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groups. The authors used six different measures of child health—various con-
structs based on birth weight, length of gestation, and vitality—as dependent 
variables and the mother’s educational attainment as the key predictor. They 
used birth certifi cate data on all singleton births in 1990, 1992, 1994, 1996, 1998, 
2000, 2002, 2004 and 2007 (N=912 591). They estimated a series of random-inter-
cept multi-level models and report the observed trends in health inequality by 
maternal education. The analysis consistently and persistently showed large 
gaps in health between children born to mothers with elementary education 
on the one hand and all other children on the other hand. While the trends are 
not entirely congruent across all measures of child health, the authors found 
more evidence of growing inequality than of declining or stable inequality. 
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Introduction: socioeconomic transformation and population health

Many former socialist countries witnessed a pronounced and prolonged deterio-
ration of population health after 1989. While many scholars expected that pop-
ulation health would improve once the oppressive and dysfunctional political 
system and ineffi cient command economy were dismantled, a mortality crisis 
took place instead. Russia is the most often cited example of this. According to 
available data, life expectancy at birth had been declining slowly since the second 
half of the 1980s in Russia and then fell from 64 years to 58 in men and from 74 to 
71 in women between 1991 and 1994 [Meslé 2004]. The mortality rate and life ex-
pectancy were worse for men in 2007 than at the beginning of the 1990s [Federal 
State Statistics Service 2009].

The post-socialist development of population health—in Russia and else-
where—is often attributed to the accompanying social and economic changes 
that occurred during this period. Socioeconomic status, work conditions, marital 
status, the character of a person’s social network, and even the character of the 
community that people live in are often mentioned as determinants of an in-
dividual’s health (for details, see, e.g., Bartley, Blane and Smith [1998]; Blaxter 
[1991]; Cockerham [2007]; Grigoriev et al. [2010]; Marmot [2004]). Since social, 
economic, geographic, and demographic structures changed dramatically during 
the post-socialist period, these transformations were frequently seen as the cul-
prits behind the worsening of population health. For instance, Adeyi et al. [1997] 
and Grigoriev et al. [2010] see the possible causes of this deterioration in health 
as lying in the decrease in real incomes, greater exposure to stress (connected, for 
instance, to job insecurity, unemployment, growing income inequality, weaken-
ing family stability), and more widespread stress-related behaviour (such as an 
upsurge in alcohol consumption), poor regulation of environmental risks, and 
deteriorating health care (see also Chen, Wittgenstein and McKeon [1996]; Cock-
erham [1997]; Marmot and Bobak [2000]; Stuckler, King and McKee [2009]). 

This article focuses on the health situation in the post-socialist Czech Re-
public, which witnessed a rapid and rather unprecedented improvement of many 
indicators of population health in the 1990s [Blažek and Dzúrová 2000]. If we look 
at infant health in the transition period, which is the main focus of this article, 
we fi nd that the gross infant mortality rate increased from 10.0 to 10.8 between 
1989 and 1990 and then experienced a fourfold decrease. Its 2008 level (2.8 deaths 
per 1000 live births) ranks the Czech Republic among the ten countries with the 
lowest infant mortality in the world [United Nations 2010; see also Koupilová et 
al. 2000]. 

Yet, another important indicator of child health, mean birth weight, ex-
hibited less positive development in the Czech Republic. While newborn chil-
dren weighed on average 3308 grams in 1989, mean birth weight dropped to 
3276 grams in 1991. Later, mean birth weight improved continuously until 1999, 
when it peaked at 3339 grams, only to fall again to 3293 grams by 2008, i.e. below 
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the level it was at in 1989 [Czech Statistical Offi ce 2008, 2009]! Similarly the pro-
portion of preterm deliveries—i.e. births before the 38th week of pregnancy—re-
mained stable until 2002, ranging between 7.7% and 8.8%, and then increased to 
10.5% in 2007 (see Table 1).1 

It is possible that different socioeconomic groups experienced different 
health trends. Before we proceed to our analysis of these disparities, we will brief-
ly review what is known about stratifi cation of health in general and infant health 
in particular during the post-socialist period and we also describe possible  sources 
of the new socioeconomic patterns of infant health in the Czech Republic.

Health inequality in the post-socialist period

The post-socialist health crisis (and the subsequent health improvements) did 
not affect all groups of adults in the same fashion. The rise in mortality occurred 
mostly among the population of productive age (20–59 years) and impacted men 
more than women, further widening the gender gap that existed before the re-
gime change [Cornia and Paniccià 2000: 13]. The socioeconomic health gap that 
existed in socialist countries despite their egalitarian ideology [Shkolnikov et al. 
1998; Sobotík and Rychtaříková 1992] also grew after 1989 [Shkolnikov et al. 1998], 
as the negative consequences of social transformation had a disproportionate im-
pact on less educated people.

In addition, disparities in mortality by marital status, migrant status, and 
ethnic origin increased in the post-socialist states, negatively impacting lone-par-
ent families, illegal migrants, and ethnic minorities [Cornia and Paniccià 2000: 
16–28; Pikhart, Drbohlav and Dzúrová 2010]. People in the Czech Republic wit-
nessed the same changes as individuals in other transforming societies. People 
of productive age and young families were those most strongly impacted [Blažek 
and Dzúrová 2000].

As some pregnancy and birth indicators in the Czech Republic improved 
while others worsened (see above), it is possible that different social groups fol-
lowed different paths of development and that some were thus left behind while 
others saw a disproportionately positive improvement in their situation. Interest-
ingly, however, in the past two decades there has been little research conduct-
ed in post-socialist societies (including the Czech Republic) on socioeconomic 

1 After 1989 there was a substantial increase in the share of newborns with a low birth 
weight, which is another frequently employed indicator of child health. In 2008, 7.2% of 
newborns had a low birth weight compared to 5.5% in 1990 [Czech Statistical Offi ce 2008, 
2009]. The rising number of multiple births, which is the result of the increased use of as-
sisted reproduction techniques in recent years, explains this trend. The share of multiple 
births among all births grew from 0.9% to 2.0% between 1990 and 2008 [Czech Statistical 
Offi ce 2008, 2009]. The share of newborns with a low birth weight has remained constant 
at 5% among singleton births (see Table 1).
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inequality in birth and pregnancy outcomes. Carlson, Hoem and Rychtaříková 
[1999], using data from the Czech Birth Register, showed that the higher the edu-
cation of the mother, the lower the risk of foetal loss (i.e. abortion or stillbirth). 
Rychtaříková and Demko [2001] found infant mortality to be highly stratifi ed by 
maternal education in both the socialist and post-socialist periods. Bobák, Pikhart 
and Koupilová [2000] investigated the stratifi cation of infant death from external 
causes and showed that infants and children of better educated mothers faced a 
lower risk of dying in any form of accident. Social inequalities in infant health 
were also confi rmed in other post-socialist countries, such as the former East Ger-
many and Estonia [Koupil et al. 2006; Raum et al. 2001]. According to the fi ndings 
of Koupil et al. [2006], the gap in infant mortality by maternal education level in 
Estonia has even been widening.

To the best of our knowledge, there is only one published paper that has ex-
plicitly addressed the issue of the trend in the socioeconomic inequality of health 
among infants in the Czech Republic after 1989. Koupilová et al. [1998] inquired 
into the effect of maternal education on a birth weight, preterm delivery, and 
infant mortality in 1989–1991 and 1994–1996 using data from population regis-
ters on all live singleton births. These data showed an increase in the effect of 
the mother’s education on birth weight (measured in grams) and on the odds of 
preterm delivery in OLS or logistic regression models.

Changes in the association between parental social status and the health 
of their children may have far-reaching stratifi cation consequences. The socio-
economic status of parents, to a certain degree, translates into the health of their 
children [e.g. Gortmaker and Wise 1997; Kramer et al. 2000; Wise 2003], and child 
health then affects their adult socioeconomic status. A number of scholars have 
documented the consequences of poor birth and pregnancy outcomes for socio-
economic status later in life [e.g. Conley and Bennet 2002; Conley, Strully and 
Bennett 2003; Spencer and Law 2007]. Hence, growing socioeconomic inequality 
in child health may alter the entire process of intergenerational status inheritance. 
The social problem this change poses is twofold. The rise in child health inequali-
ties represents a major, immediate threat to equity and a signifi cant barrier to fu-
ture intergenerational social mobility. Any such occurrence should be thoroughly 
monitored and analysed.

This paper investigates trends in socioeconomic inequality in the health of 
newborns in the Czech Republic between 1990 and 2007. While changes in the 
SES-health association are of intrinsic interest in any social context, the post-so-
cialist Czech Republic is a particularly attractive case, since the country has expe-
rienced unprecedented improvements in population health (e.g. life expectancy 
at birth grew from 68 years to 74 in men and from 75 to 80 in women between 1990 
and 2008 [Czech Statistical Offi ce 2010]) and signifi cant increases in economic 
and social inequality in many areas. Yet, our understanding of inequality in child 
health and its changes in this particular context is somewhat limited.
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Changes in the social structure that may have affected birth and pregnancy 
outcomes

Koupilová et al. [1998] offer a number of somewhat speculative explanations for 
the growing disparities in infant health that they observed in the Czech Repub-
lic in the fi rst half of the 1990s. However, their main argument emphasises that 
growing inequality in birth outcomes truly refl ects a divergence of living stand-
ards between less educated and better educated mothers. The authors maintain 
that declining real incomes and reductions in social security benefi ts have made 
the less educated comparatively more vulnerable to socioeconomic risks and 
have exacerbated existing differences. Koupilová et al. [1998] then imply that the 
social security reforms undertaken by the Czech government in the 1990s con-
tributed signifi cantly to the growing inequality in infant health. They also point 
to the increasingly socially stratifi ed prevalence of smoking among pregnant 
women. The authors furthermore note the role in this played by the transforma-
tion of the Czech health-care system in the fi rst half of the 1990s. Below, these 
and other possible sources of growing socioeconomic inequality in pregnancy 
and birth outcomes that escalated during the post-socialist transformation are re-
viewed.

Following the break-up of the socialist regime, the Czech Republic went 
through a period of economic decline that had a particularly negative impact on 
people with lower levels of education. Real incomes dropped in the early 1990s 
and inequality in the distribution of earnings and incomes increased remarkably 
after 1990 [Večerník 1999, 2001]. There was an increase in intra-generational oc-
cupational mobility and a massive exodus of people from the labour market. Em-
ployment rates shrank and unemployment—previously almost non-existent—
swelled [Večerník and Matějů 1999]. Employees experienced growing economic 
returns to education and increasing consistency between education, occupation, 
and earnings [e.g. Matějů and Kreidl 2001]. Socioeconomic risks became more 
stratifi ed by education level and other statuses after 1989. These include the risk 
of unemployment and long-term unemployment [Frýdmanová et al. 1999; Ham-
plová and Kreidl 2006; Keune 2003], fear of unemployment [Mareš, Sirovátka and 
Vyhlídal 2003], and the risk of material deprivation [Večerník 1999]. Similarly, 
the odds of downward occupational mobility became more strongly stratifi ed by 
education and gender [Katrňák et al. 2008]. In addition, poverty rates burgeoned 
and the nature of poverty itself changed [Mareš and Rabušic 1996]. There is a 
strong and growing association between the risk of poverty and an individual’s 
human capital.

Social inequalities have also been shaped by social and family policy re-
forms. The reforms of the 1990s were directed towards less generous and income-
tested welfare benefi ts. Furthermore, state regulation of food prices and the neg-
ative taxation of many goods was discontinued in 1991 and was, for a limited 
period of time, substituted by a direct welfare payment (‘vyrovnávací příspěvek’ in 
Czech). This payment was universal until 1992 and then continued as a means-
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tested benefi t until 1995. A new tax system was introduced in 1993 that estab-
lished tax benefi ts for parents and redefi ned the child allowance (‘přídavek na dítě’ 
in Czech) to depend on the age of the children [Krebs 2005]. 

Family policy is of particular signifi cance for this issue. While the socialist 
regime generously and universally supported newlyweds and parents with sub-
sidised loans and allowances, these benefi ts were discontinued after 1989. Hiršl 
[2004] showed that the purchasing power of state support for families with chil-
dren decreased dramatically after 1989. His ‘model family’, with two average in-
comes and two children, covered 53% of the standardised needs of children from 
state benefi ts (allowances, tax deductions) in 1989, compared to just 15% in 2002. 
In addition, childcare centres—directly or indirectly subsidised by the state—
were disappearing, which led to the marginalisation of parents in the job market 
[Hašková and Uhde 2009]. Conditions in the labour market have consequently 
become increasingly diffi cult for lone parents in particular. Numerous changes 
in family policy introduced in the 2000s expanded the choice-set available to par-
ents, but frequent changes prevented family policy from offering stable and safe 
conditions for parents and their children [Kocourková 2008].

Health inequalities were perhaps also infl uenced by the transformation of 
the Czech health-care system in the fi rst half of the 1990s. The reform assumed 
(and encouraged) a more active role for patients in seeking and utilising health 
care. It institutionalised the principle of the free choice of general practitioner 
(GP), as opposed to the previous system that bureaucratically assigned people to 
GPs based on their place of employment or residence. Moreover, the economics 
of health care changed too. The total share of GDP spent on the health-care sys-
tem increased sharply in the fi rst half of the 1990s from a level below 5% to 7% (in 
1995) and then stabilised at this level [Bryndová et al. 2009]. Private health-care 
centres were established, and all medical establishments, public as well as private, 
were forced to increase productivity with the newly introduced fee-for-service 
reimbursement system. This resulted in the widespread commercialisation of the 
health-care system’s approach to its clients [see, e.g., Hasmanová Marhánková 
and Hrešanová 2008]. Overall, these changes emphasised individual agency and 
responsibility and may have made socioeconomic status a more salient factor 
infl uencing how and when (potential) patients seek out and use health-care serv-
ices and a factor with an infl uence on the kind of services provided by health-care 
establishments and their personnel [Habicht et al. 2009]. These changes may have 
resulted in an increasing social gradient in pregnancy and birth outcomes [Kou-
pilová et al. 1998].

To summarise, we believe that the growing overall exposure to risk and 
uncertainty, more stratifi ed experience with various risk factors, increasing so-
cioeconomic inequality, and the reform of institutions and policies may have in-
creased the socioeconomic stratifi cation of pregnancy and birth outcomes dur-
ing the post-socialist transformation. Bobak, Pikhart and Koupilová [2000] argue 
that the adverse health consequences of the post-socialist transformation were 
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caused by psychosocial factors that worked both directly and indirectly through 
health-related behaviour. They see the origins of psychosocial infl uences as lying 
in work conditions, harmful life events and everyday diffi culties, social networks 
(marriage, friendship), job security, and the perceived amount of control a person 
has over his/her life. The trends in the social structure of Czech society described 
above suggest that these risks were unequally distributed.

The main research focus and analytic strategy

We argue that the post-socialist socioeconomic transformation may have affected 
the sources and patterns of social (dis)advantage in child health. Yet, it may al-
so have transformed the mechanisms that link parental socioeconomic status to 
child health. It is rather diffi cult to clearly identify these causal pathways, since 
the complexity of the post-socialist social transformation is enormous and many 
changes occurred concurrently. Yet another serious complication in researching 
this issue is the lack of data capable of providing suffi ciently detailed information 
about health status and a wide range of other potential explanatory and mediat-
ing variables.

Therefore, here we focus simply on describing trends in socioeconomic in-
equality in pregnancy and birth outcomes and explore the impact of the post-
socialist transformation on the health of newborns in different socioeconomic 
groups. Our goal is to describe the development of socioeconomic disparities in 
the health of infants born in the Czech Republic since the beginning of the 1990s 
to the present day and to offer a (tentative) interpretation. We make no attempt to 
disentangle the various (potential) mediating mechanisms that might link socio-
economic status and health. Instead we make use of—conceptually and statisti-
cally speaking—‘reduced-form models’. We regard these (simplifying) models 
as suffi cient to assess whether the socioeconomic stratifi cation of birth and preg-
nancy outcomes has changed and whether (and to what extent) this represents a 
public policy challenge.

Our analysis extends earlier research in this area [see, e.g., Koupilova et al. 
1998] in three different ways. The exemplary paper by Koupilova et al. [1998], 
while rich in many respects, has three important limitations. First, it analysed 
only a short period in the early stages of the post-socialist period (until 1996), 
whereas we can map trends up to 2007, which may put us in a better position to 
identify clearly trends in inequality. Second, earlier research did not control for 
some relevant variables (e.g. administrative district). Consequently, it offered po-
tentially biased estimates of the effect of the mother’s education on child health. 
Third (and relatedly), previous analyses failed to consider and thus were unable 
to capitalise on the analytic options provided to researchers by the geographic 
clustering of data. Our research design acknowledges the clustered data struc-
ture and incorporates it directly into our statistical models via multilevel model-
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ling. As a result, our models are a more realistic representation of the actual data 
structure and can serve as a better building block for any future analysts who 
might be interested in utilising macro-level explanatory variables or capitalising 
more fully on the analytical options offered by multi-level modelling.

Our analysis thus replicates and extends earlier research on socioeconomic 
inequality in child health in the Czech Republic after 1989. Since we use some-
what different data and analytic procedures than have been used in this area so 
far, we will fi rst have to test whether our models are able to replicate the results of 
earlier research. We will then investigate whether the identifi ed trends persisted 
until 2007. Finally, we will assess whether the results are consistent across other 
measures of infant health not utilised before.

Data, variables, and statistical method

Vital statistics collected by the Czech Statistical Offi ce are the data used in our 
analysis. The database contains data on all births to Czech mothers in the given 
years. The birth certifi cate records several characteristics of the newborn and his/
her parents. Information about the newborn includes sex, vitality, birth weight, 
length of gestation, parity, and the date of delivery. Recorded parental charac-
teristics refer mostly to the mother—her age, marital status, education level, and 
the region (administrative district) of her permanent residence.2 The birth certifi -
cate also contains information about the father (age, education, etc.) in the case 
of married mothers. However, no information was recorded for cohabiting and 
other fathers until 2007.3

When the fi rst segment of data was purchased there were a couple of prob-
lems. One was that the birth certifi cate database for the years before 1992 was 
not available in machine-readable format. Another was that researchers were not 
allowed direct access to the database and could only obtain multi-way tables of 
data. This was not an insurmountable analytic problem, since most of the vari-
ables are nominal or ordinal. Later, owing to legislative changes and progress in 
the conversion of older data into electronic format, we gained access to complete 
birth databases for the years 1990 and 2007 and extended the original dataset. Be-
cause we obtained data on two different occasions and in two different formats, 
we had to make some measurement compromises to harmonise all the records 

2 ‘Permanent residence’ is an administrative term referring to the place where a person is 
registered to vote, pay taxes, etc. It is not always necessarily a person’s current residence. 
We only use data on the district (county) of the permanent residence. There are, to our 
knowledge, no data on how frequently ‘permanent’ and current addresses differ and how 
often each is located in a different administrative district.
3 The data collection procedures changed on 1 January 2007, and since then the birth cer-
tifi cate also routinely contains information on fathers, regardless of the mother’s marital 
status. We do not use any information on fathers in this particular analysis.
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into one database (see Appendix A for the full details on the harmonisation of 
birth weight data).

We analyse data on all singleton4 births in 1990, 1992, 1994, 1996, 1998, 2000, 
2002, 2004, and 2007. There were 912 752 singleton births in these years. There 
were only minor problems with missing data. The mother’s education was not 
recorded in 173 cases. Twelve of these missing observations (two in 1996, three in 
2000, two in 2002, two in 2004, and three in 2007) occurred in mothers ages 17 or 
younger, who by the time they gave birth could only have completed elementary 
education, so in these 12 cases the missing values were re-coded as elementary 
education. The remaining 161 cases were deleted.5 There were no missing values 
for the other variables. This leaves us with 912 591 singleton births, of which 909 
803 were live births and the remainder stillbirths.

We use six different dependent variables in the analyses: vitality, length 
of gestation, and four variables based on birth weight (percentage distributions 
of our dependent variables are presented in Table 1). ‘Vitality’ is a dichotomous 
variable contrasting still (0) vs live (1) births. The Czech Statistical Offi ce uses a 
variant of the WHO defi nition of live births based on observed signs of life.6 We 
can see in Table 1 that the share of stillbirths fi rst declined fairly rapidly, from 
0.39% (in 1990) to 0.30% (in 1994), then bounced around somewhat until 1998, 
after which it continued to decline until its present (2007) level of 0.26%.

‘Length of gestation’ is measured as the number of weeks between the moth-
er’s last menstrual period and childbirth. We use this information as a dichoto-
mous variable of preterm (37 weeks and less) vs term births. Table 1 shows that 
the proportion of preterm newborn singletons was relatively stable until 2002. 
Between 1990 and 2002 the share of preterm singletons ranged from 7.7% to 8.8% 
without a discernible trend. However, by 2007 the share had grown to 10.5%.

‘Birth weight’ is measured and recorded as the weight in grams on the birth 
certifi cate. We use it both as a continuous variable and in dichotomised versions. 

4 Multiple pregnancies more often result in adverse outcomes (i.e. preterm birth, low or 
very low birth weight). Therefore, we decided to exclude them from the analysis, which 
is a rather common practice [cf., e.g., Koupil et al. 2006; Koupilová et al. 1998, 2000; Raum 
et al. 2001].
5 We carried out a logistic regression to fi nd out whether the missing values can be pre-
dicted on the basis of other variables in the analysis. We estimated a set of models with all 
our dependent and independent variables as the predictors of the occurrence of missing 
values of the mother’s education. Only district turned out to predict ‘missingness’ in any 
signifi cant way.
6 A live birth is (and has been throughout the studied period) defi ned as ‘the expulsion 
or extraction of the foetus from the mother’s body if the infant shows any sign of life and 
his/her birth weight is (a) higher than 1000 g or (b) lower than 1000 g and the infant sur-
vives 24 hours. Otherwise the birth is considered a stillbirth. The signs of life are breath, 
heartbeat, pulsation of the umbilical cord, or movement of voluntary muscles, regardless 
of whether or not the umbilical cord has been cut or the placenta is attached [Ministry of 
Health 1988].
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We use three different birth weight thresholds for the dichotomisation. First, we 
contrast low birth weight (2499 grams or less) with other (2500 grams or more) 
birth weights. Second, we contrast very low birth weight (1499 grams or less) with 
other birth weights. Finally, we contrast high birth weight (3500 grams or more) 
with other birth weights. Low and very low birth weight indicate a health disad-
vantage, while high birth weight is an advantageous health condition. According 
to Spencer [2003: 5–8], who reviewed fi ndings from several European and Ameri-
can studies, children born with a weight between 3500 and 4500 grams have the 
lowest infant mortality. Rychtaříková [1999] identifi ed a weight interval of be-
tween 3500 and 3999 grams as indicative of the best survival chances in Czech 
infants. Table 1 presents data on the distribution of categories of birth weight 
over time, which shows little change. For instance, the share of children with a 
low birth weight remains fairly constant across the entire period of observation, 
ranging from a low of 4.3% in 1998 to a high of 5.2% in 2007. Similarly, there is not 
much of a trend in the relative incidence of other categories.

The main explanatory variable is the ‘mother’s education’. It is an ordinal 
variable distinguishing four levels of schooling: elementary, lower secondary (vo-
cational), complete secondary, and tertiary. Education is measured at the time of 
the woman’s delivery, so some mothers may not have completed their education 
at that time. We also utilise a number of control variables that are known to in-
fl uence birth and pregnancy outcomes [cf., e.g., Spencer 2003; Koupil et al. 2006; 
Rychtaříková 1999]: the ‘age of the mother’ (split into the following categories: 
under 17 years, 18–19, 20–24 years, 25–29 years, 30–34 year, 35+ years), ‘parity’ 
(with four categories: 1, 2, 3, 4+), the ‘sex’ of the infant (male vs female), ‘marital 
status’ (never married, married, widowed, and divorced). Our multi-level statisti-
cal models use ‘district’ as a clustering (second-level) variable (there are 78 cat-
egories of district).7 The distribution of cases across the categories of independent 
variables is presented in Table 2.8 

We estimated the models for each year in our analysis (1990, 1992, 1994, 1996, 
1998, 2000, 2002, 2004, and 2007) to examine the trends in the estimated effect of 
the mother’s education. We estimated two models for each of the dependent vari-
ables: the baseline model with just the mother’s education as an explanatory vari-
able, and the extended model with the whole set of controls. We used random-
intercept models to account for the clustered data structure.9 For the continuous 
dependent variable, the two models can be formally written as:

7 The system of administrative districts has undergone some reforms during the period 
under observation. We use the district defi nitions that were valid as of 2007 in the analy-
sis. Data collected before the reforms were modifi ed and each birth was assigned to the 
district to which it would have belonged after the reform. 
8 Owing to the limited space of this article, here we do not report the distribution of cases 
by district.
9 In an ancillary analysis (not reported here) we also entered the district as fi xed-effects 
into the analysis. The results were not signifi cantly different.
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Baseline model (without controls):

Yij = 0j + 1 * Ed2 + 2 * Ed3 + 3 * Ed4 + eij  (Eq. 1)

Extended model (with controls):
                                                               K

Yij = 0j + 1 * Ed2i + 2 * Ed3i + 3 * Ed4i +  k * Xki + eij  (Eq. 2)
                                                              k=1

In these equations, Yij denotes birth weight (in grams) of the ith infant in 
district j, Ed2 is the indicator variable for vocational education, Ed3 indicates 
complete secondary education, and Ed4 is the indicator for university education. 
Also, 0j is a random intercept and eij is the prediction error. Finally, 1, 2, 3 are 
the expected differences in birth weight between, respectively, vocational, com-
plete secondary, and university education, and the reference category of educa-
tion (elementary education). In Equation 2, Xki is a vector of K control variables 
and k are their estimated effects.

We estimated each model separately for each year for which there are data. 
We used the estimated coeffi cients 1, 2, 3 from both the baseline and the ex-
tended models as indicators of the extent of inequality in birth weight each year.10 
By comparing these coeffi cients across years, it is possible to observe whether 
inequality is increasing, stable, or declining. Below the estimated coeffi cients are 
presented in a series of fi gures that reveal any trends. The precise values of all the 
estimated s are presented in Appendix B.

Both the baseline and the extended models can analogously be rewritten 
for dichotomous dependent variables [see, e.g., Hox 2002: Chapter 6; Rauden-
bush and Bryk 2002: 294–309], and the estimated coeffi cients can be utilised in a 
similar fashion to describe trends in socioeconomic inequality in the log odds of 
stillbirth, preterm birth, or very low, low, and high birth weight.11

10 We chose to parameterise the effects of education this way, since a preliminary analysis 
revealed that the largest gap in child health by maternal education is between mothers 
with elementary education on the one hand and mothers with all other levels of education 
on the other hand.
11 We report only the estimated effects of the mother’s education. We report neither the 
effects of other variables in the analysis, nor other characteristics of our multi-level models 
(i.e. variance components), since these are of little substantive interest. Similarly, we did 
not compare the baseline and extended models statistically because we have population 
data, and statistical inference is therefore of limited value. We employed STATA 11 MP’s 
commands ‘xtreg’ and ‘xtlogit’ to obtain all the estimates presented in this article.
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Results

Figure 1 shows the expected difference in average birth weight in grams between 
infants born to mothers with lower secondary, upper secondary, and tertiary edu-
cation compared to the reference category of elementary education. Infants born 
to mothers with lower secondary education were, on average, 129 grams heavier 
in 1990 than infants born to mothers with elementary education. The contrast 
between mothers with university and mothers with elementary education was 
186 grams in the same year. The disparities grew until 1996 and later stabilised 
at 178–188 grams (elementary vs lower secondary education) and 236–240 grams 
(elementary vs university educated mothers) with no clear trend. By 2007, the 
elementary education disadvantage fell to 168 grams, 197 grams, and 213 grams 
compared to lower secondary, upper secondary, and university education, re-
spectively. Gross educational disparities were thus larger in 2007 than in 1990. 
When control variables were added to the model, inequalities in birth weight 
were attenuated (see the right panel of Figure 1), yet the basic pattern persisted. 
Once more we can see a rise in educational disparities, peaking in 2004, and then 
a decrease in the last year. The net education gap was again larger in 2007 than in 
1990. In sum, the disparity in mean birth weight by mother’s education increased 
after 1990. However, the rise did not continue after the mid-2000s and currently 
there seem to be some signs of a reversal. When controlling for additional vari-

Source: Authors’ computations; Czech Statistical Offi ce–Newborns 1990–2007.
Note: estimates are based on a random-intercept multi-level regression model.

Figure 1.  Estimated effects of lower secondary, complete secondary, and university 
education of the mother on birth weight; all live singleton births in the 
Czech Republic, selected years from 1990 to 2007 (N=909 803) 
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ables, the increase in the 1990s is less intense, yet it is still quite apparent. We can 
again see an indication of attenuating inequality between 2004 and 2007. Despite 
this last data point, there is more inequality in birth weight in the late 2000s than 
there was in the early 1990s.

Figure 2 presents the beta coeffi cients for the models with the binary indi-
cator of low birth weight as the dependent variable. The interpretation of these 
coeffi cients is not as intuitive as the difference in grams in the previous analysis, 
since the fi gure depicts differences in the expected log odds. The biggest gap is 
again between elementary and any higher education of the mother. According to 
the baseline model, the disparities increased in the fi rst half of the 1990s and then 
lessened steadily until they were even smaller than they had been initially. When 
control variables are added, the trend is much less clear. It appears that the effects 
of lower secondary education and of university education grew overall, while the 
effect of upper secondary education stayed the same.

Figure 3 shows the trend in the effect of maternal education on the log odds 
of very low birth weight. The lines in the fi gure are not very smooth owing to the 
low absolute numbers of newborns in this weight category. The baseline model 
documents the overall reduced educational disparities between 1990 and 2007. 
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Source: Authors’ computations; Czech Statistical Offi ce–Newborns 1990–2007.
Note: estimates are based on a random-intercept multi-level logistic regression model.

Figure 2.  Estimated effects of lower secondary, complete secondary, and university 
education of the mother on the log odds of low birth weight; all live 
singleton births in the Czech Republic, selected years from 1990 to 2007 
(N=909 803)
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They seem to weaken after 1998, to which time they had been relatively stable. 
In contrast, the extended model shows the opposite pattern. Despite the oscil-
latory character of the lines, there is a visible trend towards greater inequality. 
When mothers with elementary and lower secondary education are compared, 
the disparity increases from –0.43 to –0.48. The contrast between children born to 
mothers with elementary education and those born to mothers with university 
education rose from –0.68 to –1.00. The net effect of maternal education on the 
probability of very low birth weight has thus strengthened since 1990. 

Figure 4 presents the results of the analysis of high vs other birth weight. 
The gross disparities between infants born to mothers with elementary and 
higher levels of education sharply increased between 1990 and 1998. The contrast 
between elementary and lower secondary education rose from 0.38 to 0.64, and 
the disparity with tertiary education increased from 0.56 to 0. 83. The large differ-
ences persisted until 2004 and then dropped to 0.58 for elementary vs lower sec-
ondary education of the mother and to 0.70 for the contrast between elementary 
and university maternal education. But these disparities are still higher than the 
initial ones. Similarly, the net education effects (see the right panel in Figure 4) 
were larger in 2007 than in 1990.
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Figure 3.  Estimated effects of lower secondary, complete secondary, and university 
education of the mother on the log odds of very low birth weight; all live 
singleton births in the Czech Republic, selected years from 1990 to 2007 
(N=909 803)
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Note: estimates are based on a random-intercept multi-level logistic regression model.

Figure 4.  Estimated effects of lower secondary, complete secondary, and university 
education of the mother on the log odds of high birth weight; all live 
singleton births in the Czech Republic, selected years from 1990 to 2007 
(N=909 803)
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Figure 5.  Estimated effects of lower secondary, complete secondary, and university 
education of the mother on the log odds of preterm delivery; all live 
singleton births in the Czech Republic selected years from 1990 to 2007 
(N=909 803)
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Now we will focus on another proxy for a newborn’s health, the length of 
the pregnancy. The results are shown in Figure 5. Both the net and gross educa-
tion disparities in the log odds of preterm birth were stable in the 1990s and 
weakened signifi cantly after 1998. This trend is rather robust when we consider 
the baseline model. The contrast between elementary and lower secondary edu-
cation decreased from –0.62 to –0.41 and the difference between elementary and 
tertiary education decreased from –0.83 to –0.58. However, the net improvement 
is much more modest. Thus, most of the decrease in inequality in preterm birth is 
explained by the control variables.

Finally, we proceed to the analysis of how the mother’s education infl uences 
the vitality of the foetus. These results are presented in Figure 6. Again we see 
that—as in the case of very low birth weight—the low number of cases of interest 
(i.e. stillbirths) causes the lines to fl uctuate substantially. Nevertheless, it is still 
possible to observe a notable trend. There clearly is more inequality in the vital-
ity of the foetus in the second half of the 2000s than there was in the early 1990s, 
and this applies with respect to both the gross and the net effects of maternal 
education.
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Figure 6.  Estimated effects of lower secondary, complete secondary, and university 
education of the mother on the log odds of stillbirth; all singleton births 
in the Czech Republic selected years from 1990 to 2007 (N=912 591)
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Conclusion

Above we explored the trends in socioeconomic inequality in birth and pregnancy 
outcomes in the Czech Republic between 1990 and 2007. This was done using six 
different dependent variables—all of which are generally and widely agreed to 
be reasonable approximations of child health and future life chances (four meas-
ures of birth weight, vitality, and length of gestation). We employed mother’s 
education as a proxy for the socioeconomic status of the family in which the child 
was conceived and born. We have limited our analysis to singleton births. Since 
we used hierarchical linear models to account for the clustered data structure, we 
believe that this analysis offers more credible evidence of trends than what has 
been supplied in earlier papers on the subject.

Maternal education seems to have a fairly strong stratifying effect on preg-
nancy and birth outcomes. Interestingly, the most salient gap in health is between 
mothers with elementary education and all other mothers. This major stratifi ca-
tion division played out regardless of the specifi c outcome variable and persist-
ed through the period under study. We would argue that both sociologists and 
demographers should pay more attention to the least educated mothers, their 
(non-)decisions to conceive a child, and the circumstances of their pregnancy and 
subsequent life situation. While inequality in child health by maternal educa-
tion can typically be partially explained by other variables (most notably age and 
marital status), the net effect of education is still remarkably salient. Factors re-
lated directly to educational attainment (most notably the amount of economic 
resources) appear to be responsible for observed levels of inequality. Neverthe-
less, changes in the age patterns of fertility and in the marriage market behaviour 
of women can also make an important contribution to our understanding of the 
changing patterns of child health stratifi cation. Other variables that may play an 
important role in shaping inequality (and that were not included in our analysis) 
are migrant status and ethnic minority status. Bobák et al. [2005], for example, 
observed substantial disparities in birth outcomes between Roma and non-Roma 
newborns, which, although largely explained by maternal education, persisted 
after controlling for other predictors.

We have seen that inequality in the various birth weight measures has in-
creased. The increase occurred mostly in the 1990s, but this trend did not con-
tinue into the 2000s. There even seems to be some indication that inequality was 
declining by the end of the 2000s. Yet, this reversal is indicated mostly by data 
points at the very end of our time series. Therefore, caution should be exercised 
before making any strong generalising conclusions in this regard. While all the 
measures based on child birth weight showed an increase in inequality, this ten-
dency is most pronounced in the analysis of birth weight measured as a continu-
ous variable and in the most advantageous weight category of 3500 and more 
grams. This suggests that the socioeconomic transformation most signifi cantly 
impacted the health of infants from the least privileged social group in the sense 
that they became less likely to be born in the most advantageous weight category, 
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while they did not experience an increase in their exposure to the risk of the most 
adverse outcomes.

Inequalities in stillbirths and preterm births display somewhat inconsistent 
trends. Stratifi cation of the odds of premature delivery showed some reduction 
(or no trends). Inequality in the vitality of the foetus became more strongly linked 
to the mother’s education. Yet, this last fi nding—more than any other piece of 
empirical evidence in this article—is the least robust of all, since the number of 
stillbirths is extremely low.

Our results only partly confi rm the fi ndings of Koupilová et al. [1998], who 
studied educational differences in birth weight, preterm birth, and infant death 
from 1989 to 1996. Like that study, our analysis found rising educational differ-
ences in birth weight, but did not confi rm the growing disparity in the length of 
pregnancy. We have no explanation as to why our results do not replicate earlier 
analyses more precisely. 

Overall, the results provided more evidence of growing inequality in birth 
and pregnancy outcomes than of declining stratifi cation. In most cases the growth 
in inequality occurred in the fi rst half of the 1990s. Therefore, we could tentative-
ly link this trend to the costs of the early stage of the social transition after 1989, 
when the amount of stress and uncertainty related to new social and economic 
phenomena spread throughout society. We are unsure why inequality stabilised 
towards the late 1990s. Perhaps some process of psychological adjustment took 
place in the 1990s that made people less vulnerable to stressors, as they began to 
understand the new situation and became more resistant to stress. We hypoth-
esise that socioeconomically advantaged individuals made the adjustment faster, 
and individuals with fewer resources adjusted at a slower pace. This ‘selective ad-
justment hypothesis’ would explain why inequality increased initially and then 
stabilised at a new level.

It is also possible that the (potentially) most vulnerable women within each 
education group may have increasingly opted to remain childless. It is possible 
that vulnerability may not relate directly to economic resources, but may refl ect, 
for instance, the level of social support a person has, and that may vary within 
social strata. Women across education levels may differ in their cognitive abili-
ties to assess their social situations and the life chances of their children. If more 
educated women are faster to understand and respond to the new circumstances 
in post-socialist society, this learning and decision-making process could lead 
to increasing and then stabilising inequality levels. We call this alternative ex-
planation ‘selective childlessness’. Selective childlessness could operate through 
two distinct mechanisms: selective reproduction planning and selective abortion. 
There is some evidence to show that selective reproduction planning does indeed 
occur in the Czech Republic. Little is known, however, about the selectivity of 
abortion.

Hašková [2009: 97–101] has shown that Czech women and men with differ-
ent socioeconomic status consider different factors when deciding whether (and 
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when) to have children. Respondents with higher education and higher income 
(personal as well as household income) pay more attention to what Hašková calls 
situational factors, while those with low education and income adhere more to the 
desire-for-a-child factor. The situational factor, preferred by groups with higher 
socioeconomic status, relates to partnership and to the health and the work con-
ditions of both potential parents (see also Pakosta [2009] for a more quantitative 
picture of the fertility preferences of contemporary Czechs). By timing childbirth 
according to these conditions (i.e. most probably delaying it until after the stress-
ful transition period in the 1990s), high-status families may have avoided poten-
tial health risks for their children more effectively than low-status families. Thus, 
women who gave birth in the 1990s (and especially the early 1990s) may have 
selectively been recruited more from those who either considered their situation 
optimal for having children or just wanted to have children without thoroughly 
deliberating their situation (Bartošová [2009] depicts the heterogeneity of fe-
male reproductive strategies in her ethnographic research showing, among other 
things, that some women ‘want to have children no matter what’). The result is 
that children born to the former group of mothers may have obtained a health 
advantage and those in the latter may have been exposed to increased risk, thus 
leading to a rise in inequality.

Our understanding of how social standing infl uences pregnancy and birth 
outcomes is still limited. Measuring family background solely on the basis of 
maternal education offers an incomplete picture of the resources that families 
have available to them to bring up a healthy child, as it overlooks the infl uence of 
the father’s contribution to the social standing of a family [cf. Rychtaříková 2001]. 
Moreover, family arrangements may play an important role in infl uencing the 
health of children [cf. Bird et al. 2000], as well as and in interaction with paren-
tal statuses. The observed increase in socioeconomic inequality in the health of 
newborns should therefore be considered as a starting point for more thorough 
research on the health consequences of family background for children.
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Appendix A:
Procedures used to convert birth weight intervals 

to a continuous measurement

We had access to the complete birth database for the years 1990, 1998, and 2007. We 
had only multi-way tables for the other years (1994, 1996, 2000, 2002, and 2004). In 
the multi-way tables individual births are classifi ed by birth weight interval and 
by other variables (sex, parity, mother’s age, mother’s education, marital status, 
length of gestation, and district). The birth weight intervals were (1) less than 
1500 grams, (2) 1500–2499 grams, (3) 2500–2999 grams, (4) 3000–3499 grams, and 
(5) 3500 or more grams. We converted these categories to birth weight measured 
in grams—i.e. a ratio variable—in the following sequence of steps:

a.  We computed the mean birth weight for all births in a given birth weight in-
terval using 1990 data. This resulted in a set of fi ve mean values, one for each 
birth weight interval.

b.  We obtained the means of birth weight intervals for 1998 and 2007 in a similar 
fashion

c.  We used the linear extrapolation method to estimate the interval means for 
other years. We used the 1990 and 1998 mean values to estimate interval means 
in 1992, 1994, and 1996. Similarly, we used the 1998 and 2007 mean values to 
estimate interval means in 2000, 2002, and 2004.

We ended up with only fi ve unique birth weight values in each year. This is a 
ratio variable, since it respects the underlying scale (weight in grams) and main-
tains its key interpretative advantage: the estimated effects can be interpreted as 
the expected change in birth weight (in grams) produced by a one unit change in 
an explanatory variable.
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Appendix B: Detailed results
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