
meters using the software package MLn,
which allows four different procedures for
nonlinear multilevel modeling.22 Our analy-
sis uses the second-order predictive quasi-
likelihood (PQL) procedure, which pro-
duces more reliable estimates for this type
of modeling.23 Our results are expressed in
terms of cumulative probabilities.‡

Results 
Bivariate Analysis
As expected, there are acute differentials
by educational status in the probability of
having a first birth during adolescence, a
trend that has continued over time (Table
2). For young women aged 15–19, the
probability of a birth among the less-ed-
ucated is consistently at least twice that of
their more educated counterparts. This
also holds true with respect to women
aged 20–24 at the time of the survey. In ad-
dition, urban teenagers are less likely to
have ever given birth than are rural ado-
lescents. Although the direction of the dif-
ferential is consistent over time, its mag-
nitude does not appear to be as important
as that of educational attainment.

Mass media exposure, as measured
through television-viewing habits, also
appears to effect adolescent fertility. Young
women who watch television often are
consistently less likely than those who do
not to have had a first birth before age 20.
Nonwhite adolescents typically demon-
strate higher fertility than whites. There
is no consistent trend by religious affilia-
tion: Differentials between Catholic ado-
lescents and non-Catholic teenagers vary
in direction and magnitude over 10 years.

Results from the Multivariate Models
The multivariate multilevel discrete-time
hazard models make it possible to distin-
guish between structural effects (effects
pertaining to the age composition of the
population), individuals’ formative char-
acteristics (factors of a socioeconomic or
cultural nature) and community effects
(cluster-level variances) (Table 3).

We applied the model separately to the
data sets for 1986, 1991 and 1996 (Model 1).
Our results show that education is most
strongly associated with delayed child-
bearing among adolescents in Northeast-
ern Brazil. It is the only descriptive variable
(other than a woman’s age) that consis-
tently exercises a negative independent in-
fluence on the probability of having a first
birth during adolescence, and is statistically
significant (p<.01) for all three periods.

When we examine cumulative probabil-
ities for individual-level determinants ever
found to exercise a statistically significant

dling time-varying covariates (in particu-
lar, a woman’s age).21 Another advantage
of discrete-time hazard models is that they
allow us to fit censored observations (that
is, women aged 15–19 who had not yet com-
pleted adolescence at the time of the survey),
as well as women aged 20–24 years.

The model is essentially a logistic re-
gression, with the dependent variable
being the log odds of a woman having had
a first birth at age t (t=15, 16, 17, 18 or 19).*
As such, we have created a variable that
indicates with repeated measures whether
a first birth occurred at each given age of
exposure. Once the event occurs, the
woman is removed from the model. For
example, a woman aged 20 at the time of
the survey who first gave birth when she
was 17 contributes to three observations:
two indicating that she did not give birth
at either age 15 or 16, and one indicating
that the event occurred at age 17. If the ob-
servation is censored (for example, the
case of an adolescent currently aged 17
who has never given birth), she con-
tributes to two observations, indicating
the event did not occur at age 15 or 16.

We then estimate the effect of a specif-
ic covariate while controlling for a series
of other factors that are assumed to influ-
ence the response variable.†

We have included a number of demo-
graphic and cultural variables in our model
that are likely to influence adolescent fer-
tility behavior: age, place of residence, ed-
ucation, religion, mass media exposure and,
where available, race. We estimated para-

effect on adolescent fertility (Table 4), we
find that the magnitude of the impact of ed-
ucational status has remained relatively sta-
ble over time. An adolescent with only pri-
mary schooling at the time of the survey is
more than twice as likely to have had a first
birth as is one with a secondary or higher
education, even after the effects of time pe-
riod, age or other economic and cultural
characteristics are taken into account.

Differentials by religious affiliation seem
to have become attenuated over time: After
controlling for other characteristics, we
find that in 1991 and 1996, the difference
between Catholics and non-Catholics,
which had been important in 1986, was no
longer statistically significant. A similar
pattern is observed with regard to mass
media exposure. While the difference was
significant (at p<.05) in 1986 and 1991 and
in the expected direction (lower fertility
among adolescents who watch television
regularly), by 1996 there were no major dif-
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Table 2. Probability of having a first birth be-
fore age 20, by selected characteristics and
current age-group, according to survey year,
Northeastern Brazil

Characteristic 1986 1991 1996

ADOLESCENT (15–19)
Education
0–4 18.9 14.9 26.1
≥ 5 5.9 7.4 10.1

Place of residence
Urban 10.5 10.5 15.2
Rural 15.3 11.9 20.9

Religion
Catholic 11.6 10.3 17.7
Other/none 15.9 13.9 13.2

Race
White u 10.4 15.4
Nonwhite u 11.1 17.2

Watches TV weekly
Yes 8.5 9.4 14.9
No 20.2 17.2 27.0

YOUNG ADULT (20–24) 
Education
0–4 54.0 47.1 46.7
≥5 24.8 21.9 24.7

Place of residence
Urban 34.7 28.7 30.1
Rural 46.8 43.0 41.2

Religion
Catholic 36.0 32.7 33.5
Other/none 60.6 35.2 32.1

Race 
White u 28.6 28.9
Nonwhite u 34.6 34.9

Watches TV weekly
Yes 33.5 30.5 32.3
No 49.2 41.8 40.5

Note: Data shown relate to characteristics reported at the time of
survey and are weighted to reflect sampling procedures. u=un-
available.

*The few births to even younger mothers were counted
as having occurred to 15-year-olds.

†Our multivariate model may be written as:
log(htij/1–htij)=αt+x’ijβ+uj with htij=P{ytij=1 | ykij=0, k<t}.
We can define ytij to be the binary response at age t
(t=15–19, in completed years) of woman i having a first
birth in cluster j, where ytij is equal to one if the woman
has her first child at age t, and is equal to zero otherwise.
We can thus let htij be the conditional probability that ytij
is equal to one (given that it did not equal one at any pre-
vious time). In standard notation, at is a function of age
(a time-varying variable), xij the covariates vector and β
its corresponding parameters vector. The remaining term
in the equation, uj, expresses the variation across clus-
ters (itself independent of the baseline hazard across in-
dividuals).

‡The expected cumulative probability of a woman i in a
cluster j having a first birth at age t can be estimated as
follows: htij=exp(at+x’ijβ+uj)/(1+exp(at+x’ijβ+uj)). The
cluster-level random parameter is assumed to be nor-
mally distributed, with mean zero and variance σ2. Based
on these results, we can estimate the probability that the
event does not occur before time t. This probability is rep-
resented by: Ŝtij=k=1 ∏t-1(1–htij). We can now calculate
the cumulative probability that the event occurs, defined
as follows: F̂tij =1– Ŝtij. In order to calculate the effect of
a specific covariate on the cumulative probability, the oth-
ers are held at their mean.




