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Introduction
Puerto Ricans in both the continental

United States and Puerto Rico have the
highest incidence of low birthweight and
infant mortality of all Hispanic groups in
the United States.' In 1990, the low-birth-
weight rate in Puerto Rico was 9.1%, com-
pared with 7.0% for the United States as a
whole.2,3 In the same year, the infant mor-
tality rate in Puerto Rico was 13.4 per 1000
live births, compared with the overall US
rate of 9.1.2,4

In previous studies, investigators
have implicated increased birthweight-
specific neonatal mortality risks,1,5 smok-
ing,6 and inadequate prenatal care7 as con-
tributors to adverse pregnancy outcomes
in Puerto Rico; however, no previous
study has quantified the relative contribu-
tions of sociodemographic and socioeco-
nomic factors to the high incidence of low
birthweight and infant mortality on the is-
land.

This study had two objectives: to as-
sess the relative contributions of maternal
age, marital status, maternal education,
hospital of birth, and use of prenatal care
to the incidence of low birthweight in
Puerto Rico, and to assess the relative in-
dependent contributions of those same
factors to the incidence of infant mortality
after accounting for the effect of birth-
weight. The ultimate goal of the study was
to provide public health policymakers in
Puerto Rico with accurate information
that can guide the design and implemen-
tation of prevention strategies to reduce
the high incidence of low birthweight and
infant mortality.

Methods

From 1986 through 1989, 258 354 live
births occurred among Puerto Rico resi-

dents.2 Infant death certificates from 1986
through 1990 were matched to their cor-
responding birth certificates. Fewer than
2% of these certificates remained un-
matched, thus, valid data for the variables
under studywere available for 257 537 live
births and the 3373 corresponding infant
deaths.

We defined infant death as the death
of a newborn before the end of the first
year of life; infant birthweight as low birth-
weight (< 2500 g) or normal birthweight
(2 2500 g); maternal age as less than 20
years or 20 years or more; marital status as
unmarried (including consensual unions)
or married; maternal education as less
than 12 or 12 or more years of formal ed-
ucation; hospital of birth as public or pri-
vate; and prenatal care as none or some
prenatal care documented in the birth cer-
tificate.

We used the generalized linear model
technique to fit a binomial multiple regres-
sion model to the data.8 After considering
all possible combinations of main effects
of the variables under study, we selected
and compared four hierarchical models.
Two of these models (models la and lb)
included the combined effect of all expo-
sure variables on birthweight. Model la
included only the main effects, and model
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lb added all statistically significant
(P < .05) second-order interactions. The
log-likelihood ratios9 were 51.6 (df = 26,
P < .01) for model la and 32.9 (df = 23,
P = .08) for model lb. The other two
models (models 2a and 2b) added birth-
weight to the exposure variables and con-
sidered infant death as the outcome.
Model 2a included only the main effects,
and model 2b added all statisticaDly signif-
icant (P < .05) second-order interactions.
The log-likelihood ratios were 105.8
(df = 57, P < .01) for model 2a and 57.6
(df = 52, P = .27) for model 2b.

Finally, we estimated the population
attributable risk for each variable after ad-
justing for all other variables included in
model lb and model 2b.10 The population
attributable risk is the proportion of a
health outcome potentially prevented if
the risk associated with a given factor is
eradicated from the population after the
data have been adjusted for all other risk
factors. For instance, to estimate the pop-
ulation attributable risk oflow birthweight
for unmarried mothers-adjusting for the
simultaneous effects of age, education,
hospital of birth, and prenatal care (model
lb)-we calculated theindidl risks ac-
cording to the binomial regression model
and assumed that each mother was mar-
ried. We totaled these individual risks to
calculate the expected number of low-
birthweight infants if all mothers had been
married and compared that expected
number with the actual number of low-
birthweight infants observed in the popu-
lation. The following formula was used:

Population Attributable Risk =
100 x (Observed - Expected)/Observed.
Because the models selected showed a
good fit to the data, the observed number
of low-birthweight infants in the popula-
tionwasvery close to theone predicted by
the binomial regression model.

Results
According to our study, the average

infant mortality rate in Puerto Rico from
1986 through 1989 was 13.1 infant deaths
per 1000 live births (76% died in the neo-
natal period), and the average low-birth-
weight rate was 8.9 per 100 live births
(90% of low-birthweight infants weighed
between 1500 and 2499 g at birth). During
this period, approximately 1 in 6 mothers
were under 20 years of age, 1 in 3 were
unmarried, 1 in 3 had less than 12 years of
formal education, 2 in 3 gave birth in pub-
lic hospitals, and 1 in 50 were unable to
obtain any prenatal care (Table 1). Of all

deliveries in the public sector, 99% oc-
curred in hospitals owned by the Puerto
Rico Department of Health. Public sector
hospitals were more likely than private
sector hospitals to receive mothers under
20 years of age (25% vs 4%), unmarried
mothers (45% vs 12%), and mothers with
less than 12 years of formal education
(50% vs 9%).

Low-birthweight rates differed mark-
edly according to the maternal character-
istics examined in this study (Table 2).
Mothers with no prenatal care were 2.29
(95% confidence interval [CI] = 2.16,
2.42) times more likely to deliver a low-
birthweight newborn than were mothers
who had some prenatal care. Mothers in
public hospitals were 1.73 (95% CI = 1.68,
1.78) times more likely to deliver a low-
birthweight newborn than were mothers
in private hospitals. Unmarried mothers
were 1.42 (95% CI = 1.39, 1.46) times
more likely to deliver a low-birthweight
infant than were married mothers (infants
of single mothers and of mothers living in
consensual unions had similar low-birth-
weight risks). Less educated mothers
were 1.35 (95% CI = 1.32, 1.38) times
more likely to deliver a low-birthweight
infant than were more educated mothers.
Mothers 19 years of age or younger were
1.29 (95% CI = 1.25, 1.33) times more
likely to deliver a low-birthweight infant
than were older mothers.

After adjusting for all other variables
included in the model, we found that (1)

the low-birthweight risk among mothers
with no prenatal care was still 1.99 (95%
CI = 1.88, 2.10) times higher than among
women who received some prenatal care,
(2) the risk among mothers delivering in
public hospitals was still 1.55 (95%
CI = 1.50,1.60) times higher than the risk
among mothers delivering in private hos-
pitals, (3) the risk among unmarried moth-
ers decreased and was 1.18 (95%
CI = 1.15,1.21) times higher than the risk
among married mothers, (4) the risk
among mothers 19 years old or younger
decreased and was 1.07 (95% CI = 1.04,
1.11) times higher than the risk among
older mothers, and (5) the risk among less
educated mothers decreased and was 1.05
(95% CI = 1.02, 1.08) times higher than
the risk among more educated mothers.

Infant mortality rates also differed
markedly according to the maternal and
infant characteristics examined (Table 3).
Low-birthweight infants were 19.60 (95%
CI = 18.28, 21.02) times more likely to die
within their first year of life than were nor-
mal-birthweight infants. Infants of moth-
ers who did not have prenatal care were
4.03 (95% CI = 3.57, 4.54) times more
likely to die within their first year of life
thanwere infants ofmotherswho did have
some prenatal care. Infants delivered in
public hospitals were 2.35 (95% CI = 2.16,
2.55) times more likely to die within their
firstyearof life thanwere infants delivered
in private hospitals. Infants of unmarried
mothers were 1.58 (95% CI = 1.48, 1.69)
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times more likely to die within their first
year of life than were infants of married
mothers (infants of single mothers and of
mothers living in consensual unions had
similar risks of death). Infants of mothers
with less than 12 years of schooling were
1.41 (95% CI = 1.32, 1.51) times more
likely to die within their first year of life
than were infants ofmore educated moth-
ers. Infants of mothers 19 years old or
younger were 1.31 (95% CI = 1.21, 1.42)
times more likely to die within their first
year of life than were infants of older
mothers.

After adjusting for all other variables
included in the model, we found that (1)
the risk of death among low-birthweight
infants was still 17.95 (95% CI = 16.72,
19.26) times higher than among normal-
birthweight infants, (2) the risk among in-
fants ofmothers with no prenatal carewas
2.04 (95% CI = 1.82, 2.30) times higher
than among infants of mothers with some
prenatal care, (3) the risk among infants
delivered in public hospitals decreased
and was 1.65 (95% CI = 1.50, 1.81) times
higher than among infants delivered in pri-
vate hospitals, (4) the risk among infants
of unmarried mothers decreased and was
1.09 (95% CI = 1.01, 1.16) times higher

than among infants of married mothers,
(5) the risk among infants of less educated
mothers decreased and was 0.94 (95%
CI = 0.88, 1.02) times that among infants
ofmore educated mothers, and (6) the risk
among infants of mothers 19 years old or
younger decreased and was 0.99 (95%
CI = 0.91, 1.07) times that among infants
of older mothers.

The risk of death among low-birth-
weight infants who had more educated
mothers and were born in public hospitals
was 1.9 times higher than the risk among
low-birthweight infants who also had
more educated mothers but were born in
private hospitals. On the other hand, we
found no difference in the risk of death
among normal-birthweight infants who
had less educated mothers and were born
in public hospitals compared with normal-
birthweight infants who also had less ed-
ucated mothers but were born in private
hospitals.

Disussion
Our results confirm that low birth-

weight is the most important determinant
of infant mortality in Puerto Rico. Ap-
proximately 6 of every 10 infant deaths on

the island could be prevented if low birth-
weight were eradicated, regardless of
other associated factors (Table 3). The
eradication of risk associated with the so-
ciodemographic and socioeconomic fac-
tors included in our study (including hos-
pital of birth) would potentially decrease
the incidence oflow birthweight in Puerto
Rico by one third (Table 2). The elimina-
tion of the risk associated with hospital of
birth alone, as a proxy for socioeconomic
risk factors, would potentially decrease
the incidence of low birthweight in Puerto
Rico by 28%, regardless of other factors
considered in our study.

By considering the impact of socio-
demographic and socioeconomic factors
on the entire population, we have demon-
strated that the independent contribution
of most of these factors was generally
small after accounting for hospital ofbirth.
Specifically, the independent contribu-
tions of age and marital status to the inci-
dence of low birthweight were substan-
tially lessened after accounting for
hospital of birth. Therefore, health plan-
ners should reconsider the widely held ex-
pectation that infant mortality in Puerto
Rico will significantly improve if interven-
tions focus on younger pregnant mothers.

Although we could postulate an eti-
ologic role for hospital of birth in contrib-
uting to the incidence of infant mortali-
ty,15 it is not plausible to consider hospital
of birth as a causal factor in the incidence
of low birthweight. More likely, hospital
of birth is another marker for socioeco-
nomic disadvantage unaccounted for by
variables such as maternal education and
marital status. It is reasonable to assume
that most patients served by the public
sector in Puerto Rico lack private health
insurance.

Hospital of birth may reflect nutri-
tional practices, personal habits (such as
illicit drug use, alcohol use, and smoking
practices6), access to prenatal care,7 psy-
chological and social stresses,"1 and par-
enting skills, among other behavioral, so-
cial, environmental, and economic
disadvantages that have been traditionally
associated with the public health concept
of race.12

The usefulness of the concept of race
in medical and public health research has
been reviewed recently.'2-17 Although the
Puerto Rico Department of Health col-
lects data on race in its vital statistics sys-
tem, race has never been used in the anal-
yses and reports of these data because it is
believed to contain unavoidable and sig-
nificant misclassification. In Puerto Rico,
there is as yet no risk marker equivalent to
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the public health concept of race to help
identify populations at high risk of low
birthweight and infant mortality and thus
rally support and target intervention strat-
egies to prevent these outcomes. We pro-
pose that hospital of birth, instead of the
public health concept of race, be used in
Puerto Rico to define health care and preg-
nancy outcome gaps between the public
and private sectors.

Our study also demonstrates, how-
ever, that hospital of birth is a significant
independent contributor to infant mortal-
ity after controlling for birthweight, re-
gardless of other sociodemographic fac-
tors. Thisfinding suggests that the survival
of infants delivered in public hospitals
could be improved regardless of the so-
ciodemographic profile of the mother.1'5

We found a complex but interesting
relationship between maternal education
and hospital of birth. The association be-
tween hospital of birth and infant mortal-
ity was substantially reduced among in-
fants of less educated mothers. The
relative risk of death associated with pub-
lic hospitalswas 60% to90% higheramong
infants ofmore educated mothers but only
0%o to 20% higher among infants of less
educated mothers. This interaction is also
reflected in the complex relationship be-
tween birthweight, hospital of birth, and
maternal education (Table 3). The associ-
ation between maternal education and in-
fant mortality seems more pronounced
among infants delivered in private hospi-
tals. Conversely, it could be argued that
the association between hospital of birth
and infant mortality is more distinct
among the more educated mothers. In
fact, the (absolute) risk of death among
low-birthweight infants who had less ed-
ucated mothers was 86.5 per 1000 live
births in public hospitals compared with
70.7 in private hospitals. Among low-
birthweight infants who had more edu-
cated mothers, the risk ofdeath was 111.3
per 1000 live births in public hospitals
compared with 59.1 in private hospitals
(data not shown). Therefore, maternal ed-
ucation may not fully reflect socioeco-
nomic status among low-birthweight in-
fants. On the other hand, the risk of death
among normal-birthweight infants who
had less educated mothers was 5.7 per
1000 live births in public hospitals com-
paredwith 5.6 in private hospitals. Among
normal-birthweight infants who had more
educated mothers, the risk of death was
5.1 per 1000 live births in public hospitals
compared with 3.3 in private hospitals
(data not shown). Therefore, normal-
birthweight infants who had less educated

mothers were at higher risk of death re-
gardless of where they were born.

We did not attempt to assess the full
effect of prenatal care on low birthweight
and infant mortality. In fact, our classifi-
cation of prenatal care as "none" or
"some" reflects how crudely we were
able to approach this matter. Using vital
records in Puerto Rico, other researchers
have found no appreciable differences in
pregnancy outcomes exanined according
to the trimester in which prenatal care be-
gan.7 Therefore, the low population attrib-
utable risks associated with prenatal care

should not be viewed as evidence of inef-
fectiveness but as evidence ofour inability
to measure what really works and what
does not work in prenatal care. Neverthe-
less, our analysis suggests that a lack of
prenatal care either sorts out those at high
risk of low birthweight and infant mortal-
ity or is associated with a twofold increase
in both, regardless of other risk factors.
The impact of this increased risk on the
population as a whole is constrained by
the low prevalence ofwomen with no pre-
natal care on the island.

The results of this and previous stud-
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ies'1 are being used to document the need
to improve the perinatal health care pro-
vided in Puerto Rico's public hospitals, and
a special tax has been enacted for maldng
such improvements. Few neonatal inten-
sive care beds are available in Puerto Ri-
co's private sector, because most high risk
neonates are usually transferred to tertiary,
public health care facilities. Therefore, the
special tax revenues will be used to reduce
infant mortality by improving the survival
of newborns in Puerto Rico.

The Puerto Rico Department of
Health has also launched a major initiative
to improve the access, quantity, and qual-
ity of prenatal care in the public sector.
Health officials in Puerto Rico agree that
the most cost-effective way to reduce in-
fant mortality is to prevent low birth-
weight through universal access to timely
and good prenatal care.'8 Of course, fur-
ther studies are needed to sort out the risk
factors associated with low birthweight
due to preterm delivery and to intrauterine
growth retardation because vital statistics
data do not provide reliable information
on gestational age.19 Further studies are
also needed to assess how life-styles and
personal habits, such as illegal drug use,
smoking, and alcohol use, relate to preg-
nancy outcomes in Puerto Rico.

The prevention of low birthweight
and infant mortality, as with most health
outcomes, is seldom related to specific
technological interventions. Public health
officials and clinical practitioners can sig-
nificantly improve infant mortality in
Puerto Rico, however, by lowering birth-
weight-specific infant mortality risks.'
Long-term prevention strategies designed

to improve infant mortality, on the other
hand, more likely will be associated with
reducing the gap in low birthweight be-
tween the private and public sectors. []
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