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Summary. Background. Mortality of infants and children younger than 5 years is a globally 
recognized and broad national welfare indicator. Scientific literature has data on the correlation of 
mortality indicators with macroeconomic indicators. It is important to study the associations be-
tween prevalence and mortality indicators and socioeconomic factors, since deaths from congenital 
anomalies account for approximately 25%–30% of all deaths in infancy. The aim of the study was 
to analyze the overall trend in mortality of infants and young children aged 0 to 4 years in relation 
to macroeconomic factors in Latvia and prevalence of congenital anomalies in newborns in relation 
to socioeconomic factors.

Material and Methods. The Newborns’ Register and Causes of Death Register were used as data 
sources; data on specific socioeconomic factors were retrieved from the Central Statistics Office. 

Results. The results of the study show a strong correlation between mortality in children younger 
than 5 years and gross domestic product, as well as health budget in LVL per capita and the national 
unemployment level. The average decrease in infant mortality from congenital anomalies in Latvia 
was found to be 6.8 cases per 100 000 live births. 

Conclusions. There is a strong correlation between child mortality and socioeconomic situation 
in the country. There is a need to analyze the data on child mortality in a transnational context on 
a regular basis and studying the correlations between child mortality indicators and socioeconomic 
indicators and health care management parameters. 
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Introduction
Scientifi c literature has data on the relationship 

between mortality indicators and gross domestic 
product (GDP) per capita, national health budget 
per capita, accessibility of health care, income share 
ratio in the bottom and top quintile, overall educa-
tional level, etc. (1, 2).

The World Health Organization (WHO) has di-
vided the world in 6 regions based on child mortal-
ity rates. From a global perspective, Latvia belongs 
to the region of industrially developed countries 
with low child mortality rates; however, within the 
European region, Latvia has one of the highest child 
mortality rates and the highest child mortality rate 
in the Baltic States (3, 4). 

When looking for solution to reduce infant and 
child mortality, there is a need to compare differ-
ences in the mortality structure in the Baltic States 
and in EU, as well as the factors that cause child 
mortality. In Latvia, a variety of perinatal conditions 
rank fi rst in the infant mortality structure, whereas 
congenital anomalies rank second (5).  

In the developed countries, deaths from congen-
ital anomalies and genetic impairment account for 
about 25% of all deaths in children younger than 
one year (6). Differences have been observed in the 
prevalence of congenital pathology in different pop-
ulation groups with relation to the assessed socio-
economic situation. Though various studies of this 
aspect are available in literature, the study data are 
diffi cult to compare and are contradictory, because 
of the different parameters for describing the socio-
economic situation, which may affect the expected 
result (7–9).

The aim of the study was to analyze the overall 
trends in mortality of children younger than 5 years 
in relation to macroeconomic factors in Latvia and 
prevalence of congenital anomalies in newborns in re-
lation to socioeconomic factors, as well as to compare 
infant mortality indicators across the Baltic States.

Material and Methods
A correlational study was conducted. Time series 

datasets (1996–2007, each year regarded as one ob-
servation) were used to determine the associations 
between under-fi ve child mortality (aged 0–4 years) 
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and macroeconomic indicators: GDP, health budget 
(HB), and unemployment. The time series datasets 
covered a period of 12 years. The strength of an 
association was described by the correlation/regres-
sion coeffi cient: r ranging from 0 to 0.19 indicates 
very weak correlation; from 0.2 to 0.39, weak corre-
lation; from 0.4 to 0.59, medium correlation; from 
0.6 to 0.79, strong correlation; and from 0.8 to 1, 
very strong correlation.

The regression coeffi cient falls between –1 and 1; 
a positive sign indicates a positive correlation, and 
a negative sign indicates a negative correlation be-
tween the variables, while a value of 0 indicates that 
the specifi c factors are not correlated (10).

Data on mortality were retrieved from the Caus-
es of Death in Latvia Database, and information on 
socioeconomic factors was collected from the data-
base of the Central Statistics Offi ce; mortality data 
from all the Baltic States were gathered from the 
World Health Organization database (Health for All, 
HFA).

Correlation/regression analysis was employed 
to establish the interrelations between pairs of fac-
tors. The horizontal axis (x-axis) of the regression 
equation was used for plotting the factorial feature 
(economic indicators), whereas the dependent vari-
able (child mortality of a specifi c age group) was 
plotted on the vertical axis (y-axis). When analyzing 
the correlations, it was taken into account that the 
two variables were not necessarily related in a cause-
and-effect relationship.

Data on the prevalence of congenital anomalies 
were retrieved from the Newborns’ Register data-
base. The data analyzed with respect to congenital 
anomalies concerned live births recorded at various 
birth institutions for one or several anomalies in the 
period between 2000 and 2009 across Latvia.

For the purpose of the study, the dataset was 
subdivided into two principal groups according to 
maternal residence area (urban or rural according to 
the classifi er of administrative territorial division), 
and the data were analyzed separately. The mothers 
of newborns were stratifi ed by educational level into 
5 groups: no primary education, primary education, 
secondary education, secondary vocational educa-
tion, and higher education. 

The period prevalence indicator and separate 
prevalence indicators according to summary diag-
nostic codes for congenital anomalies in the Inter-
national Classifi cation of Diseases (ICD-10) were 
calculated per 1000 live births for the period be-
tween 2000 and 2009 according to maternal resi-
dence area. 

SPPS software version 15 was used for statistical 
processing of the data. The techniques of descrip-

tive and analytical statistics applied were frequency 
distribution, cross tabulation, linear regression, and 
odds ratio (OR) calculation. The χ2 test was em-
ployed to establish differences between categorical 
variables. Differences were signifi cant when P value 
was less than 0.05.

Results
Child Mortality in Latvia and Gross Domestic 

Product. Fig. 1 shows a very strong and signifi cant 
correlation between GDP per capita in actual pric-
es and mortality in children younger than 5 years 
(R2=0.6771, r=–0.822, P<0.001). Each 1 LVL in-
crease in GDP per capita was found to be associ-
ated with a decrease in mortality among children 
younger than 5 years by 0.0002 per 1000 children 
in the respective age group (Fig. 1).

Statistical data indicate only a very weak and not 
signifi cant correlation between GDP per capita in 
average prices of year 2000 and mortality in chil-
dren younger than 5 years (R2=0.0522, r=–0.228, 
P>0.05) (Fig. 2).

Under-Five Mortality in Latvia and Health Budg-
et. Fig. 3 shows a strong and signifi cant correlation 
between health care expenditures in LVL per cap-
ita and mortality in children younger than 5 years 
(R2=0.5471, r=–0.739, P<0.05). A 1 LVL increase 
in health care expenditures per capita was associated 
a decrease in mortality of children younger 5 years 
by 0.0063 per 1000 children in the respective age 
group. 

Child Mortality in Latvia and Unemployment. Fig. 
4 shows a strong and signifi cant correlation between 
unemployment and mortality in children younger 
than 5 years (R2=0.7181, r=0.8474, P<0.001). A 
1% increase in unemployment was associated with 
an increase in mortality of children younger than 5 
years by 0.0926 per 1000 children in the respective 
age group.

Comparison of Infant Mortality Across the Baltic 
States, Infant Mortality From Congenital Anomalies 
and Prevalence of Congenital Anomalies in Relation 
to Socioeconomic Factors in Latvia. Although infant 
mortality in Latvia has decreased from 13.7 per 
100 000 live births in 1990 to 7.7 per 100 000 live 
births in 2009 (Fig. 5.), Latvia has the highest mor-
tality rate across the Baltic States. The correspond-
ing numbers for Estonia and Lithuania were from 
12.3 and 10.3 per 100 000 live births in 1990 to 3.6 
and 5.0 per 100 000 in 2009, respectively. 

Analysis of the regression equations (Fig. 6.) on 
infant mortality from congenital anomalies showed 
that a decrease was more rapid in Latvia than oth-
er EU countries; however, mortality indicators in 
Latvia were several times greater than the average 
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European indicators. In Latvia, the average annual 
decrease in infant mortality from congenital anoma-
lies was 6.8 cases per 100 000 live births.

Analysis of congenital anomaly rates in newborns 
during 2000–2009 showed that congenital anomaly 
rate was higher in urban than rural areas (29.29 per 
1000 live births [95% CI, 28.27–30.35] and 23.49 
per 1000 live births [95% CI 22.59–24.40], respec-
tively); however, the difference was not signifi cant. 

Deformations of the musculoskeletal system 
(Q65–Q79) were the most frequently documented 
defects at birth in urban areas (8.97 per 1000 live 
births; 95% CI, 8.41–9.56) and rural areas (7.24 
per 1000 live births; 95% CI, 6.75–7.76). Congen-
ital malformations of the circulatory system (Q20-
Q28) ranked second:  7.63 per 1000 live births 
(95% CI 7.12–8.18) in urban areas and 5.08 per 
1000 live births (95% CI 4.67–5.08) in rural ar-
eas. In urban areas, the third most common type 
of congenital anomalies was anomalies of the uri-
nary system (Q60–Q64) (3.1 per 1000 live births; 
95% CI, 2.79–3.47), whereas in rural areas, other 
congenital malformations (Q80–Q89; congenital 
malformations of the skin, breast; congenital mal-
formation syndromes involving several systems, 
etc.) (2.65 per 1000 live births; 95% CI 2.36–2.97) 
(Fig. 7.)

Analysis of the urban/rural area differences in 
congenital anomalies in newborns with regard to 
maternal education revealed that the share of such 
congenital anomalies was higher among mothers 

with a lower education level (i.e., primary, second-
ary and secondary vocational) in rural areas than ur-
ban areas. The overall differences in newborns with 
congenital anomalies with regard to the level of ma-
ternal education were seen as statistically signifi cant 
(χ2 =262.75; P<0.001).

Analysis of ORs for newborns with congenital 
anomalies by diagnostic category showed that for all 
diagnostic categories, the ORs for newborns were 
different if the mother resided in the rural area or 
in the urban area (Table), even though statistically 
signifi cant OR indicators were observed only in 
4 groups of pathologies. 

Mothers residing in rural areas were more likely 
to have a newborn with cleft lip and cleft palate and 
other congenital anomalies (congenital skin, breast 
malformations, congenital malformation syndromes 
involving several systems, etc.) than those residing in 
urban areas (OR, 1.54; 95% CI, 1.17–2.03; χ2=10.07, 
and OR, 1.39; 95% CI, 1.16–1.67; χ2=13.48, re-
spectively). However, mothers residing in rural areas 
were at lower risk to have a newborn with congenital 
malformations of the circulatory system (OR, 0.78; 
95% CI, 0.69–0.89; χ2=15.07) and deformities of 
the urinary system (OR, 0.59; 95% CI, 0.48–0.72; 
χ2=29.10).

Mothers with lower education level residing in 
rural areas were at higher risk to have a newborn 
with congenital malformations and deformations 
of the musculoskeletal system (OR, 1.30; 95% CI, 
1.1–1.5). 

Congenital Anomaly Rates per 1000 Live Births
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Fig. 7. Congenital anomaly rates per 1000 live births in newborns by maternal residence area during 2000–2009
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Discussion
Since the beginning of the 1990s, Latvia has had 

an unfavorable image among the Central and East 
European countries that wished to join the Euro-
pean Union. Regarding child mortality and other 
parameters, Latvia had the worst profi le among the 
Baltic States, even though the socioeconomic situa-
tion did not differ much from that of Lithuania and 
Estonia. The infant mortality indicators came close 
to those of Rumania and Bulgaria during this period 
(11).

The UNICEF 2001 report “A Decade of Transi-
tion” concluded that Latvia had the highest infant 
mortality rate in the Baltic States and the highest 
maternal mortality rate, which was 3 times higher 
than that of Lithuania or Estonia and exceeded the 
Rumanian indicator. It also had the highest child 
mortality (13.6 per 1000 live births) (2, 11).

There was a difference in the actual accessibility 
of health care: almost half of the population could 
not afford quality pharmaceuticals and/or qualifi ed 
medical services (13–16). In the late 1990s, 10% of 
all the children younger than 5 years lived in ex-
treme poverty and 52.5% were very poor as com-
pared to corresponding numbers in Lithuania (4.8% 
and 34.7%, respectively). Moreover, this indicator 
was substantially lower in all the other countries of 
the region (2). A study by the Norwegian FAFO In-
stitute also reported poor availability of health care 
in Latvia as compared to Lithuania and Estonia, in-
dicating outstanding differences in health care sys-
tems across the Baltic States (17–19).

As evidenced by the correlation/regression 
equa tions, there is a rather strong correlation be-
tween child mortality in Latvia and health budget. 
A review of literature shows that this indicator is 
not always comprehensive. In a number of countries 
with a relatively high health budget per capita, mor-
tality is higher than in countries that invest in health 
care by several times less (4, 20).

The results of this study show that in Latvia, 
correlation was strongest between under-fi ve child 
mortality and health care expenditures per capita 
(correlation coeffi cient, 0.74), which means that in 
3 of the 4 cases, child mortality was related to health 
care fi nancing per capita. Prevention of mortality in 
this age group requires a high amount of investment 
because of the specifi c nature of treatment require-
ments, which frequently involve intensive care.

Since Latvia has the highest child mortality 
in the EU in practically all age groups apart from 
those reviewed in the study, it is reasonable to sus-
pect that it might be due to lack of health care 
fi nancing (4, 21). The risks involved are described 
in the WHO commissioned study “Out of Pock-
et Health Payments in Households of Latvia and 
Their Impact on the Capacity to Pay, Analytical 
Report,” Riga 2008 (22). The report analyzes the 
fi nancial standing of households in 2002–2006 in 
relation to fairness of health care fi nancing across 
the country. It shows the affordability of participa-
tory health care payments in different population 
groups and analyzes fairness of health care fi nanc-
ing. Fair distribution of health care costs between 
the public and the individual is one of the objec-
tives of public health care. Every individual should 
bear a fair share of health care costs in correspond-
ence to his/her ability to pay, and the remainder 
of the costs should be borne by the public. For 
comparability, the WHO speaks about fairness 
of fi nancial contributions (FFC), i.e., fairness in 
the distribution of resources. This index refl ects 
the overall inequality caused by differences in the 
contributions from households with a particular 
emphasis on the households with high health care 
costs. In a fair fi nancing system, the index should 
be close to 1 (23). 

In Latvia, the FFC index declined from 0.82 in 
2002 to 0.80 in 2005. In 2006, the share of house-
holds who could not afford to cover their health 

Table. Association between congenital anomalies and maternal residence place (reference category, live in cities)

Diagnostic category of congenital anomalies (ICD-10) OR 95% CI
Congenital malformations of the nervous system (Q00–Q07)
Congenital malformations of eye, ear, face, and neck (Q10–Q18)
Congenital malformations of the circulatory system (Q20–Q28)
Cleft lip and cleft palate (Q35–Q37)
Other congenital malformations of the digestive system (Q38–Q45)
Congenital malformations of genital organs (Q50–Q56)
Congenital malformations of the urinary system (Q60–Q64)
Congenital malformations and deformations of the musculoskeletal system (Q65–Q79)
Other congenital malformations (Q80–Q89)
Chromosomal abnormalities, not elsewhere classifi ed (Q90–Q99)
Congenital malformations of the respiratory system (Q30–Q34)

1.36
1.41
0.78***
1.54***
1.14
1.12
0.59***
1.01
1.39**
1.20
1.23

1.00–1.86
0.95–2.10
0.69–0.89
1.17–2.03
0.89–1.46
0.91–1.38
0.48–0.72
0.90–1.13
1.16–1.67
0.88–1.62
0.72–2.10

**P<0.01; ***P<0.001.

Mortality Under Five and Macroeconomics
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care contributions was 77%, whereas even during 
the economic growth period (the so-called “boom 
years”), there were many households in separate re-
gions of Latvia with catastrophic health care expen-
ditures (as formulated by the WHO); consequently, 
there is an unequal distribution of the child mortal-
ity indicators (20).    

The UNICEF study describes the close relation-
ship between unemployment and mortality across 
different countries and indicates that the correlation 
coeffi cient between unemployment and mortality 
in Latvia in the mid-1990s in particular was 0.78 
(2). Our study also revealed a strong correlation be-
tween unemployment and under-fi ve child mortal-
ity (r=0.8474). The results of the study allow us to 
conclude that there is a close relationship between 
child mortality (0–4) and both unemployment and 
GDP per capita.

The economic crisis has brought about a steep 
increase in unemployment since 2008, which might 
reach 20% in general, whereas in separate regions 
with unfavorable trends in the natural movement of 
people, the increase might be even more dramatic, 
leading to a projected growth in child mortality.

 According to the Causes of Death Register of 
Latvia, congenital anomalies are the second most 
common cause of infant mortality, which accounts 
for 25%–30% of infant deaths (5). Since 2000, there 
have been no signifi cant increasing or decreasing 
trends in infant mortality from congenital anoma-
lies, even though infant mortality from congenital 
anomalies in 2007 was 1.2 times higher (2.4 per 
1000 live births in 2007 and 1.9 per 1000 in 2006), 
but in 2008 – 1.8 (24, 25). 

Scientifi c literature describes a number of epide-
miological studies on the relationship of social, de-
mographic, and medical factors with the prevalence 
of congenital anomalies and mortality (6–8, 26, 27). 

The main socioeconomic factors related to the 
prevalence of congenital anomalies in newborns re-
viewed in the present study were maternal educa-
tion and area of residence (urban or rural).   

The prevalence of congenital anomalies in new-
borns was higher in the urban areas over the period 
for all diagnostic categories; this might be related to a 
more polluted environment, occupation and profes-
sion of parents (harmful factors at workplace), as well 
as more synthetic foods used for nutrition. However, 
the results of the study may be somewhat skewed in 
view of the fact that the available information may 
not disclose the real maternal residence area, which 
may differ from the declared residence address.   

In our study, analysis of the structure of anoma-
lies revealed that rate of malformations and deforma-

tions of the musculoskeletal system was the highest, 
followed by malformations of the circulatory system. 
Contrarily, literature reports a different situation: 
malformations of the circulatory system rank fi rst, 
followed by musculoskeletal pathologies (9).

Literature reports data on the interrelation be-
tween socioeconomic situation (SES) and neural 
tube defects, congenital heart conditions, cleft lip in 
newborns (7, 8). A study conducted in the United 
States included the following factors: maternal and 
parental education, occupation, and household in-
come (9). Individual SES measures were combined 
with the overall SES of the household. In household 
with low SES, the risk was higher for practically all 
types of congenital defects. The study showed that 
a higher risk of congenital defects was directly re-
lated to household SES, whereas the relationship of 
individual SES with congenital pathology was less 
consistent. A lower SES is frequently mentioned as 
a marker for health outcomes that are generally less 
favorable. For example, fathers with lower education 
levels and mothers employed to do menial tasks had 
a higher risk of having a newborn with cleft palate 
(OR, 1.4) (9).

The present study demonstrated that, for exam-
ple, mothers living in the rural area were more likely 
to have a newborn with cleft lip and cleft palate (OR, 
1.54). Notably, maternal and paternal occupation 
has been left outside the scope of the study, since 
the data were not available in the database analyzed. 
In turn, the risk of malformations of the circulatory 
system (OR=1.28) and congenital anomalies of the 
urinary system (OR=1.70) is higher in urban areas 
where the social and economic situation is perceived 
as more favorable, even though there is no informa-
tion on individual factors.  

Literature presents data indicating a higher risk 
of congenital heart conditions in lower social and 
economical strata (7). This study did not analyze 
how the social stratum associated with the newborn 
was related to congenital anomaly, the focus being 
on the residence area, which may partly bear rela-
tion to social and economic conditions (availability 
of health care, environmental factors, etc.).

Some studies on the interrelation between social 
and economic inequality and specifi c diagnoses of 
congenital anomalies have been described in litera-
ture. A higher prevalence of congenital anomalies in 
the lower social strata has been noted for congenital 
cataract, specifi c circulatory diseases, specifi c anom-
alies of the urinary system, polydactyly, syndactyly, 
etc. (7, 8).

A Danish study analyzing the risk of congenital 
defects in newborns in relationship to parental edu-
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cation and household incomes revealed an impact 
of these factors on pathology in newborns. Women 
with a lower education level were at higher risk of 
having a newborn with congenital anomalies than 
those with higher education (OR=2.9) (7).

A more comprehensive interpretation would re-
quire a more detailed analysis by territory and in re-
lation to specifi c environmental factors. The results 
of the study might be affected to a certain extent by 
skew factors, such as maternal and paternal occupa-
tion, eating habits, harmful environmental factors, a 
better understanding of which might help to explain 
the prevalence of congenital anomalies. 

Conclusions
In Latvia, a strong correlation between child mor-

tality and gross domestic product per capita, health 
care expenditures in LVL per capita, and unemploy-
ment level was documented. The period prevalence 

(2000–2009) for newborns with congenital anoma-
lies according to maternal residence area was higher 
in urban areas.  Mothers residing in rural areas were 
more likely to have a newborn with cleft lip, cleft 
palate, and other congenital anomalies, while moth-
ers residing in urban areas were at higher risk of 
having a newborn with congenital abnormalities of 
the circulatory and urinary system. 

The Latvian government should restructure its 
health budget providing a higher share of public 
healthcare fi nances for covering direct patient costs; 
unemployment should be reduced and social fair-
ness promoted. It is necessary to analyze causal re-
lationships between child mortality and macroeco-
nomic indicators and health care management in 
the context of Baltic region regularly.
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