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ABSTRACT

Introduction: The industrial and socio-economic
development is the direct cause of changes in major
health threats in highly developed societies.
Diabetes is a civilization disease and it depends on
the impaired action of insulin. Together with its
complications, it is a significant cause of deaths all
over the world.

Purpose: To assess the level and trends of potential
years of life lost (PYLL) due to diabetes in Poland
in the years 2002-2013. For specific purposes, it is
necessary to assess the PYLL level and the dynamics
of PYLL rates due to diabetes and comparison with
all causes of death.

Materials and Methods: The research material
consists of data from generally available databases
from the Polish Statistical Office. Potentially lost
years of life were calculated using the method
proposed by J-M Romeder. Premature deaths have
been defined as deaths occurring before the age of

70. Trends in PYLL coefficients were generated by
the computer program Joinpoint Regression
Programme. Results: The results of the conducted
analysis unambiguously indicate the increase in the
PYLL ratio due to diabetes was observed in both the
general population and the male population. The
higher rate of PYLL growth and its much higher
level in the male population, compared to the female
population, point out to the fact that men die much
younger because of diabetes. The dynamics of the
PYLL coefficient trends connected with all causes
of death indicate the reduction of premature
mortality.

Conclusions: The results obtained indicate the need
for social intervention in the prevention of diabetes.
Keywords: Diabetes, potential years of life lost,

PYLL, trends.
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INTRODUCTION

The industrial and  socio-economic
development is the direct cause of changes in major
health threats in the highly developed societies. It
results in changes in the incidence of disease entities
and in the structure of the causes of deaths, and
therefore also in the structure of health needs, both
individual and collective. This applies to four major
groups of diseases and its accompanying changes:
infectious  diseases, accidents and injuries,
civilization diseases, new health threats. The process
of these changes can be called the epidemiological
transformation [1-3].

According to the World Health
Organization (WHO), diabetes is a set of metabolic
diseases characterized by hyperglycaemia resulting
from a defect in the secretion or action of insulin.
Chronic hyperglycemia in diabetes is associated
with damage, dysfunction and failure of various
organs, especially eyes, kidneys, nerves, heart and
blood vessels [4]. Type 1 diabetes mellitus is caused
by total destruction of pancreatic B cells in an
autoimmune or idiopathic process and accounts for
about 10% of all diabetes cases, whereas 85-90% of
those with this type are people under the age of 30.
Type 2 diabetes is the result of the acquisition of
insulin resistance by the body's tissues combined
with impaired secretory function of B-cell pancreatic
islets, and this type of diabetes most often occurs
among middle-aged and elderly people. According
to the data of the Organization for Economic
Cooperation and Development (OECD), in 2014,
380-422 million people around the world suffered
from diabetes. WHO reports that in 2012, 1.5
million people died from diabetes and about 43% of
these deaths occurred before the age of 70. The
OECD estimates that by 2035 the number of patients
will increase to 600 million. In Poland, diabetes
affects up to 5% of the population, or about 2 million
people, while about 4 million people can be
diagnosed with diabetes risk symptoms.
In Poland, from 2002 to 2013 about
6,000 people died due to diabetes each year.
Unfortunately, diabetes is not diagnosed in a
significant proportion of patients, so the figures
given on morbidity and mortality are only estimates
[4-8].

MATERIALS AND METHODS

As research material the publicly available
databases of Statistics Poland (GUS) were used,
containing information on the population sizeof
Poland in five-year age groups according to gender
in the years 2002-2013, and publicly available GUS
databases containing information on the number of
deaths by sex, age in five-year groups and causes of
death in ICD10 classification in 2002-1013.

The study included deaths due to all types
of diabetes and its complications (according to the
ICD-10 classification, these are units from the E10-
E14 range, 6205 cases), as well as data on deaths due
to all causes (374,488) [9,10]. The crud rate of
potential years of life lost (PYLL) was used to
analyze the level of premature mortality. PYLL were
calculated according to the method proposed by J-M
Romeder [11]. Premature deaths have been defined
as deaths occurring before the age of 70.

PYLL according to the J-M Romeder
method:

70
PYLL = Z a1d1
i=1

a- Average number of remaining years of life in the
age group (for example: in the 15-19 age group it is
52,5)

d- The number of deaths in the age group

The PYLL is a negative epidemiological
indicator that allows to assess the health status of the
population and social losses due to premature
deaths. The assessment of trends in changes of this
indicator allows to determine the effectiveness of
health care interventions undertaken to date, which
were aimed at reducing premature mortality due to a
given disease. PYLL rates due to diabetes and due
to all causes of deaths from 2002-2013, according to
gender, are demonstrated in the summary table and
subjected to statistical analysis using the Joinpoint
Regression Programme [12].

RESULTS

Table 1 shows the absolute number of
deaths and PYLL rate due to diabetes and due to all
causes in 2002-2013, and their average values in this
time interval. The absolute number of deaths was
given for the examined age range 0-69 years and for
the 0-85 + interval. Analyzing the data in the table,
an increase in the number of premature deaths due
to diabetes can be noticed. The increase in PYLL
coefficients occurred in both groups of genders
throughout the entire period of time observed. The
numbers of premature deaths and PYLL rates due to
all causes of death at the same time are clearly
decreasing.

In the studied period of time, no
statistically significant changes in PYLL were
observed among women. In male population in the
described period of time, two points of change in the
dynamics of the trend have been distinguished,
which divide it into three compartments with
different values of the average annual percentage
change in PYLL.
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Table 1. Number of deaths due to diabetes and PYLL in Poland in 2002-2013

Diabetes || All causes
Number Number Number Number
ear of deaths of deaths Pr;(tl;!_ of deaths of deaths tht:‘
0-85+ 0-69 0-85+ 0-69
2002 5126 1773 54.3 359486 144709 6694.9
2003 5226 1747 56.3 365230 143444 6561.2
2004 5078 1752 56.5 363522 144538 6655.6
2005 5447 1767 63 368285 145159 7274.1
2006 6014 1969 69.6 369686 146276 7173.9
2007 6359 2047 67.7 377226 147727 6809.3
2008 6599 2026 67.6 379399 146569 6729.8
2009 6761 2067 71.3 384940 145714 7041.5
2010 6512 2004 66.6 378478 141624 6192.6
2011 6766 1993 63.2 375501 141386 6091.2
2012 7129 2156 67.1 384788 143977 5995
2013 7441 2273 70.5 387312 143775 5787.6
2002-2013
Average 6205 1965 64.5 374488 144575 6584

a— PYLL rate per 100 000 population of people aged 0-69

Table 2. Mid-term percentage change in PYLL trends due to diabetes in Poland in years 2002-2013 — woman

and man

Annual Percent Change (APC)

Cohort Segment Equg\r;\:)e};t E;J(?p?oei;t APC Lower Cl|Upper CL | Test Statistic | P-value
Man 1 2002 2008 6,4" 4,2 8,7 8,3 0
Man 2 2008 2011 -4,9 -15,9 7,6 -1,1 0,3
Man 3 2011 2013 7,8 -4,7 22 1,7 0,2

Woman 1 2002 1013 0,9 0 1,8 2,2 0,1

" The Annual Percent Change (APC) is significantly different from zero at alpha = 0,05
Average Annual Percent Change (AAPC)

Cohort Range Elﬁg\r;\:)lei;t E;J(?pp(?i;t AAPC  |Lower Cl |Upper CL | Test Statistic | P-value
Man Full Range | 2002 2013 3,5" 0,4 6,6 2,2 0

Woman Full Range | 2002 2013 0,9 0 1,8 2,2 0,1

"The Average Annual Percent Change (AAPC) is significantly different from zero at alpha = 0,05.
Parametric method used
Average Annual Percent Change (AAPC) Comparison
Cohort Range Elag\p;\éfi;t E;Jdpg)cfi;t D?f?riﬁce Lower Cl |Upper CL | Test Statistic | P-value
Comparison | Full Range | 2002 2013 2,67 -0,6 5,8 1,6 0,1

"The Average Annual Percent Change (AAPC) is significantly different from zero at alpha = 0,05

From 2002 to 2008, the average annual
percentage increase in PYLL in men was 6.4% and
was statistically significant (p <0.05). In2008-2011
and 2011-2013, the average annual percentage

change in PYLL in men was not statistically
significant. In the entire analyzed period of time
(2002-2013), the average annual percentage increase
in PYLL in men was 3.5% and was statistically
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significant (p <0.05). In the whole studied
population, in the described period of time (2002-
2013), one point of change in the dynamics of the
trend has been distinguished, which divides it into
two compartments with different values of the
average annual percentage change in PYLL. From
2002 to 2006, the average annual percentage
increase in PYLL in the entire population was 6.4%
and was statistically significant (p <0.05). In the
years 2006-2013, there was no change in the
dynamics of the PYLL rate trend in the entire
population. In the entire analyzed period of time
(2002-2013), the average annual percentage increase
in PYLL in the entire population was 2.3% and was
statistically significant (p <0.05). In the analyzed
period of time PYLL trend were divided into two
parts due to all causes of deaths among women and

Man :

2 Joinpoints versus Woman :

men, through one point of change in the dynamics of
the trend in 2008. In 2002-2008, the average annual
percentage increase in PYLL in the group of men
was 1% and was statistically significant (p <0.05).
In 2008-2013, the average annual percentage change
in the PYLL rate in men amounted to -3.9% and was
statistically significant (p <0.05). In the entire
period, the average annual PYLL change was -1,3%
and was statistically significant (p <0.05).

In the population of women in 2002-2008
no statistically significant change in the dynamics of
the PYLL rate trend was observed. In 2008-2013,
the average annual percentage change in PYLL in
women was -2.7% and was statistically significant
(p <0.05). In the entire analyzed period, the average
annual PYLL change was -1,3% and was
statistically significant (p <0.05

O Joinpoints

110.00
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90,00
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PYLL

rok

2014

ifigure 1. Mid-term percentage changes in PYLL trends due to diabetes in Poland in years 2002-2013 - women

and men

Table 3. Mid-term percentage change in PYLL trends due to diabetes in Poland in years 2002-2013 — the

entire population

Estimated Joinpoints

Cohort | Joinpoint | Estimate | Lower Cl | Upper CL

All 1 2006 2004 2009
Annual Percent Change (APC)

Cohort | Segment Elﬁgg\geirnt Eggs’;{m APC Lower CI | Upper CL | Test Statistic | P-value
All 1 2002 2006 6,4 1,9 11 3,4 0
All 2 2006 2013 0 -1,8 1,8 0 1

" The Annual Percent Change (APC) is significantly different from zero at alpha = 0,05
Average Annual Percent Change (AAPC)

Cohort Range Elﬁgg\firnt E;Jdp;(fi;t AAPC | Lower CI | Upper CL | Test Statistic | P-value

All Full Range 202 2013 2,3» 0,6 3,9 2,8 0

method used

"The Average Annual Percent Change (AAPC) is significantly different from zero at alpha = 0,05. Parametric
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PYLL

All ; 1 Jolnpolnt

rok

'i:igure 2. Mid-term percentage changes in PYLL trends due to diabetes in Poland in the years 2002-2013 - the
entire population

Table 4. Mid-term percentage change in PYLL trends due all causes of death in Poland in years 2002-2013 —
woman and man

Estimated Joinpoints

Cohort Joinpoint | Estimate | Lower CI | Upper CL
Man 1 2008 2007 2009

Woman 1 2008 2006 2010

Annual Percent Change (APC)

Cohort Segment Ehg;\f{m E;J dp;?oei:ﬂ APC Lower CI | Upper CL | Test Statistic | P-value
Man 1 2002 2008 n 0,4 1,6 3,8 0
Man 2 2008 2013 -390 -4,7 -3,1 -12 0

Woman 1 2002 2008 -0,1 -1,1 0,8 -0,3 0,7

Woman 2 2008 2013 -2,7° -3,9 -1,5 -5,3 0

" The Annual Percent Change (APC) is significantly different from zero at alpha = 0,05
Average Annual Percent Change (AAPC)

Cohort Range Elag\;;\:)ei;t E;J dpp?oeirnt AAPC | Lower CI | Upper CL | Test Statistic | P-value

Man Full Range | 2002 2013 -1,3n -1,7 -0,9 -6,3 0
Woman | Full Range | 2002 2013 -1,3n -19 -0,7 -4,2 0

method used

"The Average Annual Percent Change (AAPC) is significantly different from zero at alpha = 0,05. Parametric

Average Annual Percent Change (AAPC) Comparison

Lower Upper AAPC . i
Cohort Range Endpoint | Endpoint | Difference Lower CI | Upper CL | Test Statistic | P-value
Comparison | Full Range | 2002 2013 0 -0,7 0,8 0,1 0,9

"The Average Annual Percent Change (AAPC) is significantly different from zero at alpha = 0,05
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Figure 3. Medium-term percentage changes in PYLL trends due to all causes of death in Poland in 2002-2013 -

women and men

In the entire analyzed population, in the
described time interval, one point of change in the
dynamics of the trend (in 2006) has been
distinguished, which divides it into two
compartments with different values of the average
annual percentage change in PYLL. In the years
2002-2006 no statistically significant change in the

dynamics of the PYLL rate trend was observed. In
2006-2013, the average annual percentage change in
PYLL in the entire population was -3% and was
statistically significant (p <0.05). In the entire
analyzed period of time the average annual change
in the PYLL coefficient was not statistically
significant.
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Figure 4. Medium-term percentage changes in PYLL trends due to all causes of death in Poland in 2002-2013 -

the entire population
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DISCUSSION

The industrial and  socio-economic
development is the direct cause of changes in major
health threats in the highly developed societies. It
causes changes in the incidence of disease entities
and changes in the structure of causes of death. This
highlights the changes in the structure of health
needs, both individual and collective. Infectious
diseases is the oldest and largest historical
epidemiology problem that has accompanied
humanity from the very beginning. Thanks to the
development of microbiology and the discovery of
ways in which infectious diseases are transmitted,
the science of hygiene, preventive vaccinations and
antibiotics was introduced, which led to a significant
reduction of their share in the structure of causes of
deaths. Accidents and injuries prevailed for some
time in the 20th century in the structure of causes of
death in the developed countries. Traffic accidents
and other serious injuries were characterized by high
mortality due to the lack of rescue system and the
mediocre development of surgery in those times.
Civilization diseases have changed over time, and
the prolonged life expectancy, industrial
development, rapid social development, lifestyle and
diet changes have led to the development of
epidemics of civilization diseases, such as cancer,
cardiovascular disease, diabetes and chronic
obstructive pulmonary disease, being the biggest
public health challenge. New health threats include
diseases such as AIDS, SARS or hemorrhagic fever,
as well as drug addictions and legal highs that pose
a new and enormous challenge for healthcare
professionals around the world. This process can be
called an epidemiological transformation [1-3].

Type 1 diabetes (insulin-dependent) is
caused by the complete destruction of p-cell
pancreatic islets in an autoimmune or idiopathic
process. It results in a lack of insulin production,
which causes sudden and high increases in blood
glucose after a meal. The onset of the disease is
usually sudden, characterized by increased diuresis
and thirst, weakness, drowsiness and even the
occurrence of ketone coma. Type 1 diabetes mellitus
accounts for about 10% of all cases for diabetes,
while 85-90% of those with this type are people
under the age of 30. Type 2 diabetes (non-insulin
dependent) is the result of the acquisition of insulin
resistance by the body's tissues combined with the
impaired secretory function of pB-cell pancreatic
islets. Acquired insulin resistance is strongly
associated with lifestyle, diet and obesity. Excessive
visceral fat and recurrent hyperglycaemic events
result in impaired of insulin functioning. Most
people in middle and elderly age suffer from this
type of diabetes. In 2014, 380 - 422 million people
suffered from diabetes in the world, while in 2012,
1.5 million people died from diabetes, and about
43% of those deaths occurred before the age of 70. It

is estimated, that by 2035 the number of patients will
increase to 600 million. In Poland around 2 million
people suffer from diabetes, while about 4 million
people can be diagnosed with diabetes risk
symptoms. In Poland on average about 6,000 people
died due to diabetes in years 2002-2013.
Unfortunately, diabetes is not diagnosed in a
significant proportion of patients, so data about
morbidity and mortality is only an estimate [4-8].
The fact that the PYLL rate increases due to
diabetes, both in the general population and in the
male population, is worrying. Higher rate of PYLL
increase and its much higher level in the male
population compared to the female population points
out to the fact that men die much younger because of
diabetes. The dynamics of the PYLL trends due to
all causes of death indicates a reduction in premature
mortality. Rising values of PYLL rate due to
diabetes, with simultaneous decrease in the PYLL
due to all causes of death, indicate a lack of activity
in the field of primary and secondary prevention of
diabetes in Poland, at least over the past several
decades. Currently there is no effective and clinically
practiced method of preventing type 1 diabetes in the
general population as well as among people in the
high risk group [13]. In order to prevent morbidity
and premature deaths caused by type 2 diabetes, it is
necessary to monitor people at risk (obesity,
sedentary lifestyle, poor diet, family history) in
screening programs. Numerous scientific studies
prove the high effectiveness of lifestyle changes and
diet in reducing the risk of developing type 2
diabetes. Most of the available research on lifestyle
changes describes: regular physical activity, weight
reduction, decreasing the amounts of simple sugars
in diet, introduction of regular meals, avoidance of
alcohol and quitting smoking. These studies show
that due to behavioral changes in people at high risk
of type 2 diabetes, the risk was reduced by 31-69%
[14-16] during the course of the study. Studies have
shown that three years after the end of the study, the
risk reduction was maintained among the study
group at the level of 36% (originally 63-69%) [17].
Another study has shown a reduction in the risk of
disease in the research group after 10 years from the
end of the intervention by as much as 34%
(originally 58%) [18]. The analysis of costs and
intervention results prove that the introduction of
programs for the early prevention of type 2 diabetes
for people with a specific risk of disease is
economically beneficial [14]. An obesity epidemic,
which is one of risk factors for type 2 diabetes, is
undoubtedly the direct cause of deteriorating
epidemiological indicators of diabetes. Obesity is a
global problem, but it mainly affects the
industrialized countries [19]. Currently, the number
of obese people in the world has doubled since 1980.
In 2014, more than 1.9 billion (39%) of adults in the
world have been overweight, with over 600 million
(13%) being obese [20]. Studies also indicate
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deficiencies in patient education regarding risk
factors, course of the disease, treatment and possible
consequences of complications. This has a negative
effect on the prevention and treatment of diabetes.
Among both healthy and sick people in Poland,
knowledge on diabetes is poor [21,22]. An important
problem affecting the mortality rate due to diabetes,
is questionable accuracy of data on the morbidity and
the number of deaths due to this disease. It is
estimated that in Poland, almost half of cases of
diabetes are not diagnosed and treated. The
erroneously filled out death certificates and failure to
place the accurate underlying cause on them also
misrepresents statistical data. This leads to
distortions in the research of the health needs of
society and inappropriate response from healthcare
institutions [23].

CONCLUSIONS

The results of the conducted analysis
unambiguously indicate the lack of PYLL reduction
due to diabetes in the Polish population. The PYLL
rate increases due to diabetes, both in the general
population as well as in the male population, which
isaworrying fact. The greater PYLL growth rate and
its much higher level in the male population, as
compared to the female population, point out to the
fact that that men die from diabetes much younger.
The dynamics of the PYLL trends due to all causes
of death indicates a reduction in premature mortality.
Rising values of PYLL rates due to diabetes, with
simultaneous decrease of the PYLL due
to all causes of death, indicate a lack of primary
actions and secondary prevention of diabetes in
Poland, at least over the last several decades.
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