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Abstract

Analysis of vital statistics for the Czech Republic between 1986 and 1993, including 3,254 infant
deaths from 350,978 first births to married and single women who conceived at ages 18-29 years,
revealed a neonatal survival advantage for low-weight infants born to disadvantaged (single, less
educated) women, particularly for deaths from congenital anomalies. This advantage largely
disappeared after the neonatal period. The same patterns have been observed for low-weight infants
born to black women in the United States. Since the Czech Republic had an ethnically homogenous
population, virtually universal prenatal care, and uniform institutional conditions for delivery, Czech
results must be attributed to social rather than to biologic or medical circumstances. This strengthens
the contention that in the United States, the black neonatal survival paradox may be due as much to
race-related social stigmatization and consequent disadvantage as to any hypothesized hereditary
influences on birth-weight-specific survival.
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It is well known that in the United States, the mortality rate for black infants is twice that for
white infants. Controlling for social class, educational background, marital status, and other
dimensions of social structure fails to dispel the race-based contrast in survival rates. This
contrast remains the highest profile, most perplexing, and most studied disparity in life chances
in the United States. Higher black infant mortality in part reflects the fact that black infants,
more often than white infants, weigh less than 2,500 g at birth (1-3). At normal birth weights
(2,500 g or more), black infants also have a higher risk of dying during the first year than do
white, Asian, or Hispanic infants (4), but the excess of black low-weight births accounts for
the largest share of the total difference in infant mortality (5), since most infant deaths occur
after low-weight births.

However, when low-weight births are considered separately, black infants have a lower
mortality rate than white infants of a similar birth weight (6,7), at least during the first weeks
of life (8). After the neonatal period, higher death rates for black infants reappear even for low-
weight births. The temporary survival advantage is due particularly to lower rates of death from
congenital anomalies among black low- weight infants (9-12). Even at normal birth weights,
blacks have a lower death rate than whites for congenital anomalies, whereas some studies
(e.g., (3)) have found that for blacks, rates of death from other causes such as infections and
injuries far exceed those for whites.

In an attempt to understand this inversion in survival chances, Wilcox and Russell (7) have
called for population-specific standards for birth weight. They point out that a weight
considered dangerously low for a white infant might be more normal for a black infant if normal



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Carlson and Hoem

Page 2

birth-weight distributions differ by race, as they are known to do for sex (7,13). However, racial
categories in part may be labels for other factors whose impact on infant mortality should not
be lost. “Race” is a social construct with no generally agreed-upon or understood intrinsic
scientific meaning (14). In the United States, groups conventionally defined as white or black,
for example, are composed of genetically diverse persons of varying degrees of mixed ancestry.
In a society in which perceived, ascribed, or self-identified race is a stigmatizing source of
social disadvantage, with intrinsic consequences for education, employment, marriage, and
many other aspects of life, any inherent biologic racial elements are at most part of the
explanation for differences in birth weight and infant survival.

Differences in birth-weight distributions and infant survival may be due to social conditions
as much as to race-linked heredity (15,16). Otherwise, it is difficult to understand why the
increase in the incidence of low birth weight among children who have one black and one white
parent (relative to those who have two white parents) is twice as large when the father is black
as when the mother is black (17). This is reinforced by the finding that the birth-weight
distribution of births to African-born blacks in Illinois (1980-1995) resembles that of births to
US-born whites more than that of births to US-born blacks (18). Commenting on the persistent
effect of race found in data for the United States, Hogue and Hargraves place most of the blame
on socioeconomic inequalities but conclude that “we must question whether eliminating
poverty is sufficient to eliminate social differences in infant mortality” (19, p. 9). The call for
population-specific standards for birth weight may apply equally well to other groups definable
by lifestyle (20,21) or a distinctive niche in society (22).

International research shows that when nonbiologic criteria are used to identify social
disadvantage, low-weight infants born to socially disadvantaged women have the same
temporary survival advantages associated with race in the United States. In Israel, Shoham-
Yakubovich and Barell (23) documented a temporary survival advantage for low-weight
infants born to women with only elementary schooling or less, compared with corresponding
infants of more educated women, after controls for maternal age and parity were introduced.
At the same time, the mortality rate for normal-weight infants born to women with a low level
of education was more than twice as high as the rate for corresponding infants of more educated
mothers. What is observed in the United States as a “race” effect is evident in Israel as an effect
of educational level. While hereditary group differences in weight distributions may be a
plausible hypothesis for explaining the race paradox in survival of US infants, the same can
hardly be said when the survival paradox is associated with social factors such as education.
In this paper, we add evidence to this growing literature by showing that the same neonatal
survival paradox exists in terms of marital status and educational level for mothers in the Czech
Republic.

MATERIALS AND METHODS

Data

The Czech Ministry of Public Health furnished individual birth records from the Czech
Republic for 1986-1992. Infant death records from 1986 to 1993 were matched to these births.
Only 0.5 percent of all death records were unmatched compared with 2.5 percent of all US
death certificates in the 1993 matched file of natality/infant mortality data. Thus, the matched
Czech records were of better quality than US national-level data and at least as good as the
best state-level matched files.

The value of studying Czech data is twofold. First, the Czech Republic has one of the world’s
most ethnically homogenous populations available for study; fully 94 percent of the people are
ethnic Czech (24). Therefore, it is highly unlikely that variations in birth-weight distributions
based on marital status or education reflect any hereditary differences. Second, the access that
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Czech women have to prenatal and other health care is not sharply differentiated with respect
to social factors such as marital status, education, and occupation. According to a World Health
Organization and Centers for Disease Control study (25), 99 percent of pregnant Czech women
obtained prenatal care during the years studied. More than 94 percent of them made 10 or more
prenatal visits. Virtually all births in the country occurred in the maternity wards of state-run
hospitals because physicians were all state employees who were not allowed to maintain private
practices. Thus, all women were exposed to essentially the same institutional conditions during
labor and childbirth.

On the basis of the ethnic homogeneity and the uniformity of health care in the Czech Republic,
observed patterns in birth-weight distributions and associated infant survival rates should
therefore result from underlying differences in lifestyles and social conditions rather than from
differences in proximate exposure to health care during pregnancy or hereditary differences in
the birth-weight distribution itself. Such factors cannot be held constant in the United States;
ethnically, the population is very diverse, and, even within ethnic groups, differences in
education and income mean very different patterns of exposure to health care during pregnancy.

We defined mortality as the number of infant deaths in a specific population subgroup and
segment of time divided by the corresponding number of person-years (or other person-time
units) of exposure to risk. For cases who died, we assigned half a day of risk during the day
that death occurred, whereas cases who survived that day contributed a whole day of exposure
torisk. All counts of person-days represented aggregations of half-day units of time contributed
by individual cases. Those who survived to day 365 were treated as right censored. Numbers
of person-days lived and infant deaths, as well as the corresponding risks of death at various
levels of variables, are shown intable 1. We converted infant deaths to annual rates per thousand
by dividing the number of deaths by person-days lived and multiplying that number by 365.25
days per year and then by 1,000.

Also presented in table 1 are the numbers of newborn infants at risk in each category of each
of the first four variables shown and the corresponding infant mortality rate, computed as the
number of infant deaths per 1,000 newborn infants. The two measures of mortality largely
coincide for low to moderate risks but deviate when mortality is high because of the uneven
timing of deaths. The overall average risk of 9.37 deaths per 1,000 person-years lived is
comparable with the infant mortality rate of 9.27 deaths per 1,000 livebirths calculated by using
the same data. The more detailed measure of risk was slightly higher than the traditional infant
mortality rate but can be interpreted in much the same way.

As shown, the risk of infant mortality declined strongly as birth weight increased. Following
extensive exploration of alternatives, we merged these birth-weight categories into two larger
groups: less than 2,500 g (low birth weights) and 2,500-4,999 g (normal birth weights).
Excluded from analysis was a tiny category of infants who weighed 5,000 g or more at birth.
Using these two conventional categories facilitated comparison with the previous literature
without distorting most significant patterns observed for finer-weight gradations and also
provided more events in each category.

Besides birth weight, gestational age at birth is usually an important indicator of the level of
infant mortality (15,26). In our study, the mortality pattern showed that the risk of death based
on gestational age was similar to that based on birth weight. Again, to enable comparisons with
previous studies, we grouped the first two categories shown in table 1 (25-32 weeks, 33-36
weeks) into less than 37 weeks since onset of the last normal menstrual period (premature
births) and the last two categories (37-38 weeks, 39-42 weeks) into 37-41 weeks since the
last normal menstrual period (term births). We excluded the tiny number of pregnancies that
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lasted 42 weeks or more after onset of the last normal menses. For post-term gestational-aged
infants, the risk of death again increases rapidly and would distort the patterns for normal, full-
term births.

We restricted our detailed analysis to women aged 18-29 years, since most births occur at these
ages in the Czech Republic. This restriction removed most substantive concerns about the
effects on birth outcomes of particularly young or old mothers. We also restricted our attention
to first births, as was done in a similar analysis of black-white differences for first births to
college-educated women in the United States (27). Doing so removed concerns about the
effects of variations in birth order and interval on outcomes of subsequent pregnancies and
about any dependence between outcomes across births to the same mother.

We studied both single and married women and found a higher risk for term births to single
mothers (table 1). Few divorced or widowed women who gave birth were included in these
records, and even fewer of these births were first births at ages 18—-29 years; therefore, divorced
and widowed women were excluded from analysis.

Besides marital status, educational level also measures social position. In the Czech Republic,
basic education is equivalent to completion of the eighth grade in US schools, a level attained
by virtually all Czech citizens. At that point, schooling diverges into two tracks (vocational
training or the academic high school called gymnasium), as it does in many other European
countries. Students who complete gymnasium have one more year of schooling than US high
school students do. Some women with a gymnasium diploma go on to university. Since almost
all university graduates in our study married before they gave birth, we combined university
graduates with those who had a gymnasium diploma to form a category called higher education.
Risk values for these two groups were quite similar (not shown), unlike the sharply different
values for the marital-status groups. Also, university graduates are drawn almost exclusively
from those who have a gymnasium diploma, and many of the latter may be prediploma
university students when they give birth, although we could not determine whether this was
true in our study.

Finally, measuring risk as the number of events per person-time unit of exposure enabled us
to compute a life table for the first year of life (table 1). As shown, the risk of infant death
declined exponentially with time since livebirth. Age was measured in correspondingly longer
successive intervals to provide comparable numbers of deaths for each interval. After extensive
exploration using alternative intervals, we also collapsed those intervals shown into the
neonatal period (the first 28 days of life) and the postnatal period (the remainder of the first
year of life) to summarize those survival patterns that were compatible with findings from
previous studies.

Mortality rates for the neonatal and postneonatal periods, by birth weight, gestational age, and
mother’s marital status and educational level, are shown in table 2. For normal-weight births
(2,500-4,999 g), the standard pattern of higher infant mortality among disadvantaged mothers
occurred with few exceptions during both periods. (The risk of death for infants born to those
women with higher education who remained single throughout pregnancy seemed
unaccountably high.)

As in other studies, a temporary survival advantage for low-weight infants born to
disadvantaged women was also found in the Czech data. During the neonatal period, infant
death rates for low-weight births among both single and married mothers increased rather than
decreased systematically with educational level. Furthermore, for low-weight infants born to
mothers with either basic or vocational education, the neonatal mortality rate for single mothers
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was lower than that for married mothers. This finding constitutes the neonatal survival paradox
of interest and replicates findings for the US population in terms of racial differences. The
same neonatal survival advantage for low-weight infants born to disadvantaged women also
occurred for premature infants born to these women (table 2), providing a different way to
observe the same phenomenon.

To show that both birth weight and gestational maturity are important, separate ways of
identifying the survival-risk inversion, we analyzed both measures simultaneously. The
survival inversion during the neonatal period was clearest for those infants who were both low
weight and premature but largely absent for those who were both normal weight and full term.
Signs of the survival inversion were evident for “mixed” cases (those who were low weight
but full term or normal weight but premature) but were not as consistent and clear when one
or the other measure of potential fetal distress was missing. We concentrated on the neonatal
period because the numbers of post-neonatal deaths were insufficient to enable simultaneous
disaggregation by weight and gestational age.

When we used more detailed birth-weight categories (not shown), we found that the survival
advantages for very-low-birth-weight infants (less than 1,500 g) born to disadvantaged women
were not as consistent as those that occurred for infants in the upper range of low birth weights.
Using more detailed infant-age intervals also showed that during the first day of life, there was
less deviation than there was later in the neonatal period from the standard trend of improved
survival with better education. Although the survival inversion under study appears to be a
feature of the neonatal period for low-weight births, it cannot be traced to the birth event itself,
nor does low birth weight show a consistent dose-response relation to the chance for survival.
Similarly, the inverse survival advantage for low-birth-weight black infants in the United States
also has been found to be concentrated more clearly at low birth weights than at very low birth
weights, again directly paralleling these results (6,7).

Birth-weight distributions

The survival advantage for low-weight infants born to disadvantaged women disappears when
1) the birth-weight curves for different groups are shifted along the x-axis so the means of their
predominant distributions coincide, and 2) the neonatal-mortality curves are shifted in lockstep,
as suggested by Wilcox and Russell (7,28). Disadvantaged women have higher rates of loss at
all such standardized birth weights, just as Wilcox and Russell found when comparing US
blacks and whites. Likewise, the inversion paradox also disappears when a birth weight is
defined as “low” if it is among the lowest 4 percent in a particular social group. (The 4 percent
cutoff point suggested itself for our data because it is the fraction of birth weights below 2,500
g in our most favored social group: married women with higher education.)

All of these results parallel previously documented differences in birth-weight distributions
based on race (3,6,7,16). Birth weights of infants born to disadvantaged groups versus more
favored groups of women in the Czech Republic tend to be lower. Women in less advantaged
social groups also tend to give birth earlier, a feature that our parallel study of fetal period
(29) showed to result in higher risks of premature livebirth. However, for all groups in the
present study, the distribution of gestational age spiked sharply at 40 weeks, and no shifting
procedure was available for these distributions analogous to that developed by Wilcox and
Russell (7,28) for birth-weight distributions.

Causes of death

We grouped causes of infant death into the following four categories by using codes from the
International Classification of Diseases, Ninth Revision: perinatal conditions (codes 760-761,
764-766, and 772-779), delivery complications (codes 762—-763 and 767—770), congenital
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anomalies (codes 740-759), and all other residual causes (10,30). The numbers of deaths
occurring during the post-neonatal period did not enable us to make statistically reliable
generalizations about cause-of-death-patterns, but we were able to consider the difference
between low-weight and normal-weight births in relation to deaths during the neonatal period
(table 3). Regarding the risk of neonatal mortality from all causes (repeated from table 2), risk
inversions were evident in both marital status and basic and vocational educational categories
for low-weight births, but they occurred only for single women with a basic education who
gave birth to normal-weight infants.

Regarding cause-specific mortality, as for all causes together, there was little evidence of the
neonatal survival paradox at normal birth weights, at least in terms of education. A lower level
of education among married mothers translated into a higher neonatal mortality rate for infants
in every cause category. Among single women, the education gradient was less clear within
cause categories; it was disrupted by particularly high mortality rates associated with higher
education for deaths from congenital anomalies and with vocational training for deaths from
delivery complications. Among normal-weight infants born to married mothers (by far the
modal category in these data), congenital anomalies accounted for at least half of all neonatal
deaths. However, among single women with less than a higher education, delivery
complications replaced congenital anomalies as the modal cause-of-death category for normal-
weight infants.

On the other hand, and in relation to marital status and cause-of-death category, the neonatal
survival paradox occurred almost as frequently with normal-weight births as with low-weight
births. Being single seemed to confer an actual survival advantage, rather than a penalty, to
normal-weight infants in each cause category. Only in terms of the two associations just noted
(higher education with congenital anomalies and vocational education with delivery
complications) did single women have higher rates of loss than married women. Thus, the
cause structure of neonatal mortality differed for single and married women, even for normal-
weight infants.

For low-weight infants, whose general neonatal survival rates were better when their mothers
were single or had less education, perinatal conditions replaced congenital anomalies as the
leading cause of death, followed by delivery complications and then congenital anomalies (the
reverse in every respect of patterns at normal birth weights). The survival-risk inversion was
clearest and most consistent for congenital anomalies, again mirroring results from analyses
of blacks and whites in the United States (9-12,30). For example, for low-weight births, the
ratio of the risk in the most disadvantaged category (single women with a basic education) to
the risk in the most advantaged category (married women with a higher education) was below
unity for every cause category, but it was smallest for congenital anomalies.

DISCUSSION

The neonatal survival paradox (higher neonatal survival rates for low-weight infants born to
disadvantaged women) essentially is a signal that the procedure used to compare mortality
rates among different population groups of infants of the same birth weight (7) and/or the same
level of maturity at birth is too simple to enable identification of the mechanisms that produce
differential chances of survival. It appears that women in more favored social groups are better
able to keep even high-risk fetuses in utero longer and to deliver them as livebirths at normal
weights and that low-weight or premature birth becomes a more important distress signal for
them than for women in more disadvantaged groups.

The neonatal survival advantage for infants born to disadvantaged women, which is viewed as
ablack-white issue in the United States, appears in the Czech Republic in relation to educational

Am J Epidemiol. Author manuscript; available in PMC 2009 July 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Carlson and Hoem

Page 7

differences and also largely to differences in marital status. In many respects, details of this
paradox coincide in the two populations, including characteristics of the birth-weight
distributions and associated birth-weight-specific mortality risks as well as patterns by cause
of death. It seems implausible that there would be systematic hereditary genetic differences
between single and married Czech women or between Czech women with a basic education
and those who were better educated, differences that for some hereditary reason would
predispose the disadvantaged groups to give birth earlier to systematically smaller, lighter-
weight infants. These patterns must be understood to be the result of social outcomes, produced
by the different circumstances that these groups of women experienced before giving birth. It
is a pattern produced by nurture, not nature.

The patterns of neonatal survival documented here for the Czech Republic closely mirror
findings already established for the black-white contrast in infant survival rates in the United
States. Therefore, at least some element of the race-related pattern in the United States may be
due to the social realities of racial identification rather than to hereditary influences on birth-
weight distributions or birth-weight-specific survival.
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