving child 
feeding practices in the Bolivian Andes. Soc Sci Med. (2012) 75:1673–84. doi: 10.1016/j.
socscimed.2012.06.025

https://doi.org/10.3389/fpubh.2023.1122528
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0168-1605(99)00058-6
https://doi.org/10.1016/j.trstmh.2008.08.012
https://doi.org/10.1016/j.trstmh.2008.08.012
https://doi.org/10.1093/ije/dyn099
https://doi.org/10.4269/ajtmh.2012.11-0289
https://doi.org/10.1017/S1368980013002528
https://doi.org/10.1080/03768350600929249
https://doi.org/10.1155/2022/8929025
https://doi.org/10.1056/NEJMra032492
https://doi.org/10.1186/1471-2458-14-785
https://doi.org/10.1016/j.trstmh.2010.12.003
https://doi.org/10.1017/S1368980013000190
https://doi.org/10.1017/S1368980013000190
https://doi.org/10.1371/journal.pntd.0002378
https://doi.org/10.1371/journal.pntd.0002378
https://doi.org/10.1371/journal.pone.0077581
https://doi.org/10.1017/S0031182000006454
https://doi.org/10.1111/j.1740-8709.2007.00127.x
https://doi.org/10.1016/S0140-6736(09)60950-8
https://doi.org/10.1016/j.molmed.2012.04.007
https://doi.org/10.1016/j.molmed.2012.04.007
https://doi.org/10.1371/journal.pone.0086928
https://doi.org/10.1016/j.socscimed.2012.06.025
https://doi.org/10.1016/j.socscimed.2012.06.025

	Preschool child growth attainment and velocity during an agriculture intervention in rural Panama may be diminished by soil-transmitted helminths
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Recruitment and ethics protocol
	2.3. Household economic and sociodemographic variables
	2.4. Child diet-derived variables
	2.5. Intestinal infection and treatment
	2.6. Anthropometry
	2.7. Data analysis

	3. Results
	3.1. Study participants
	3.2. HAZ
	3.3. WAZ
	3.4. ∆HAD
	3.5. ∆WAD

	4. Discussion
	4.1. Seasonal food insecurity and diet diversity affect child growth
	4.2. VERASAN-associated dietary change linked to child growth attainment
	4.3. STH infections limit growth attainment and velocity
	4.4. Risks associated with preschool children accompanying their caregiver to the agricultural plot
	4.5. Strengths and limitations

	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

