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Abstract
Objective: To analyze the temporal tendency of stunting prevalence among children under five
years of age registered in the Food and Nutritional Surveillance System (SISVAN) in the Brazilian
Northern Region, from 2008 to 2017.
Methods: Ecological time-series study with data from SISVAN. The annual variation rate for the
prevalence of undernutrition, measured by the presence of stunting (low height-for-age index),
was estimated for the Northern Region and for each of its states using the Prais-Winsten regres-
sion model with and without variable adjustment for SISVAN coverage to explore the relationship
between these variables.
Results: The Northern Region showed a tendency toward the reduction of chronic child stunting,
with an annual variation of -5.30% (95%CI -9.64; -0.77) in the period studied. The states of Acre
(-7.19%; 95%CI -12.31; -1.77), Par�a (-4.86%; 95%CI -9.44; -0.03), and Tocantins (-6.22%; 95%CI
-9.88; -2.41) showed a tendency to reduce the prevalence of stunting, while the other four
states showed stability during the period. A strong negative correlation was found between SIS-
VAN coverage and the prevalence of stunting in the states of Acre (beta: -0.725), Amazonas
(beta: -0.874), Par�a (beta: -0.841), and Tocantins (beta: -0.871), indicating that the increase in
system coverage is associated with a reduction of stunting.
Conclusions: There is a tendency toward a reduction in the prevalence of stunting particularly in
three states and in the North Region as a whole, from 2008 to 2017. The coverage by the system
was associated with a reduction in the prevalence of child stunting in four states.
© 2022 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
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Introduction

Chronic undernutrition in childhood, which is defined by a
low height-for-age index (stunting), is an indicator of poor
environmental conditions or long-term restrictions on the
child growth potential and is the most prevalent form of
child undernutrition. Linear growth delay is a constant
health problem in developing countries, and a risk factor for
several health issues and for short- and long-term develop-
mental delay, causing both physical and cognitive impair-
ments to the individual.1�3 According to national surveys,
the prevalence of chronic undernutrition among children
under five years of age reduced from 36.8% to 7.1% between
1974-75 and 2006-07.4

Nonetheless, it remains a public health problem in some
regions of the country and in certain social segments, partic-
ularly in the Northern Region, of which the estimated preva-
lence is 14.8%, well above the national average (7.0%).5,6

Some particularities of this region may explain the difficulty
in achieving the decline observed in other regions of the
country, such as the great distances between the capitals
and other cities and towns; the lack of transport and com-
munication infrastructure across the Amazonian territory;
and the large proportion of population devoid of material
and educational resources.7

The determinants of stunting are multifactorial and inter-
related. They go through household determinants related to
child health, care and nutrition, maternal factors, lack of
access to basic sanitation and potable water, low socioeco-
nomic status, low caregiver education, and food and nutri-
tional insecurity. Underlying these determinants are the
different social, economic, and political contexts.8 In addi-
tion to the already established conceptual model of deter-
minants, the role of environmental enteric dysfunction in
linear growth delay has been explored in the literature. This
condition is present in regions with unfavorable socio-envi-
ronmental conditions and has been considered one of the
determinants of stunting. It is characterized by a series of
acquired and reversible morphological and functional intes-
tinal alterations, the result of repeated or chronic exposures
of the gastrointestinal tract to pathogenic agents, in turn,
related to the maternal, environmental, and contextual fac-
tors, mediated by poor hygiene conditions.9�11

The search for strategies to address chronic child under-
nutrition stems from its relationship with high mortality
rates in early childhood and its negative impact on growth
development.1 In this perspective, the Food and Nutritional
Surveillance (VAN) � defined by the Health Organic Law as a
field within the Unified Health System (SUS)12 and estab-
lished as one of the guidelines of the National Policy for
Food and Nutrition (PNAN) since 1999 � aims to monitor the
health and nutrition situation of the Brazilian population, as
well as its determining factors, providing essential informa-
tion for the planning and articulation of interventions
directed to the production of health care and organization
of nutritional care within the scope of the SUS.13 Among the
VAN strategies, the Food and Nutritional Surveillance System
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(SISVAN) emerges as a health information system to enable
the continuous generation of data on the nutritional status
and food consumption of the population assisted by the Pri-
mary Health Care network of the SUS.14,15

Since 2008, the insertion of anthropometric data in SIS-
VAN has increased due to the computerization of this sys-
tem, which has brought advantages by facilitating and
optimizing the collection, consolidation, analysis, and inter-
pretation of information. Considering the cost and time
required for periodic field research � another instrument
used by VAN � the computerized system is a good tool for
rapid, accurate, and low-cost identification of children and
other groups at nutritional risk.16

Therefore, the present study aims to describe and ana-
lyze the temporal tendency of the prevalence of stunting
among children under five years of age, registered with SIS-
VAN, in the Northern Region of the country, from 2008 to
2017.
Methods

This is an ecological time-series study for epidemiological
characterization of stunting (low height-for-age index) in
residents of the municipalities in the Brazilian North Region,
using secondary data from the Food and Nutritional Surveil-
lance System (SISVAN) for the years 2008 to 2017.

The beginning of the time series was defined as 2008 �
the year of SISVAN data computerization � considering the
incorporation of growth curves recommended by the World
Health Organization,17 and the expressive increase of
records on nutritional status.16

Data on the nutritional status of children from SISVAN’s
public reports were obtained, and are available, at the
following website <http://sisaps.saude.gov.br/sisvan/rela
toriopublico/index>. Annual reports were generated con-
sidering all months of each year and all types of recorded
monitoring: SISVAN-Web, Bolsa Família Management System
(SIGPBF � Sistema de Gest~ao do Programa Bolsa Família),
and Primary Health Care Information System (e-SUS AB). The
data were not stratified according to the types of records.

The stunting prevalence was obtained by summing up the
percentage of children under five years of age with low stat-
ure for age (z-score of the height-for-age index lower
than -2 standard deviations) and very low stature for age
(z-score of the height-for-age index less than -3 standard
deviations).18

Prevalence was estimated by the sum of the total number
of children with records of stunting over the sum of the total
number of children registered in SISVAN, multiplied by 100.
This indicator was described for the Northern Region, for
each of its Federal Unit, and for each year of the time-
series.

An indicator of SISVAN coverage was established for inclu-
sion in the analyses, since the variation in the percentage of
children covered by the system may be associated with the
prevalence of stunting found, influencing the results. The
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variable of coverage of the system was obtained by dividing
the number of individuals with nutritional status recorded in
SISVAN by the total population of children under five years of
age residents in the municipality, multiplied by 100. The
total population of each municipality was obtained from the
population estimates of the Interagency Network of Informa-
tion for Health and the Brazilian Institute of Geography and
Statistics, available at the address <http://www2.datasus.
gov.br>.

The units of analysis correspond to the municipalities of
the Northern Region (n=450). The municipalities that pre-
sented inconsistent values for the system coverage index �
coverage sums greater than 100% � were excluded from the
analyses, excluding a total of 27 municipalities, of which
three were from the state of Amazonas, four from Par�a, 19
from Tocantins, and one from Acre. All exclusions occurred
due to inconsistency in the coverage index and none of the
capitals was excluded, resulting in a final sample of 423
municipalities.

Prais-Winsten regression19 was used for temporal ten-
dency analysis, considering the serial autocorrelation
between values during the period, i.e., dependence on a
serial measure with its own values at different times. The
mean annual variation in the prevalence of stunting and
their respective confidence intervals were estimated
according to the formula:

APV average annual percentage variationð Þ

¼ �1þ 10b1
� �h i

� 100%

Where b1 is the Prais-Winsten regression coefficient for
the time-series of the variable of interest, transformed to
decimal base logarithm.

A significance level of 5% was adopted. Thus, non-signifi-
cant p-values (p�0.05) indicated a tendency of stability, and
significant p-values (p<0.05) indicated an increasing or
decreasing tendency when the annual variation was positive
or negative, respectively.

Since the variable for SISVAN coverage could explain the
variation in the prevalence of child stunting, both by
increasing the notification of cases (increased prevalence)
and by better monitoring individuals (reduction of preva-
lence), two Prais-Winsten regression models were created
to evaluate the temporal tendency toward stunting: with
and without adjustment for system coverage, in order to
explore the relationship between these variables.

Moreover, to broaden the understanding of the effect
of the system coverage variable on the observed preva-
lence trends, simple linear regression models were cre-
ated, with the prevalence of stunting and SISVAN
coverage as an explanatory variable. The standardized
regression coefficients indicate the association between
the variables “SISVAN coverage” and “prevalence of child
stunting”. To conduct this analysis, it would be impor-
tant, strictly, to assess the normality of both variables.
However, the number of points used in the time series �
ten years � is reduced to confer discriminatory statistical
power for the evaluation of normality in the distribution
of regression residuals.

Stata version 13.0 software for Windows was used for sta-
tistical analysis.
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To illustrate the evolution of the prevalence of stunting
during the period studied, maps were drawn up considering
the current definition of population classification for the
prevalence of growth deficit: very low (<2.5%), low
(2.5<10.0%), average (10.0<20.0%), high (20.0<30.0%), and
very high (>30.0%).20 The maps were elaborated in the QGIS
software version 3.6.3, generated in the SIRGAS 2000 geo-
graphic projection system. These are quantitative maps,
determined by class intervals referring to the average esti-
mates of the prevalence of growth deficits for the years
2008, 2012, and 2017.

This study was approved by the Research Ethics Commit-
tee of the Faculty of Public Health of the University of S~ao
Paulo (opinion no. 2,301,602), in compliance with the Pub-
lishing Policy of the Ministry of Health of Brazil, approved by
Ordinance No. 884/2011,21 which regulates the assignment
of data contained in the national databases of Health Infor-
mation Systems (SIS) managed by the Secretariat of Primary
Health Care.
Results

Northern region

The total number of children under five years of age regis-
tered with SISVAN, considering the entire Northern Region,
was 222,002 in 2008 and 621,690 in 2017. The sample
included in the analyses was composed of 215,553 (2008)
and 603,657 (2017) children, among which 51,595 were clas-
sified as chronically malnourished (stunting) in 2008 and
116,169 in 2017.

Throughout the historical series, the estimated preva-
lence of stunting decreased from 23.3% in 2008 to 18.6% in
2017, with a minimum and maximum prevalence of 17.9%
(2015) and 23.8% (2009), respectively (Table 1).

The temporal analysis, obtained from the regression
models, shows a tendency toward a reduction in the preva-
lence considering both models of regression adjustment for
the SISVAN coverage variable: with (APV: 3,13; CI95% -4.14;
-2.10) and without (APV: -5.30; CI95% -9.64; -0.77). There is
a significant increase in the tendency of decreasing preva-
lence associated with the inclusion of the coverage variable
in the model (Table 2). Table 3 indicates a strong negative
association between these two variables (-0.813), reinforc-
ing the results.

Federative units

The prevalence of stunting reduced from 2008 to 2017 in all
states. When analyzing the first and last years of the series it
can be verified that Acre, Amap�a, Amazonas, and Par�a had
the highest prevalence of stunting. The largest reductions in
the prevalence of stunting, in percentage points (p.p.),
occurred in Par�a (6.7 p.p.), Amazonas (5.5 p.p.), Acre (5.2
p.p.), and Tocantins (3.0 p.p.); while the other states (Ror-
aima, Rondônia, and Amap�a) recorded a slight decline, con-
sidering that the variation in prevalence was small (Table 1).

Regarding the temporal tendency obtained from the
regression models (Table 2), considering the model without
adjustment for system coverage, there is a tendency
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towards a reduction of the prevalence of child stunting only
in the states of Acre (APV: -2,56; CI95% -3.79; -1.31), Amazo-
nas (APV: -3.79; CI95% -4.71; -2.87), Par�a (APV: -4.02; CI95%
-5.21; -2.82), and Tocantins (APV: -2.37; CI95% -3.16; -1.57),
whereas the other states showed a trend of stability.

When the regression model was adjusted for the system
coverage variable, only the state of Amazonas began to pres-
ent stability (APV: -4.01; CI95% -7.99; 0.15), indicating that
the reduction in the prevalence of stunting previously
observed can be explained by the coverage variable. Regard-
ing the other states, the temporal tendency remained the
same in either of the regression models tested. However,
there was an increase in the decline in prevalence associ-
ated with the inclusion of the coverage variable in the
model, which was significant in Acre (APV: -7.19; CI95%
-12.31; -1.77) and Tocantins (APV: -6.22; CI95% -9.88; -2.41),
indicating that part of the reduction in the prevalence of
child stunting can be explained by the increased coverage of
SISVAN (Table 2).

The authors observed a strong negative association
between the system’s coverage and the prevalence of stunt-
ing in the states of Amazonas (-0.874), Par�a (-0.841), Tocan-
tins (-0.871), and Acre (-0.725) (Table 3).

Figure 1 illustrates the behavior of the series in 2008,
2012, and 2017. The prevalence of child stunting was classi-
fied as medium and high in all states analyzed, during the
three years represented in the figure. The states of Amazo-
nas and Par�a presented the highest prevalence of stunting at
the beginning of the studied period, showing a reduction
until the last year evaluated, but remaining in the categories
of high and medium prevalence, respectively. Amap�a,
Rondônia, and Roraima, which had shown a tendency toward
stability in the regression models, remained in the same cat-
egories throughout the period.
Discussion

The choice of SISVAN as an analysis tool allowed us to
observe the epidemiological profile of primary health care
users. The deficit of the linear growth in children under five
years of age remains a relevant public health problem in the
Brazilian Northern Region, with wide distinction among
states. The prevalence observed in this study was classified
between medium and high throughout the period studied,
both for the overall Northern region and for its respective
states. The authors observed that regional differences per-
sist in the reduction in the prevalence of stunting observed
in the period; only the states of Acre, Par�a, and Tocantins
showed a temporal tendency toward the decrease in stunt-
ing prevalence, pointing to the need for differentiated plan-
ning to combat chronic undernutrition according to the local
epidemiological situation.

Analysis of the global situation of childhood in 2018 indi-
cates a prevalence of 21.9% of stunting.22 The data found in
this study throughout the series, when compared with those
from other regions of the world, place the Brazilian Northern
Region in the same position as less developed countries, such
as countries in Africa (14.7% to 33.6%) and Asia (34.4%), as
well as above Latin America (16.5%),22 indicating the exis-
tence of a great challenge in coping with chronic undernutri-
tion in this region of the country.



Table 2 Temporal tendency of the prevalence of stunting among children under five years of age adjusted or not to coverage of
SISVAN according to SISVAN, by state, Northern Region, Brazil, 2008-2017.

States Without adjustment for SISVAN coverage With adjustment for SISVAN coverage

Annual Percentage
Variation % (95%CI)a

p-valueb Tendency Annual Percentage
Variation % (95%CI)a

p-valueb Tendency

Region North �3.13 (�4.14; �2.10) < 0.001 Reduction �5.30 (�9.64; �0.77) 0.028 Reduction
Acre �2.56 (�3.79; �1.31) < 0.001 Reduction �7.19 (�12.31; -1.77) 0.017 Reduction
Amap�a �0.05 (�1.54; 1.46) > 0.05 Stability �3.68 (�7.38; 0.17) 0.058 Stability
Amazonas �3.79 (�4.71; �2.87) < 0.001 Reduction �4.01 (�7.99; 0.15) 0.056 Stability
Par�a �4.02 (�5.21; �2.82) < 0.001 Reduction �4.86 (�9.44; �0.03) 0.049 Reduction
Rondônia �0.79 (�2.18; 0.62) > 0.05 Stability �1.18 (�7.53; 5.61) 0.685 Stability
Roraima �0.77 (�6.02; 4.77) > 0.05 Stability 0.51 (�11.05; 13.56) 0.925 Stability
Tocantins �2.37 (�3.16; �1.57) < 0.001 Reduction �6.22 (�9.88; �2.41) 0.007 Reduction

a Values of annual percentage variation (APV) and their respective confidence intervals (95%CI) were obtained by Prais-Winsten regres-
sion, with and without the adjustment of the model for the SISVAN’s coverage variable, and were estimated by the formula: APV = (-1+
[10^b]) £ 100.
b p-value of the Prais-Winsten regression.
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National surveys and other studies have already shown
the precariousness of the nutritional situation in the North-
ern Region. Despite the significant decrease in stunting rates
in other Brazilian regions since the 1980s, this region experi-
enced the smallest decrease, with rates of 39% (1974/75),
23% (1989), and 16.6% (1996).23 In the late 1990s and early
2000s, high rates of stunting were found among Amazon pre-
schoolers living in rural areas such as in the Rio Negro River
gutter (35.2%) and in ecosystems that are influenced by the
Solim~oes (24.4%), Amazon (20.5%), Purus (20.9%), and
Madeira (15.6%) rivers.24 In 2006-2007, the estimated rate
was 14.7% in this region, compared to 6.6% and 6.1% in the
Northeast and Central-South regions, respectively, putting
municipalities in this region at medium to high risk for the
occurrence of chronic undernutrition.25 In the same year,
high rates were found in the northern states: 6.3% in
Rondônia, 12.2% in Tocantins, 21.6% in Roraima, 25.1% in
Amazonas, and about 30% in Acre, Amap�a, and Par�a.6 Addi-
tionally, the indigenous population stands out with about
Table 3 Standardized coefficient of the linear regression
model between the variables: prevalence of chronic child
undernutrition and coverage of SISVAN by states, Northern
Region, Brazil, 2008-2017.

States Standardized
regression coefficienta

p-valueb

Northern Region �0.813 0.004
Acre �0.725 0.018
Amap�a 0.141 0.697
Amazonas �0.874 0.001
Par�a �0.841 0.002
Rondônia �0.330 0.352
Roraima �0.173 0.632
Tocantins �0.871 0.001

a Value of the standardized coefficient obtained from the sim-
ple linear regression model.
b p-value of simple linear regression.
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30% of children affected by chronic undernutrition and
reaching 80% among the Yanomami people.26,27

In the Brazilian scenario, however, evidence points to a
significant reduction in chronic undernutrition among chil-
dren under five years of age, especially in the Northeast
region of the country. These results are due to the increase
in the purchasing power of families with lower social classes,
increased maternal education, greater access to health
care, and increased coverage of sanitation services; all of
which are structural determinants related to child
undernutrition.28,29 In any case, we emphasize that the
decline in the prevalence of child stunting was not enough
to reclassify states considered with low or very low preva-
lence at the end of this time-series.

One of the factors that may be related to the precarious
nutritional health of children in the Northern Region is the
iniquity of access to health services, especially in rural
areas.30 Data on the structuring of primary care point to the
North Region as a critical area.31 Factors such as difficulty in
regionalizing primary care, centralization of service provi-
sion at the headquarters of municipalities, and long distan-
ces between users and services - caused by the low
population density of this region, especially the Amazon -
explain the worse structuring of health care networks.31

Geographical characteristics, such as the rivers and forests,
become great challenges to be overcome; the low availabil-
ity of transportation, among other difficulties, contribute to
the concentration of health care centers in the urban areas
and make it difficult for many communities to access health
care.30

The expansion of Food and Nutrition Surveillance (VAN),
within health surveillance, is expected to favor the organi-
zation of nutritional care aimed at children and groups that
are vulnerable and at nutritional risk, by allowing the moni-
toring, diagnosis, and planning of interventions at the indi-
vidual and collective level aimed at improving nutritional
status.

The implementation of the VAN has increased since 2008,
evidenced by the coverage of SISVAN.32,33 In Northern
Region, the SISVAN coverage increased from 12.2% in 2008 to



Figure 1 Prevalence of stuntinga among children under five years of age, according to SISVAN, categorized into four ranges, by
state of the Northern Region, Brazil, 2008, 2012 and 2017. Classification of chronic child undernutrition based on de Onis et al.20
aStunting was defined by low stature for age (z-score of the height-for-age index lower than -2 standard deviations) and very low stat-
ure for age (z-score of the height-for-age index less than -3 standard deviations).20
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38% in 2017, which represented an annual increase of 14.2%.
This annual increase in coverage ranged from around 9% in
the states of Rondônia and Roraima to around 17% in the
states of Acre, Amazonas, and Amap�a; this past year, cover-
age rates ranged from 23.9% in the state of Rondônia to
46.1% in Tocantins, evidencing better monitoring of the
nutritional situation in children under five years of age in
this region.33

This increase in VAN suggests that the decreased ten-
dency found here can be explained, at least in part, by the
increase in SISVAN coverage between 2008 and 2017, consid-
ering that the insertion of the system coverage variable
altered the results initially found in the regression model
and showed a strong negative association with the preva-
lence of stunting. The expansion of VAN due to their comput-
erized system can provide better care to children who use
the service, being a cheap and adequate way for early iden-
tification of nutritional risks, for the prevention and inter-
vention of diseases related to stunting, and finally, for the
promotion of nutritional health in the first years of life.
Given this potential positive impact, the authors recom-
mend for the actions of VAN to be intensified throughout the
Northern Region, especially in states that showed a station-
ary tendency. Moreover, understanding other variables that
may explain or be associated with the scenario observed in
this region is essential to support actions aimed at combat-
ing this form of undernutrition.

The results presented here may not reflect the reality
considering that the source is secondary data, informed
by the municipalities through the Municipal Health
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Departments. Anthropometric measurements may have
been performed by professionals who were not qualified or
properly trained and/or with equipment that is inadequate
or without maintenance. Despite the limitations, however,
the authors can clearly see the dimension of stunting in chil-
dren under five years of age living in this region. This time-
series study hopes to have contributed to scientific evidence
on this form of child undernutrition; it may serve as a basis
for the elaboration or adequacy of nutritional protocols pro-
moting health and nutrition in childhood, specifically in the
Brazilian Northern Region. Population surveys developed
after the period defined in the present study, as well as
future studies that will use nutritional data from health
information systems, may benefit from the analysis pre-
sented here.
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