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"What is Known"
•Seasonality in infant mortality is known.
"What is New"
•A significant cyclic trend was found in infants’ mortality, with a peak in deaths in winter
during the post-perinatal period and double peaks in May and November during
the perinatal period, which might be associated with respiratory syncytial virus
infections.
•Winter-peak cyclic trends were observed in both preterm and low birthweight
mortality.
•A significant cyclic trend was observed in mortality, with a peak in deaths from traffic
accidents and drowning in July for children aged 0–14 years, but seasonal variation
was not found in monthly deaths from childhood cancer.

Abstract
Aim: This ecological study was carried out to determine the cyclic trends in the rate of perinatal
and infant mortality and among children aged under 15 years who died in traffic accidents or
from drowning, respiratory disease or cancer.
Methods: Monthly data on the numbers of live births, perinatal and infant deaths and deaths from
respiratory disease, cancer, traffic accidents, accidental drowning and submersion in children
aged under 15 years were obtained from the Hungarian nationwide population register. The data
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Elwood and negative binomial regression methods.
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were aggregated over the study period and cyclic trends were investigated using the Walter–
Results: Significant double-peak (May and November) trends were found in mortality rates
forperinatal and infant deaths, respectively. Additionally, significant (p-value<0.001) seasonal

EP

variation in monthly mortality rates for deaths from respiratory diseases was observed with a
peak in February, and a significant single peak was observed in mortality rates in July in both

C

deaths from traffic accidents and drowning among children aged 0–14 years. However, there
was no seasonal variation in monthly mortality rates for deaths from childhood cancer.
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Conclusions: Since cyclic trends in mortality suggest some effect of environmental factors in
aetiology, we might speculate that perinatal mortality may have been related to respiratory
infections. A significant single peak was observed in mortality rates in July in both

ST

deaths from traffic accidents and drowning among children aged 0–14 years which
could be related to environmental factors, such as temperature, air masses and fronts.
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However,there was no seasonal variation in monthly mortality rates for deaths from
childhood cancer. All ofthese novel findings could prove useful in preventive strategies, but
further cohort studies are needed to investigate this hypothesis.

Keywords: perinatal mortality, infant mortality, seasonality, double peak, Walter–Elwood
method,
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List of Abbreviations
95%CI: 95% confidence interval
ICD10: 10th revision of the International Classification of Diseases
RSV: respiratory syncytial virus
RR: rate ratio

Introduction

The most significant differences in mortality are age-related. The chance of death is relatively
high for a newborn baby at the beginning of the human lifespan. Then mortality rates decrease
and reach a minimum around the ages of 10–20 years. The most frequent numbers of deaths
occur in infants aged under 1 year. Then road traffic injuries are the leading cause of death
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among children aged 0–14 years, causing 34% of childhood (0–14 years) injury deaths annually

TE

[1].

Accidental drowning is a significant problem worldwide, particularly for children under the age

EP

of 15 years [2-3], and a considerable number of children aged between 0 and14 years die from
cancer or from respiratory diseases [4].

The seasonality of a disease suggests some effect of environmental factors in aetiology (e.g.

C

infections). The present ecological study was carried out to determine both the annual and the

AC

cyclic trends in the mortality rate for the most frequent causes of death in Hungary during the

ST

twenty-year interval between 1 January 1995 and 31 December 2014.

Material and methods

JU

Study population

The twenty-year period between 1995 and 2014 was considered in this analysis. The data on
cause of death were classified according to the 10th revision of the International Classification of
Diseases (ICD10) codes. Monthly data on the numbers of live births, stillbirths, early neonatal
deaths, infant deaths (including those tied to certain conditions originating in the perinatal period
(ICD10: P00–P96) as well as infant congenital malformations, deformations and chromosomal
abnormalities (ICD10: Q00–Q99), deaths from cancers (ICD10: C00–D48), deaths from
respiratory diseases (ICD10: J00–J99)and deaths from external causes (ICD10: V01–Y89)
aged under 15 years were obtained from the nationwide population register maintained by the
Hungarian Central Statistical Office [5].

Monthly birth and infant death data were available with birth weight and gestational age.
Preterm birth based on less than 37 completed weeks of gestation and a birth weight of less
than 2,500 g was regarded as a low birth weight. The age of the infant death was categorised
for neonatal (zero to 27 days) and post-neonatal (28-364 days) mortality according to
World Health Organization recommendations[6].
The perinatal mortality rate was calculated as the sum of the numbers of stillbirths (a baby born
dead after the 24th week of gestation) and early neonatal deaths (the death of a live-born baby

D

within seven days of birth) during a year divided by the total number of births (the sum of the

TE

numbers of live births plus stillbirths in the same year), expressed per 1,000 births per year.
Additionally, monthly numbers of infant deaths from congenital malformations were

EP

available. Monthly infant mortality rates were calculated as the numbers of infant deaths
divided by the numbers of births in the same month of the year.
Monthly mortality rates for childhood cancer and deaths from respiratory diseases were

C

calculated as the number of deaths divided by the population in the same month of the year.
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Additionally, analyses were carried out on mortality rates for deaths in traffic accidents (ICD10:
V01–V19) and from accidental drowning and submersion (W65–W74). Monthly mortality rates
for childhood traffic accidents and drowning were also allocated as the number of deaths divided

ST

by the population in the same month of the year. Since monthly data on the childhood population
aged 0–14 years were not available, we extrapolated from the monthly numbers of deaths and
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births to estimate the monthly population of children in this age group.

Statistical methods
Data on the month of death were aggregated over the study period and cyclic trends were
investigated using the Walter–Elwood and the negative binomial regression methods [7-8].Both
methods adjust for the population at risk by grouping the data into months and were used
to investigate single or double peaks of seasonality. We used the Walter–Elwood method
to analyse double-peak seasonality using six sectorsbased on the assumption that the
observed events occur six months apartand the events are repeating regularly every six

months.Thus, the monthly data are aggregated using the months from the first half of the
year and adding the corresponding data from the second half of the year (e.g. January
and July). However, the negative binomial regression method was carried out in multiple
variable analyses,since this method allows for adjustment of confounding for the study
of seasonal patterns [8].Rate ratios (RR) together with their corresponding 95% confidence
intervals (95%CI) were computed. Trends in the annual number of deaths by cause of death
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R statistical software version R-3.4.0 for Windows (cran.r-project.org).
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were also investigated using negative binomial regression. All analyses were performed using

Results

Overall,20,042 deaths were registered during the study period among children aged 0–14 years,
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of which 13,804 (68.9%) were infant deaths,1,319 (6.9%)were childhood cancer deaths, 667
(4.0%) were deaths from respiratory diseases and 2,330 (11.6%) were deaths from external
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causes (including 601 deaths in road accidents and 256 deaths from drowning).In addition, 4,217
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deaths from congenital malformation were registered during the twenty year period (Table 1).

Perinatal and post-neonatal infant mortality
During the twenty-year interval, there were 1,930,273 live births, 8,224 perinatal deaths
(including 6,550 neonatal deaths and 1,674 stillbirths) and 13,804 infant deaths. The numbers
of infant deaths were 9,173 (66%) and 4,631 (34%) during the neonatal and post-neonatal
period, respectively. Approximately 30% (4,217/13,804) of infant deaths were due to
congenital malformations.There were 160,112 (8.3%) and 12,160 (88%) preterm birth in
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live-born babies and infant deaths, respectively. The numbers of the low birth weight
were 162,754 (8.4%) and 11,906 (86%) in live births and infant deaths, respectively. Thus,

TE

significantly (p<0.001) higher proportions of the preterm births and low birth weights
were observed in infant deaths compared to live-born babies.
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The annual perinatal mortality rate declined from a maximum of 6.2 per 1,000 births in 1995 to
aminimum of 2.6 per 1,000 births in 2014, andthere was a significant RR trend per annum of
0.953 (95%CI [0.949–0.957]; p<0.001). A similar decreasing trend was detected for the annual

C

rate of infant mortality with an annual RR of 0.965(95%CI[0.961–0.969]; p<0.001).
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A double-peak model was fitted to characterise the seasonal variation of perinatal mortality
using both the Walter–Elwood and negative binomial regression methods (Table 1.). The
peaks were observed in May and November (p<0.001) (Figure 1A).Similar,significant

ST

(p<0.001)double peak seasonal trendswere detected inall infant mortality,infant mortality
during neonatal and post neonatal period, and in preterm and low birth weight
babies.After adjusting these factors to the seasonality in multiple negative binomial
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regression models, the single peak seasonal effect remained significant (p<0.05)with a peak
in December. Although, 30% of infant deaths were due to congenital malformations, no cyclic
trend was found in the mortality rates in for deaths from congenital malformations.

Trends in childhood mortality
Annual childhood (aged 0–14 years) mortality declined from a maximum of 1,706 deaths in
1995 to a minimum of 332 deaths in 2012 (RR:0.959, 95%CI [0.957–0.962]; p<0.001).
Similarly, a significant decreasing trend was found in mortality rates from deaths due to external
causes (RR:0.944,95%CI [0.937–0.951]; p<0.001), traffic accidents (RR: 0.939, 95%CI [0.926–

0.951]; p<0.001) and drowning (RR: 0.941,95%CI [0.922–0.961]; p<0.001). Likewise, a
significant decline was observed in mortality rates from childhood cancer (RR:0.970,95%CI
[0.961–0.979]; p<0.001) and from respiratory diseases (RR: 0.908, 95%CI [0.898–0.919];
p<0.001).

The aggregate monthly numbers of deaths by cause of death in Hungary between 1995 and
2014 are summarised in Table 1. There was no cyclic trend in mortality from all causes of death
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among children aged under 15 years or in monthly mortality rates for deaths from childhood
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cancer. However, there was significant (p-value<0.001) seasonal variation in monthly mortality
rates for deaths from respiratory diseases with a peak in February (Figure 1C). In addition, a
significant (p-value: 0.002) single peak was observed in mortality rates in July in both deaths

EP

from road accidents and drowning (Figure 1D–1E).

We studied whether the seasonal pattern in mortality for traffic accidents and drowning was

C

better described by a cosine function with a period of six months, but no significant doublepeak seasonality was found.
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In addition, both the Walter–Elwood method and the negative binomial regression method
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producedsimilar results for the single variable analyses of seasonality.

Discussion
Main findings
The annual infant and childhood mortality rates have decreased in Hungary during the past
two decades, both overall and by cause of death. Significant double-peak trends(May and
November) were found in mortality rates for perinatal, neonatal and post-neonatal infant
deaths, respectively. Similar cyclic trends were detectedin preterm and low birth weight

D

babies.However, the pattern of seasonal effect is modified after adjusting these factors to
the seasonality in multiple negative binomial regression models, where a significantsingle

TE

peak seasonal effect with a maximum in December was observed.

A winter peak cyclical trend was found in mortality rates for respiratory diseases. In addition,

EP

a significant single peak was observed in mortality rates in July in both deaths from
traffic accidents and drowning among children aged 0–14 years. However, there was no
seasonal variation in monthly mortality rates for deaths from childhood cancer, suggesting that
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environmental factors play a less important role in the aetiology of childhood cancer mortality.

Comparisons with other studies

Many developed countries have experienced a decrease in the perinatal mortality

ST

rate[10-11].The level of perinatal mortality is an important indicator of the quality of obstetric
and paediatric care in a country.We found a significant declining trend in perinatal mortality
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during the twenty-year interval.However, the perinatal mortality rate has been higher in Hungary
than in all the countries in the European Union prior to the 2004 enlargement[11-12].
In our study, significant double-peak seasonality was also notedin perinatal mortality in
Hungaryin May and November,monthswhich markthe end of spring and autumn in the
continental climate, respectively. Furthermore, the monthly mean precipitation is high
inHungaryboth in May and November [13]. Ina prospective study of Filipino mothers, Popkin
and colleagues found that seasonality was also a significant determinant of mortality during
the first seven days of life in the wet season [14].Borchers and colleagues reported double
peaks of respiratory syncytial virus (RSV) infection in spring and autumn in temperate regions
[15].Bloom-Feshbach and colleagues described the peak of the flu epidemic and RSV epidemic

in the continental climate in the Northern Hemisphere in February [16]. However, the RSV
virus period around the peak time was estimated as4–6 months.Thus, we can hypothesise therole
of RSV infections in perinatal mortality andthat of the concurrent peak of influenza and RSV
infections in post-perinatal mortality.
Apostolidou and colleagues found a highly significant seasonal variation in post-neonatal deaths
from infections in winter [17] .Douglas and colleagues also reported more sudden infant deaths
in winter than summer [18]. Additionally, Arroyo and colleagues described that pollutant
concentrations, noise and temperature influenced the weekly average number of newborns with
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low birthweight [19].
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We found significant double-peak trends (May and November) in mortality rates
for perinatal, neonatal and post-neonatal infant deaths, respectively. The winter peak

EP

(December) of the seasonality pattern remained after adjusting for birthweight in the
multiple negative binomial regression model. This finding reveals that low birthweight is
a very significant risk factor for infant deaths. However, in winter the risk of infant deaths

C

is increasing due to environmental effects, most likely by infections.
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Gaillard and colleagues reported that first, second and third trimester foetal growth
characteristics were associated with risks of preterm birth and small size for gestational
age at birth [20]. Furthermore, Olsson and colleagues described an association between
some environmental factor and adverse pregnancy outcome in a register-based cohort

ST

study [21]. Thus, we might suppose that environmental effects during the first trimester
could increase the risk of perinatal mortality in babies born in May which is reflected in
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the second peak of the seasonality pattern.
A February peak cyclic trend was found in mortality rates from respiratory diseases. Since RSV
is among the most important pathogenic infections in childhood, this could be associated with
significant mortality in children aged under 15 years [17].
Parkkari and colleagues reported a continuous decline in childhood injury deaths in Finland
over the four decades between 1971 and 2010 [22], a result which is consistent with our
findings.
There was no seasonal variation in monthly mortality rates for deaths from childhood cancer.
However, a significant single-peak cyclic trend in mortality rates was found for deaths from
road accidents and drowning in July, which is the holiday season. A similar summer peak for

traffic accidents, childhood drowning and adolescent injury mortality was observed in Japan by
Shinsugi and colleagues [23].
Although annual trends have been decreasing in Hungary over the last two decades, both in
childhood mortality rates overall and by cause of death, the country still reported the second
highest rate of infant mortality out of 24 European countries in the 2011 and 2012 tables
produced by the Organisation for Economic Co-operation and Development [24].

D

Strengths and weaknesses of our study

TE

In this ecological study, we have investigated the annual and seasonal pattern of mortality in
children aged 0–14 years. Significant double-peak models were observed to characterise the
seasonal variation in mortality rates for infant deaths and perinatal mortality, respectively. In

EP

addition,similar cyclic trends were detectedin preterm and low birth weight babies. In spite
of the lack of direct evidence for infections in the analyses, we can speculate that these infections
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may playa role in the aetiology of infant mortality in preterm and low birth weight babies.In
spite of the different pattern of seasonality that was found in the multiple regression

AC

analyses, the findings confirmed the effect of seasonality in infant deaths.Furthermore,
our study has revealed the relationship between environmental effects and infant deaths
at population level.
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Additionally, we investigated the cyclic trends in the leading causes of death among children
aged 0–14 years and found no seasonal variation in monthly mortality rates for deaths from
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childhood cancer. However, a significant summer peak was noted in deaths from traffic accidents
and drowning, and a winter peak was observed in deaths from respiratory diseases. In spite
of our use of data from the published registry in the analyses, the reliability of our findings
is still high since the major causes of death on the death certificates are provided by either
the deceased person’s general practitioner or treating hospital. The proportion of misclassified
cause of death is very low. The trends might supply important clues on the aetiology of perinatal
mortality. Additionally, we have demonstrated the performance of the Walter–Elwood method
in double-peak seasonality analyses and compared it with that of negative binomial regression.
Nevertheless, both methods have high power to detect cyclic trends. However, multiple
variable analysis could be only carried out using negative binomial regression which is a
statistical test that allows for adjustment of confounding for the study of seasonal patterns.

Conclusion
We provided a detailed description of seasonal effects related to mortality rates for deaths
amongchildren under 15 years. Significant single-peak seasonality was found in mortality from
traffic accidents and drowning during the summer holiday season, and there was a significant
double-peak seasonal effect on infant and perinatal mortality. Nevertheless, preterm deaths,
low birth weight infant deaths,stillbirth, neonatal,post-neonatal mortality are increased

D

by seasonal effects. Since cyclic trends in the aetiology of mortality show some effect of

TE

environmental factors, we might speculate that perinatal mortality may have been related to
respiratory infections. A significant single peak was observed in mortality rates in July
in both deaths from traffic accidents and drowning among children aged 0–14 years

EP

which could be related to environmental factors, such as temperature, air masses and
fronts. However,there was no seasonal variation in monthly mortality rates for deaths from

C

childhood cancer. All of these novel findings could prove useful in preventive strategies,
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Figure Legends
Figure 1. Seasonal variation in monthly numbers ofperinatal deaths (1A)andpost-perinatal
infant deaths (1B) as well asdeaths from respiratory diseases (1C), in traffic accidents (1D)
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and fromdrowning (1E) in children aged 0–14 years.

Table 1. The aggregate monthly numbers of deaths by cause of death in Hungary between
1995 and 2014
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Month Numbers Numbers Numbers Numbers Numbers Numbers Numbers of Numbers
of
of
of infant
of
of
of deaths deaths from of deaths
perinatal all infant
deaths
neonatal deaths in
from
respiratory
from
deaths
deaths (birthweight deaths
traffic accidental diseases
cancer
less than
(0-27
accidents drowning
2,500 g)
days)
January
691
1,182
992
772
39
0
90
104
February 569
1,039
823
648
11
5
82
101
March
663
1,131
988
727
18
0
63
114
April
680
1,162
1031
775
59
0
68
110
May
720
1,183
1071
796
69
30
48
102
June
711
1,149
1051
786
50
69
42
103
July
713
1,160
1072
810
87
106
32
118
August
723
1,158
1018
809
76
46
31
133
September 652
1,086
931
740
60
0
40
106
October 693
1,190
1012
802
64
0
44
107
November 679
1,141
945
727
43
0
57
114
December 730
1,223
972
781
25
0
70
107
Total
8,224
13,804
11,906
9,173
601
256
667
1,319
aPeak(s)
May, May, Nov May, Nov
May,
July
July
Feb
Nov
Nov
p-value P<0.0001 P=0.002 P=0.028 P=0.002 P<0.001 P<0.001 P<0.001
0.386
aObserved peak(s) of the seasonality analyses in the single variable analyses
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