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Abstract

The article describes methodological aspects in defining the study population,
sampling plan, and sample weigthing and calibration of effective sample of
the Brazilian National Survey on Child Nutrition (ENANI-2019). This
population-based household survey assessed breastfeeding and dietary intake,
anthropometric assessment of nutritional status, and micronutrient deficien-
cies by blood biomarkers in children under five years of age. The data were
obtained with a probability sample, with stratification by the five geographic
regions in the country and clustering by census enumeration areas (CEAs).
The sample was calculated at 15,000 households distributed in 1,500 CEAs,
with 300 allocated in each of Brazil’s five major geographic regions and 10
eligible households per CEA, sampled using inverse sampling. The required
population parameters were thus estimated to reach the study’s objectives. The
basic sampling design weights were calculated as the inverse probabilities of
the households” inclusion in the study. Imputation was used to compensate
for non-response to items in the target variables, except for data on the blood
biomarkers. Finally, calibration used population totals of children in 60 post-
strata, defined by cross-classification of the following variables: major geo-
graphic region, sex, and age. The final sample included 14,558 children resid-
ing in 12,524 households, distributed in 1,382 CEAs in the 26 states of Brazil
and the Federal District. The data from the ENANI-2019 survey will support
strategies for the promotion and implementation of public policies for children
under five years of age.
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Introduction

The Ministry of Health funded the Brazilian National Survey on Child Nutrition (ENANI-2019) (call
for projects CNPq/MS/SCTIE/DECIT/SAS/DAB/CGAN n. 11/2017). ENANI-2019 is structured
in three domains: assessment of breastfeeding and dietary intake; anthropometric assessment of
nutritional status; and assessment of micronutrient deficiencies in children under five years of age,
by major geographic region, sex, and age group.

The data were obtained with a probabilistic household sample survey, with geographic stratifica-
tion and clustering by census enumeration areas (CEAs), conducted with sampling methods such as
those adopted by the official statistical institutes in their human population surveys 1. This allowed
the ENANI-2019 to reproducibly and scientifically estimate the required population parameters to
reach its objectives. The basic idea when sampling human populations consists of sampling them
through the households, grouped in turn in CEAs, which are grouped in turn according to the situa-
tion (urban versus rural) in subdistricts, districts, municipalities, and so on. The basis is the concept of
household and resident (the latter to ensure that individuals with more than one residential address
would not be more likely to enter the sample) and selection of areas.

ENANI-2019 provides a unique opportunity to elucidate the various aspects of the nutritional
assessment of children and to support public health policies for this vulnerable age group. Thus, the
manuscript aims to describe methodological aspects in defining of the study population, sampling
plan, sample weighting, and effective sample of the ENANI-2019.

Study population

The study population for ENANI-2019 was defined as the set of children under five years of age
residing in permanent private households throughout Brazil with at least one child under five years of
age on the date of the survey interview. Therefore, the study population did not include: (1) children
residing in collective households (hotels, boarding houses, orphanages, shelters, detention centers,
barracks, hospitals, etc.), improvised private households, and permanent private households without
children; (2) indigenous children living in villages; (3) foreign children living in households where
Portuguese was not spoken; and (4) children with conditions that prevented them from undergoing
anthropometric measurement.

Ethical aspects

The Institutional Review Board of the Clementino Fraga Filho University Hospital of the Federal
University of Rio de Janeiro (UFR]) approved the study under number CAAE 89798718.7.0000.5257.
Data were collected after the child’s parents or guardians signed two copies of the free and informed
consent form. The methods used in the development of ENANI-2019 have been described in detail
in specific publications 2,345

Sampling plan

The sampling plan of ENANI-2019 used stratification and clustering, incorporating two or three
selection stages. The population’s stratification for sampling purposes was guided by the study’s
objectives and the definition of the five major geographic regions in Brazilian territory as target
domains for publication of results.

The primary sampling units (PSUs) were the municipalities or the CEAs, and the elementary sam-
pling units were always the households. In each selected household, all residents were enrolled, and
the study’s target data were recorded for all the resident children under five years of age.
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Stratification

Strata were formed through the allocation of Brazilian municipalities (according to the territorial base
used by the Brazilian Institute of Geography and Statistics — IBGE, in the population estimates for July
1, 2016) 6 in two blocks: (1) each of the state capitals plus the Federal District (27 strata) and each of
the 20 municipalities with more than 500,000 inhabitants (20 strata) and (2) the other municipalities
in each major geographic region (5 strata) (Table 1). Therefore, all the state capitals and municipalities
with large populations (> 500,000 inhabitants) defined as strata in block 1 were included in the sample
with certainty and are not primary sampling units but selection strata.

The data for the total population and the population of children under five years of age were esti-
mated for July 1, 2016, for each of the 5,570 Brazilian municipalities using the linear trend method
7, the same used by the IBGE in the elaboration of the population estimates used by the Federal
Accounts Court to determine their share of the participatory fund for municipalities 6. Table 1 shows
the estimates obtained per selection stratum.

In the 47 strata formed by each of the municipalities included with certainty in the sample (block
1), the PSU was the CEA (IBGE), and the secondary sampling unit (SSU) was the eligible household
(with children from the study population). In the other strata (block 2), the PSU was the municipality,
the SSU was the CEA, and the tertiary sampling unit (TSU) was the eligible household.

Calculation of the sample size

Calculation of the sample size was guided by the project’s budget parameters, the blood sample collec-
tion logistics, and the experience with similar surveys conducted by the Society for the Development
of Scientific Research (Science).

Considering the target domain (major geographic region), the minimum proportion was speci-
fied as Pp;, = 2%. The estimated relative margin of error should be a maximum of dy = 35%, with a
confidence coefficient of (1-a) = 95%. According to Cochran 8 and assuming simple random sampling
without replacement (SRS), the necessary sample size to estimate proportions equal to or greater than
P,,in With a relative error no greater than dy with a level of confidence 1-a is calculated by:

2
_ Zcx/Z 1'Pmin
Ngrs = a2

1

l)min

where 7/, is the (1 - 0/2) quantile of the standard normal distribution.

Since the sample design is complex (stratified and clustered), it is necessary to consider the design
effect on calculating the sample size. Pessoa & Silva 9 recommend multiplying the sample size obtained
by the Expression 1 by an estimate of the design effect (deff) referring to the key survey variable. A deff
of 1.95 was set for calculating the sample size since there were no data on deff from previous house-
hold surveys on the topic. However, selecting an arbitrary value for deff greater than one is preferable
to the alternative of not making any adjustment to the sample size for the expected effects of cluster-
ing with the sampling design adopted. Data from the study showed that the deff for the estimates of
the proportion of children that did not receive breastmilk on the eve of the interview by sex and age
group varied from 2.3 to 5.7, and the proportions varied from 12.8% (girls under six months of age)
to 97.4% (girls four years old). Similar ranges for deff were observed for estimates by sex and age con-
cerning the children’s average weight (2.9 to 7.3) and height (2.7 to 6.6). These results suggest that the
value used in calculating the sample size was small. For future calculation of samples from the same
population, the data from this study can be used to estimate deff values for other key survey variables.

The sample size of households to be interviewed for each major geographic region was thus cal-
culated by the Expression 2:

2 2
Z - : . -U.
/2 o 1Pmin =1,95 x 196° 1002 =2998 (2

= deff X nggs = deff X -
= aeth X fsps = A% "2 = 0352~ 0.02
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Since there are five estimation domains, the total sample size was calculated at 14,990 (= 5 x 2,998)
households.

It was also determined that ten eligible households would be interviewed for each selected CEA,
which led to a sample of m = 1,500 CEAs, 300 in each major geographic region. This definition also
resulted from the accumulated experience with samples from household surveys by the Science team
and from the evidence of the effects of CEA sample size on the estimates’ precision and data collec-
tion costs. The number ten could be considered small compared to that adopted in other household
surveys, such as the Brazilian Continuous National Household Sample Survey (PNAD Continua), which
selects 14 households (eligible or not) per CEA 10. However, in ENANI-2019, it would be difficult to
reach 14 eligible households per CEA. Based on an average CEA size of 300 households, considering
that the proportion of children under five years of age in 2016 was estimated at 7.2%, besides assum-
ing that each household would have a maximum of one child under five years of age, there would
be an expected number of 21.6 eligible households per CEA. Since the CEA sizes vary considerably
(above and below the average number of 300 households), and since the above estimate is optimistic,
dependent on the hypothesis of one eligible child per household, the target sample size of ten eligible
households per CEA appeared reasonable and was adopted.

Allocation of the CEA sample in the selection strata

There are various ways of allocating the CEA sample size among the selection strata. At one extreme,
there is proportional allocation, which ensures that the sample size in each stratum is proportional to
its population, with the disadvantage of concentrating the sample in the strata with the largest popu-
lation. The other extreme is equal allocation (as among the major geographic regions), which ensures
that the margin of error (or sampling precision) is similar across strata, but only recommendable when
the strata are estimation domains. Finally, between these extremes, there is power allocation, which
ensures a certain proportionality between the sample size in the stratum and a power p (0 < p < 1) of
its population. The larger the power p, the more closely power allocation approximates proportional
allocation, and the smaller the power p, the closer it gets to equal allocation.

Expression 3 presents the form of power allocation 11 used to define the sample size of CEAs for
each selection stratum h within each major geographic region:

pop;

mh=300>(7 3
Soopp &
h

where popy, represents the population under five years of age in stratum h, estimated for July 1, 2016,
as previously indicated in Table 1.

The Science experience in household sample surveys led to the use of a power allocation with
p = 1/3, which displays a certain proportionality with the stratum’s population, without allowing
excessive concentration in the more highly populated strata.

For the strata of “other municipalities” in the five major geographic regions, the definition of the
number of CEAs to select in each municipality determined the number of municipalities to select in
each of these strata. The decision was to select five CEAs per municipality in all the major geographic
regions, except in the North, where eight CEAs were selected per municipality. This larger number of
CEAs per municipality in the stratum “other municipalities” in the North of Brazil allowed reducing
the number of selected municipalities. The North of Brazil has huge difficulties involving access and
traveling time from the municipalities to their respective state capitals. In most municipalities, the
traveling time could prevent taking blood samples and increasing the study’s costs. Table 2 shows the
planned sample size for CEAs and households.
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Table 1

ENANI-2019: SAMPLING PLAN

Projection of the Brazilian population under five years of age according to major geographic regions and sample selection strata. Brazilian National

Survey on Child Nutrition (ENANI-2019).

Major geographic regions and sample

Total population

Popy, under five

Cubic root of pop;,

Size of sample of

selection strata years of age CEAs

Brazil 206,081,432 14,948,464

North 17,707,783 1,741,528 409.4 300
Porto Velho 511,219 42,184 34.8 25
Rio Branco 377,057 34,093 324 24
Manaus 2,094,391 188,889 57.4 42
Boa Vista 326,419 30,983 31.4 23
Belém 1,446,042 103,253 46.9 34
Macapa 465,495 45,847 35.8 26
Palmas 279,856 24,863 29.2 21
Ananindeua 510,834 40,450 34.3 25
Other municipalities in the North * 11,729,105 1,230,966 107.2 80

Northeast 56,915,936 4,539,260 623.7 300
Séo Luis 1,082,935 80,557 43.2 21
Teresina 847,430 61,522 39.5 19
Fortaleza 2,609,716 179,659 56.4 27
Natal 877,662 57,825 38.7 19
Jodo Pessoa 801,718 55,731 38.2 18
Recife 1,625,583 102,381 46.8 22
Macei6 1,021,709 78,189 42.8 20
Aracaju 641,523 45,685 35.7 17
Salvador 2,938,092 181,478 56.6 27
Jaboatdo dos Guararapes 691,125 49,855 36.8 18
Feira de Santana 622,639 45,821 35.8 17
Other municipalities in the Northeast ** 43,155,804 3,600,557 153.3 75

Southeast 86,356,952 5,581,236 913.9 300
Belo Horizonte 2,513,451 140,968 52.0 17
Vitéria 359,555 21,497 27.8 9
Rio de Janeiro 6,498,837 374,307 721 24
Sao Paulo 12,038,175 760,498 91.3 30
Contagem 653,800 42,289 34.8 12
Juiz de Fora 559,636 31,308 31.5 10
Uberlandia 669,672 43,468 35.2 12
Duque de Caxias 886,917 61,270 394 13
Nova Iguagu 797,435 53,830 37.8 12
Séo Gongalo 1,044,058 61,262 39.4 13
Campinas 1,173,370 69,386 41.1 14
Guarulhos 1,337,087 98,157 46.1 15
Osasco 696,382 47,133 36.1 12
Ribeirdo Preto 674,405 39,935 34.2 11
Santo André 712,749 41,414 34.6 1
S&o Bernardo do Campo 822,242 52,860 37.5 12
Sdo José dos Campos 695,992 46,612 36.0 12
Sorocaba 652,481 40,608 34.4 11
Other municipalities in the Southeast *** 53,570,708 3,554,434 152.6 50

(continues)
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Table 1 (continued)

Major geographic regions and sample Total population Pop;, under five Cubic root of popy, Size of sample of
selection strata years of age CEAs
South 29,439,773 1,899,647 305.3 300
Curitiba 1,893,997 116,672 48.9 48
Florianépolis 477,798 25,905 29.6 29
Porto Alegre 1,481,019 82,625 43.6 43
Londrina 553,393 35,100 327 32
Joinville 569,645 37,905 33.6 33
Other municipalities in the South # 24,463,921 1,601,440 117.0 115
Central West 15,660,988 1,186,793 305.5 300
Campo Grande 863,982 62,549 39.7 39
Cuiaba 585,367 43,075 35.1 34
Goiania 1,448,639 93,978 45.5 44
Brasilia 2,977,216 219,027 60.3 59
Aparecida de Goiania 532,135 43,638 35.2 34
Other municipalities in the Central West ## 9,253,649 724,526 89.8 90

CEAs: census enumeration areas; popy,: population under five years of age in stratum h.

Source: Brazilian National Survey on Child Nutrition (ENANI-2019).

* Other municipalities in the North: Ariquemes and Ji-Parana (Rondénia State); Itacoatiara and Manacapuru (Amazonas States); Abaetetuba, Braganca,
Castanhal, and Marituba (Pard State); Araguaina (Tocantins State). In Barcarena (Para State), 8 CEAs and 80 households were selected, but there was no
data collection due to the interruption of collection;

** Other municipalities in the Northeast: Caxias and Imperatriz (Maranhdo State); Parnaiba (Piaui State); Caucaia and Maracanau (Ceara State);

Parnamirim (Rio Grande do Norte State); Campina Grande (Paraiba State); Olinda and Paulista (Pernambuco State); Arapiraca (Alagoas State);

Nossa Senhora do Socorro (Sergipe State); Camagari, Juazeiro, Lauro de Freitas, and Simdes Filho (Bahia State);

*** Other municipalities in the Southeast: Betim, Montes Claros, and Ribeirdo das Neves (Minas Gerais State), Serra (Espirito Santo State); Niter6i (Rio de

Janeiro); Araraquara, Diadema, Itaquaquecetuba, Pindamonhangaba, and S&o Vicente (Sdo Paulo State);

# Other municipalities in the South: Araucéria, Colombo, Foz do Iguacu, Guarapuava, Maringa, Pinhais, Ponta Grossa, and Sdo José dos Pinhais (Parana

State); Blumenau, Camborid, Criciima, Jaragua do Sul, Palhoga, and Sdo José (Santa Catarina State); Alvorada, Canoas, Caxias do Sul, Gravatai, Novo

Hamburgo, Rio Grande, Sdo Leopoldo, Sapucaia do Sul, and Viamao (Rio Grande do Sul State);

## Other municipalities in the Central West: Corumbd, Dourados, Nova Andradina, and Trés Lagoas (Mato Grosso do Sul State); Caceres, Lucas do Rio
Verde, Primavera do Leste, Rondonépolis, and Varzea Grande (Mato Grosso State); Aguas Lindas de Goias, Anapolis, Cidade Ocidental, Formosa, Jatai
(substituido por Luziania), Novo Gama, Planaltina, Santo Antdnio do Descoberto, and Valparaiso de Goias (Goias State).

Sample selection methods in the various stages

When the municipality was the PSU (block 2, strata “other municipalities” of the major geographic
regions), its selection was performed with systematic sampling with probabilities proportional to
size (PPS), used as a measure of the size of the population under five years of age in the municipality,
estimated for July 1, 2016.

Since lower-income CEAs were expected to have more eligible children than the higher-income
CEAs, care was taken for the sample to cover the range of the population’s income in the selected
municipalities, guaranteeing different children’s feeding patterns in the study population. Thus,
before the CEAs’ selection, an additional stratification was performed, based on quartiles of the dis-
tribution of the average head-of-household’s income in each CEA, according to the 2010 Population
Census. Next, the numbers of CEAs to be selected in each income stratum were allocated. Finally,
within each municipality and income stratum, CEAs were selected by Pareto’s PPS sampling 12,13,
The size measure for CEA sampling was the number of children under five years of age in the CEA,
based on the 2010 Population Census, the most recent source of information available per CEA at the
time of the survey.

Cad. Saude Publica 2021; 37(8):e00037221



Table 2

ENANI-2019: SAMPLING PLAN

Size of sample of census enumeration areas and households for Brazil and according to major geographic regions, selection strata, and municipalities.

Brazilian National Survey on Child Nutrition (ENANI-2019).

Major geographic regions, selection strata, and
municipalities in the sample

Sample of CEAs

Sample of households
Selected (n) Effective (n) Effective (%) Selected (n) Effective (n) Effective (%)

Brazil
North

Porto Velho

Rio Branco

Manaus

Boa Vista

Belém

Macapa

Palmas

Ananindeua

10 other municipalities in the North *
Northeast

Sao Luis

Teresina

Fortaleza

Natal

Jodo Pessoa

Recife

Macei6

Aracaju

Salvador

Jaboatdo dos Guararapes

Feira de Santana

15 other municipalities in the Northeast **
Southeast

Belo Horizonte

Vitéria

Rio de Janeiro

Sao Paulo

Contagem

Juiz de For a

Uberlandia

Duque de Caxias

Nova Iguacu

Sdo Gongalo

Campinas

Guarulhos

Osasco

Ribeirdo Preto

Santo André

Sdo Bernardo do Campo

Sédo José dos Campos

Sorocaba

10 other municipalities in the Southeast ***

1,500
300
25
24
42
23
34
26
21
25
80
300
21
19
27
19
18
22
20
17
27
18
17
75
300
17
9
24
30
12
10
12
13
12
13
14
15
12
11
11
12
12
11
50

1,382
233
25
24
42
23
16
26
21
12
44
259
17
15
14
15
18
19
19
17
27
10
17
71
299
17
9
24
30
12
10
13
13
12
13
14
14
12
1
9
12
13
1
50

92.1
77.7
100.0
100.0
100.0
100.0
47.1
100.0
100.0
48.0
55.0
86.3
81.0
78.9
51.9
78.9
100.0
86.4
95.0
100.0
100.0
55.6
100.0
94.7
99.7
100.0
100.0
100.0
100.0
100.0
100.0
108.3
100.0
100.0
100.0
100.0
933
100.0
100.0
81.8
100.0
108.3
100.0
100.0

15,000
3,000
250
240
420
230
340
260
210
250
800
3,000
210
190
270
190
180
220
200
170
270
180
170
750
3,000
170
90
240
300
120
100
120
130
120
130
140
150
120
110
110
120
120
110
500

12,524
2,264
250
240
422
216
164
260
199
97
416
2,430
150
136
116
144
177
177
203
155
266
99
170
637
2,629
178
79
223
251
121
101
129
127
107
112
107
115
86
91
69
82
91
94
466

83.6
75.5
100.0
100.0
100.0
93.9
48.2
100.0
94.8
38.8
52.0
81.0
71.4
71.6
43.0
75.8
98.3
80.5
100.0
91.2
98.5
55.0
100.0
84.9
87.6
100.0
87.8
92.9
83.7
100.0
100.0
100.0
97.7
89.2
86.2
76.4
76.7
71.7
82.7
62.7
68.3
75.8
85.5
93.2

(continues)
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Table 2 (continued)

Major geographic regions, selection strata, and Sample of CEAs Sample of households
municipalities in the sample Selected (n) Effective (n) Effective (%) Selected (n) Effective (n) Effective (%)
South 300 300 100.0 3,000 2,518 83.9
Curitiba 48 48 100.0 480 296 61.7
Florianépolis 29 29 100.0 290 232 80.0
Porto Alegre 43 43 100.0 430 355 82.6
Londrina 32 32 100.0 320 282 88.1
Joinville 33 33 100.0 330 315 95.5
23 other municipalities in the South # 115 115 100.0 1,150 1,038 90.3
Central West 300 291 97.0 3,000 2,683 89.4
Campo Grande 39 39 100.0 390 375 96.2
Cuiaba 34 34 100.0 340 288 84.7
Goiania 44 38 86.4 440 336 76.4
Brasilia 59 59 100.0 590 554 93.9
Aparecida de Goiania 34 31 91.2 340 278 81.8
18 other municipalities in the Central West ## 90 90 100.0 900 852 94.7

CEAs: census enumeration areas.

Source: Brazilian National Survey on Child Nutrition (ENANI-2019).

* Other municipalities in the North: Ariquemes and Ji-Parana (Rondénia State); Itacoatiara and Manacapuru (Amazonas States); Abaetetuba, Braganga,
Castanhal, and Marituba (Para State); Araguaina (Tocantins State). In Barcarena (Para State), 8 CEAs and 80 households were selected, but there was no
data collection due to the interruption of collection;

** Other municipalities in the Northeast: Caxias and Imperatriz (Maranh&o State); Parnaiba (Piaui State); Caucaia and Maracanau (Ceara State);
Parnamirim (Rio Grande do Norte State); Campina Grande (Paraiba State); Olinda and Paulista (Pernambuco State); Arapiraca (Alagoas State); Nossa
Senhora do Socorro (Sergipe State); Camagari, Juazeiro, Lauro de Freitas, and Simdes Filho (Bahia State);

*** Other municipalities in the Southeast: Betim, Montes Claros, and Ribeirdo das Neves (Minas Gerais State), Serra (Espirito Santo State); Niter6i (Rio de
Janeiro); Araraquara, Diadema, Itaquaquecetuba, Pindamonhangaba, and S&o Vicente (Sdo Paulo State);

# Other municipalities in the South: Araucaria, Colombo, Foz do Iguacu, Guarapuava, Maringd, Pinhais, Ponta Grossa, and S&o José dos Pinhais (Parana
State); Blumenau, Camborid, Criciiima, Jaragua do Sul, Palhoga, and Sdo José (Santa Catarina State); Alvorada, Canoas, Caxias do Sul, Gravatai, Novo
Hamburgo, Rio Grande, Sdo Leopoldo, Sapucaia do Sul, and Viamao (Rio Grande do Sul State);

## Other municipalities in the Central West: Corumba, Dourados, Nova Andradina, and Trés Lagoas (Mato Grosso do Sul State); Caceres, Lucas do Rio
Verde, Primavera do Leste, Rondonépolis, and Varzea Grande (Mato Grosso State); Aguas Lindas de Goias, Anapolis, Cidade Ocidental, Formosa, Jatai
(substituido por Luziania), Novo Gama, Planaltina, Santo Antdnio do Descoberto, and Valparaiso de Goias (Goias State).

The adopted selection scheme prioritized the CEASs’ stratification by income and did not consider
stratification by the urban-versus-rural situation. In this sense, the participation of rural CEAs in
the sample would be approximately proportional to that observed in the municipalities. However,
due to the logistic difficulty of household blood sample collection and the samples’ transportation
to the local laboratory for processing, 46 rural CEAs which were more than two hours’ travel time
from the municipal center (time interval greater than allowed by the study’s protocol for collection
and transportation of blood samples) were replaced by closer CEAs. Later, as a function of the blood
sample logistics, another 11 rural CEAs were also replaced during data collection. The implication of
these operational restrictions of the blood sample collection and processing was the small presence
of rural CEAs in the sample (only 32 rural CEAs among the 1,392 CEAs with data collected), resulting
in estimates with a low level of precision for this setting.

The selection of eligible households within each selected CEA used inverse sampling 14.15,16 dur-
ing the data collection operation.

The collection began with the identification of selected CEAs (maps, descriptions, limits, and areas
of exclusion, and the list of addresses in the National Registry of Addresses for Statistical Purposes —
CNEFE, all available on the IBGE website). This was followed by updating the registry of addresses
per CEA via the Census Tract Address Updating System (SAES), an app developed by Science and
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operated via the mobile data collection device (MDC). At this time, the interviewers canvassed each
selected CEA, conducting the confirmations, corrections, inclusions, and exclusions of addresses for
the buildings found along the way. Each identified building was classified as either a household (pri-
vate or collective) or an establishment.

In each selected CEA, having concluded the update of the address registry, the SAES numbered the
addresses classified as private households (PH) sequentially, starting with one, according to the order
of the path taken by the interviewer in the CEA. Then, selection tables were used to generate a random
permutation of the PH by blocks of ten for the CEA’s addresses (in each block, the ten PH were placed
in the order of the path to facilitate the interviewer’s movement). The interviewer’s MDC displayed
the first 20 addresses (in random order) to be visited to define the household’s eligibility and obtain
(if eligible) the family’s consent to conduct the interview.

For each selected household in which the visit and contact did not result in an interview (ineligible
PH, vacant PH, refusal, etc.), the data control app installed in the MDC added a new address to the list
of PH addresses to be visited. This procedure ended when ten complete interviews had been obtained
in the CEA or when all PH in the CEA had been visited. Thus, in each eligible interviewed household,
information was collected on all the resident children under five years of age.

Probabilistic sampling scheme

The probability of inclusion in the sample of municipality i in stratum h, represented by P(My,),
depends on it being included with certainty in the sample (making it a selection stratum) or on it hav-
ing been a PSU in one of the “other municipalities” strata, as indicated in Expression 4:

POPhi . e
th X ———— if the municipality is a PSU
PMy) =4 X PP )
1 if it was included with certainty in the sample

where popy,; represents the population under five years of age in municipality My,;, estimated for July
1, 2016, by the linear trend method 7; Ty, represents the total number of municipalities in stratum h;
and t;, represents the size of the sample of municipalities in stratum h.

The conditional probability of inclusion in the sample of CEA j in municipality i in stratum h,
conditioned by the selection or inclusion of municipality My,;, represented by P(Shij|Mhi), is indicated
by the Expression 5:
domy;

TZM domy; (5
j=1

where domy;; represents the number of households in CEA S,,;; according to the 2010 Population

Census; Ty represents the total number of CEAs in income stratum g, to which CEA j of municipal-

ity My, belongs; and t; represents the sample size of CEAs in income stratum g, to which CEA j of

p(shij|Mhi) = thi X

municipality My; belongs.

The sum of households in the CEAs was calculated in the set of CEAs belonging to each income
stratum g in the municipality.

Thus, the probability of inclusion in the sample of CEA Sy; is expressed by:

P(Sij) = P(My) X P(Spj|Mpi) ~ (6)
In CEA Sy, the conditional probability of interviewing household Dy is expressed by:

Vhij e — 1

7)

P(Dpiik|Shii) = —=
( hl]kl h1]) domhi]’ Viij — 1

where dom;ij represents the number of private households in CEA Sy; obtained after updating the

CEA’s address registry, performed at the time of the study; vy; is the total number of eligible private

households selected and visited in CEA Sy;; and ey,;; represents the total number of households inter-

viewed in CEA S;.
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Thus, the probability of inclusion in the sample of household Dy, is expressed by:

P(Dhijk) =P(Mp;) X P(Shilehi) X P(Dhi]’k|shij) (8

Sample weighting

The objective of this stage was to calculate and assign sampling weights to the children to allow esti-
mating target parameters in the study population as a whole and for specific target analyses. Good
sampling weights allow unbiased estimation for the target population parameters, compensating
for non-response effects (of units) and estimating with efficiency (small margin of error). The guide
proposed by Valliant & Dever 17 was followed in the elaboration of the study’s final sampling weights.

Since the study sample was stratified and clustered with unequal selection probabilities, it was
necessary to calculate and use sampling weights for each of the households interviewed to allow unbi-
ased estimation of target parameters in the population. The sampling weights were calculated in three
or four stages, depending on the set of target information. The sampling weights were all calibrated to
known population totals, seeking to correct typical biases in household samples and biases resulting
from potential differential non-response or due to other difficulties faced while conducting the study.

Basic sampling weights were obtained in the first stage, corresponding to the inverse probabilities
of inclusion of interviewed households. The basic weights for the households were calculated with
the Expression (9):

dpije = 1/P(Dig) = 1/[P(Myi) X P(Spij|Mpi) X P(Diie|Sni)] )

To better control the estimates’ variability, the basic weights received upper truncation at 10,000
(that is, weights greater than 10,000 were trimmed to this value). This type of treatment is frequently
used when the basic weights vary widely 18.

The household’s basic weight is applied to all the data obtained since no selection is made among
the resident children. Therefore, the basic weight for all the children was set equal to their household’s
basic weight. The basic weight calculated with Expression 9 underwent two or three adjustment
stages, depending on the set of target variables for the analysis.

The study’s data collection was interrupted on March 17, 2020, due to the adoption of social dis-
tancing measures in response to the COVID-19 pandemic. Due to the interruption of data collection,
the sample of CEAs was not collected in its entirety. The collection was concluded in most strata and
PSUs, but in some, it did not occur (Table 2). In these strata and PSU, the weights calculated in Expres-
sion 9 were adjusted via multiplication by a given factor as indicated in the Expression 10:

jJEAR; JECh;

Whijk = dhijic X [Z 1/P(Shij)]/[ X UP(S“”)] (10)

where Ay; is the set of CEAs sampled in PSU i in stratum h; and Cy; is the set of CEAs collected in
PSU i in stratum h.

To facilitate the presentation of the following stages in the weights’ adjustment, we will change
the notation, omitting the stratum, municipality, and CEA indices, which are unnecessary to facilitate
understanding the expressions and calculations of the adjustment factors in the subsequent stages.

In the absence of non-response, the population total for a study variable y, denoted Y=Z Yk,
could be estimated without bias using the Horvitz-Thompson estimator 19, as given bykaéhe
Expression 11:

N
Yar =D Wiy (11)
kes

where wy_is the adjusted basic weight of unit k, obtained by the Expression 10 at the end of stage 1,
and s is the set of units in the sample.
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Likewise, the population average v= <Z yk) /N, where N is the population’s size, would be estimated

keU

using the Hajek estimator 20, as shown in Expression 12:

y” - ;WkYk /;Wk (12)

As in any study, the ENANI-2019 sample presented both unit and item non-response that need
to be compensated for in the analyses. Therefore, imputation was used to compensate for item non-
response for most of the variables.

Laboratory analyses of blood samples showed unit non-response (lack of measures for all the
biomarkers) and item non-response (lack of measures for some subset of biomarkers), as observed in
Castro et al. 5. Considering the nature of these measurements, we decided that it was not possible to
compensate for non-response in this set of variables using imputation. To compensate for this non-
response, adjustments were made to the children’s basic weights via the following steps.

Step 1: 25 groups of children were created with available responses for different subsets of variables
in the data of blood biomarkers (Table 3). These groups were identified by dummy variables g, taking
avalue of 1 for available responses in group r for child k, and 0 otherwise, with r varying from 1 to 25.

Step 2: for each dummy variable with an available response in group r, a logistic regression model
was fitted for the probability of response, defined in the Expression 13:

Pr(g,) = 1|x;0 = exp(xll{e)/[l + exp(xi(e)] (13)

where xy is a vector with selected predictive variables for explaining the propensity to respond, and 6
is a vector of parameters to be estimated.

The fitted model was used to obtain estimates of response probabilities in group r, as shown in
the Expression 14:

Br(gi) = 1lx¢0 = exp(x0)/[1 + exp(x8)]  (14)

The predictive variables considered in the fitted models in all the response groups were the same
and are listed in Box 1. The selection of variables for inclusion in these models was based on a set of
potentially relevant predictors for explaining the pattern of responses to groups of blood biomarkers,
including characteristics of the region, households, and children. Next, initial models were fitted to
the data, followed by step-by-step inclusion of new predictors until reaching the set of variables with
significant and relevant main effects. No models were tested for interactions between predictors.

Step 3: for each group of records with an available response, the inverse estimated probability
of response in the group was used as a factor to correct the child’s basic weight, obtaining adjusted
weights according to the Expression 15:

Wi = Wk/lé\r(gkr = 1|in/9\) (15)

Since 25 groups of children were formed with different sets of available variables in the section
on blood biomarkers, there are 25 sets of weights adjusted for non-response. In addition to the basic
weight recommended for all the other analyses, each child will have a specific weight for each of these
25 sets. For each set of variables in which the child presents a complete response in all the variables,
the corresponding weight is positive. It is null in case of non-response in at least one variable in the
set of target variables. The data analysts will be responsible for selecting the adequate weights for the
analyses that include blood biomarkers.

The final stage in the adjustment of the basic weights was calibration. The basic idea of calibra-
tion is to estimate factors f, (called calibration factors) that multiply basic weights to generate the
calibrated weights. These factors have the property of eliminating differences between estimates
obtained with the calibrated weights and the corresponding population totals (known from other
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Table 3

Number of children 6 to 59 months of age with results of blood biomarkers, according to age group. Brazilian National Survey on Child Nutrition
(ENANI-2019).

Groups of blood biomarkers Brazil 6-23 months 24-59 months
Code Description N % N % N %

1a Hemoglobin + CRP + ferritin * 7,473 59.2 2,312 52.9 5,161 62.6
1b Hemoglobin + CRP + ferritin ** 7,293 57.8 2,254 51.6 5,039 61.1
1c CRP + ferritin * 7,931 62.9 2,473 56.6 5,458 66.2
2 Hemoglobin + vitamin A 7,716 61.2 2,435 55.7 5,281 64.0
3 Hemoglobin + vitamin A + D + zinc 7,037 55.8 2,153 49.3 4,884 59.2
4 CRP + zinc 7,659 60.7 2,369 54.2 5,290 64.1
5 CRP + vitamin A 7,944 63.0 2,509 57.4 5,435 65.9
6 CRP + selenium 7,660 60.7 2,369 54.2 5,291 64.1
7 Folic acid + vitamin B12 7,419 58.8 2,267 51.9 5,151 62.4
8 CRP + zinc + selenium + vitamins A and E 7,506 59.5 2,322 53.1 5,184 62.8
9a Folic acid, hemoglobin, ferritin, CRP, vitamins B12, D, A, B1, and B6, zinc 6,023 47.7 1,779 40.7 4,244 51.4

and selenium *
9b Folic acid, hemoglobin, ferritin, CRP, vitamins B12, D, A, B1 e B6, zinc, and 6,532 51.8 1,956 44.8 4,576 55.5
selenium ***

10 Hemoglobin, folic acid, vitamin B12, ferritin, and CRP * 6,526 51.7 1,950 44.6 4,576 55.5
11 Hemoglobin, folic acid, vitamin B12, ferritin, and CRP # 6,556 52.0 1,965 45.0 4,591 55.7
12 Hemoglobin 8,187 64.9 2,626 60.1 5,561 67.4
13 Folic acid 7,436 58.9 2,273 52.0 5,162 62.6
14 Ferritin 8,156 64.6 2,570 58.8 5,586 67.7
15 Vitamin B12 7,441 59.0 2,277 52.1 5,164 62.6
16 Vitamin D 8,217 65.1 2,608 59.7 5,609 68.0
17 Vitamin A 8,393 66.5 2,686 61.5 5,707 69.2
18 Vitamin B1 8,328 66.0 2,665 61.0 5,663 68.7
19 Vitamin B6 8,329 66.0 2,666 61.0 5,663 68.7
20 Vitamin E 8,388 66.5 2,686 61.5 5,702 69.1
21 Zinc 8,052 63.8 2,513 57.5 5,539 67.1
22 Selenium 8,054 63.8 2,513 57.5 5,541 67.2

CRP: C-reactive protein.

Source: Brazilian National Survey on Child Nutrition (ENANI-2019).

Note: number of eligible children per age group (Brazil: 12,618; 6-23 months: 4,369; 24-59 months: 8,249).
*1a, 1¢, 9a, and 10: parameters collected on the same date;

** 1b: ferritin and CRP on the same date + ferritin and hemoglobin on the same date or with a 30-day interval;
*** 9b: collected on different dates;
#11: collected on the same date or with hemoglobin at a 30-day interval.

sources) for a set of ancillary calibration or post-strata variables 21,22, Calibration helps compensate
for children’s total non-response, seeking to mitigate the effects of differential non-response that can
affect estimates derived from the sample.

Calibration in ENANI-2019 employed total populations of children for 60 post-strata defined by
cross-classifying the following variables: major geographic region (5 classes), sex (2 classes), and age
(6 classes — 0 to 5 months; 6 to 11 months; 1 year; 2 years; 3 years; 4 years).

The subdivision of children under one year in two age classes for calibration purposes was neces-
sary given the rules for applying part of the questionnaire and collecting blood samples: only children
six months of age or older had blood samples drawn. Therefore, to avoid the need to use different
population totals for calibration of the principal weights and the weights for groups of blood bio-
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Box 1

ENANI-2019: SAMPLING PLAN

Predictive variables used to model the probability of response for each group of blood biomarkers. Brazilian National Survey on Child Nutrition (ENANI-2019).

DESCRIPTION OF VARIABLE

CATEGORIES OF RESPONSES

Major geographic regions

North
Northeast
Southeast

South

Central West

Child weighed

Yes
No

Child’s age in complete years

0 (6 months or more), 1, 2,3, 4

Child enrolled in daycare center or school

Yes, daycare center or public school
Yes, daycare center or private school; no; doesn't know or doesn’t want to answer
No, never attended, not applicable

Child with fever, diarrhea, or vomiting on the three days
prior to collection

Yes, fever; yes, fever, diarrhea, and vomiting; doesn’t know or doesn’t want to
answer
No, yes, diarrhea; yes, vomiting, yes fever and diarrhea; yes, fever and vomiting;
yes, diarrhea and vomiting
NA = not applicable

Item from the Brazilian Food Insecurity Scale (EBIA)

Yes
No; doesn’t know or doesn't want to answer

Child’s race/color

Brown
White; Black, Asian-descendent; Indigenous; doesn’t know or doesn’t want to
answer

Receives social benefits

Yes
No; doesn’t know or doesn’t want to answer

Use of vitamin or mineral supplements in the last 6 months

Yes
No; doesn’t know or doesn’t want to answer

Type of dwelling

Rented
Owned, fully paid; owned, still making payments; on loan from the employer; on
some other loan; another arrangement; doesn’'t know or doesn't want to answer

Source: Brazilian National Survey on Child Nutrition (ENANI-2019).

marker variables, the calibrations of all the weights to the two age classes for children under one year
were considered separately. The totals used for the calibration are population projections by IBGE for
January 1, 2020, disaggregated by major geographic region, sex, and five groups of individual ages in
years. To obtain the totals for the two age groups under one year, the IBGE projections for children

under one year were divided by two.

In calibration of weights, the objective is to minimize the distance (Expression 16):

D= ;(fkwk'wk)z/ Wy

(16)

between the calibrated weights (f,w}) and the weights one wishes to calibrate (wy), simultaneously

complying with two sets of restrictions:

)/EC =Z fl oWy Xy :ZX“

keC

and

keU

kak=fjoVk¢jEH, VH
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where U represents the set of children in the study population; C represents the set of children in the
available effective sample; H represents a household with two or more children interviewed; x; is the
vector with values for the variables that identify the post-stratum to which the children belong (indi-
cators of cells in the table obtained by cross-classifying major geographic region x sex x age group);
X is the estimated total with calibrated weights f, wy for the post-strata, and Z x, are the population
totals for the post-strata according to the respective population projections. <V

The estimator using calibrated weights for totals is expressed as:

?c = Z f Wy Y (17)

keC

and the corresponding estimator for population means is expressed as:

Vo = Z fiowiyi / Z fiowy, (18)

keC keC

The calibrated weights should be used in all the analyses, not only with the children’s data but also
with other data, such as those of the households, the children’s parents or guardians. Calibration of
weights in the way described here is called “integrated household weighting”, ensuring that all the units
(children, etc.) from the same household have equal weights 23.

This statement applies to basic weights but not to weights for the groups of blood biomarker
variables. In this case, if the household has children under six months and children over six months
of age, the former will have null weights since they did not participate in this part of the survey. As
mentioned, for groups of blood biomarker variables, it will always be up to the data analyst to select
the adequate weight for each analysis.

To estimate variances, it is recommended to use a combination of the ultimate cluster and lin-
earization methods 9, as implemented, for example, in the survey package 24 of R software (http://
WWW.r-project.org).

Effective sample

Even samples with optimal planning may undergo adjustments during data collection for various rea-
sons. Although potential sources of bias, in practice, such adjustments are unavoidable. In the specific
case of the ENANI-2019 sample, the main problem during data collection was the interruption on
March 17, 2020, due to the COVID-19 pandemic. Before the interruption, there was a need to make
substitutions and inclusions of CEAs in the sample, as described below. Even one entire municipality,
Jatai (Goias State), had to be replaced by the municipality of Luziania (Goids State), since it was not
possible to find a clinical laboratory that could perform the blood sample collection in Jatai (Table 2).

As presented in Table 2, from a total of 1,500 selected CEAs, data collection was performed in
1,382, for a total loss of 7.9%. Losses resulting from the data collection’s premature interruption were
the highest in the North and Northeast regions (22.3% and 13.7% of the 300 selected CEAs in these
regions, respectively). Conversely, there were no losses in the South, and the losses were smaller in the
Central West and Southeast (3% and 0.3% of the CEAs, respectively; Table 2).

In the total sample of CEAs, 37 had to be replaced due to difficulties during data collection,
because of distance to the municipal center (preventing the blood sample collection), or difficulties in
access to the CEA, resulting from civil unrest (drug trafficking, land disputes, etc.), representing 2.5%
of the total planned sample of CEAs. Besides these replacements, CEAs had to be added to the study
sample to solve 18 cases. The data collection did not produce interviews with eligible households,
having exhausted all the PH addresses. Eighteen CEAs were added to the sample to compensate for
these cases.

As for the sample of households, 12,524 (83.5%) households were obtained, compared to the
expected total of 15,000 eligible households. In addition, data were obtained from 14,558 children,
with a loss of only 3% in relation to the expected total of 15,000.
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One technique used in the survey was the inverse sampling of households, which functions as
“sample screening”. In a sampling process that seeks to locate households with members of a spe-
cific population, as in the current survey (children under five years of age), a standard alternative
procedure would be to use complete or “census screening’, visiting all the households in the selected
CEAs and attempting to determine whether they contained members of the target population. This
alternative would involve a higher cost in updating the registry of addresses in the CEAs. In addition,
it would represent a stage of creation of a complete registry of eligible households in each CEA. This
stage would involve an increase not only in costs but also in time.

By adopting inverse sampling, the screening for eligible households was carried out by sampling
and allowed the sample selection and approach for interviewing to occur during the same process
of visiting the CEA to locate and visit the selected households. The necessary cost and time for data
collection were thus much smaller. An effect of this approach is the selection of large numbers of
addresses that lack an eligible household. Still, this cost is much lower than with the alternative
approach of registering all the households in each CEA with a visit to verify eligibility.

Overall, it was necessary to select and visit 193,212 addresses in the selected CEAs, resulting in
an average of 140 households visited per CEA, with an average of 9 eligible households interviewed
per selected CEA. Of all the selected addresses, 75.1% were ultimately ineligible for various reasons,
mostly households without children under five years of age (Table 4).

In addition to the ineligible households, 14.2% of all the selected and visited households were clas-
sified as closed at the end of the operation (Table 4). The classification of households as closed was for
those that had residents at the time of the survey, but where it was not possible to contact residents
to apply the protocol to attempt to conduct the data collection for the survey (at least four visits on
different days and at different times).

ENANI-2019 experienced a refusal rate of 35.8%, considering only selected eligible households
that were contacted successfully (Table 4). Considering all the selected and visited households as the
denominator, the refusal rate was 3.7%. The largest loss among the selected and visited households
was due to initial refusal to participate in the survey (33.2% of eligible households, as shown in Table
4), not surprising in a survey with the kind of demand that ENANI-2019 exerts on families (obtaining
data on their children, including the collection of blood samples).

Table 4

Number of addresses visited, according to the result of visit. Brazilian National Survey on Child Nutrition (ENANI-2019).

Result of visit to address Frequency % of total % of eligible
households
Total addresses visited 193,212 100.0
Ineligible households 173,672 89.9
Household without children under five years of age 139,695 72.3
Household vacant or with occasional use 4,452 23
Non-residential 922 0.5
Household closed (after 4 visits) 27,397 14.2
Address registered but not located 795 0.4
Other reasons 411 0.2
Eligible households 19,540 10.1 100.0
Complete interview performed 12,524 6.5 64.1
Refusal by the household 6,479 3.4 33.2
Interview refused after begun 518 0.3 2.7
Interview begun but interrupted by COVID-19 19 0.0 0.1

Source: Brazilian National Survey on Child Nutrition (ENANI-2019).
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Final remarks

ENANI-2019 is the first nationwide household survey in Brazil that jointly investigated breastfeeding
and complementary feeding practices, individual dietary intake, anthropometric nutritional status,
and micronutrient deficiencies in children under five years of age. Determination of the sample size
and the methodology used in allocating CEAs in the selection strata allowed the representation of
the target population in each major geographic region. The study’s fieldwork presented good results
compared to other household surveys using the highest sampling standards in Brazil. The results will
allow comparisons with previous studies and support strategic decisions on implementing public

policies for under-five children.
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Resumo

O objetivo deste artigo é descrever aspectos meto-
doldgicos referentes a definicdo da populacdo da
pesquisa, plano amostral, ponderag¢ado e calibracao
da amostra efetiva do Estudo Nacional de Ali-
mentacido e Nutricio Infantil (ENANI-2019).
Trata-se de um inquérito populacional de base
domiciliar que realizou avaliacdo do aleitamento
materno e de consumo alimentar, avaliacao antro-
pométrica do estado nutricional, e avaliacao das
deficiéncias de micronutrientes mediante andlise
de biomarcadores sanguineos em criancas menores
de 5 anos de idade. Seus dados foram obtidos por
meio de uma amostra probabilistica domiciliar,
com estratificacao geogrdfica por macrorregido e
conglomeragao por setores censitdrios. A amostra
foi dimensionada em 15.000 domicilios, distri-
buidos em 1.500 setores censitdrios, sendo 300 em
cada macrorregido e 10 domicilios elegiveis por
setor, através de amostragem inversa. Assim, esti-
maram-se os parametros populacionais requeridos
para atingir os objetivos do estudo. Os pesos amos-
trais bdsicos do desenho foram calculados como in-
versos das probabilidades de inclusao dos domici-
lios na pesquisa. Para compensar a ndo resposta de
itens das varidveis pesquisadas foi usada imputa-
¢do, com exce¢do para os dados de biomarcadores
sanguineos. A calibracao empregou totais popula-
cionais de criangas para 60 pds-estratos definidos
por cruzamento das varidveis macrorregido, sexo e
idade. A amostra final compreendeu 14.558 crian-
cas, residentes em 12.524 domicilios, distribuidos
em 1.382 setores censitdrios nas 27 Unidades da
Federacao. Os dados do ENANI-2019 poderao
subsidiar estratégias de promogao e implementa-
¢do de politicas publicas para criancas menores de
5 anos.

Lactente; Pré-escolar; Modelos Estatisticos;
Amostragem; Métodos
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Resumen

El objetivo de este articulo es describir aspectos
metodoldgicos referentes a definicion de la pobla-
cion de la investigacion, plan de muestreo, pon-
deracion de la muestra y muestra efectiva del Es-
tudio Nacional de Alimentacién y Nutricién
Infantil (ENANI-2019). Se trata de una encuesta
poblacional de base domiciliaria, que realizé una
evaluacion de la lactancia materna y de consumo
alimentario, asi como una evaluacion antropomé-
trica del estado nutricional y de las deficiencias de
micronutrientes, mediante andlisis de biomarca-
dores sanguineos en nifios menores de cinco anos
de edad. Sus datos se obtuvieron mediante una
muestra probabilistica domiciliaria, con estrati-
ficacion geogrdfica por macrorregion y conglo-
merados por sectores censitarios. La muestra se
circunscribio a 15.000 domicilios, distribuidos en
1.500 sectores censitarios, encontrdndose 300 en
cada macrorregion, junto 10 domicilios elegibles
por sectot, a través de un muestreo inverso. De esta
forma, se estimaron los pardmetros poblacionales
requeridos para alcanzar los objetivos del estudio.
Los pesos bdsicos de las muestras del diseio se cal-
cularon como inversos a las probabilidades de in-
clusion de los domicilios en la investigacion. Para
compensar la no respuesta de items de las varia-
bles investigadas se usé la imputacion, con excep-
cion de los datos con biomarcadores sanguineos.
La calibracion empled totales poblacionales de ni-
fios para los 60 post estratos, definidos mediante el
cruce de las variables macrorregion, sexo y edad.
La muestra final comprendié 14.558 nifios, resi-
dentes en 12.524 domicilios, distribuidos en 1.382
sectores censitarios dentro de las 27 Unidades de
la Federacion. Los datos del ENANI-2019 podrdn
apoyar estrategias de promocion e implementacion
de politicas publicas para nifios menores de cinco
anos.
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