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Abstract

Objective: To estimate trends in the prevalence of child stunting in the population of children under 5
years of age covered by public health programs, between 2009 and 2014 in Misiones, Argentina.
Methods: Using Bayesian model-based geostatistics, we evaluated 724,872 anthropometric
measurements corresponding to 110,633 children. In order to identify disparities at local scale we
evaluated the hypotheses of a differential reduction of stunting according to the geographical location (at
two-level spatial resolution) and to the socioeconomic level in a rural or urban environment.

Results: The prevalence of stunting had fallen significantly in the province overall. Sex and age defined
gender disparities at individual level, and there were regional disparities with higher prevalence values in
the north and northeast regions. In these areas stunting decreased to a greater degree during the studied
period, although the spatial pattern remained smoother. Stunting increased in peripheral urban and
dispersed rural areas that are socioeconomically vulnerable.

Conclusions. The spatial multi-level geostatistical estimates of child undernutrition provide a precision
public health tool to target public policies to those populations with the greatest need, in order to reduce

health disparities.
Keywords: child; stunting; inequalities; INLA; Argentina

Introduction
Socioeconomic and environmental vulnerability lead to inequalities that compromise children’s potential

growth and development, and increase child morbidity and mortality (1-3). Children's health, in particular
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malnutrition levels, is affected by several socioeconomic and environmental factors, such as household
conditions, food insecurity, disease burden, and poverty, thus reflecting the level of social and economic
development in a given territory (4).

Inequalities at early ages are mainly expressed as child undernutrition which comprises a subset of
indicators determined by the relationship between insufficient height or weight with age. Stunting is the
most prevalent form of undernutrition and is considered the best indicator of inequalities in children's
health since it reflects a cumulative deficit in linear growth during the prenatal period and the first years
of life (5). Not only does it affect children's physical, cognitive, social and emotional development, but it
also generates adverse consequences in the educational and economic development during their adult
life (6-8).

During the past decade, a combination of innovative health programs, such as Plan Nacer (2004-
2013) and Programa Sumar (2013-) (9, 10) with conditional cash transfer programs (Asignacion Universal
por Hijo (AUH)), have been implemented in Argentina with the aims of reducing inequalities in access to
health and improving living conditions, with focus on the most vulnerable populations. These health
programs introduced changes in the framework of incentives to Public Health Care Centres (PHCC) to
increase equitably the access and quality of prioritized health services. Both strategies, synergistically
implemented, promoted health checks as a requirement to improve the developmental conditions of
vulnerable families as well as preventive health care, nutrition, and education. Moreover, the programs
centralize a large volume of high-quality subnational information with a broad coverage and
representativeness of the target population (11).

Robust subnational primary information resulted in precise models of spatial-temporal disease maps
that are essential tools to evaluate advances or areas demanding improvements. Although the country-
level estimates are essential for global comparisons, they mask disparities at subnational levels at which
most health or nutrition policies are implemented. Precision public health combining modelled geospatial
and temporal resolved data is increasingly being used to direct more efficient interventions to more
vulnerable populations (12-14).

We have previously described national and regional trends in undernutrition (stunting and
underweight) among 1.4 million children under five (13 million records) covered by the above-mentioned
programs in 6,386 PHCC with broad coverage of vulnerable populations in Argentina (11). We found that
the prevalence of stunting decreased by 45.0% (from 20.6% to 11.3%) and that of underweight by 38.0%
(from 4.0% to 2.5) with differences between rural and urban areas, sex, age, regions and seasons (11).

In this work we applied Bayesian model-based geostatistics to estimate trends and to map the

prevalence of stunting in children under 5 years of age with coverage of public health programs in
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Misiones province from 2009 to 2014. In order to identify regional disparities and persistent spatial
patches, we evaluated different subnational levels (province, departments and health centre area). We
modelled stunting at two-level spatial resolution (department-level and health centre influence area-
level) and evaluated two specific hypotheses: (i) the reduction of stunting differs with geographical
location (space-time interaction) and (ii) the reduction of stunting differs according to socioeconomic

level.
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Methods

Study area

Misiones, a subtropical province in the northeast of Argentina (Figure 1A), is part of the most biodiverse
ecoregion in the country, the Upper Parana Atlantic Forest, that is characterized by a subtropical climate
with no dry season (15). The province level is the first administrative subnational level in Argentina. The
province is divided into 17 departments and includes three main big cities where 46.3% of the total
population live: Posadas (29.5%), Obera (9.8%) and Eldorado (7.1%). The province includes urban,
periurban, rural areas, Mbyd Guarani indigenous villages, and a large area covered by native forests. A

total of 288 geolocated PHCC were analyzed as the lowest geographical level (Figure 1B).

Data source

Approximately one million anthropometric measurements were collected as a robust primary data source
according to Plan Nacer and Programa Sumar program operations during the evaluated period (2009 to
2014). In the first wave of data clean-up, approximately 20% of the total records were removed for
further analysis (Text S1). Thus 724,872 individual anthropometric measurements corresponding to
110,633 unique individuals were evaluated in 288 geolocated PHCC with a broad coverage of the most
vulnerable target population (Figure 1, Figure S1). On the basis of the available individual-level data for
each health check up (age, sex and height) and age- and sex-specific growth standards, z scores were
calculated for each measure using the LMS method (16, 17). Stunting was defined as z scores two or more
standard deviations (-2 SD) below the reference median for height-for-age (HAZ). For the condition not
stunted/stunted the Bernoulli variable (0,1) was assigned, respectively. The prevalence of stunting was

defined as the proportion of children who fall below -2 SD.

Socioeconomic and environmental conditions

Each PHCC was classified in a stratified way according to their rural or urban context and their high or low
socioeconomic level. First, the spatial influence area for each PHCC was defined using the well-established
method of Voronoi tessellation in the Euclidean coordinates (18). For this, given a pair of XY spatial
coordinates from each PHCC (n=288), a polygon area was defined as a partition of the space that
describes the closest area to this geocoded point (Figure 1B). Second, each Voronoi polygon was classified
as rural or urban according to the percentage of rural or urban households recorded in the last national
census in 2010 (19). Third, inside each stratum (rural or urban), each polygon was classified as high or low
socioeconomic level. For this, the k-means clustering method was applied to 13 socioeconomic variables

(19) (Table 1). Thus, according to the described method, each PHCC was assigned to one of the clusters
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defined: urban context with high socioeconomic level (urban-high), urban context with low socioeconomic
level (urban-low), rural context with high socioeconomic level (rural-high) or rural context with low

socioeconomic level (rural-low).

Statistical analysis

In order to estimate trends in prevalence of stunting and spatial-temporal relative risk maps at different
geographic levels during the evaluated period (2009 to 2014), different models were fitted using Bayesian
space model-based geostatistics, using Integrated Nested Laplace Approximations (INLA) bundled in the
R-INLA library (20-22).

Individual-level models: In this first model the whole dataset (individual-level data) and covariates
were used to fit the model parameters and predict the prevalence of stunting from 2009 to 2014. The
annual trends in prevalence of stunting in the whole province (by sex) and the prevalence of stunting with
age (by sex) were evaluated. The model included date (month and year of the health check up), age (in
days) and sex as fixed effects. The anonymous individual identification was incorporated in the model as a
random effect to control repeated measures. For continuous variables (year and age) a nonlinear
smoothed effect was applied by using the random walk 2 method (21). Not stunted/stunted individual
data (Bernoulli distribution) were modelled within a Bayesian hierarchical modelling framework using a
Gaussian distribution to fit prevalence. Due to the amount of data (over 700,000 million records and
110,000 levels for random effects according to each individual), this estimation procedure guarantees the
convergence of the estimates to the true parameter values (prevalence values) under the stated model
(11).

Spatio-temporal models: The relative risk (r;) of stunting was estimated in two different models, one
for each spatial aggregation level. One for the i-th department-level (n=17) and the other for the i-th
PHCC-level (n=288), for each different j-th year during the evaluated period (2009 to 2014) within a
Bayesian modelling framework using a Poisson distribution. The number of stunted children acts as the
response variable and the number of expected cases (E) as an offset (21). In order to display the
estimated posterior mean values of the relative risk of stunting for each area and year, the first year
(2009) was chosen as the basal risk. First, we calculated the reference rates as the prevalence of stunting
in 2009 in all possible combinations between age (0, 1, 2, 3 and 4 years) and sex groups (male and
female). We computed the cumulative expected cases per area and year (Eij) as the product of the
reference rates and the population at risk by age-groups and sex. To allow for an interaction between
space and time (differences in the time trend in relative risk of stunting for different areas) we fitted

different models including two-unstructured effect (Type I), temporal (Type ll), spatial (Type Ill), and
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spatio-temporal (Type 1V) structure (23). The Type | model was selected considering it was the best in
terms of a trade-off between model fit and complexity (smallest DIC value). This procedure is an indirect
method to compare stunting cases in areas and times, controlling for different population structures of
child age and sex, using as the reference condition the whole province at the first year of the evaluated
period. The estimated prevalence for each area and time was obtained as the product of the r; predicted
by the model with the observed prevalence of the whole province at the first year. We assumed a
Gaussian exchangeable prior to model unstructured spatial and temporal effects, a RW2 prior for the
structured temporal component and an intrinsic conditional autoregressive prior (iCAR) for the spatially
structured variability (21). We considered log Gamma (1, 0.0005), the default specification of R-INLA, for
the prior distribution of the hyperparameters. Previously, a sensitivity analysis was performed to assess
the impact of different hyperprior choices. Since the estimates were quite similar in the different
scenarios, we only showed the estimates obtained using the default specification.

The prevalence of stunting per socioeconomic an environmental conditions cluster (rural-high, rural-
low, urban-high or urban-low) was estimated using a third model. We use the same approach as
described above where the relative risk (r;) of stunting was estimated by cluster, including an interaction
between cluster and year as a random effect. First, we generated four dummy variables crossing the
socioeconomic level (low/high) with urbanization level (rural/urban). Then, we included each dummy
variable with the time variable (year) in an interaction term using model random walk 2.

For each PHCC influence area, the annualized decrease (AD) was estimated as the slope of the linear

regression for the predicted prevalence of stunting regressed by year.

Ethics statement

Ethical approval was obtained from the Bioethical Committee Comité de Etica en Investigacién Provincial
(CEIP) of Posadas city int Misiones province, Argentina. We specially attended to the regulations
concerning personal data protection of national law No. 25.326/2000 and the principles expressed in the

Declaration of Helsinki.

Results

We analyzed a total of 724,872 individual anthropometric measurements corresponding to 110,633
children under 5 years (male 50.2%; female 49.8%) recorded from 2009 to 2014. The analyzed child
population from 2010, the year of the last national census, represented 38.4% of all children under 5
years in the province (43,329/112,934). The number of children under 5 years evaluated remained

relatively constant, around 40,000 per year (Figure S1). Thus, we analyzed a large volume of high-quality
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information with a broad coverage of the more vulnerable target population. Age-specific rates by sex are
shown in Figure S1.

According to the individual-level model, the global prevalence of stunting for children under 5 years
in the province overall decreased from 16.2% in 2009 to 9.4% in 2014, representing a relative decrease of
41.8% (Figure 2A). We found that stunting was more common in males than in females with a persistent
difference (Figure 2B).

According to the trends in prevalence of stunting with age, we found higher values for both males
and females around the neonatal period which declined during the next nine months, followed by a
pronounced increase between nine and 18 months, after which we observed a continuous decreasing
trend with age. These results exhibited significant differences by sex mainly during the first two years of
age, including a mild displacement of the peak (Figure 3).

We observed a clear seasonality effect in the magnitude of child stunting prevalence with a peak
during the months of the cold season, from June to August (Figure S2).

The application of spatio-temporal models to different spatial scales allows to describe the spatial
effects that characterize the association of specific geographical factors of each area and level
(department and health center) with the prevalence of stunting. The spatial effect (that only includes the
spatial component) can be interpreted through the spatial patterns that show the contribution of each
area to the increase/decrease of the prevalence of stunting. We identified a clear spatially structured
pattern at department-level with higher prevalences and relative risk in the north and northeast regions
(Figure 4A, Figure S3A). The estimated prevalence values per department ranged between 12.7% and
20.9%. At health center-level we observed a similar but more heterogeneous pattern with higher
prevalences and relative risk in the north and northeast regions (Figure 4B, Figure S3B). The estimated
prevalence values ranged between 6% and 47.5%. The median value of the estimated prevalence of
stunting was 15.3%. A total of 75 health centres (26%) showed prevalence values higher than 20%.

The spatio-temporal model applied includes an interaction between space and time in order to
evaluate the hypothesis of a differential reduction of stunting according to the geographical location. The
analysis at departmental level (Figure 5) showed that in the initial years of the studied period, prevalence
values in the departments of the northern (>15%) and northeastern regions (>20%) were high but
dropped substantially over the study period. Although the spatial pattern at the department-level
remained, it was smoother (less than 15%) and more homogeneous in all but one department which
showed a persistently high prevalence (Figure 5, Figure S4A, Figure S5). Regarding the socioeconomic
indicators, we found that the highest prevalence values corresponded to departments with low

socioeconomic indicators located in the east (rural) and west (urban) regions (Figure S4B).
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The analysis at the health centre level (Figure 6) showed the same spatial structure as at
departmental level, with higher prevalence values in the north and northeast regions. In the initial years
of the studied period, some areas had very high prevalence that were greater than 30% or 40%. We
observed a decrease of stunting prevalence and relative risk in most health centers achieving a more
homogeneous situation. Despite the decrease, the spatial pattern and the persistently high prevalence
areas remained in some patches distributed throughout the province (Figure 6, Figure S6).

To achieve a deeper understanding of the causes of the dynamics over time and the description of
persistent patches, we evaluated the hypothesis that the reduction of stunting differs according to
socioeconomic level and environmental conditions. A similar number of the PHCC corresponded to rural
and urban areas (145 and 141, respectively). About 37% of the PHCC were assigned to a rural/low
socioeconomic cluster, with a wide distribution along the province, mostly located in the northeast region
and throughout the east margin. Only 13% of the PHCC corresponded to rural/high socioeconomic
condition and showed a dispersed distribution. Urban PHCC were equally distributed according their
socioeconomic level (25%). More consolidated urban areas showed higher levels of socioeconomic
conditions, whereas periurban areas showed lower levels of socioeconomic conditions (Figure 7A, Table
1).

We evaluated the annual trends in the prevalence of stunting of the four groups and found a
significant interaction between socioeconomic level and decrease of stunting (Figure 7B). The urban/low
socioeconomic condition cluster showed higher values during all years, but a higher relative decrease. The
rural/low socioeconomic cluster showed a similar trend with lower values. Rural/high and urban-high
socioeconomic condition clusters showed moderately decreasing trends and lower stunting prevalence.
Overall, we found significant differences between clusters at the starting points but a significant closing
gap between them over the years, reducing disparities across the province. The three main cities Posadas,
Oberd and El Dorado showed a clear low-high socioeconomic pattern (north-south or east-west) which

was differentially associated with higher prevalences (Figure 7C, Figure S7).

Discussion

In this work, we describe a substantial relative decrease of 41.8% in the prevalence of stunting among
children under 5 years of age covered by the public health programs Plan Nacer and Programa Sumar in
Misiones province between 2009 and 2014. The analyzed population corresponded to 38.4% of all
children under 5 years of age in Misiones, providing a broad coverage of the more vulnerable population
of the province. Our results are representative for the target population of children that is substantially

more vulnerable to undernutrition than the child population overall.
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Our findings showed that stunting prevalence was higher in males than in females during the six-year
period analyzed, consistent with previous work which describes a persistent difference with sex (11).
Moreover, the prevalence of stunting varied with age. Higher prevalences in males tend to dissipate by
the age of 36 months. This sex difference has been previously reported for several countries, but is not
often presented as a global pattern (24-26). This finding may indicate that males tend to be born smaller
than females or that they are differently affected by sociocultural habits during the first years of life (27).

Seasonality shapes temporal growth patterns. This interaction must gain importance with climate
change because of the impact of extreme events, heat and cold waves, droughts, rainfall variability, food
availabilities and infectious disease burdens, among other environmental determinants that affect
undernutrition (28-30).

Taken together, child's sex and age plus seasonality are relevant factors to be taken into account for
designing specific public policies to reduce the prevalence of malnutrition.

This is the first report where models with two-level of spatially structured effects have been used to
estimate stunting prevalence of Argentina. The inclusion of two spatial levels of analysis allows to
disaggregate particular cases that might be masked by a higher level of aggregation. This means that a
department which is not a high-risk area may harbor some health centers with a significantly higher
spatial effect than neighboring areas. This is particularly important for targeted interventions in specific
territories.

Both proposed hypotheses were successfully evaluated in this work. Regarding the first hypothesis,
the departments presented different initial values, with a clear spatial pattern and higher prevalences in
the northern and northeastern regions. Some areas showed a greater decrease during the evaluated
years, although their spatial structure remained smoother. This was observed at the two spatial levels
analyzed in this study.

To test the second hypothesis, we conducted a clustering analysis to group the health centre areas
according to their socioeconomic level and their rural or urban context. It is important to note that in
Misiones province, as in other regions of developing countries, most people live in urban areas although a
vast proportion of the territory are rural (31). With this approach we shaped four clusters that showed a
good separation according to the selected socioeconomic variables.

We identified different contexts characterized by higher prevalence of stunting. The first is urban
areas with lower socioeconomic indicators that concentrate the largest population. They have higher
levels of unemployment and overcrowding at home, and low indicators of development and access to
public services. These areas are characterized by rapid and unplanned growth and urbanization and

showed a north-south or east-west pattern, or they are located in the peripheries as a product of an
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unplanned growth of the cities. The second is rural areas with lower socioeconomic indicators that occupy
the greatest extension in the province and have extremely poor infrastructure and access and quality of
public services. Also, they are usually inhabited by indigenous populations that have indicators of
malnutrition that double or triple the general population indicators (32). Therefore, we consider that
public policies to reduce levels of stunting should be designed through two different strategies, one for
the urban context and one for the rural context.

We found a substantial reduction in health inequalities, thus narrowing stunting gaps between
clusters that were evidenced by the different initial and final values. Deeply rooted in poverty, stunting is
a phenomenon influenced by a wide range of social health determinants (1, 8). The assignment of the
rural or urban category together with socioeconomic variables allowed us to characterize the impact of
the poverty environment. Moreover, the applied models to estimate stunting match the expected results
according to the level of development of the cluster areas, which validates the approach. Strengthening
national health inequality monitoring systems is an essential strategy to reduce social inequalities among
different population groups and ensure that public policies are equity-oriented and effective (33, 34).

Precision public health strategies based on the use of robust primary data and the application of
spatio-temporal statistical analysis are increasingly recognized by the global research and political health
community (35). This approach enables the quantification of disparities and the evaluation of the progress
and improvements needed at local levels (13). The use of these strategies is becoming the norm, but in
developing countries it requires improvements. Argentina is in an early stage. This work provides a
precision public health tool to target public policies to those specific areas and populations with the
greatest need, in order to increase the cost-effectiveness of the programs aimed to reduce undernutrition

among children and reduce health disparities.

Conclusions

Overall, the prevalence of stunting in the most vulnerable child populations of Misiones province
decreased significantly between 2009 and 2014, with differential improvement according to geographical
location. The behaviour of the indicators is determined by the socioeconomic and environmental context
at the health centre level. In this work we describe variables at the individual level that should be
considered to reduce the prevalence of undernutrition. Also, we identify regional disparities and
persistent spatial patches. This allows to map the peripheral urban and dispersed rural areas under
vulnerable socioeconomic and environmental contexts that should be prioritized in health and nutrition

public policies.
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Figure 1. (A) Map of Argentina showing the Misiones province in red. (B) Map of Misiones province. The
black line delimits the Department area. The grey line delimits the Voronoi Tessellation Area (VTA) which

describes the influence area assigned to each health centre (PHCC) (black dot).
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Figure 2. Trends in the prevalence of stunting by year in Misiones province (A) Estimated prevalence of
stunting for the whole children population under 5 years of age. (B) Estimated prevalence of stunting for

the whole children population under 5 years of age, by sex.
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Figure 3. Estimated prevalence of stunting with age (in years) for the whole children population under 5

years of age, by sex.
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Figure 4. Map of Misiones province with the posterior mean estimates of spatial effects for the

prevalence of stunting. (A) Department-level. (B) Health centre-level.
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Figure 5. Maps of Misiones province with the estimated posterior mean values of the estimated

prevalence of stunting by department-level for the period 2009 to 2014.
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Figure 6. Maps of Misiones province with the estimated posterior mean values of the estimated
prevalence of stunting by health centre-level for the period 2009 to 2014. The grey areas do not contain

records for the health centre and year and could not be estimated.
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Figure 7. Spatial distribution and trends for the estimated prevalence of stunting by socioeconomic and
environmental conditions clusters. (A) Maps of Misiones province with the distribution of the four
clusters assigned to each PHCC determined by stratum (urban/rural) and socioeconomic conditions (high-
low). (B) Estimate trends in the estimated prevalence of stunting by cluster. (C) Zoom in the three major

cities: (1) Posadas, (2) Obera and (3) El Dorado.
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Table 1. Porcentages of Public Health Care Centres (PHCC) that were assigned to one of the clusters

according to their rural/urban context and their high/low socioeconomic level.

Clusters!

Rural Urban
Socioeconomic variables? Rural-Low Rural-High Urban-Low | Urban-High
Households with unsatisfied basic
needs (UBN) 24.2 18.4 22.0 12.6
Household with computer 5.8 13.4 17.5 37.1
Household with phone 1.4 8.0 15.2 38.2
Population using mobile phone 68.5 78.2 80.8 87.1
Population using computer 12.4 22.0 29.5 49.9
Households living in an overcrowded
dwelling 6.5 5.5 6.7 3.6
Own land for household 62.3 65.3 68.5 67.0
Unemployment 1.2 2.0 3.1 3.5
Households with insufficient
construction quality 75.9 54.4 48.7 21.0
Households with insufficient public
services 94.8 78.3 63,6 32.6
Households with inadequate
construction materials 28.6 14.1 17.0 5.9
Foreign inhabitants 4.3 4.7 3.6 4.1
Population with >12 years of education | 2.8 6.3 9.1 21.1
Total percentage % (number) of PHCC
assigned to each cluster 37% (107) 14% (39) 25% (72) 24% (70)
Total percentage % (number) of PHCC |51% (146) 49% (142)
assigned to rural/urban clusters

1 Each PHCC (n=288) was assigned to one of the clusters according to their rural/urban context and their

high/low socioeconomic level. Rural-Low: rural context and low socioeconomic level. Rural-High: rural
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context and high socioeconomic level. Urban-Low: urban context and low socioeconomic level. Urban-
High: urban context and high socioeconomic level.
2Selected socioeconomic variables from last national census (19) used for PHCC assignment according to

high or low socioeconomic level.
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