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Abstract
Study objective-This study aimed to analyse
the influence of social, economic, and health
development on infant and perinatal mor-
tality in Spain between 1975 and 1986, and to
identify possible changes in these
relationships over time.
Design-Study of the association between
mortality and a range of variables.
Setting-50 Spanish provinces.
Measurements and main results-Mean
infant and perinatal mortality were estimated
for two periods-1975-8 and 1983-6. Social,
economic, and health care indicators were
collected as independent variables for these
two periods. The rates of variation between
periods were estimated for each variable.
Multiple linear regression models were used
to define the association between infant and
perinatal mortality and their respective rate
ofvariation with the former indicators. Mean
familial income was the main predictive
factor for infant and perinatal mortality in the
first period but in the second period health
care indicators were more relevant.
Conclusions-The reduction in Spanish
infant and perinatal mortality over the period
can be attributed mainly to the improvement
in prenatal and neonatal health care in Spain
in recent years, while economic factors seem
less important.
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Infant and perinatal mortality in Spain have fallen
steeply in the past two decades and are now the
same as in most developed countries.' 2 Infant
mortality has fallen from 18 9 in 1975 to 9-2 in
1986, a decrease of 51 3%. This trend has been
similar for perinatal mortality, which showed a

50 7% reduction between 1975 (21 1) and 1986

(10-7).3 These reductions in mortality are similar

to, or even higher than, those seen in other

European countries.4 6

The reductions in infant and perinatal mortality
can be partly explained by the socieconomic and

health care development maintained by Spain,
especially since the second half of the 1970s (just as

they have been explained in other countries).7 9

Neither the starting level nor the speed of this

development has been the same in all the Spanish
regions, however, which may explain the wide

inter-regional differences that still remain.'o 12

This situation also occurs in other European coun-

tries.9 13 14
This study aimed to assess the influence of

socioeconomic and health developments on infant

and perinatal mortality in Spain between 1975 and
1986 and tried to identify changes in the pattern
over time.

Methods
Two periods have been considered 1975-8 and
1983-6. For each year of both periods, and for the
50 Spanish provinces, the following dependent and
independent variables were collected:

DEPENDENT VARIABLES

Using data from the General Register of Spanish
Population,'5 the infant mortality (total number of
infant deaths (less than 1 year old) per 1000 live
births) and perinatal mortality (total number of
perinatal deaths (late fetal deaths plus early neo-
natal deaths) per 1000 births) were calculated.

INDEPENDENT VARIABLES
Using data from the General Register of Spanish
Population'5 and the Spanish Population Statistics
Annual, 16 the following sociodemographic vari-
ables were obtained:

Proportion of young population (less than 24
years old);
Birth rate (total births per 1000 inhabitants);
Density of population;
Inter-regional migration rate (total number of
emigrants to other provinces per 1000 inhabit-
ants);
Proportion of illegitimate births;
Proportion of dystocic deliveries.
From the Economic Report of the Bilbao Bank'7

the following socioeconomic indicators were
obtained, generally every two years:

Familial mean income;
Gross domestic product (GDP)/1000 inhabit-
ants;
Proportion of active population;
Unemployment rate.
Mean familial income and GDP were adjusted

for each year according to the respective consumer
price indices.
The following health care indicators were

obtained using data from the General Register of
Spanish Population,'5 Spanish Population Statistics
Annual,lb and the Spanish Hospital General Stat-
istics: I

Proportion of live births not attended by health
care workers;
Total number of midwives/1000 live births;
Hospital beds/1000 inhabitants;
Paediatric beds/ 1000 children (from 0 to 14 years
old);
Obstetric-gynaecologic beds/1000 women;
Incubators/1000 live births;
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Health care workers/1000 inhabitants, divided
into:

Physicians/i 000 inhabitants;
Paediatricians/i 000 children;
Obstetricians and gynaecologists/1000
women;
Nurses/1000 inhabitants.

From these annual data mean values for all the
variables for each province were estimated for the
two study periods. National values were also
calculated. All the mean values were weighted by
the size of the denominators of each variable.
The mean value for each variable for the two

periods were used to calculate the percentage of
change in the second period with regard to the first
(which was taken as the reference).

Firstly, a multiple linear regression model'9 was
used to analyse the relationship between the
provincial infant and perinatal mortality rates and
the independent variables for each time period.

Successive multiple linear regression models
were applied to assess the change in these
relationships over time using two different
approaches. In the first, infant and perinatal
mortality for the second period (IMR2 and
PMR2, respectively) were used as dependent
variables. In the second, their respective per-
centages of change between periods (pIMR and
pPMR, respectively) were considered as
dependent variables. For both approaches, the
values of all the variables in the first period
(including infant and perinatal mortality rates,
IMR1 and PMRI respectively) and their
respective percentage of change between periods
were considered as the independent factors.
Four multiple regression analyses were applied

for each rate. It should be pointed out that there
was no a priori priority order established in the
independent factors. Thus, the initial criterion for
selecting the best model was to take into account
the one with the best predictive power with a
significance level of 0-15. This predictive power
was evaluated in respect of two parameters-the
adjusted determination coefficient of the model
and the Mallow's Cp coefficient. All the models
were obtained by using the Fumival-Wilson
algorithm,20 which, by computing only a small

fraction of all the possible regression models,
enabled us to identify the best subgroup of
independent variables. For practical and operative
reasons, a maximum number of five independent
terms was initially specified. In a second phase, a
stepwise multiple regression analysis'9 was sub-
sequently applied in an attempt to increase the
power of the preceding model by the addition of
new independent terms.

Statstical analysis was performed using the
BMDP statistical package, implementing the 2R
and 9R programs.20

Results
INFANT MORTALITY RATE
The model obtained for IMRI (table 1) includes
four variables: familial mean income, birth rate,
proportion of live births not attended by health
workers, and the number of health care workers/
1000 inhabitants. The partial correlation
coefficient is negative for the first two factors and
positive for the other two. The adjusted determin-
ation coefficient fo the model was 0 53.

In the second period, the predictive model for
IMR2 is composed of the following factors, in
order ofinclusion: the proportion oflive births not
attendant by health workers, paediatric beds/1000
children; and incubators/IOOO live births, with an
adjusted determination coefficient of 0-31.

In the third model, IMR2 was considered as the
dependent variable. The values of all the factors in
the first period were taken as independent factors
as were their respective rates of variation between
periods. The following variables were included in
the model: IMRI, the percentage of change in the
proportion of dystocic deliveries; the number of
midwives/1000 live births; the proportion of live
births not attended by health workers; and the
percentage of change in the number of nurses/
1000 inhabitants. The last variable was the only
one which held a negative partial correlation
coefficient. The adjusted determination
coefficient of the model could explain 44% of the
interprovincial variability in IMR2.

Finally, taking thepIMR as the dependent term,
and considering the same independent factors as

(1) (2) (3) (4)Variables IMR I IMR2 IMR2 pIMR
IMR1 - (1) 0-45 0-26 (2) -0-45 -1-13
Familial mean income (1) -0 55 -0-9x104 x x x
Birth rate (4) -0 30 -0-21 x x x
Health care workers/1000 inhabitants (3) 0-45 0 55 x x x
Midwives/1000 live births x x (4) 0-23 0 21 x
% live births not attended by health worker (2) 0-37 0-62 (1) 0-52 0-86 (5) 0-33 0 30 x
Paediatric beds/1000 children x (2) 0-15 1-62 x x
Incubators/1000 live births x (3) -031 -0-31 x x
% change in nurses/1000 inhabitants - - (2) -045 -0-02 (1) -0 44 -0-13% change in the proportion of dystocic

deliveries - - (3) 0-24 0-002 (5) 0-27 0-01% change in the no of midwives/1000 live
births - - x (3) -0-30 -0-01

% change in the proportion of active
population - - x (4) -0-25 -030

Mallow's coefficient -2-42 (5 var) -1-07 (3 var) -10-54 (5 var) -9-70 (5 var)
Determination coefficient 0-53 0-31 0-44 0 44
(l)=model for IMR in the first period (1975-8). The figures for the variables in the first period were used for the analysis.
(2)=model for IMR in the second period (1983-6). The figures for the variables in the second period were used for the
analysis.
(3)=model for IMR in the second period (1983-6). The figures for the variables in the first period and their respective
percentages of change between periods were used for the analysis.
(4)=model for percentage of change of IMR. The figures for the variables in the first period and their respective percentages ofchange between periods were used for the analysis.
For each variable, the step in which it was entered in the model is indicated in parentheses. The second figure is the partial
correlation coefficient, and, on the right, the regression coefficient (beta) is represented.
-variable not used in the analysis; x=variable not included in the final model.

Table I Multiple
regression analysis for
infant mortality rates
(IMR)
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in the previous model, three variables remain in
this new model: IMRI, inversely associated with
pIMR; the percentage of change in the number of
nurses/1000 inhabitants; and the percentage of
change in the proportion of dystocic deliveries.
These two last variables maintain the same partial
correlation coefficient as in the previous model.
The model also included the percentage of change
in midwives/i 000 live births and the percentage of
change in the proportion of active population;
both factors inversely associated with pIMR. The
adjusted determintion coefficient ofthe model was
0 44.

PERINATAL MORTALITY RATE

The model obtained for PMR1 (table II) con-
tained three independent terms: familial mean
income, obstetric and gynaecologic beds/1000
women, and the density of population; all of them
inversely associated with PMR1. The adjusted
determination coefficient of the model was 0-49.
The model for PMR2 was composed of the

following terms: the proportion of live births not
attended by health workers, birth rate, paediatric
beds/1000 children, total hospital beds/1000 in-
habitants, and obstetricians and gynaecologists/
1000 women. These two last factors were inversely
related with PMR2, while the other held a positive
partial correlation coefficient. The value of the
adjusted determination coefficient was 0 35.

In the third model (taking the values of the
variables in the first peroid, as well as their
respective rate of variation as the independent
terms of the equation), the model for IMR2
included the following variables: physicians/i 000
inhabitants, percentage of change in the number
ofmidwives/ 1000 live births, percentage ofchange
in the number ofnurses/I000 inhabitants, PMR1,
and paediatric beds/1000 children. The partial
correlation coefficient had a positive value for the
last two factors and was negative for the others.
The adjusted determination coefficient reached a
value of 0-48.

Finally, the model for pPMR initially intro-
duced five variables, four ofwhich occurred in the
previous one: physicians/1000 inhabitants, per-
centage of change in the number of midwives/
1000 live births, PMR1, and paediatric beds/I000

children. These variables held the same kind of
association with pPMR as in the previous model,
with the exception of PMR1, which changed the
sign of its partial correlation coefficient. The fifth
variable introduced was the percentage of change
in the rate of illegitimate births, which had a
negative partial correlation coefficient. This was
the only model in which the stepwise regression
added a new independent term: the percentage of
change in the number of physicians/ 1000 in-
habitants, also with a negative partial correlation
coefficient. The model was able to explain 46% of
the interprovincial variation in pPMR.

Discussion
The association between infant and perinatal
mortality and social, economic, and health related
variables has been widely reported in aggregate
studies21-24 and person based designs.25-27 In
Spain, although several reports have been
published,'0 11 28 the temporal evolution of these
associations has not been assessed until now.

In the present report, the strongest determinant
of both infant and perinatal mortality for the
period 1975-8 was the mean family income. This
was a better predictor than the health service
provision indicators. These results agree with
those reported by Salleras et a128 and Zurriaga et
all0 both ofwhom analysed a similar period. In the
United Kingdom, significant associations between
several socioeconomic indicators and regional
infant29 and perinatal mortality rates22 30 have
also been found. The relationship between eco-
nomic variables and perinatal mortality received
strong support in a WHO sponsored comparative
study across eight countries.3'

In the models for 1983-6, however, the eco-
nomic component was replaced by health care
indicators that were inversely related to mortality
rates. Buck and Bull32 showed that health care
indicators were stronger predictors than economic
factors for infant mortality in the most developed
countries. According to our results, they became
so in Spain in the 1980s, which suggests a time lag
in achieving the level ofother developed countries.
On the other hand, the variance explained by

the models for the period 1983-6 is clearly lower

(1) (2) (3) (4)
Variables PMRI PMR2 PMR2 pPMR

PMRI - (2) 0-33 0 43 (5) -0 32 -0 75
Density of population (3) -0 30 -0 01 x x x

Birth rate x (3) 0 24 0 40 x x

Familial mean income (1) -0-64 -0 6x10-4 x x x

Hospital beds/1000 inhabitants x (2) -033 -052 x x

Paediatric beds/1000 children x (5) 0-25 1-57 (3) 0-34 2 09 (3) 0-44 14-1
Obstetric beds/1000 women (2) -0-32 -4 25 x x x
Physicians/G000 inhabitants x x (1) -0 46 -3 14 (2) -0-23 -20-9
Obstetrician-gynaecologist/1000 women x (4) -0-20 -1 38 x x
% live births not attended by health worker x (1) 0-47 0-77 x x

0/, change in midwives/1000 live births - - (4) -0 36 -0 0004 (1) -0 35 -0-02
% change in nurses/1000 inhabitants - (5) -0-37 -0-03 x
% change in the % of illegitimate live births - - x (4) -0 30 -0-04
% change in physicians/G000 inhabitants - x (6) -0-36 -0-14
Mallow's coefficient -3 66 (3 var) --2 82 (5 var) -8 03 (5 var) -2.60 (5 var)
Determination coefficient 0 49 0 35 0 48 0-46

(1)=model for PMR in the first period (1975-8). The figures for the variables in the first period were used for the analysis.
(2)=model for PMR in the second period (1983-6). The figures for the variables in the second period were used for the
analysis.
(3)=model for PMR in the second period (1983-6). The figures for the variables in the first period and their respective
percentages of change between periods were used for the analysis.
(4)=model for percentage of change PMR. The figures of the variables in the first penrod and their respective percentages of
change between periods were used for the analysis.
For each variable, the step in which it was entered in the model is indicated in parentheses. The second figure is partial
correlation coefficient, and, on the right, the regression coefficient (beta) is represented.
-variable not used in the analysis; x=variable not included in the final model.

Table II Multiple
regression analysis for
perinatal mortality rates
(PMR)
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than that of the models for 1975-8. This decrease
is greater for infant mortality (from 0 53 to 0 31)
than for perinatal mortality (from 049 to 035),
which agrees with the increasing value that peri-
natal mortality is receiving as a health indicator in
developed countries.33 This does not, however,
obviate the fact that there is a decreasing associa-
tion between socioeconomic and health service
provision indicators, and both rates. This trend,
typical of developed countries,34 can be explained
by the decreasing rates over time, which reduce
absolute interprovincial variability. When a cer-
tain level of development is reached, the associa-
tion between the rates studied and this
development lessens. This occurs when rates
achieve "difficult to improve on" values. It is easy
to verify that Spain reached the mortality figures of
its neighbouring developed European countries
during the 1980s.' 2
With regard to the models of time trends,

several facts should be noted. Firstly, the figures
for both rates for the second period (1983-6) are
dependent on those of the first 1975-8. This
means that the provinces with the best and the
worst values are the same for both periods
studied-that is, the geographical differences
remain. 10-12 On the other hand, there is an inverse
association between the percentage of change
(between the two periods considered) and the
initial figures. This means that the provinces with
the highest figures experience the greatest reduc-
tions, and vice versa. This result does not support
the finding by Garcia-Gil et al. 12 These authors do
not find an association between initial perinatal
mortality figures and percentages of decrease for
the period 1975-83. This discrepancy may be
explained by the different unit of study (autono-
mous regions instead of provinces). Unfor-
tunately, our results do not suggest that extreme
provincial figures get closer with time. As men-
tioned above, when mortality rates decrease with
time the same happens with the variance of data.
Therefore, if the average rate figures are standard-
ised, using their standard deviations for each year,
an increased dispersion of the provincial figures as
reference to the mean national figure for the last
years is appreciated.35

Analysis of the variables that best explain the
evolution of both rates during the periods studied
shows that the changes in these rates are strongly
related to improvements in health care indicators
(increase in the number of midwives or nurses,
etc) and not to amelioration in other indicators.
According to the model of Pendleton and Yang,36
improvement in basic health care is most ben-
eficial when a country is at an early development
stage. Rosero-Bixby37 in Costa Rica, and Sandi-
ford et al38 in Nicaragua offer a similar explanation
for the decrease in infant mortality in recent years.
However, Pendleton and Yang also suggest that
when a certain level is reached, economic factors
become far more important. Thus, in Cuba (the
country with the best infant mortality in central
and South America) socioeconomic variables are
the most important determinants.39 Furthermore,
bearing in mind our results and those of
others,4 4042 it seems that in the most highly
developed countries, reductions in infant and
postnatal mortality are related more closely to
improvements in specialised health care than to

socioeconomic factors.9 4 Therefore, three stages
in the evolution of infant and perinatal mortality
can be highlighted in every country: (a) an initial
relationship with improvements in basic health
care which progresses to (b) an association with
economic factors; and (c) a return to a dependence
upon specialised prenatal and neonatal health
care. Our results may mark the boundaries of (b)
and (c) in Spain.

It would have been desirable to consider not
only health care indicators but also health service
use indicators. Although a direct relationship
between these could be assumed, it is obvious that
health service use reflects a wider dimension ofthe
association between health care and improvement
in mortality rates, which could not be measured in
our study. Unfortunately, there are few reliable
sources of data on the rates of use of health care
facilities in Spain, and they are not available for all
the Spanish provinces or for all the years studied.
The decreasing importance of economic

indicators on mortality over time can be explained,
at least partly, by a decreasing reliance of health
care on economic development. This has been
noticed in highly developed countries, such as
Sweden,43 44 and is partly revealed in our results
where a decrease in the correlation coefficients of
familial income with other indicators was observed
between 1975-8 and 1983-6 (table III). Another
thing should be remembered-the differences
within a country get smaller as the level of
development improves, and this hinders the
finding of significant associations with other
variables.

Table III Simple correlation coefficients between familial
mean income and several health care indicators in both
periods: 1975-8 and 1983-6.

Familial mean income

Variables 1975-8 1983-6

Obstetric-gynaecologic
beds/1000 women 0 43 0 12
Physicians/I000 inhabitants 0-46 0 20
Paediatric beds/lO00 children 0-34 0-04
% live births not attended by health
worker -0-35 -0-38

Incubators/1000 live births 0-32 0-28
Nurses/1000 inhabitants 0-03 0-02
Midwives/1000 live births 0-38 0-25

Finally, it should be emphasised that several
factors maintain an inverse relationship, as
opposed to that which would be expected. For
instance, the number of paediatrics beds per
thousand population is positively related to
postnatal mortality. This may reflect an error in
registering death-to the place of death instead to
the place of residence. The provinces with the
highest number of paediatric beds (the more
developed) look after patients from neighbouring
provinces.

In conclusion, for Spain as for other developed
countries the decreases in infant and postnatal
mortality observed for recent years are attributable
to improvements in health care. Starting in the
1980s, when mortality rates had reduced con-
siderably, determinants have shifted from eco-
nomic factors to health care indicators, especially
with regard to infant mortality.

We thank David Peiris for helping us to translate this
manuscript into English.
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