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SUMMARY

Aim: To describe the time trends, age and sex distribution of death from diabetes mellitus (E10-E14) as a significant part of endocrine, nutritional
and metabolic diseases (E00-E90), during 1996-2014 in the Slovak regions, and to estimate the influence of social characteristics on mortality.

Methods: Secondary data on deaths during 1996-2014 were gathered from the National Health Information Center in the Slovak Republic.
The total crude death rate per 100,000 of the standard Slovak population and age-standardized death rate per 100,000 of the standard European
population were calculated by direct standardization. Multilevel logistic regression analysis was performed.

Results: Deaths from diabetes mellitus account for 91.6% of deaths registered in the endocrine, nutritional and metabolic diseases Chapter.
The age-standardized death rate per 100,000 of inhabitants decreased from 19.2 in 1996 to 15.3 in 2014 in the Slovak Republic, although a mas-
sive increase of up to 32.5 was reported in 1999. The highest age-standardized death rates per 100,000 inhabitants were typical for the KoSice,
Nitra and Tren€in regions. On the other hand, the lowest counts were recorded in the Bratislava region. Mortality from diabetes mellitus starts to
be evident in the 45-49 year age-group in both sexes. The median age of death for women is lower in the 75-79 year age-group in comparison
to men although the total crude death rate for men in lower age groups is higher. After age 80 the situation is reversed. The odds of dying due
to endocrine, nutritional and metabolic diseases decreases by 0.4% each year. The odds of dying are lower by 17% and 12.3%, respectively, in
the Zilina and PreSov regions compared to Bratislava region. Women have a higher probability of dying by 38% in contrast to men, and married
couples by 16.7% than singles. Age is proved to be an insignificant factor.

Conclusions: In spite of the declining trend of mortality from diabetes mellitus, it is necessary to reduce the risk of its incidence by healthier
food consumption and physical activity.
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INTRODUCTION

Some diseases have occurred breakthroughs, which meant a
major turning point in the treatment of the diseases and their pre-
ventions. Unfortunately, other diseases are still resistant. Diabetes
mellitus is a disease that has overcome enormous development
of knowledge, from the explanation of the mechanism to various
therapeutic approaches and technologies. New findings bring
further questions, opens up the need for further investigation and
lead to doubts (1, 2).

Diabetes mellitus is a chronic disease which results in high
morbidity, disability and mortality. The number of diabetics in
the world is growing, which brings serious problems not only in
terms of health care, but also from the economic point of view
(2, 3). Therefore, diabetes mellitus is known as epidemic in the
21st century all around the world and its increase in population is
alarming. According to statistical data, it occurred over the last 20
years to a doubling number of registered diabetics in developed
countries (3-6).

According to the International Diabetes Federation, 409,200
cases of diabetes mellitus were registered at diabetic ambulances
in Slovakia in 2015 (7-9). In the long-time approach, the number
of diabetics in Slovak population as well as in other countries
is growing. Most diabetics are registered at medical facilities in
Bratislava region (a total of 54,285 persons), minimum in Zilina
region (32,262 people) in 2015 (10). If the V4 countries are taken
into consideration, a high number of people suffering from diabetes
prevail in the Czech Republic. According to the Institute of Health
Information and Statistics of the Czech Republic, almost 862,000
patients were treated from diabetes mellitus in 2013 in the Czech
Republic (11). However, in 2015 there were more than 799.300
cases of diabetes (12). In Hungary, 694,700 cases of diabetes were
recorded (13) and in Poland over 2.2 million cases in 2015 (14).

Diabetes Mellitus by Sex and Age
There are some studies that confirm increasing mortality from
diabetes mellitus with age and varying by sex. Roper et al. (15)
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found out that life expectancy both of men and women diagnosed
at the age of 40, is reduced by 8 years in people without diabetes,
but in case of women the number may be even lower. Similarly,
both sexes with diabetes have shown higher mortality than people
without diabetes, while level of mortality by diabetes depends on
the studied region.

Population mortality due to diabetes mellitus varies accord-
ing to age. The human and economic impact of diabetes is huge
for all ages, especially with regard to elderly people. Generally,
every year approximately 4.6 million of citizens die because of
this disease and half of those people are over 60 years. This is one
of the reasons why diabetes mellitus belongs to the top ten causes
of disability worldwide. In this time, the diabetes epidemic and
the ageing effect around the world are growing faster (15-17).

In many developed countries, diabetes differs by gender where
number of incidence of diabetes is comparable to the average
values observed worldwide (5, 18, 19) and indicating the need
to take the socioeconomic and gender gap into account when
developing policies in the field of public health (18).

Type 2 diabetes represents the highest share, approximately
90%, within a diabetic syndrome. Type 2 diabetes affects ap-
proximately 5-7% of the population of developed region, while
60-80% of these patients are also overweight and obese. Negative
is the lack of exercise, thus inactivity (3, 17). According to recent
study of Scotland, incidence of type 2 diabetes has stabilized in
recent years (21). On the other hand, Harjutsalo et al. (17) empha-
sized that despite considerable advances in diabetes care, type 1
diabetes is still associated with serious premature mortality result-
ing from acute and chronic complications of diabetes. Prevention
of diabetes remains important and significant, in particular among
socio-economically deprived populations.

At present, development of diabetes has a rising trend and is
affected by many genetic factors, but also by socio-economic
characteristics. In addition to high number of diabetics, the de-
velopment of chronic complications of this disease impairs the
quality of life or shortens its duration (3, 21-23).

As reported by the WHO, statistics confirm the increase of
the diabetes disease in all ages, mainly due to obesity, unhealthy
diets and lack of physical activity. Worldwide, there are currently
415 million people with diabetes and this number will rise to
642 million in 2040 (24, 25). WHO has identified obesity as a
serious civilization disease (26). Obesity represents a risk factor
for non-communicable diseases, especially in connection with
diabetes due to its high and continuously rising incidence (3, 21,
26-28). On the other hand, cardiovascular diseases are the most
common cause of mortality among patients with diabetes. At
least 65% of patients with type 2 diabetes die from cardiovascular
disease (4, 15).

There exist many other research studies of diabetes mellitus
that are described in the next literature review section.

Literature Review

Table 1 provides a summary of selected research studies (29-
38) in recent years that examined the morbidity and mortality from
diabetes mellitus and its medical and socioeconomic causal links.
The studies are in terms of scope, procedural practices in research,
as well as they are monitoring the heterogeneous determinants.
This fact is determined by the objectives of the research and its

orientation of specific research teams from either university or
clinical sphere. Although, many studies on socio-economic fac-
tors are not explicitly monitored, their importance is secondary
and recovered mainly in the interpretative lines. Duration of
diabetes and also the age of patient play an important role in the
prediction process, as well as the impact of co-morbidities (car-
diovascular and other diseases). However, a minimum attention
is paid to this factor, because of methodological problems of the
measurement and quantification. The examination of the healing
process and its causal links, as well as dietary habits and lifestyle
are receiving attention in some studies. As demonstrated by the
results of the presented research studies, heterogeneity factors
affecting mortality and morbidity of diabetes require a broader
multi-dimensional research into the diagnosis and examination
of all causalities related to them. This requires access to quality,
more structured data in databases on the national registers or from
clinics and research centers. This creates a platform for national
and international comparison and improvement of prediction proc-
esses to make high-quality programs of prevention and eliminate
health inequalities.

MATERIALS AND METHODS

The analysis focused on dataset containing the total mortality
rate in the Slovak Republic within period 1996-2014. In the de-
scriptive part of the paper, a description of evolution of diseases
comprised in the chapter Endocrine, nutritional and metabolic
diseases (E00-E90) of the International Classification of Diseases
in the Slovak Republic during mentioned period is offered. In
quantitative analysis, where multilevel logistic regression was
used, the main focus was put on model comprising dichotomous
outcome variables. In a presented model, the log odds of dying
due to the Endocrine, nutritional and metabolic diseases against
dying from all other possible diseases is modeled as a linear
combination of the predictor variables. Predictor variables are
year of death, age, gender, region of death, and marital status.

RESULTS AND DISCUSSION

Within the period of 1996-2014, 14,442 people died because
of Endocrine, nutritional and metabolic diseases (E00-E90) in
the Slovak Republic. It counts for 1.4% of all diseases in the
mentioned period. The International Classification of Diseases
issued by the World Health Organization, which is used as the
standard diagnostic tool, was used in this analysis. Table 2 shows
how individual diagnosis within the chapter Endocrine, nutritional
and metabolic diseases (E00-E90) participated on total number
of deaths caused by diagnosis. The data have been provided by
the National Health Information Center of the Slovak Republic.

Vast majority of deaths has been caused by Diabetes mellitus
(E10-E14). In total, 13.228 deaths have been caused by Diabetes
mellitus. It equals to 91.6% of deaths within the chapter. Another
dangerous group of diseases is group of Metabolic disorders,
where 918 deaths were observed, what stands for 6.4% of all
deaths within the chapter of Endocrine, nutritional and metabolic
diseases. Other groups of diseases participated with less than 1%
of total deaths within the chapter. The following analysis focuses
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Table 1. Literature review

Source Aim

Methods

Results

Shietal. (2016) | Explore the link between impaired
glucose tolerance (IFG)/type 2
diabetes and mortality, and also
examine any interaction with the

model of food intake in the Chinese

2,849 Chinese adults aged 20 and
over for 10 years. Factor analysis
used to calculate dietary patterns.
Hazards ratio calculated based on
Cox proportional hazards analysis
and competition risks regression.

IFG and diabetes are associated with a significantly
increased risk of death among Chinese adults. Dietary
patterns associated with high intake of vegetables was
associated with a decreased risk of mortality among
individuals with IFG and diabetes.

population.
Sjoberg et al. Consider the relationship between
(2016) the parity and mortality in adults with

childhood onset of type 1 diabetes.

Mortality and reproduction data of
308,617 person-years in Finland. Of
the 2,307 men and 2,819 women
with type 1 diabetes. All persons
having diagnosed diabetes at age 17
and less in the years 1965-1979.

The link between mortality and parity as a different
pattern in men and women with type 1 diabetes. We can-
not tell to what extent this reflects the impact of health
decisions about family planning for people with type 1
diabetes without further studies.

Wan et al. (2016) | To examine the relationship
between the variation in HbAlc
and the incidence of cardiovascular
disease (CVD) and mortality of Chi-
nese patients with type 2 diabetes

(T2DM) of the primary care.

Aretrospective cohort study of
91,866 patients with T2DM aged
equal or more than 18 years with no
previous history of CVD. Measured
by the standard deviation, Cox
proportional hazards regression
analysis.

Variability of HbA1c regardless of the medium level

of HbAlc can provide value added information as a
potential predictor for development of CVD and mortal-
ity among patients with diabetes, especially in older
patients.

duration of diabetes

Campmans- Examine the relation between the 6,192 patients with type 2 diabetes. | 13% of participants died, 4% out of them from CVD. Total

Kuijpers et al. intake of carbohydrates and isoca- | Cox linear regression. carbohydrate replacement by fats has been associated

(2015) loric compensation comprising (i) with higher total risk of death, and SFA associated with
the total fat, (ii) saturated fatty acids higher CVD mortality. Lower risk of death was when
(SFA), (iii), mono-unsaturated fatty replacing carhohydrates for MUFA and it was also as-
acids (MUFA), and (iv) fatty acids sociated with a reduction in weight. Instead of promoting
polyunsaturated (PUFA) to any CVD carbohydrate substitutes for total fat, the recommenda-
causes of mortality in patients with a tions should be to weaken the substitutes for fat subtypes
change in weight of type 2 diabetes. of SFAand MUFA.

Huang et al. Different rates of diabetes complica- | 2004-2010; it includes 72,310 peo- | Duration of diabetes and advancing age independently

(2014) tions and mortality across age and | ple older or equal to 60 and patients | predict morbidity and mortality due to diabetes. For long-

of type 2 diabetes.

term survival with increasing diabetes and increasing
age of the population further research and public health
impacts to reduce hypoglycemia to complement ongoing
efforts to reduce CVD and vascular complications are
needed.

Morimoto et al. Examine specific long-term mortality

Individuals diagnosed with type 1

In Japan, individuals with type 1 diabetes diagnosed in

(ESRD) and mortality among Pima
Indians with type 2 diabetes in youth
or delayed onset.

(2013) trends for patients diagnosed with diabetes aged less than or equal to | childhood, and with duration of 20 years, the CVD has
type 1 diabetes in childhood in 18 between 1965 and 1979. Com- been the leading cause of death similar to the white race.
Japan. paring the status of death or survival | The longer the duration of diabetes was, the more atten-
till January 1, 2005 and distributed tion should be paid to the prevention of CVD.
causes of death into pertaining
categories.
Liu (2011) To examine independent and Data used from the study: Second LSC mortality risk similar to diabetes. Both of these
joint effects of the lack of social Longitudinal Study of Aging score factors are independent forecasts of death among adult
ties (LSC) and diabetes mellitus LSC to measure social ties created. | white Americans and African-Americans. In addition to
on the riskiness of death among controlling disease risk factors, improved social relation-
older white Americans and African- ships can bring new insights to reduce the mortality of
Americans. the elderly.
Feltbower et al. To examine mortality and causes of | Comparison of registered individuals | Patients diagnosed with type 1 diabetes under the age of
(2008) death in individuals diagnosed with | diagnosed with type 1 diabetes with | 30 years had 4.7 times higher risk of death. Almost half
type 1 diabetes aged less or equal | mortality registers. of the deaths were caused by acute or chronic complica-
to 29. tions of diabetes. Deaths due to wrong use of drugs may
be a new trend in this population and require further
study.
Pavkov et al. Compare the incidence of diabetes | The mortality rate of individuals aged | Early onset of type 2 diabetes is associated with a signifi-
(2006) with end-stage renal disease 22-55 years according to age at cantly higher incidence of ESRD and mortality in middle

diagnosis of type 2 diabetes.

age. Longer duration of type 2 diabetes in middle age in
individuals diagnosed with diabetes aged less than 20
years largely brings these results.

Continued on next page
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Continued from previous page

death among patients with type 1

diabetes in the UK. 01999.

Source Aim Methods Results
Soedamah-Muthu | Construction of estimates of abso- | Selection of patients with type 1 Despite advances in charge of mortality in Great Britain
et al. (2006) lute and relative risk of all-cause diabetes and comparison with non- | over the last decade it continues to be much higher

diabetic subjects since January 1992

among patients with type 1 diabetes than among those
without diabetes.

Table 2. Endocrine, nutritional and metabolic diseases (E00-E90) — overall mortality

Type of diagnosis Frequency Percent
Disorders of thyroid gland (E00-EQ7) 102 0.7
Diabetes mellitus (E10-E14) 13,228 91.6
Other disorders of glucose regulation and pancreatic internal secretion (E15-E16) 38 0.3
Disorders of other endocrine glands (E20-E35) 39 0.3
Malnutrition (E40-E46) 77 0.5
Other nutritional deficiencies (E50-E64) 27 0.2
Obesity and other hyperalimentation (E65-E68) 13 0.1
Metabolic disorders (E70-E90) 918 6.4
Total 14,442 100.0

on Diabetes mellitus (E10-E14) as a main cause of deaths within
Endocrine, nutritional and metabolic diseases (E00-E90).

Figure 1 depicts the average age of death in the regions due
to a specific group of diseases within chapter Endocrine, nutri-
tional and metabolic diseases (E00-E90) within total monitored
period. Diabetes mellitus (E10-E14) causes deaths in relatively
young senior age and this age is perfectly stable across regions.
Another interesting fact is that Disorders of other endocrine
glands (E20-E35) have very diverse manifestation across the
regions. Malnutrition (E40-E46) seems to be problematic for
young inhabitants in PreSov region, Kosice region and Trenc¢in
region. On the other hand, Malnutrition (E40-E46) causes deaths
of elderly persons in Bratislava region, Trnava region, Nitra region
and Zilina region. Metabolic disorders (E70-E90) seem to have
homogenous manifestation across the regions.

Figure 2 shows the evolution of age-standardized death rate
per 100,000 of inhabitants in the Slovak Republic. The figure
indicates, that mortality rate dramatically increased within the
period of 1996-1999, from 19.2 to 32.5 per 100,000 of inhabit-
ants. Therefore, the mortality rate of Diabetes mellitus (E10-E14)
permanently decreases on 15.3 per 100,000 of inhabitants in 2014.
The figure also indicates that the male mortality rate is slightly
higher than females’ one.

Figure 3 provides a brief overview of the situation within a
group of Diabetes mellitus (E10-E14) during the whole period.
Type 1 diabetes mellitus (E10) causes deaths in younger age in
all regions comparing to Type 2 diabetes mellitus. In general,
compared to all diseases within the group, Type 2 diabetes
mellitus (E11) causes deaths in late age. The only exception is
Other specified diabetes mellitus (E13) in Trnava region, where

Other nutritional deficiendies (ESO-E64) m

Other disorders of glucose regulation and,
pancreatic internal secretion (E15-E16)

Obesity and other hyperalimentation (E65-E68)
Metabolic disorders (E70-E90)

Malnutrition (E40-E46)

Disorders of thyroid gland (EO0-E07)

Disorders of other endocrine glands (E20-E35)

Diabetes mellitus (E10-E14)
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Fig. 1. Spatial distribution of average age of death.
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Fig. 2. Age-standardised death rate per 100,000 inhabitants by years.
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Fig. 3. Spatial distribution of average age of death within Diabetes mellitus (E10-E14).

age of deaths is much higher compared to other diseases within
the group.

Figure 4 proposes the spatial distribution of age-standardized
death rate per 100,000 of inhabitants according to the European
standard population by sex. The worst situation is in KoSice
region, Nitra region and Trencin region. On the other hand, the

smallest death rate is in Bratislava region, PreSov region and
Trnava region. Concerning differences between sexes, the biggest
ones are in the Banska Bystrica region, Bratislava region, KoSice
region and PreSov region. Slight differences in terms of sex are
in Nitra region and Trnava region. Moderate differences between
sexes are in Trenéin region and Zilina region.

Gender
30+ Cfemales
BEmales
Mtotal
204
10
L
Banska Bratislava Kosice Nitra Presov  Trencin  Trnava Zilina
Bystrica  region region region region region region region
region

Fig. 4. Age-standardised death rate per 100,000 inhabitants by sex.
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Figure 5 is resuming the evolution of Diabetes mellitus (E10-
E14) age-standardized death rate per 100,000 of inhabitants by
region within the period of 1996-2014. Apparent decrease in
mortality rate is visible only in the Banska Bystrica region, KoSice
region, Nitra region, PreSov region, Tren&in region and Zilina
region. In Bratislava region and Trnava region, the reduction of
mortality rate related to Diabetes mellitus is not evident (E10-E14).

Figure 6 depicts the situation concerning deaths by Diabetes
mellitus (E10-E14), while using box-plots within the period of
1996-2014. Diabetes mellitus (E10-E14) starts to be problem in
terms of mortality in the age category of 45-49. Since this age,
the increments in mortality are obvious. An interesting fact is
that females” median death age is lower until the age category
of 75-79 in comparison to males’ one (dark line in the boxes).

Also the boxes are thinner than those of males, thus dispersion
of observations is smaller. Approximately 50% of observations
should be situated within the boxes, when data are normally
distributed. From age category of 80-84, females’ median age
is higher in comparison to males’ one. Moreover, the T-bars are
wider in the case of females, what indicates that death age var-
ies more for females than for males. In all death categories, few
outliers are evident that indicates well distribution of data in the
individual age intervals.

Figure 7 points out the difference between sexes in terms of
total crude death rate per 100,000 of inhabitants during whole
period of 1996-2014. It is obvious that the mortality rate is higher
for males until age category of 75-79. From this point, the female
mortality rate starts to be significantly higher than males’ one.

Banska Bystrica region Bratislava region Kosice region Nitra region
40—
o] \/.\‘/\/\_\’\
207 v/\/\_,—
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Presov region Trencin region Trnava region

Zilina region
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Fig. 5. Age-standardised death rate per 100,000 inhabitants by region (1996-2014).
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Fig. 6. Age-standardised death rate per 100,000 inhabitants by sex and age category.
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Fig. 7. Sum of crude death rate per 100,000 inhabitants (1996—2014).
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Table 3. Output of multilevel logistic model

B coefficient Standard error Wald ofoer ggedism p-value Odds ratio
Year -0.004 0.001 15.566 1 <0.001 0.996
Age 0.000 0.000 0.685 1 0.408 1.000
Region 130.769 7 <0.001
Trnava -0.073 0.026 8.019 1 0.005 0.929
Tren¢in -0.073 0.026 8.200 1 0.004 0.929
Nitra 0.014 0.023 0.368 1 0.544 1.014
Zilina -0.186 0.026 52.444 1 <0.001 0.830
Banska Bystrica 0.030 0.024 1.557 1 0.212 1.030
PreSov -0.132 0.025 27.533 1 <0.001 0.877
KoSice -0.070 0.024 8.426 1 0.004 0.932
Gender-females 0.322 0.013 573.025 1 <0.001 1.380
Marital status 67.804 3 <0.001
Married 0.154 0.023 43.445 1 <0.001 1.167
Divorced 0.051 0.031 2.799 1 0.094 1.053
Widowed 0.065 0.025 6.507 1 0.011 1.067
Constant 5.033 2.229 5.098 1 0.024 153.388

Bratislava region is reference category for region.
Single people are reference category for marital status.

Multilevel Logistic Regression

Multilevel logistic regression was run to study possible influ-
ence of socio-demographic factors on odds of dying, because of
Endocrine, nutritional and metabolic diseases (E00-E90). De-
pendent variable in the model is a cause of death, a dichotomic
variable that obtains value 1, if cause of death is disease listed in
chapter Endocrine, nutritional and metabolic diseases (E00-E90)
and value 0, if cause of death is from another Chapter of Interna-
tional Statistical Classification of Diseases and Related Health
Problems. Explanatory variables are: year of death, age, region
of death, sex and marital status. Table 3 contains the output of
our multilevel logistic model.

The odds of dying, due to Endocrine, nutritional and metabolic
diseases, decrease year by year by 0.4%. This chance is yearly
reduced only with respect to other causes of deaths. The strik-
ing fact is that age is not statistically significant variable in the
model. Age is not relevant in reference to other causes of death.
Concerning the regional aspect, where Bratislava region was set
as a contrast variable, findings are following: the odds of dying
because of Endocrine, nutritional and metabolic diseases are lower
by 7.1% in Trnava and Trenc¢in regions compared to Bratislava
region. For Nitra region and Banska Bystrica region the coeffi-
cients are not statistically significant. The odds of dying because
of Endocrine, nutritional and metabolic diseases are lower by
17% in Zilina region, by 12.3% in Presov region and by 6.8% in
KoSice region compared to Bratislava region. The odds of dying
because of Endocrine, nutritional and metabolic diseases are by
38% higher for females compared to males. Married individuals
have by 16.7% bigger chance to die because of Endocrine, nutri-
tional and metabolic diseases than single ones. The odds of dying
because of Endocrine, nutritional and metabolic diseases are by
6.7% higher for widowed people than for single people. In case

of divorced people, the coefficient is not statistically significant.
Presented coefficients and findings have to be taken into account
with the fact that several variables at once were controlled and
with respect to other causes of deaths.

CONCLUSIONS

In conclusion, the analysis revealed the declining trend of
diabetes mellitus mortality rates what is in contrast to the WHO
statement about the increasing incidence of diabetes worldwide.
According to WHO, the reasons of an increase are excessive con-
sumption of food and beverages with high share of sugar. Daily
routines need to be re-considered: eating healthier, be physically
active and avoid excessive weight gain, which is one of the high
risk factors causing this disease. According to most experts, dia-
betes can be prevented by applying healthy living standards that
should be encouraged by legislators to support opportunities to
increase quality of life.
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