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Abstract

This paper describes the sample design for the
National Survey into Labor and Birth in Bra-
zil. The hospitals with 500 or more live births
in 2007 were stratified into: the five Brazilian
regions; state capital or not; and type of gover-
nance. They were then selected with probabil-
ity proportional to the number of live births in
2007. An inverse sampling method was used to
select as many days (minimum of 7) as necessary
to reach 90 interviews in the hospital. Postnatal
women were sampled with equal probability
from the set of eligible women, who had entered
the hospital in the sampled days. Initial sample
weights were computed as the reciprocals of the
sample inclusion probabilities and were cali-
brated to ensure that total estimates of the num-
ber of live births from the survey matched the
known figures obtained from the Brazilian Sys-
tem of Information on Live Births. For the two
telephone follow-up waves (6 and 12 months
later), the postnatal woman’s response probabil-
ity was modelled using baseline covariate infor-
mation in order to adjust the sample weights for
nonresponse in each follow-up wave.
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Resumo

Este artigo descreve a amostra da Pesquisa Na-
cional sobre Parto e Nascimento no Brasil. Os
hospitais com 500 ou mais nascidos vivos em
2007 foram estratificados por macrorregido,
capital de estado ou nao, e tipo, e selecionados
com probabilidade proporcional ao niimero de
nascidos-vivos em 2007. Amostragem inversa foi
usada para selecionar tantos dias de pesquisa
(minimo de 7) quantos fossem necessdrios para
alcangar 90 entrevistas realizadas com puérpe-
ras no hospital. As puérperas foram amostradas
com igual probabilidade entre as elegiveis que
entraram no hospital no dia. Os pesos amostrais
bdsicos sdo o inverso do produto das probabili-
dades de inclusdo em cada estdgio e foram cali-
brados para assegurar que estimativas dos totais
de nascidos vivos dos estratos correspondessem
aos totais de nascidos vivos obtidos no SINASC.
Para os dois seguimentos telefonicos (6 e 12
meses depois), a probabilidade de resposta das
puérperas foi modelada pelas varidveis disponi-
veis na pesquisa de base, a fim de corrigir, para a
nao resposta, os pesos amostrais em cada onda
de seguimento.

Amostragem; Amostragem Estratificada;
Modelos Estatisticos; Parto
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Introduction

According to do Carmo Leal et al. ! the objectives
of the National Survey into Labour and Birth
were: (1) to describe the incidence of excessive
caesarean section (according to Robson’s groups)
and examine the consequences on women’s and
new-borns’ health; (2) to investigate the relation-
ship between excessive caesarean section and
late preterm birth and low birth weight; and (3)
to investigate the relationship between excessive
caesarean section and the use of technological
procedures after birth.

This article describes the sample design
used in the survey including the definition of
the survey population, the stratification of pri-
mary sampling units, the criteria for selection of
hospitals, days and postnatal women, the base
sample weights calculation and their calibration.
It also describes the strategy used for estimat-
ing the response probabilities of respondents in
the two additional telephone follow-up waves six
and 12 months after the interview in the hospital,
in order to calculate the sampling weights for the
respondents in each follow-up wave.

Survey population, first stage sampling
frame and stratification

The survey population 2 corresponds to the set
of postnatal women who gave birth in 2011 in
hospitals with 500 or more live births in 2007, ac-
cording to the Information System on Live Births
(SINASC. http://portal.saude.gov.br/portal/
saude/visualizar_texto.cfm?idtxt=21379). The
SINASC was created by the Brazilian Department
of Health in 1990 to gather epidemiological infor-
mation on live births in hospitals and households
all over the country.

For operational reasons, a number of groups
were excluded from the survey population in-
cluding postnatal women with severe mental
health disorders, those who were homeless or
were foreigners who did not understand Por-
tuguese, deaf/mutes, and women sectioned by
court order. Given the survey population defini-
tion, only hospitals with 500 live births or more
in 2007 were included in the first stage sampling
frame. In the end 1.403 of the 3.961 hospitals
registered in 2007 were eligible for the study, ac-
counting for 2,228,534 (77.1%) of the 2,891,328
live births that year.

In order to ensure different types of hospi-
tal governance (public, private and mixed) in all
the five macro-regions of the country, divided
into the set of state capitals and the other cities,
which have important differences in dimension
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and kinds of health services, the hospitals in the
first stage sampling frame were stratified by the
combination of macro-region, capital or not and
type of hospital governance, defining the strata
presented in Table 1. Mixed governance was used
for private hospitals that had beds contracted by
the public sector.

Sample size and its allocation
by stratum

According to do Carmo Leal et al. 1, the sample
size in each stratum was calculated based on the
caesarean section rate in Brazil in 2007 of 46.6%,
with 5% significance to detect differences of 14%
between public, mixed and private hospitals and
power of 95%. The minimum sample per stratum
was 341 postnatal women. Since the sample was
clustered by hospital, a design effect of approxi-
mately 1.3 was used to inflate the initial sample
sizes, leading to a minimum sample size of 450
postnatal women per stratum.

Although not usual in sample survey, this way
to determine sample size is common in clinical
trials and randomized experiments. It derives
from a two-tailed test of the hypothesis of equali-
ty between the proportions within treatment and
control groups 3. For this calculation the expres-
sion 3.14 from Fleiss 4 was used.

According to do Carmo Leal et al. 1, the sam-
ple size has a power of 80% to detect adverse
outcomes in the order of 3%, and differences of
at least 1.5% among large geographic regions
or type of hospital governance (public/private/
mixed).

Considering the minimum size of 450 post-
natal women by stratum, it was decided to se-
lect at least five hospitals by stratum, leading to a
sample size of 90 postnatal women by hospital. If
an equal allocation among the strata were used,
these parameters would lead to a sample size of
210 hospitals. However, a proportional allocation
to the number of hospitals was used and con-
ducted to a sample size of 266 hospitals, since in
all strata with an allocated sample size smaller
than five hospitals, the sample size was increased
to five in order to ensure a minimum of five hos-
pitals and 450 postnatal women, as indicated in
Table 1.

Hospital selection

In the first stage, the hospitals were selected with
probability proportional to size (PPS), defined by
number of live births of the hospital according
to SINASC 2007. As usual in PPS selection, the



Table 1

SAMPLING DESIGN FOR THE BIRTH IN BRAZIL

Number of live births and hospitals in survey population and sample size, according to strata.

Macro- Total State capitals Non-capitals
regions and Live Hospitals Hospital Effective Live Hospitals Hospital Effective Live Hospitals Hospital Effective
hospital births in in 2007 sample sample size birthsin in 2007 sample size sample size birthsin in 2007 sample sample size
type of 2007 size of women 2007 of women 2007 size of women
governance
Total 2,228,534 1,403 266 23,894 802,543 308 84 7,551 1,425,991 1,095 182 16,343
Public 932,617 531 95 8,537 412,069 137 30 2,699 520,548 394 65 5,838
Mixed 966,190 649 115 10,330 186,580 61 24 2,157 779,610 588 91 8,173
Private 329,727 223 56 5,027 203,894 110 30 2,695 125,833 113 26 2,332
North
Public 136,987 91 17 1,531 57,320 14 5 448 79,667 77 12 1,083
Mixed 74,641 47 10 899 31,366 12 5 450 43,275 35 449
Private 10,721 9 5 450 10,721 9 5 450 0 0 0
Northeast
Public 341,638 211 31 2,779 141,079 44 6 538 200,559 167 25 2,241
Mixed 273,815 160 28 2,516 51,892 17 5 450 221,923 143 23 2,066
Private * 46,213 31 9 801 42,502 26 6 539 3,711 5 3 262
Southeast
Public 313,853 155 26 2,341 141,235 53 8 722 172,618 102 18 1,619
Mixed 402,730 273 42 3,776 61,976 14 5 452 340,754 259 37 3,324
Private 213,047 136 21 1,888 113,219 51 8 718 99,828 85 13 1,170
South
Public 74,770 36 I 991 31,126 10 6 541 43,644 26 5 450
Mixed 156,559 130 24 2,159 15,384 4 4 360 141,175 126 20 1,799
Private 40,141 31 11 989 22,947 13 6 539 17,194 18 5 450
Central
Public 65,369 38 10 895 41,309 16 5 450 24,060 22 445
Mixed 58,445 39 11 980 25,962 14 5 445 32,483 25 535
Private 19,605 16 10 899 14,505 1 5 449 5,100 5 450

* Two private hospitals sampled in non-capital cities of the Northeast region could not take part in the study and could not be replaced.

hospitals with large numbers of live births (more
than 13 per day on average, in this case) were in-
cluded with certainty in the sample and treated
as selection strata for sampling days and postna-
tal women. In the case of strata having five or less
hospitals, a take-all procedure was used and each
hospital was also treated as a selection stratum
for the subsequent sampling stages.

The hospital selection was done systemati-
cally 5, after sorting the hospitals in each stratum
in ascending order by number of live births in
2007. The sample inclusion probabilities of hos-
pitals are provided in expressions (1a) and (1b)
of Figure 1.

Selection of survey days

In the second stage of sampling, an inverse sam-
pling method 26 was used to select as many days
as necessary to reach 90 postnatal women inter-
viewed in the hospital. This method, originally
proposed by Haldane 6 to estimate frequencies
and proportions, can be defined as a technique
to sample as many units (in this case, days) as
needed to be observed in order to obtain a pre-
specified number of successes or, in this case, 90
interviews performed with postnatal women in
the hospital.

It is called inverse sampling because rather
than defining a fixed number of days sufficient
to have an expected sample size of 90 interviews
as done by Veloso et al. 7, it defines the number of
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Figure 1

Sample probability scheme

Denoting the selection stratum by h, the hospital by i, the survey day by j and the postnatal woman by k, the inclusion
probability of any postnatal woman is equal to the product of the inclusion probability of hospital i, represented by P(Ey, ;) ;

the conditional probability of inclusion of a survey day j given the selection of hospital i, represented by P(Dy, ; j [Eni)s
and the conditional probability of postnatal woman k in day j and hospital i, represented by P(Mp ;i | Dpij M Ep;)-

These probabilities are expressed as follows:

Ny X Thi
(la) P(Ehi):% ifnhXThi<Th and Nh >5;
h
(1b) P(Ehi):]' ifnhXThiZThOTNhSS;
Ny —1
2 P(Dy i | Epi) = =—=———and
( hij h |) 365 _1
Nh ij
(3) P(Mhijlehiijhi)=_’ where
hij
Nh is the number of hospitals with 500 or more live births in 2007 in selection stratum h, as indicated in Table 1;
Nh is the sample size of hospitals in selection stratum h;
Thi is the size measure associated to hospital i from selection stratum h, defined as the number of live births in
hospital i from selection stratum h;
Nh
T, is the sum of sizes of all hospitals from selection stratum h, i.e, T, = > Thi;
i=1
Nhi is the effective sample size of survey days in hospital i from selection stratum h, which was predefined as at least
seven days per hospital;
Nhij is the effective sample size of postnatal women in the survey day j in hospital i from selection stratum h; and
Nhi i is the total number of live births in survey day j in hospital i from selection stratum h, observed in SINASC 2011

and 2012.

Thus, the inclusion probability of any postnatal woman, represented by P(M,, ; j k), is given by expression (4):
“) P(Myiji) = P(Eqi)xP(Dp i | Eqi) XP(Mpji | Driy NEqi).

The base sample weight to be used in postnatal woman estimation, represented by W ; jk> corresponds to the reciprocal of

the probability given in (4), as shown in expression (5):

1
Q) Whijk =—P(Mhijk).

The calibrated sample weights, represented by er ijk » are given by:
TBy
(6) W = Wi X =2, where
hijk hijk EB

h
TBh is the total number of live births in selection stratum h, observed in SINASC 2011; and

EBy, is the estimated number of live births in selection stratum h, using base sample weight.
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interviews performed as the stopping rule of the
consecutive sample of survey days. The first sur-
vey day in each hospital was always selected with
equal probability during the year, as indicated
by expression (2) of Figure 1. The -1 in the nu-
merator and denominator in expression (2) are
explained by the loss of one degree of freedom
due to the stopping rule, as defined by Haldane$.

To account for the difference of number of
live births in weekends and work days, a mini-
mum of seven consecutive days was mandatory
and the size of field team was determined to en-
sure this rule.

Selection of postnatal women

The number of postnatal women to be selected
per day and hospital depended on the number
of live births and the numbers of interview shifts
and interviewers per day in the hospital. To es-
tablish the number of shifts and interviewers, the
mean number of live births per day per hospital
in 2007 was used and four combinations were
defined: (1) one interviewer and one shift for four
interviews; (2) one interviewer and two shifts for
six interviews; (3) two interviewers and one shift
for eight interviews; and (4) two interviewers and
two shifts for twelve interviews.

To ensure a random selection of postnatal
women, the survey central office has prepared
tables with the number of order of the women
to be interviewed according to the numbers of
live births (up to 40) and interviews per day and
hospital (4, 6, 8 and 12). The number of order of
the postnatal women was defined by the order of
entrance in the hospital. Some additional num-
bers of order have been selected for replacement
of non-responses.

Unfortunately, the number of live births per
hospital and survey day were not recorded dur-
ing the field work. To overcome this problem, the
SINASC 2011 and 2012 files were processed to
determine the number of live births in each hos-
pital and survey day, as required to calculate the
inclusion probabilities described in expression
(3) of Figure 1.

Treatment of non-responses

Nine sampled hospitals refused to take part in
the survey, and three had the maternity service
closed prior to the start of the fieldwork. The
established replacement procedure for hospital
non-response consisted in replacing the non-
responding hospital by the next hospital in the
stratum, according to the sort order of hospitals

SAMPLING DESIGN FOR THE BIRTH IN BRAZIL

in the first stage sampling frame. Despite this,
it was not possible to replace two non-respond-
ing hospitals among private hospitals located in
non-capital cities in the Northeast region, as in-
dicated in Table 1.

Postnatal women’s non-response was treat-
ed, if possible, by replacement according to se-
lection tables prepared for each hospital or by the
inverse sampling procedure used in survey day
selection (more days added to the sample until
90 complete interviews were achieved per hospi-
tal). In the case of closure of the maternity service
during the field work, the inverse sampling pro-
cedure was interrupted, restarting as soon as the
maternity service was open.

A total of 1,356 (5.7%) postnatal women se-
lected were replaced, 15% due to early hospital
discharge and 85% due to refusal to participate.
The sample size was composed of 23,940 post-
natal women interviewed in 266 hospitals. Dur-
ing processing, records with no data from the
woman or no new-born medical records were
excluded and the final sample size accounted for
23,894 postnatal women (Table 1).

Sample weighting and calibration of
sample weights

As indicated in Figure 1, the base sample weights
were calculated by the reciprocals of the product
of the inclusion probabilities in each sampling
stage.

As usual in official statistical surveys (ac-
cording to Silva 8), calibration of the base sample
weights was performed to enforce coherence
between sample estimates and known popula-
tion totals obtained from an external source. In
addition, up to a point, calibration helps to com-
pensate for potential sampling and nonresponse
biases.

Since the field work was conducted in 2011
(and at the beginning of 2012 for a few hospi-
tals), it seemed appropriate to keep the coher-
ence between sample based estimates and the
total number of live births as obtained from the
SINASC 2011 for the hospitals in the sampling
frame, i.e. those with more than 500 live births
in 2007.

For this reason, a ratio type calibration proce-
dure of the base sample weights was performed
within each of the selection strata, as indicated in
expression (6) of Figure 1.

Results comparing population data with esti-
mates obtained using both the base and calibrat-
ed sample weights are presented in Table 2. These
results show the coherence between estimates
based on calibrated weights and the known
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Table 2

Number of live births in the survey population and estimated number of live births obtained by base and calibrated weights, according to macro-regions and

type of hospital governance.

Macro-regions and Population data

from SINASC 2011

Base sample weight Calibrated sample weight

type of hospital

Estimate Relative error (%) * Estimate Relative error (%) *

governance
Total 2,337,476 2,697,463 15.4 2,337,476 0.0

Public 962,273 1,058,939 10.0 962,273 0.0

Mixed 1,036,634 1,170,514 12.9 1,036,634 0.0

Private 338,569 468,010 38.2 338,569 0.0
North

Public 154,305 161,788 4.8 154,305 0.0

Mixed 57,571 83,284 44.7 57,571 0.0

Private 12,690 13,430 5.8 12,690 0.0
Northeast

Public 334,541 376,493 12.5 334,541 0.0

Mixed 230,107 360,287 56.6 230,107 0.0

Private 110,702 67,497 -39.0 110,702 0.0
Southeast

Public 337,772 362,600 7.4 337,772 0.0

Mixed 501,644 458,582 -8.6 501,644 0.0

Private 154,042 296,744 92.6 154,042 0.0
South

Public 66,793 75,919 13.7 66,793 0.0

Mixed 182,224 197,981 8.6 182,224 0.0

Private 42,932 67,762 57.8 42,932 0.0
Central

Public 68,862 82,139 19.3 68,862 0.0

Mixed 65,088 70,381 8.1 65,088 0.0

Private 18,203 22,577 24.0 18,203 0.0

* Relative error (%)

(Estimate — population data) x 100/population data.

population totals, as expected. Also as expected,
calibration leads to a slight increase in the varia-
tion of the sample weights as shown in Table 3.
This increase in sample weight variation is the
price to assure coherence for estimates.

Sample weights for the two telephone
follow-up waves

As expected, it was not possible to contact all
postnatal women interviewed in the baseline
survey during the two telephone interview fol-
low-up waves. Some possibilities could be used
to correct the non-response: (1) probabilistic
imputation of non-respondents’ data; (2) treat-
ing the responding sample as a subsample of the
baseline sample; or (3) modelling the probability
of response in each follow-up wave as a func-

Cad. Saude Publica, Rio de Janeiro, 30 Sup:S1-510, 2014

tion of some covariates obtained in the baseline
survey and using these to derive nonresponse
weight adjustments for responding women in
each follow-up wave.

Considering the information on responses
achieved in each follow-up wave as provided in
Table 3, note that 67.4% and 49.9% of the women
interviewed in the baseline survey responded in
the first and second follow-up waves respectively.
Due to the high nonresponse rates, the first two
options were not considered suitable alternatives
for nonresponse compensation.

Thus the solution adopted was to model the
response probabilities using the covariate infor-
mation available from the baseline survey. The
procedure used was proposed by Little 9, and
is also described in Lepkowski 10 and Brick &
Montaquila 11.



Table 3

SAMPLING DESIGN FOR THE BIRTH IN BRAZIL

Summary statistics of base and calibrated sample weight distributions.

Summary statistic

Base sample weight

Calibrated sample

1st follow-up wave

2nd follow-up wave

weight sample weight sample weight

Number of observations 23,894 23,894 16,109 11,925
Minimum 7.4 4.5 6.0 7.0
First quartile (Q1) 69.4 55.3 76.8 103.3
Median 96.1 78.6 119.0 162.6
Third quartile (Q3) 132.6 114.8 175.5 255.2
Maximum 3,499.9 4,194.9 3,870.4 7,395.8
Range (maximum — minimum) 3,492.5 4,190.4 3,864.4 7,388.8
Interquartile range (Q3 — Q1) 63.2 595 98.7 151.9
Mode 19.3 14.9 29.6 39.5
Mean 112.9 97.8 149.1 211.0
Standard deviation 97.6 97.0 151.5 222.4
Coefficient of variation (%) 86.4 99.2 101.6 105.4

The general idea behind the procedure used
to obtain the sample weights in each telephone
interview follow-up wave can be described in
four steps, as presented in Figure 2.

In the first step, a model was fitted to explain
the probability of responding to each follow-up
wave for each postnatal woman in the baseline
sample using the baseline covariate information
as well as the follow-up wave response indicator.
This procedure was applied independently for
each follow-up wave.

In the second step, the predicted values of
the response probabilities in each follow-up
wave were estimated using the model fitted in
step one.

In the third step, for each follow-up wave the
quintiles of the predicted response probabilities
were used to define five weight adjustment class-
es in which a response rate was estimated by the
ratio of the sum of respondents’ baseline calibra-
ted sample weights to the total of baseline cali-
brated sample weights of postnatal women of the
class, as indicated by expression (9) of Figure 2.

In the last step, the reciprocals of the response
rates estimated by follow-up wave and weight ad-
justment class were used to adjust the baseline
calibrated sample weights of the postnatal wom-
en interviewed in each follow-up wave.

For the models of response probability, the
set of potential predictor variables initially con-
sidered included: macro-region; located in capi-
tal city or not; type of hospital governance; post-
natal woman’s socioeconomic class (A+B, C, or
D+E), delivery payment (public, private health
insurance, or directly out of pocket), postnatal

woman age class (12-19 years, 20-34 years, and
35 years or more); “Have you got any work where
you get paid?” (yes or no); “Were you satisfied with
your pregnancy at its beginning?” (yes or no);
“Still birth or neonatal death of child?” (yes or
no); race or skin color (white, black, brown, yel-
low, or indigenous); “Were there obstetric compli-
cations during gestation leading to negative peri-
natal outcomes?” (yes or no); and for the second
follow-up wave only, has the woman responded
to the first follow-up wave (yes or no).

For the first follow-up wave, the significant
predictor variables were the three variables that
defined sample strata (macro-region, capital or
not and type of hospital governance), postna-
tal woman'’s socioeconomic class and postnatal
woman’s age class.

For the second follow-up wave the signifi-
cant variables were the same five variables listed
above plus “Have you got any work where you get
paid?”, “Were you satisfied with your pregnancy at
its beginning?” and “Still birth or neonatal death
of child?”.

In the correction of follow-up sample weight
(third step), the predicted response probabilities
were not used directly to adjust the baseline cali-
brated sample weights in each follow-up wave to
avoid undesirable variation in the final weights.
In fact, Kish 12 demonstrates that sample weights
may reduce bias but often increase the variance
of weighted estimators, since the ratio between
the variance of the weighted estimator and the
variance of the corresponding un-weighted es-
timator is equal to 1 plus the square of the coef-
ficient of variation of the sample weights. Thus

Cad. Saude Publica, Rio de Janeiro, 30 Sup:S1-S10, 2014
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Figura 2

Modelando probabilidades de resposta para calcular ajustes para os pesos dos dois seguimentos.

Denoting by Py ; jk the response probability of any postnatal woman in a follow-up wave. The logistic model in expression

(7) was fitted using the baseline calibrated sample weights:

(7) Logit(Pysk) = XhijkB where;

Xhi jk is the vector of values of the relevant baseline predictor variables for postnatal women k in the survey day j in
hospital i from selection stratum h; and
B is the vector of model parameters.

The predicted value of the response probability is provided in expression (8)

(®) Phijk = <
l+e

Since using the reciprocal of the predicted response probability as nonresponse adjustment weight in the follow-up wave
might lead to a large variation in the follow-up wave final weights, a more robust strategy was applied.
Firstly, the four quintiles of the predicted response probabilities were used to create five weight adjustment classes.
Within each weight adjustment class q, a response rate was estimated as the ratio of the total of respondents’ baseline
calibrated sample weights and the total of the class baseline calibrated sample weights, as indicated in expression (9)

C
Y Whijk XI(Mpijc = 1)
q

n

) fq = C , where
2 Whijk
q
Wﬁi ik is the calibrated sample weight of postnatal women k in the survey day j in hospital i from selection stratum h;
and

I(My; jk = 1) is the dummy variable that indicates if postnatal women k in the survey day j in hospital i from selection

stratum h has responded the telephone interview follow-up wave.
Finally, the reciprocal of this estimated response rate for the weight adjustment class is used as a multiplicative adjustment
factor for the baseline calibrated sample weight of each responding woman in the class, leading to a final wave specific

weight represented by Wﬂi jk » 38 indicated in expression (10).
c
Wi s
q _ "Vhijk
(10) Whijk = —7
fq

These steps were performed independently for each follow-up wave, always using the baseline information available.

the solution in the third and fourth steps leads
to a better solution in correcting the follow-up
sample weights for nonresponse, while keeping
the increase in weight variation to a minimum
(Table 3).

Cad. Saude Publica, Rio de Janeiro, 30 Sup:S1-510, 2014



Resumen

Este articulo describe la muestra de la Encuesta Nacio-
nal sobre Partos y Nacimientos en Brasil. Los hospita-
les con 500 o mds nacimientos en 2007 fueron estrati-
ficados por region, capital del estado o no, y tipo, y se
seleccionan con probabilidad proporcional al ntimero
de nacidos vivos en 2007. Se utilizé un muestreo inverso
para seleccionar los dias de encuesta (minimo 7), con el
fin de lograr 90 entrevistas en el hospital. Se realizo el
muestreo de las mujeres posparto, con igual probabili-
dad entre las mujeres elegibles que entraron en el hos-
pital cada dia. Los pesos iniciales son el inverso del pro-
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ducto de las probabilidades de inclusion en cada etapa
y se calibraron para asegurar que las estimaciones del
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