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Abstract

Background Preterm birth remains a significant burden to families, health systems and societies. The aim was to
quantify the incremental prematurity-related public health expenditure in Hungary and to estimate the potential
impact of a decrease in the prevalence of prematurity on the public payer’s spending.

Methods Over a 6-year time horizon, public financing data of inpatient, outpatient and pharmaceutical care for
children born at > 25 weeks of gestation in 2009/2010 were retrieved from the Hungarian National Health Insurance
Fund database. In descriptive analysis, the public payer’s spending was given as cost/capita. The impact of a decrease
in prematurity prevalence was specified as the total budget impact. An exchange rate of 294 Hungarian forint/Euro
was applied.

Results A total of 93,124 children (including 8.6% who were premature babies) were included in the analysis. A
strong negative relationship was shown between gestational age and per capita cost. The 6-year cost of care for the
cohort born at 26 weeks of gestation (28,470 Euro per capita) was 24 times higher than that for the cohort born at
40 weeks. First-year inpatient spending accounted for the largest proportion of total health care spending across all
gestational ages. All investigated prematurity complications (retinopathy of prematurity, necrotizing enterocolitis,
bronchopulmonary dysplasia, intraventricular cerebral bleeding and leukomalacia) resulted in additional significant
incremental spending. If 70% of pregnancies ending with preterm birth could be prolonged by 1 week, the savings
would be almost 7.0 million Euros in the first 6 years of life.

Conclusion This comprehensive analysis of prematurity-related health care spending confirmed that premature
infants have much higher costs for care than those born at term in Hungary. These quantitative outcomes can provide
essential inputs for the cost-effectiveness analysis of medical technologies and public health interventions that can
decrease the prevalence of premature birth.
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Background

Prematurity, defined as birth before 37 completed weeks
(or 259 days) of gestation, [1] is one of the leading mor-
bidity and mortality factors in childhood, although revo-
lutionary developments in the management of premature
babies over the past century—including the significant
reduction of infectious diseases—have played an impor-
tant role in decreasing prematurity-related mortality.
At the same time, there has been an increasing societal
expectation to keep newborns with poorer viability alive.
Societal changes have exerted two opposing effects;
although improved social and economic status—mainly
of women—have decreased the risk of preterm birth,
increasing maternal age (partially related to widely acces-
sible fertilization interventions) has a more significant
negative impact on the incidence of prematurity [2-4].
Due to improvements in medical technologies and care,
an increasing number of preterm infants survive the crit-
ical first weeks of life, and the long-term complications
of prematurity and their public health implications have
become increasingly apparent and require the involve-
ment of a wide range of medical and nonmedical disci-
plines [5].

Premature babies are born with dysfunction of all
organ systems, and consequently, their organs may show
permanent damage. Of the complications, retinopathy,
neonatal bowel infections, chronic lung disease and brain
damage have particular importance in terms of later dis-
abilities and quality of life [6]. In addition, the conse-
quences of prematurity — long-term care in the neonatal
intensive care department, anxieties about the infant
after their discharge from the hospital, facing prematurity
complications, the damage to interpersonal relationships
within the family — can also burden the affected families,
leading to psychological burdens, decreased quality of life
and additional expenses (“parental complications”) [5, 7].

Despite efforts to reduce the prevalence of preterm
birth, approximately 10% of births occur before the
end of 37 weeks of gestation [8]. The large majority
(85%) of premature infants are moderately premature
(born at 32-36 weeks of gestation), 11% are very pre-
mature (born at 28—31 weeks of gestation) and 4.1% are
extremely premature (born before 28 weeks of gesta-
tion) [1, 8]. In addition, the prevalence of prematurity
showed an increasing trend between 2000 and 2014 in
all regions of the world (from 9.8% to 10.6% globally)
and in Europe (from 7.0% in 2000 to 8.7% in 2014) [8].
In many European countries, the prevalence increased
further between 2014 and 2016. [9].

In Hungary, the annual number of live births between
1995 and 2018 showed a decreasing trend (with some
fluctuation), while the number of preterm births was
unchanged, so the prevalence of premature births slightly
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increased from 7.3% at the beginning of the period to the
highest prevalence of 9.0% in 2013. The proportion of
extremely premature infants—who have the highest risks
for adverse outcomes and cause the most expenditure—
increased between 1995 and 2000 and then remained
constant [10].

Prematurity is a leading mortality factor in the popu-
lation aged O to 5 years, resulting in 17.8% of all deaths
in this age range, of which 90% occur in the first month
of life [11]. In Hungary, infant mortality considerably
decreased between 2004 and 2018 in the whole pre-
mature population (from 5.3% to 2.5%), including the
extremely, very and moderately premature populations
(from 46.5% to 25%, from 10% to 2.9% and from 1.3% to
0.7%, respectively). In turn, the proportion of neonatal
mortality within infant mortality did not show changes in
this period (approximately 84% in the extremely preterm
babies, 73% in the very preterm babies and 56% in the
moderately preterm babies, on average) [10].

The burden of a disease on society can be seen as eco-
nomic burden (cost-of-illness) or the total amount of
healthy lives lost (clinical burden)) [12, 13]. Cost-of-ill-
ness studies can be categorized by several aspects, such
as the types of costs that are taken into account, [14]
the stakeholders whose expenditures are analysed, how
detailed and comprehensively the services and costs are
counted [13, 15—17] and the sources of cost data [18].

A systematic literature review [19]— including 16 stud-
ies published after January 1, 2011 —showed that pre-
maturity was consistently associated with considerably
higher expenditure for both the short and long term. The
incremental expenditure was especially high during the
first hospitalization, when extremely premature babies
and very and moderately premature babies needed 100-
fold and tenfold more inpatient financing, respectively,
than term infants [20-23]. Significant additional costs
could be demonstrated for the whole first year of life
[22-28] regardless of whether the initial hospital costs
were included. The additional costs of care for premature
babies could also be demonstrated at preschool age [22,
25-27, 29] and thereafter [30]. When analysing the cost
of care in the first years of life, the more premature the
babies were, the higher the proportion of expenditure
paid during the initial hospitalization or in the first year
of life [22, 25, 26]. In addition to increased direct health
care costs, it was demonstrated that the adults who had
been born prematurely earned less than those who were
born at term. All studies that quantified the expenditure
consequences of the prematurity complications that were
investigated in this analysis (i.e., retinopathy of prema-
turity [ROP], [31-34] necrotizing enterocolitis [NEC],
[35-39] bronchopulmonary dysplasia [BPD], [38-42]
and intraventricular = haemorrhage—periventricular
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leukomalacia [IVH-PVL] [38, 39, 43]) confirmed that
these complications were associated with incremental
public health spending.

Any health technologies or policy interventions that
aim to reduce the prevalence of prematurity should
be assessed by considering expected savings associ-
ated with avoided prematurity. The objectives of this
study were (1) to quantify incremental prematurity-
related public health spending and (2) to estimate how
decreases in the prevalence of preterm birth affect pub-
lic payer’s health spending.

Methods

This research analysed inpatient, outpatient and phar-
maceutical care expenditures covered by the National
Health Insurance Fund (NHIF) in the first 6 years of
children’s lives. The following inclusion criteria were
applied for the study population: (1) children born in
Hungary between January 1, 2009, and December 31,
2010; (2) children whose gestational age was equal to or
greater than 25 weeks; (3) children whose gestational
age could be determined; and (4) children for whom all
data for inpatient, outpatient and pharmaceutical care
expenditures from birth to 6 years of life were available.
The NHIF provided the following data: resource use
during the first 6 years of life, the chronological age (in
semiannual breakdown) of infants, and whether a patient
suffered from one or more predefined prematurity com-
plications (i.e., ROP, NEC, BPD, IVH-PVL). Analysis
was performed on patient-level data stored at the NHIF;
however, only the aggregated data were provided to the
researchers for data privacy reasons, that allowed to cal-
culate only mean costs in the descriptive analysis.

In Hungary, the reimbursement system of acute
inpatient care is based on Diagnostic Related Groups
(DRGs), and outpatient care is reimbursed based on
the German point system. The reimbursement of phar-
maceutical care outside hospitals is specified by drug
classes and indications.

As the data for gestational age in the DRG records
and ICD codes in the public payer’s database were
incomplete, gestational age was determined based on
the time (weeks) elapsed since the date of a mother’s
alpha-fetoprotein screening test (a test that was part of
routine pregnancy care in Hungary in 2009 and 2010
and was performed at 17 weeks of gestation) [44]. The
analysis was performed by weeks of gestation or gesta-
tional age groups (applying the following classification:
25-27 weeks: extremely preterm; 28—31 weeks: very pre-
term; 32—-36 weeks: moderately preterm), [1] chronologi-
cal age (in semiannual breakdown), the types of health
services (i.e., inpatient, outpatient and pharmaceutical
care), and prematurity complications. When an inpatient
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care event spread to the next 6-month period of chrono-
logical age, the DRG payment of this event was split into
two time-proportionate periods. Similarly, near the end
of the observational period at year 6, only the time-pro-
portionate part of the inpatient care payments was con-
sidered. Spending in Hungarian forints was converted
to Euro with an average exchange rate of 294 HUF/EUR
between 2009 and 2016.

In the descriptive analyses, public health expenditure
per capita in each subgroup was calculated based on the
cumulative expenditure in the given period divided by
the number of children in the subgroup. The number
of children in a given period was calculated as the aver-
age number of children who started and completed the
period, assuming a constant mortality rate in the given
period. In the first 6-month period, however, correction
for a higher neonatal mortality rate was made based on
aggregated mortality rates at Day 28 after birth.

The descriptive analysis included the total inpatient,
outpatient and pharmaceutical public expenditures by
gestational age groups and the mean expenditure per
capita in each subgroup for the 6-year observational
period, the incremental spending per capita between
each subgroup, the distribution of yearly inpatient, out-
patient and pharmaceutical expenditures over the 6-year
observational period by gestational age, and the incre-
mental expenditure associated with selected prematurity
complications. The impact of a potential reduction in
the prevalence of prematurity was modelled by assum-
ing that 30%, 50% or 70% of the pregnancies between
25 and 36 weeks of gestation could be prolonged by one
week. The modelled spending was calculated for the
first 6 months of life and the whole 6-year investigation
period. In calculating the total cost of care, the aggre-
gated resource use data (i.e., DRGs, German points) was
multiplied by the current unit costs (the payment for one
DRG or German point).

The study conformed to the Helsinki Declaration
of 1964, and its later amendments, and was approved
by the Scientific and Research Ethics Committee of
the Medical Research Council (registration code:
38,254-2/2019/EKU).

Results

Population

From the birth cohorts of 2009 and 2010, 93 124 infants
met the inclusion criteria (study population), of whom
8.6% were preterm infants (including 0.25% who were
extremely preterm [N=234], 1.0% who were very pre-
term [N=938] and 7.3% who were moderately preterm
[N=6 801]). The study population included 50% of the
infants born alive at>25 weeks of gestation in 2009
and 2010 in Hungary. Therefore, the study population
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corresponded to a one-year birth cohort. The propor-
tions of male infants were higher than those of females in
all gestational subgroups. A vast majority (99.7%) of the
infants survived until the end of the first year of life, and
99.6% survived until the end of their sixth year of life. The
1-year survival rates were 61-76% among the extremely
premature babies, 89-95% among the very premature
babies and 98-99% among the moderately premature
babies. The baseline characteristics of the study popula-
tion are summarized in Table 1.

Total public health expenditure

The public payer paid almost 70 million Euro in the first
6 months and 141.5 million Euro in the first 6 years of life
for inpatient, outpatient and pharmaceutical care of the
study population (see Table 2). The proportions of the
spending for premature babies (born at <36 weeks of ges-
tation), who accounted for 8.6% of the whole population,
were 38.3% in the first 6 months and 25.4% in the whole
6-year study period. The incremental cost of care was
more pronounced for extremely and very preterm babies
(0.25% were extremely preterm newborns [<27 weeks of
gestation] who required 5.4% of the total expenditure in
the first half year of life and 3.2% in the first 6 years of
life; these expenditure proportions were 11.9% and 7.1%,
respectively, in the case of the 1.0% who were very pre-
term newborns [28—-31 weeks of gestation]).

Total public health expenditure per capita

Figure 1 shows the total expenditure per capita in the
first 6 months (Fig. 1A) and 6 years after birth (Fig. 1B).
The values in brackets indicate how many times higher
the expenditure paid for a baby of a given gestational age
is compared to that of a baby born at 40 weeks of ges-
tation. Both in the first half year and the whole 6-year
study period, a strong negative association was detected
between gestational age and total expenditure per capita.
The care of newborns born at 26 weeks of gestation was
the most costly in the first half year and the first 6 years
of life; additionally, compared to those born at 40 weeks
of gestation, the public health expenditure of these
babies was almost 50 times higher in the first half year
and 24 times higher in the first 6 years of life. When the

Table 1 Baseline characteristics of the study population
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Table 2 Total public health expenditure in the first 6 months
and 6 years of life

Gestationalage Number Total public health
groups (weeks) (proportion) of  expenditure (% of the total
infants expenditure in the given
period), thousand, Euro
In the first In the 6 years
6 months of of life
life
<27 234 (0.25%) 3751 (5.4%) 4585 (3.2%)
28-31 938 (1.0%) 8313(11.9%) 9991 (7.1%)
32-36 6801 (7.3%) 14690 (21.0%) 21363 (15.1%)
premature (<36) 7973 (8.6%) 26753(383%) 35939 (25.4%)
>37 85151 (91.4%) 43112 (61.7%) 105 548 (74.6%)
Total 93124 69 866 141 487

The values indicate total public payer expenditures

incremental spending on children at each gestational age
was compared to those born one week later, a decreasing
trend was demonstrated (Fig. 1C and D). Interestingly,
the costs of newborns born at 25 weeks of gestation were
lower than those of newborns born at 26 weeks of gesta-
tion in both time horizons: the most acceptable explana-
tion is that much less care was provided for these babies
in the first half year of life due to extremely high early
neonatal mortality.

Distribution of the expenditure by age and health care type
The expenditure per capita by type of health care,
weeks of gestation and postnatal age periods are sum-
marized in Table S1, Table S2 and Table S3 (see Sup-
plementary Material). Inpatient expenditure per capita
showed a decreasing trend with increasing gestational
and postnatal age. The strongest association between
gestational age and inpatient expenditure could be
demonstrated in the first two half years of life (e.g.,
compared to those born at 40 weeks of gestation,
the inpatient expenditure paid for an infant born at
26 weeks of gestation was 57.5 times more in the first
half year, while an infant born at 25 weeks of gestation
cost 40.5 times more in the second half year). From the
second year of life, these multipliers ranged between

Gestational age Number Proportion of  Prevalence of prematurity complications Proportion of surviving infants

groups (weeks) (proportion) of males - -
infants ROP NEC BPD IVH-PVL 6 months of life 6 years of life

<27 234(0.25%) 60.7% 48.3% 13,2% 37.2% 47.0% 68.2% 67.1%

28-31 938 (1.0%) 55.7% 43.1% 4,5% 11.1% 23.8% 95.0% 94.7%

32-36 6801 (7.3%) 54.9% 99.6% 99.3%

>37 85 151 (91.4%) 51.7% 99.9% 99.8%
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Fig. 1 Total expenditure per capita (rounded, Euro) by gestational age (weeks). A in the first 6 months, B in the first 6 years of life; the values in
brackets show how many times higher the costs for a child born at a given gestational age are compared to those of a child born at 40 weeks.
CThe incremental spending in each gestational group compared to the costs of those one week more mature in the first 6 months of life; D the

incremental spending in the first 6 years of life

1.1 and 6.9. Similar trends could be demonstrated in
outpatient care expenditure per capita, although the
costs for extremely and very premature babies were

only 1.8-8.2 times higher in the first two half years of
life and 1.5-7.1 times higher between 2 and 6 years of
life than those of infants born at 40 weeks of gestation.
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On the other hand, the pharmaceutical care expendi-
ture per capita showed a different trend: while the
spending on extremely and very premature infants was
only 1.2-4.2 times higher than that of infants born at
40 weeks of gestation in the first two half years, the
multipliers between the extremely and very premature
versus mature infants were much larger between 2 and
6 years of life (between 2.3 and 21.0).

The relative proportions of yearly inpatient, outpatient
and outpatient pharmaceutical care expenditures are
shown in Table 3. The first-year inpatient care expendi-
ture represented the highest proportion of the total
expenditure paid in the first 6 years of life across all ges-
tational ages. The proportion of the first-year inpatient
expenditure showed an association with gestational age,
and was over 80% in extremely and very preterm infants
and decreased gradually to approximately 40% in mature
infants. Although the proportions of expenditure paid in
the following years were much smaller than that of the
first year, inpatient care dominated the total expenditure
across all years.

Incremental spending associated with prematurity
complications

When the 6-year total public expenditure per capita was
compared in children who were positive versus negative
for selected prematurity-related complications, higher
values were demonstrated in both extremely and very
premature infants across all complications, including
ROP, NEC, BDP, and IVH-PVL, as described in Fig. 2.
The highest incremental spending was associated with
BPD in extremely premature infants.

Economic implications of reduced prematurity

The economic impact of a potential reduction in the
prevalence of prematurity was modelled in different sce-
narios by assuming that 30% (Scenario 1), 50% (Scenario
2) or 70% (Scenario 3) of the pregnancies between 25 and
36 weeks of gestation could be prolonged by one week.
Public health spending in each scenario was estimated for
6 months and 6 years after birth. Figure 3 shows that the
prolongation of 30% of pregnancies by 1 week (Scenario
1) would save more than 2.7 million Euros in the first half
year and almost 3 million Euros in the first 6 years, which
represent 3.0% and 1.7% of the total budget in the given
periods, respectively. If 70% of all pregnancies ending
with preterm birth were prolonged by 1 week (Scenario
3), the savings would be 6.4 million Euros in the first half
year and almost 7.0 million Euros in the first 6 years of
life (representing 7.0% and 3.9% of the budgets in the
given periods, respectively).
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Discussion

Prematurity plays an important role in morbidity and
mortality in childhood. The health care costs related to
prematurity that are covered by both the public pay-
ers’ and the families’ medical care are extremely high.
Although medical innovation for life-saving interventions
in the neonatal period led to significant improvements
in survival, it also resulted in an increased prevalence of
chronic or even life-long prematurity-related complica-
tions. In addition to higher health spending, prematurity-
related complications are associated with psychological
burdens and decreased quality of life of patients and
family caregivers.

Despite all efforts, preterm birth remains a significant
problem worldwide (affecting approximately 9-10%
of pregnancies). Its prevalence has slightly increased
in Hungary in the last two decades, although the large
majority of these infants were moderately premature, and
the 0-27-day and 0-355-day mortalities have decreased
in the last two decades.

Several studies have quantified the association between
the severity of prematurity or low birthweight and the
health expenditure paid by third-party payers of the
affected families. Although these studies were hetero-
genic in several aspects of their methodologies (time
horizon, perspective, cost categories, health system
environment, categorization by gestational age or birth-
weight, etc.), they unanimously confirmed that a younger
gestational age at birth or lower birthweight resulted in
increased health care costs. It should be emphasized that
the systematic review (conducted in March 2018) could
not identify any prematurity-related cost analyses from
the Central and Eastern European regions.

Our analysis was performed from the perspective of
the Hungarian National Health Insurance Fund, as a
public payer, and covered public spending on inpatient,
outpatient and pharmaceutical care for children born
between January 1, 2009, and December 31, 2010. The
analysis clearly demonstrated a strong negative rela-
tionship between the maturity of infants and expendi-
ture per capita. Although a negative trend was seen
between most gestational ages and the type of care,
this association was less strong. Premature infants, who
represented 8.6% of the newborn population, required
almost 40% of the total public spending for all chil-
dren, and 1.25% of extremely or very premature chil-
dren required 17.3% of the total public expenditure
6 years after birth. Independent of gestational age, the
largest share of the total 6-year expenditure was paid
for inpatient care in the first year of life: the share was
approximately 40% for mature infants but over 80%
for extremely and very preterm infants. By assuming
an unchanged health care financing structure (DRG
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Fig. 2 The additional public health expenditure per capita in prematurity-related complications (rounded, Euro). The values show the additional
expenditure that the public payer spent in the first 6 years of life for children with the indicated prematurity related complications compared to
those without the given complications. The data were provided separately for the extremely and the very preterm populations
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-6971500

-2737700
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Fig. 3 Estimated savings in the first 6 months and the first 6 years of life in absolute values (rounded, Euro) and in proportions of the total public
health expenditure related to prolonging gestation by one week in 30% (Scenario 1), 50% (Scenario 2) or 70% (Scenario 3) of pregnancies

weights, outpatient care financing and reimbursement
rates for different drug classes), the prolongation of
30%, 50% and 70% of premature births by 1 week would
result in almost 3, 5 and 7 million Euros saved in the
first 6 years of life (representing 1.7%, 2.8% and 3.9% or
the total public payer budget paid for children in this
period). The proportions of savings in the public health

care budget would be 3.0%, 5.0% and 7.0% in the first
6 months after birth.

Although the cost per capita in similar studies in the
Netherlands, and in the United States [21, 20] was many
times higher than that in Hungary, the results are con-
sistent with each other. Marzouk et al’s analysis by ges-
tational age groups showed a proportional increase in
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health care spending that was similar to our study [23].
Additionally, similar cost per capita data were provided
in the studies that analysed the whole first year of life [22,
25]. It can generally be stated that the ratio of expendi-
ture in each gestational age or age group compared to
those born at 40 weeks of gestation was similar in studies
from different regions of the world, and the absolute dif-
ferences are probably due to the differences in the eco-
nomic status of the countries.

The economic impact of reducing the prevalence of
prematurity could be modelled in different ways. The
modelling technique chosen in this study used a conserv-
ative approach, assuming that a proportion of pregnan-
cies that would have ended with preterm birth would be
prolonged by 1 week in 30%, 50% and 70% of cases. The
return on investment of health policy interventions (e.g.,
improved prenatal care) would be highly positive, most
likely resulting in cost savings in addition to significant
improvements in the survival of children and the quality
of life of both children and their family caregivers.

Limitations

The main limitation of the study is that only a portion of
all children born in 2009 and 2010 could be included in
the study, as the whole 6-year health care and financing
history could be explored for only approximately 50%
of the 2009-2010 birth cohort. However, it can be rea-
sonably assumed that the availability of the health care
and reimbursement history was independent from the
patient characteristics and financing outcomes, so it did
not introduce bias in the analysis. An important limita-
tion is that the only aggregated data were provided by
the public payer, which prevented researchers from cal-
culating uncertainty measures—such as standard error or
any quantiles—in the descriptive analysis and the model-
ling of costs. On the other hand, due to the large sam-
ple size—that was actually equal to the number newborn
population born in one year in Hungary—the cost esti-
mations are sufficiently reliable.

Although it is well-known that socioeconomic status of
patients influences their health status and related health
care costs, the public payer databases did not contain
information on socioeconomic status. On the other hand,
authors believe that in Hungary there is limited ineq-
uity in the access to hospital care for newborn babies in
the first 6 months after birth compared with any other
services and any other age groups, therefore the most
important cost driver in our analysis was not sensitive to
socioeconomic status.

Another limitation is that gestational age was deter-
mined based on the time elapsed between the date of the
mother’s alpha-fetoprotein screening test and the date of
birth. Although alpha-fetoprotein screening was strictly
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specified by local guidelines and enforced before 2012, it
might occur in a minority of the cases in which the time
of the screening shifted one week forward or backwards.

Conclusion

As a conclusion, the current study highlighted the sig-
nificant economic potential of reducing the prevalence
of prematurity in Hungary, where the prevalence rate is
among the highest in Europe. The calculations may pro-
vide essential input for cost-effectiveness analyses of any
prenatal care or other policy interventions that aim to
reduce the prevalence of prematurity. To the best of the
authors’ knowledge, this is the first study that compre-
hensively analysed the incremental costs of prematurity
in Central and Eastern Europe.
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