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Introduction

The mortality rate is an important indicator of population health. It shows a decline
in age after birth and increases with age in older age groups. The increase in adults is
approximately exponential and may be interpreted as a manifestation of aging that affects
all individuals (1-14).

From an analytical perspective, age remains a deterministic variable in the
relationship between age and mortality, and coeflicients of determination are higher
than 0.99 (4, 10-13). Changes in the mortality rate with age during childhood are
quicker, and the steep decline in mortality is accompanied by age-based changes in
predominant causes of death (15-20). Congenital anomalies or impairments originating
in the perinatal period result in 85% of all deaths during the first 4 weeks of life. However,
after the age of 5 years, their contribution reduces to less than 10% (17-20). As such, age
is very reliable data as compared to the cause of death.

The author presents the database and web application following the previous studies
that included 14 European countries and 25 countries from the four continents (19, 20).

Age trajectories of mortality (ATMs) due to some diseases after birth showed an
important phenomenon that may be important in pediatrics. It may be verified or
rejected in other regions and countries using the presented database. Age trajectories
of total mortality (ATTMs) were the most important ATMs. The decrease in ATTMs
was described by the model of the inverse proportion with coefficients of determination
higher than 0.99 (15, 17, 19, 20).

The ATMs as a result of major disease groups were decreased with age after the
first year of life, with one exception, malignant neoplasms (15, 17, 19, 20). The ATM
due to neoplasms was declined only during the first month of life and remained
age-independent from the first month till the age of 20 years.

Further, ATMs due to major disease groups (e.g., “neoplasms” or “infectious
diseases”) were composed of a larger spectrum of diseases. The database enables
researchers to investigate the composition of ATM (the spectrum of diseases that
contributed to some ATM). Researchers or other users may combine diseases in a selected
population, and the resulting ATM will be transferred to the web application. The results
shown in the previous studies may be verified or rejected using the database in 110
countries and in 10 aggregated populations.
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Methods

World Health Organization raw data

The WHO Raw Mortality database was the main source of
data (21). It contains the number of deaths within specific age
categories in different countries (21).

The cause of death was determined using the specific
revision of the International Classification of Diseases (ICDs)
in the database. The database contains the 7th—10th revisions
of ICD. Specific revisions were used by different countries at
different time periods. The use of the 10th revision of ICD
(ICD10) was the first main criterion to segregate data (22). The
number of deaths due to causes classified as per ICD10 was
found in two files in 2019 (21).

The database does use different categories for the age that
differ mainly during the first year of life. The following four
age categories in the first year of life were the most detailed: 0-
24h after birth, 1-7, 7-28, and 28-365 days. Not all countries
use these four categories, and hence, the second criterion for
segregating data was the four age categories.

Thus, data using ICD10 were selected, and the resulting
two files “Morticd10_partl.txt” and “Morticd10_part2.txt” were
aggregated to create one file. Within this, the rows with four age
categories in the first year were used as filters for segregation.
Figure 1 is a diagrammatic representation of this process.

Applying the ICDI10 and age criteria reduced the number
of countries to 122. The number of calendar years in some
countries were reduced too. The WHO database uses the four
mentioned age categories in the first year of life, a single age
category for the age range 1-5 years and ages above 5 years are
grouped with an interval of 5 years, each up to ages 90-94 years.

The next important step was sourcing data on the number
of people alive. WHO database contains the number of living
people in the file “pop.txt” but it uses one age category in
the age range 1-5 years in some countries in some years.
For this reason, the set of years does not reach the set
of years used in the two files “Morticd10_partl.txt” and
“Morticd10_part2.txt”. For example, only the years 1966-1989
may be found in the US with single-year age categories.
The “United States Census Bureau” database of living people
in a single-year age group may solve the problem, and
it was used to automate the process of ATM construction
(23). A total of 110 out of 122 countries were available in
the database, and thus, the ATM was constructed for these
110 countries.

Further, 10 large, aggregated populations that contained
countries from different regions of the world were created.
The largest aggregated population “P110” contained all the 110
countries. The number of people alive per 1 year in “P110”
was approximately 2.286 billion, and it represented about one-
third of the whole world population during the study period.
The list of 110 countries may be shown in the web application
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if an aggregated population is selected in the panels: “ATM2;
“CACNS;” and “Main Chapters.”

Number of people alive—United States
Census Bureau

The database “United States Census Bureau” enabled us to
download file “idbsingleyear.txt” that included the number of
people alive (men and women) in 110 countries, in 1-year age
categories, and in calendar years (23). The set of 122 countries
and the set of calendar years in each country were used to
find the suitable number of people alive (men and women) in
the file “idbsingleyear.txt.” The process reduced the number of
countries from 122 to 110. Three regions, “United Kingdom
England and Wales, “United Kingdom, Northern Ireland, and
“United Kingdom, Scotland, were not used separately as all
three regions were referred to as “United Kingdom” in the file
“idbsingleyear.txt.” Further, nine countries were not found in
the file “idbsingleyear.txt,” and they were excluded from the
list of 122 countries: “Mayotte,” “Reunion,” “Rodrigues,” “French
‘Martinique,” “Netherlands Antilles,”
“Occupied Palestinian Territory,” and “Serbia and Montenegro”

»

Guiana,” “Guadeloupe,

(Figure 1). The number of people alive in the first age category
was used to calculate the ATM in the four age categories as
categorized by WHO for the first year of life. The next four
single-year age categories were used to calculate ATM in the age
range 1-5 years. Similarly, the 5-year age categories (from ages 5
to 95) were calculated from the single-year age categories.

Halley method—Aggregation of calendar
years and countries

The 1-year period is a typical time unit used in epidemiology,
biology, and social sciences. Biological events (such as death or
disease) in different ages may be studied in one specific calendar
year across age categories (cross-sectional description). The
other possibility is the longitudinal observation of individuals
born in the same year (generation study or longitudinal study).
If the time unit “1 year” was replaced with the time unit “1
day” (e.g., for some biological, social, or cultural reasons), events
observed for 1 year represented the aggregation of the events
that occurred in 365 days. The aggregation of more calendar
years had a similar meaning. Age was assumed as the main
factor, and all other factors were assumed to be less significant.
Furthermore, the existence of general mechanisms was assumed,
as demonstrated in the ATM after birth. For these reasons, ATM
may be constructed in as large a population as possible (19, 20).
Including more regions and more calendar years within the
analysis may eliminate all factors other than age, rendering the
impact of age more visible. The following standard definition of
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US Census Bureau
Numbers of Living

File:
idbsingleyear txt (03MB)
Males, Females

WHO Mortality Raw Data Single Year Ages
Numbers of Deaths Data Filtering:
Malas Facseies the Raw Must Meet to the Criterion: C:
Calendar Years "
= Four Age Categories in the First Year r
Datain Two ICDIO ATM after the Birth)
Resulting File:

Daxx txt Q30MB)

FIGURE 1
Diagram of the

process.

Data Filtering:
Countries and Years
According to the File:
Daxx txt

Numbers of Living
Males, Females

Luxxtxt (0.7 MB)

1 "n0" means that country s

Lix.txt our Age Categories Have the Same Numbe
Country Yesr  USCensusiSex _ #Frmat _#IM_Frmanfan Infant Livi Infant Livi Living at a Living at age 2 years
125 2008 Egpt | 1 1380405 1380405 1380405 1380405 1309578 1254155
15 2014 Eget 2 1299639 1299639 1299639 1299639 1230968 1176579
125 2015 Eget 1 1611780 1411740 1411740 1411740 1342084 1288217
s 2015 Egpt 2 1320306 1329306 1329306 1329306 1261630 1208664
1300 2005 Mauritus 1 9603 9604 9604 9604 = 9740 9889
100 2005 Mauritus 2 9194 9194 o194 o104 9331 9474
1300 2006 Mauritus 1 9495 o405 o495 o495 o2 9733
1300 2006 Mauritus 2 o089 o089 | o089 9080 | o179 | 9323
1300 2007 Maurits 1 9438 9438 0438 0438 9475 9574
1300 2007 Mauritus 2 03¢ 9034 o034 o034 9075 9172
2020 2003 Argentina 1 361676 361676 361676 361676 356641 357814
2020 2003 Argentina 2 30519 340519 340519 340519 336680 338586
2020 2005 Amgentina 1 377640 377640 377640 377640 372371 360327
2020 2005 Amgentina 2 353768 353768 353768 353768 349771 339434
2020 2006 Argentina 1 363689 363689 363689 363689 376883 371920
2020 2006 Amgentina 2 360034 340034 340034 340034 353155 349396
2020 2007 Argentina 1 357434 35734 357434 357434 362056 376461
2020 2007 Argentina 2 332706 332706 332706 332706 339430 352804
2020 2008 Argentina 1 369099 369099 369099 369099 356733 362579
2020 2008 Amgentina 2 365911 345911 345911 345911 332127 339108

 WHO Country Code

FIGURE 2

found in the specific country in the WHO database.

Dnxx.txt €26 Age Categories>
the First Four Age Categories 15t Two Age Cate
Country Year  Cause  Sex Frmat _iM_frmat Deaths at Deaths t .Deaths at Deaths t .Deaths at Deaths ot Deaths at . Deaths Deathsat Deaths Deaths at age 90-94 years
020 2000 Ao 2 0 1 o o o o 0 o o o o o o o o o o o o o o o o o 1 o o o
220 2003 Ao 1 o 1 o o o o o 3 0 3 0 o 0 o o o 0 o 0 o o o 0 o T o 3 0
00 2003 Aoz 2 o 1 o o o o o o o o o o o o o o o o o o o o o o 1 o o o
2020 2008 A 1 o 1 0 o o 0 o 0 0 0 0 o 0 0 0 o 0 o 0 o o 0 0 o 0 o 0 1
020 2003 A7 1 o 1 0 o o 1 o o 0 3 0 3 0 3 o o 0 o o o o o o o 3 o o )
020 2008 A 2 o 1 0 o o 1 o 3 ) o 0 o o o o o o o o o o o o 3 o o o 3
020 2003 Aoss 1 o 1 o o o 0 o 0 0 o 0 o 0 o 0 0 o 1 0 o o 0 o o 0 o o 0
220 2003 Ass 2 o 1 0 3 o 0 o 3 0 3 o o o o o o 0 o 0 o 3 0 o o 0 1 3 0
00 2003 aost 1 o 1 o o o 1 o o o o o o o o o o o o o o o o o o o o o 0
220 200 as1 2 o 1 0 o o 1 o 0 0 3 0 o 0 o 0 o 0 o 0 o 0 0 o o 0 o 3 0
020 2003 a2 1 o 1 o o 3 s o 3 0 3 ) o 0 3 o o 0 o 0 o 3 o o 0 3 o 3 o
020 2003 a2 2 o 1 0 o s 9 o 3 o o o o 0 o 0 o 0 o o o o 3 o o o o o 3
020 2008 Asss 1 o 1 0 o o 1 o o o o 0 o 0 0 o o o o o o 0 0 o 1 0 o o 0
4 ICD10 Cause of Death. )
 WHO Country Code
CountriesDnxx.txt 4 Membership of Country in Aggregated Population Calendar Years Found in Country
WHO _USCensus NYears P110 P2BEU P42SCA PGAS PSBIgEU'SSmellEPANordEL PESA | PI4EU P25 v v v
s et Ege 2 PO 2002015
1300 Mouritios Mauritus 18 P110 205 | 2006 | 2007 | 2008 | 2009 | 2010 | 2om
1303 Meyore no s om0 203 4 205 | 2016
130 Morocco Morocco 13 P110 200 | 2000 2002 | 2003 | 2008 | 2007 | 2008
130 Rewion no 15 201 | 200 200 | 2004 | 2005 | 2006 | 2007
1365 Rodrigues  no 13 2005 2006 2007 2008 2009 2010 2011
140 jouth Aficiouth At 11 P110 199 | 205 2005 | 2007 2000 | 2010 | 2011
2005 pogills Angila 18 P10 200 | 200 202 | 2003 | 208 | 2005 | 2006
2010 wasndBaruasndBar 15 _P110 PA2SCA 1998 | 1999 2000 | 2002 2003 | 2004 | 2005
2020 Argentina Argentina 16 [ P110 P42SCA P6SA P25 | 2003 2005 2006 2007 2008 | 2009 | 2010
2005 Aube  Awba 15 P10 Pa2SCA 200 | 2000 2002 | 2005 2000 | 2005 2006
1 WHO Country Code [+ Agent P110, PA2SCA, P6SA, P25

Structure of three main files. The structure of the two files "Dnxx.txt” and "Lnxx.txt" is similar. Each row contains the numbers of deaths in
"‘Dnxx.txt” and the numbers living in “Lnxx.txt,” in a specific calendar year, for men and women separately in age categories. The first two
columns contain country codes and calendar years in both files. The third column contains the cause of death in "Dnxx.txt” while the country
name in “Lnxx.txt." The other columns have the same meaning in the two files. The fourth column contains sex, the next two columns contain
an index of WHO format of age categories, and the last columns represent 26 age categories (columns: 7, 8, ...32). The file “ContriesDnxx.txt"
contains information about a specific country. The columns contain the WHO code, the name of the country used in WHO, the name of the
country used in the US Census Bureau, and the number of calendar years. Columns 5-14 contain the indication if the country was used in
aggregated population (a specific column corresponds to a specific aggregated population). The last columns contain the list of calendar years

the force of mortality at age x was used:

D(x+h) B2 pi
L)

TS = Li (Bi — Ai)

w () =limy_g o

where D(x+h) is the number of deaths in a small age range,
[x, x+h), the infinitesimal increment h is positive. L(x) is the
number of living people at the age x, S(x) is the survival function
(percentage of living people at age x), which is valid in principle:
S(x)

1 - F(x), where F(x) is the cumulative distribution
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function of the probability of death. The empirical value Di is
the number of deaths within an age range [Ai, Bi), while Li is
the size of the population among which the deaths occurred.
Empirically, changes in Li within an age interval [Ai, Bi) were
very small in childhood, when compared with changes in Di, and
the number of living people in Li within an age interval [Ai, Bi)
was used instead of the average number of living people in the
region and calendar period. Namely, population Li went through
the “window” in time, and it was the meaning of the product
Lie(Bi - Ai) in Equation (1). Element Bi - Ai differed from 1
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only in the first four age categories where the four values, 1/365
years; 6/365 years; 21/365 years; and (365-28)/365 years, were
used. It equaled to 1 in the 5-year age categories because Di and
Li were detected in one calendar year. The unit corresponding to
the mortality rate was “person-years,” which meant the number
of years lived by members of the population between the ages
Ai and Bi. Uncertainty or possible demographic error of Li
was discussed in the previous studies in detail and they were
negligible with the respect to resulting ATM (11-13, 17-20).

The ATMs were assumed to be unknown theoretical curve
and was constructed using the right side of the equation (1).
Mortality rates in different age groups described the group’s
Li in the same way a decay constant may describe the force
of a radioactive decay on different radionuclides (the different
radionuclides correspond to the group’s Li in the parallel) (19,
20, 24).

Zero deaths in a given age group may be the major
problem for the construction of ATM from a specific disease
or from a set of diseases. While zero deaths due to some
disease may occur within a specific age category, in a specific
calendar year, at least one death may occur within the
same age category in other calendar years. The inclusion
of additional calendar years may remove this obstacle. The
method was first utilized by the well-known astronomer and
mathematician Edmond Halley (25). This method enabled
the calculation of the mortality rate within one age category
based on the number of deaths and living persons in
several years (25-27). Standard epidemiologic and demographic
interpretations of the specific value of mortality rate within
a specific age category differed from the values calculated
for one calendar year. However, the interpretation was the
same for all age categories, and the resulting ATM may be
interpreted as a hallmark of aging. In addition, including
more regions and calendar years may eliminate factors other
than age.

The ATM in one country in one calendar year may be
constructed separately for men and women using three main
data files, which are described in the paragraph “Three Main
Data Files.”

Aggregated populations

In total, 10 aggregated populations were mainly created to
eliminate zero cases due to specific diseases. The aggregated
population may be selected by the user in the web application
in the panels “ATM2,” “CACNS;” and “Main Chapters.” A list of
countries in the aggregated population is automatically shown in
the panels.

The largest aggregated population “PI110” contained all
110 countries. “P28EU” contained 28 European countries,
“P42SCA” contained 42 countries from South and Central
America, and “P6AS” contained six Asian countries. Three
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groups of European countries from the previous study were used
in the aggregated populations: “P5BigEU,” “P5SmallEU,” and
“P4NordEU.” (19) Aggregated population “P6SA” contained six
countries of South America (20). In addition, two aggregated
populations “P14” and “P25” used similar to their use in
the previous studies (“P14” = “P5BigEU” + “P5SmallEU” +
“P4NordEU” and “P25” = “P14” + “P6SA”) (19, 20).

Calendar years used by a specific country in the database
present in the web application if a specific country is selected
in the panels “ATM2,” “CACNS;” and “Main Chapters” (the list
found in the file as “CountriesDnxx.txt”).

Three main data files

» «

The three main data files, “Dnxx.txt,” “CountriesDnxx.txt,”
and “Lnxx.txt, may be downloaded in the web application in
the panel “Introduction.” The structure of the files is shown in
Figure 2.

The data may be obtained in different ways than in the
web application. For example, in the aggregation of calendar
years, men and women may be ignored. In this case, ATM in
the specific calendar year may be constructed using the files
“Dnxx.txt” and “Lnxx.txt” (e.g., in Excel). Calendar years and age
categories were unified in “Dnxx.txt” and “Lnxx.txt.” Users may
calculate ATM using the formula (1) (the element Bi-Ai differs
from the value of one in the first four age categories).

Data investigation and web
application

There are more possibilities on how to run the

web application:

(a) Directly on the Internet: https://atm-dolejs-josef.
shinyapps.io/ATTM/
(b) Download the directory from the

Supplementary Material
(c) Download the directory here https://lide.uhk.cz/fim/
ucitel/dolejjo1/

If the directory is downloaded, the application may run
according to the instructions in the file “Run Application in
Personal Device with Windows.pdf.”

The application contains 10 panels: Introduction, ATTMI,
ATTM2, CACNS, Main Chapters, Detail Codesl, Detail Codes2,
Combinations of Main Chapters, Significance of Main Chapters
in Age, and Other Models.

The first panel “Introduction” contains an introduction to
ATM after the birth and a short explanation of the theory of
congenital individual risks of death (TCIR) (16, 17, 19, 20).
The panel contains three keys to download three main
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files “Dnxx.txt,; “DnxxCountries.txt,” and “Lnxx.txt,” the
fourth button to download the file “TCIR.pdf” with

the explanation of TCIR, and fifth key to download
the file “Numerical Bending ATM_in_TCIRxlsx”  with
the demonstration of bending ATM according to TCIR
(16, 17, 19, 20).

The second panel “ATTMI1” contains an illustrative
animation of ATTM in 110 countries and in 10 aggregated
populations. The panel “ATTM2” contains the same plot,
while each population may be individually selected. Moreover,
a list of all countries and the mean number of people
alive in all age categories in specific calendar years in
the selected aggregated population is shown. The two
identical plots in ATTMI1 and ATTM2 contain coefficient
of determination calculated in the model of the inverse
proportion in the age range 0-10 years (in the first nine
points). Confidence bands are common for all populations.
They were calculated as limits between which 95% of
empirical values, in each age category, were detected in
the 110 countries.

The panel “CACNS” is similar to the panel “ATTM?2”;
however, ATM due to congenital anomalies of the central
nervous system (CACNS) is shown. The age range used in the
model of the inverse proportion with the 95% confidence bands
is 0-40 years.

In the panel “Main Chapters,” one aggregated population
and one main chapter of ICD10 (one of 22) may be selected.
The ATM plot using the selection of the main chapter in the
chosen aggregated population with four illustrative straight lines
is displayed. Two straight lines have the slope —1 and go exactly
through to the second point (the first week) and through to the
fifth point (1-2 years), respectively. One straight line has the
slope —2 and goes through the fifth point. The last straight line
has a slope 0 and corresponds to the age independence. These
straight lines may be important and may be used to roughly
classify ATM (the straight lines are not the regression lines but
they have an exact slope and go through observed mortality
rates in specific age categories). In addition, the spectrum of
ATMs that are significant to ATTMs are shown in the panel
below in two plots, in two age ranges “0-10 years” and “1-
10 years.”

The aggregated population and main chapter of ICD10
selected in the panel “Main Chapters” are used automatically
in the panel “Detail Codesl.” The resulting list of all disease
codes is displayed. The users may select their own set of
codes in the section “Choose Diseases of ICD10” and create
a specific group of diseases. The ATM due to the group of
diseases is displayed with four indicative straight lines (the
same four straight lines as described in the panel “Main
Chapters”). There are two keys to download data files with
the list of selected codes and with the ATM data as per the
disease groups.
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Three illustrative examples of the use of the panel
“Detail Codes1”:

(a) It was shown that ATMs due to the second chapter
of ICD10 (Neoplasms) were age independent in the age
range from the first month to 25 years (16, 17, 19, 20).
If the aggregated population is chosen in the panel “Main
Chapters,” the list of all ICD10 codes used in all age
categories will be seen. Each code may be selected by a
click on the left panel (it may be removed by a click on
the right panel). The ATM due to the selected set of codes
is calculated, and a plot is shown (two possible levels of
ICD10 were used in the WHO database, and the problem
is described below).

(b) It was shown that ATMs due to the first chapter of
ICD10 (and due to other chapters) were age independent
or declined slowly with age in the first year of life.
Simultaneously, the decrease with age was faster after
the first year (usually with the slope —1) (16, 17, 19,
20). The bending ATMs were typical for many main
chapters of ICD10 in which congenital impairment was not
determined as the cause of death. It is possible to study the
spectrum of diseases in the selected main chapter and in the
selected aggregated population.

(c) It was shown that ATMs due to CACNS (Q00-QO07,
congenital malformations of the central nervous system)
were inversely proportional to age in higher age categories
(e.g., 40 years) (16-20). If the aggregated population and
the 17th chapter of ICD10 (all congenital anomalies) are
selected in the panel “Main Chapters;,” then the study
similar to the previous two examples “a, b” may be
accomplished (only codes Q00-QO07 may be selected).

Some basic models may be tested directly in the panel “Detail
Codesl, and ATM may be downloaded as a data file for
other investigations.

The panel “Combinations of Main Chapters” enables to
create any combination of main chapters of ICDI0 in the
selected aggregated population. For example, the contribution
of the main chapters to ATTM may be studied here. Key
“Downloaded Mortality Rates to CSV File” in the panel
“Combination of Main Chapters” may be used to download
mortality rates for the selected main chapter in the selected
aggregated population.

Proportions of main chapters in selected aggregated
population in age categories are shown in the panel “Significance
of Main Chapters in Age.” Primarily, it shows that the
significance of cases with congenital impairments (the 16th and
the 17th chapter of ICD10) dramatically decreases with age.
The special group of diseases “Other Diseases” contains the first
15 chapters of ICD10, excluding the second chapter of ICD10
(Neoplasms) (16, 17, 19, 20).

frontiersin.org


https://doi.org/10.3389/fpubh.2022.911589
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Dolejs

Historical models found in the literature, which may
describe ATTM after the birth, are displayed in the last panel
“Other Models.” (11-13).
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