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Abstract

Introduction: Effective health policy requires the systematic monitoring of population health needs, including identifica-
tion and evaluation of risk factors. In Poland, the tool used for this purpose is the Maps of Health Needs which are regularly
updated with new epidemiological data and serve as a basis for planning preventive actions.

Aim of the research: This study aimed to assess and compare health risk factors in Poland and the Podlaskie Voivodeship,
with a focus on emerging regional and sex-specific inequalities.

Material and methods: Analyses were based on data from the Maps of Health Needs. Trends in mortality associated with
metabolic, behavioral, and combined environmental and occupational risk factors were examined in Poland and the Pod-
laskie Voivodeship between 2000 and 2021, stratified by sex. Annual percent changes (APC) with 95% confidence intervals
were calculated, and p < 0.05 was used to determine statistical significance. Joinpoint regression models were applied using
the Joinpoint Regression Program (Version 5.4.0 — April 2023).

Results: Significant differences were observed between sexes and between Poland and the Podlaskie Voivodeship, where
mortality rates were lower. Among men, nationwide declines in mortality rates associated with all categories of risk factors
were observed, with the largest decrease for environmental factors (-11.81%), whereas in the Podlaskie Voivodeship mortal-
ity rates linked to metabolic factors increased (+3.04%). Among women, mortality rates associated with metabolic (+14.63%
vs. +5.70%) and behavioral factors (+16.92% vs. +6.03%) showed a marked upward trend.

Conclusions: Of particular concern are the rising mortality rates related to high BMI and elevated fasting plasma glucose.
Rising mortality rates related to high BMI and elevated fasting plasma glucose are of particular concern and highlight the
urgent need for targeted, population-level preventive strategies.

Introduction
timation of future health needs for the country and

Conducting effective national health policy and
planning actions aimed at maintaining and improv-
ing population health requires continuous moni-
toring of the population’s health needs. Preventive
health programs are crucial from a public health
perspective, as they are considered key determinants
of population health. Preventive actions should be
shaped according to the actual needs of society. An
important element in this process is understanding
risk factors and assessing their impact on health status
[1]. Understanding these factors enables the reduction
or elimination of exposure, leading to decreased mor-
bidity and a longer, higher quality of life. In Poland,
Health Needs Maps, implemented by the Department
of Analysis and Strategy of the Ministry of Health,
constitute a tool for planning health protection. They
include epidemiological, demographic, and health-
care services data, which together facilitate the es-
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individual voivodeships [2].

Negative health status indicators, such as morbid-
ity, incidence, mortality, and lethality, are most com-
monly used for population health status analysis. In
the Maps of Health Needs addressing risk factors and
prevention, two key indicators were employed: mortal-
ity rate and disability-adjusted life years (DALY5) [2, 3].

The data developed within the Maps of Health
Needs originate from the Global Burden of Disease
(GBD) study conducted by the Institute for Health Met-
rics and Evaluation (IHME) at the University of Wash-
ington in Seattle. The GBD defines a risk factor as: an
attribute, behavior, exposure, or other characteristic
causally associated with an increased (or decreased)
probability of disease or injury. When the probabil-
ity decreases, the risk factor is considered protective.
Risk factors in the GBD study are categorized into four
hierarchical levels. Level 1 encompasses major groups
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of risk factors: metabolic, behavioral and environmen-
tal and occupational risks. Under these Level 1 groups,
Level 2 risk factors are specified. For Level 2 risk factors,
which represent broader concepts, further Level 3 and
Level 4 risk factors are delineated. A detailed classifica-
tion of risk factors is presented in Table 1. The Health
Needs Maps display mortality rates attributable to risk
factors from Level 1 and Level 2 [2, 4].

Behavioral factors are related to human activity.
These are modifiable elements over which we have
the greatest influence. They include areas such as:
nutrition, physical activity and substance use. This
group of conditions may result from unawareness
of the negative impact of presented attitudes on health
or from long-term habits that are difficult to change
[5]. The World Health Organization (WHO) closely
links behavioral factors with living conditions, having
a beneficial or harmful impact on people’s health [6].

Metabolic risk factors are all physical and chemical
abnormalities of the body, such as too high body mass
index (BMI), cholesterol, elevated blood pressure, or
glucose levels, also low bone density or organ failure.
Metabolic syndrome, which includes a combination
of several of these factors, poses a significant health
threat, leading to the development of chronic diseases
such as type 2 diabetes, cardiovascular diseases, or
atherosclerosis. Early detection and appropriate in-
tervention, such as lifestyle changes, can significantly
reduce the risk of these conditions [7].

Environmental and occupational factors are a group
encompassing threats from the living and working
environment. Environmental or physical factors are
understood as natural factors including water quality,
soil, occurrence of green areas, forests, parks, as well
as anthropogenic factors such as safety in the place
of residence, work, and road traffic. Employment sta-
bility significantly affects health status, as unemploy-
ment or lack of job security can predispose to mental
disorders, depression, and anxiety states. This is also
a situation causing chronic stress, which has a negative
impact on health, especially in terms of cardiovascular
diseases [8, 9].

Occupational factors include negative aspects re-
sulting from the type of work performed. They also
significantly affect the health status of the popula-
tion. It is worth highlighting factors resulting from
industrial activity such as exhaust emissions, toxic
fumes, harmful drugs, etc. but also issues related to
work safety and ergonomics e.g. incorrect body posi-
tion or night shift work, which significantly disrupts
the body’s homeostasis and leads to the development
of diseases including cardiovascular diseases [3, 10].

Aim of the research

The aim of the study was to analyze temporal
trends in mortality rates associated with behavioral,
metabolic, and environmental and occupational risk

factors in Poland and the Podlaskie Voivodeship be-
tween 2000 and 2021, with particular emphasis on sex
differences. Additionally, the study sought to identify
and assess health risk inequalities in Poland and in
the Podlaskie Voivodeship.

Material and methods

For the assessment of the occurrence of risk fac-
tors for non-communicable diseases, data the Maps
of Health Needs, developed and published within
the framework of the Project called Health Needs
Maps — Database of Systemic and Implementation
Analyses, implemented by the Department of Analy-
ses and Strategies of the Ministry of Health, were uti-
lized. The data used in the analyses originated from
the category Risk Factors and Prevention and concerned
deaths from all causes.

For the purpose of own analyses, data regarding
age-standardized mortality rates per 100,000 inhabit-
ants were extracted for each year, adopting the world
population distribution as the standard [11]. These
data encompassed deaths related to the main groups
of risk factors: metabolic, behavioral, and environ-
mental and occupational, as well as selected factors
within each of these groups. Analyses were conduct-
ed separately for the total population of Poland and
the Podlaskie Voivodeship, stratified by sex. The data
were obtained from publicly available reports and
compiled in a manner enabling analyses using
the Joinpoint software [12].

The percentage contribution of risk factor groups
and individual risk factors to the mortality rate was
calculated, as well as the percentage change between
2000 and 2021 for females and males, according to
the following formula: Change = [(mortality rate
mortality rate,  )/(mortality rate, )] x 100%.

Temporal trends in mortality rates associated with
individual risk factors and their main groups were
analyzed separately for females and males in the years
2000-2021 in Poland and in the Podlaskie Voivodeship.

Changes in rate values were estimated using join-
point models. The joinpoint regression model is based
on fitting a segmented linear model to time-series
data, where the segments are connected at joinpoints.
These points indicate statistically significant changes
in trend dynamics. The method allows for precise
identification of the moments at which the rate of in-
crease or decrease in the analyzed measure changes,
and for each segment, the annual percentage change
(APC) is calculated [13].

2021

Statistical analysis

Based on the linear regression model, in which
the natural logarithm of the mortality rate was the de-
pendent variable and the calendar year was indepen-
dent, the annual percent change (APC) of mortality
rate values was determined for each trend. The sta-
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Occurrence of risk factors for non-communicable diseases in Poland and the Podlaskie Voivodeship: trend analysis of mortality
rates, 2000-2021

Table 1. Classification of health risk factors by levels according to the Global Burden of Disease (GBD) methodology

Level 1 risks Level 2 risks Level 3 risks Level 4 risks

Metabolic High systolic blood pressure - -

risk factors High body mass index (BMI) - -

High fasting plasma glucose - -

High LDL cholesterol - -

Low bone mineral density - -

Kidney dysfunction - -

Behavioral Tobacco Smoking =
risk factors Chewing tobacco
Second-hand smoke

Dietary risks Diet low in fruits =
Diet low in vegetables
Diet low in legumes
Diet low in whole grains
Diet low in nuts and seeds
Diet low in milk
Diet high in red meat
Diet high in processed meat
Diet high in
sugar-sweetened
beverages
Diet low in fiber
Diet low in calcium
Diet low in seafood
omega-3 fatty acids
Diet low in omega-6 polyun
saturated
fatty acids
Diet high in trans
fatty acids
Diet high in sodium

High alcohol use - -

Low physical activity - _

Drug use = =

Intimate partner violence = =

Unsafe sex - -
Childhood sexual Childhood sexual abuse -
abuse and bullying
Child and maternal Suboptimal breastfeeding Non-exclusive
malnutrition breastfeeding

Discontinued
breastfeeding

Child growth failure Child underweight
Child wasting
Child stunting
Low birth weight and short Short gestation
gestation Low birth weight

Iron deficiency =
Vitamin A deficiency
Zinc deficiency
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Level 1 risks

Environmental
and occupational
risk factors

Level 2 risks
Occupational risks

Level 3 risks

Occupational asthmagens

Level 4 risks

Occupational particulate matter,
gases, and fumes

Occupational injuries

Occupational carcinogens

Occupational exposure

to asbestos
Occupational exposure
to arsenic
Occupational exposure
to benzene
Occupational exposure
to beryllium
Occupational exposure
to cadmium
Occupational exposure
to chromium
Occupational exposure
to diesel engine exhaust
Occupational exposure
to formaldehyde
Occupational exposure
to nickel
Occupational exposure
to polycyclic aromatic
hydrocarbons
Occupational exposure
to silica
Occupational exposure
to sulfuric acid
Occupational exposure
to trichloroethylene

Air pollution

Particulate matter pollution

Ambient particulate matter
pollution
Household air pollution
from solid fuels

Ambient ozone pollution -

Non-optimal temperature

High temperature -
Low temperature

Other environmental risks

Residential radon -
Lead exposure

Unsafe water, sanitation, and
handwashing

Unsafe water source -
Unsafe sanitation

No access to handwashing

facility

tistical significance of APC was determined by estab-
lishing a 95% confidence interval in the analyzed pe-
riod. The significance level of p < 0.05 was adopted as
the threshold for statistical significance. Trend analy-
sis and APC calculations were performed using join-
point models and the Joinpoint Regression Program
(Version 5.4.0 — April 16, 2025) [13, 14].

Results

From 2000 to 2021, mortality rates in the Podlaskie
Voivodeship remained lower than the corresponding

rates for Poland as a whole for both males and females
(Table 2).

The main groups of risk factors
(Level 1 risks): metabolic, behavioral,
and environmental and occupational risks

Table 2 presents the analysis of results for the male
population in Poland and the Podlaskie Voivodeship.
From 2000 to 2021, mortality rates associated with
these main risk factor groups decreased among men
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Figure 1. Male mortality trends related to metabolic risk
factors: Poland versus Podlaskie Voivodeship, 2000-2021 -
Joinpoint regression analysis of age-standardized mortality
rates.: Poland: 1 Joinpoint versus Podlaskie: O Joinpoints

*Indicates that the Annual Percent Change (APC) is significantly
different from zero at the a = 0.05 level. Final Selected Model:
Poland — 1 Joinpoint, Podlaskie — 0 Joinpoints. Rejected Parallelism.
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Figure 3. Male mortality trends related to behavioral risk
factors: Poland versus Podlaskie Voivodeship, 2000-2021 -
Joinpoint regression analysis of age-standardized mortali-
ty rates: Poland: O Joinpoint versus Podlaskie: O Joinpoints
*Indicates that the Annual Percent Change (APC) is significantly
different from zero at the a = 0.05 level. Final Selected Model: Poland
-0 Joinpoint, Podlaskie — 0 Joinpoints. Failed to rejected Parallelism.

in Poland for all three categories. The percentage
changes were —0.25% for metabolic risks, —2.47% for
behavioral risks, and -11.81% for environmental and
occupational risks.

Among men in the Podlaskie Voivodeship, mortal-
ity rates related to metabolic risks increased by 3.04%
from 2000 to 2021, while those associated with be-
havioral and environmental and occupational risks
decreased by 0.98% and 17.75%, respectively.

Trend analysis showed a statistically significant
decline in mortality due to metabolic risk factors
in men in Poland from 2000 to 2016 (APC = -0.31;
p = 0.014) (Figure 1). Significant decreases were also
observed in mortality due to environmental and oc-
cupational risks: among men in Poland from 2008
to 2021 (APC = -1.25; p < 0.001) and in the Pod-
laskie Voivodeship from 2007 to 2021 (APC = -1.48;
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Figure 2. Male mortality trends related to environmen-
tal/occupational risk factors: Poland versus Podlaskie
Voivodeship, 2000-2021 — Joinpoint regression analysis
of age-standardized mortality rates.: Poland: 1 Joinpoint
versus Podlaskie: 1 Joinpoint
*Indicates that the Annual Percent Change (APC) is significantly

different from zero at the a = 0.05 level. Final Selected Model:
Poland — 1 Joinpoint, Podlaskie — 1 Joinpoint. Rejected Parallelism.

p < 0.001) (Figure 2). The mortality trend associated
with behavioral risks among men showed a decrease
but was not statistically significant (Figure 3).

Table 3 presents the results of the analysis for
the female population in Poland and in the Podlaskie
Voivodeship. During the analyzed period, among
women in Poland, a decrease in mortality rates was
observed only for the group of environmental and
occupational risk factors, with a percentage change
of -10.59%. Mortality rates associated with meta-
bolic and behavioral risks increased, with percentage
changes of +5.70% and +6.03%, respectively.

In the female population of the Podlaskie Voivode-
ship, similar to women in Poland overall, a decrease
in mortality rates was observed only for environmen-
tal and occupational risk factors, with a percentage
change of -7.63%. Mortality rates related to meta-
bolic and behavioral risks increased, with percentage
changes of +14.63% and +16.92%, respectively.

Trend analysis revealed significant changes in all
main risk groups among women. Mortality linked to
metabolic risks increased significantly among women
in Poland from 2015 to 2021 (APC = +1.26; p = 0.007)
and the Podlaskie Voivodeship from 2014 to 2021 (APC
= +1.54; p = 0.001) (Figure 4). Behavioral risk-related
mortality in women increased significantly in Poland
(2002-2021, APC = +0.54; p < 0.001) and the Podlaskie
Voivodeship (2000-2012, APC = +0.49; p = 0.020;
2012-2021, APC = +1.60; p < 0.001) (Figure 5). Envi-
ronmental and occupational risk-related mortality sig-
nificantly decreased in women in Poland (2009-2021,
APC =-1.02; p < 0.001) and the Podlaskie Voivodeship
(2000-2021, APC = -0.46; p < 0.001) (Figure 6).

Selected risk factors (Level 2 risks)

Selected Level 2 risk factors were also examined.
Among metabolic risks, mortality associated with

Medical Studies



"SaNMDA JUDIIubIS A)DI13SIDIS, Ud0idod)) ANsuap-mo) — 1gT Xapu) SSoul Apoq — [Vg JPAIBIU) 2IUBPLU0I — [ ‘DbuUpYD JUaUad JpNuuUD — Hdy

GT'0T  «SCT  170T-700T v¥0€e- 790 1207-L10T SYsH
20000=d €S'/'6~ [¥'C— T00C-000C  TTTi+ 090 SV L¥VO  bEE  9V:LE LLU'Y /107-000C  Ob'88+ 60 89 e¥0 C9¢ JeuorzednadQ
0'¢— 1¢0Z-600¢
‘67— «C¥'C— 1207—800C €70~ «99°C 600¢
08200=d +0‘9T- 190~ 8007-000C  080¢- /T8 9¢%9 8OE€El 00€6 T0:60- 8£0- —000¢ LL°8T— 986 0CS8 0Cvl 19611 uoinyjod iy
1207-600¢ 5103084 MSl
€0- L0—€T— 40T~ 600¢ Jeuolyednado
20000 =d ‘90— L9¥'0— 1707-000¢ €9/~ 6891 80'¢€l /T0T 80YWL ¥0:90- <TI0~ —000¢ 65°01- €0°LT 6I/PL GS'61 €979 /|BjuswuoliAUg
0780 VT 120T—¥10¢ Aunioe
9/9v'0=d 60'C0 LIL0 120Z-000C 88'G1+ 8GC 6C0C 9vT ISLT  80°€0 4950 ¥107—000C €8'GI+ 8/'C 00VvC 9¥C TL0C 1eaisAyd mo1
010 20 1207-500C 9180 «6I'T 1207-L00C uondwnsuod
20000=d §9'CT LEEY S00C-000C Tyt 69T 8C¢l 18T 001 6Vv+¥T «¥9€ [00C-000C  OTSv+ S0C  0L/1 SPT o erdd 104031
8T'€T 40T 1207-T10C €CTL0  LIST 120C-v10T

20000=d TI‘TO IL0 21070007 6l et LSTC ¥LLT T€0C 9EWPT €0:€0— 000 ¥10Z—000¢ 9¢€'G+ C0TC 69181 L¥0C v¥aLl sysu Areyalg
I'0°T0- 000 1207-200¢

20000=d SO‘TO «LT0 1Z0T-000T 66'0— 19 §87s 1SL 8€€S TTT9- 607 7007Z-0007 €5°G— 98'8 659L 96 LO'18 asn 0xdeqol
TT0T 09T 1207-710C L'0%0 «#S0 1207-200C $1030%)
70000=d 60710 «6¢'0 TI0Z-000C 691+ 99'7¢ ¥E€/ST 96'0¢ 01'0CC 8T‘6'/— 697 T00Z-000C €09+ €9°€e 0L°06¢ SS'CE [TvLC sl |elolreysag
S|aA9)
61'90 ,9CT 120Z-110C 10— €50 120Z-+10¢ 10491531042
70000=d +0:0- SUT'0- 1102-000C SC0T+ 9001 [T6/ 1I'0L 06T. 80-‘TI- «86'0— #107-000¢ veTl- 'Ol TC06 80CT S/ZT0T 1a1 Y3IH
S]9A3] 9500N|3
€T 49T TT0T-€10C €8T  «¥'T 1207-+10¢ ewseld
6850°0=4d G190 x0T €10¢—000¢ 8Y'8e+ 0S'ST 80'¢el Ov'¢l 9188 JARYA «(V'T  #10¢-000¢ 99'8¢e+ v9°ql  GT'GEl  /STL LYV /6 3unsey ysiy
€91 x£€°C  Te0c—v10¢ e8T 9¥'C  1C0C—¥10¢
wee0=d v1'60 LbIT +107-000C  +9°9¢+ 0€¥T S9CIT 0911 +¥'78 +¥1'%60 8IT +107-000C LY ye+ 8G°€l  6€/IT 9€0l 0£/8 IWe Y3iH
ainssaid
70000=d T17-‘00 8I'0— 1207-000C €C0- €/ TTSIT ¥E€0€ T4S1C S0-°0T— «94°0— 1207-000¢ 6/ 11— €€9C SG°LCC £€9°0€ L6°LSC pooiq ysiH
¥'TL0  «PST 120C-+10T 120 *9CT T1¢0C-S10¢ S1030e Hsu
11000=d 90°00- 870 +107-000¢ €9 PI+ P7'0S €V°/6€ L8 0L9%E TO'TO- 100 S10Z-000C 0L'G+ Ye'6r 6¥'9ty 06'Lt 0S°€0V Jl|ogeIs W
[%] [%]
159} 1207-000¢ 1207—000¢
wsl)ajjeded D %56  IdV swil a3uey) % 120t % 000C 1D %S6  DJdV awij a3ueyd % 1202 % 000¢
puail uoizeindod 000‘00T 43d syiesq puaiy uoneindod 000‘001 42d sylesaq
spuai}

aAljesedwo) diysapoaion apjse|pod puejod I9)aweled

120Z 03 0007 Woiy djysaponlop apise|pod Y} pue puejod ul sajewa} Suowre uolyeindod 000001 42d 3.4 A}je1OW Y} Ul SpuUai] "€ djqel

Medical Studies



Mortality rate related
to environmental/occupational

8 Anita Karwowska, Dominik Maslach, Jan Kochanowicz, Adrianna Baran, Michalina Krzyzak

480 -
ch4
T £ 4201 - n
+ O 4004 = L] o
® \; 328- o © o A_“o/'/‘/‘/‘/‘
Y% 3404 e e o° - oo *
c5 3(2)8: m Poland
27 280+ ——2000-2015 APC = 0.01
El T 2401 —2015-2021 APC = 1.26*
2 g 2207 o Podlaskie
2 181 ——2000-2014 APC = 0.28
140 ——2014-2021 APC = 1.54*
) N ko] “ A (o) " ) ) N &) >
9 ) Q Q Q () ] N7 ~ N Y
gL LIS VST FT IR

Year

Figure 4. Female mortality trends related to metabolic risk
factors: Poland versus Podlaskie Voivodeship, 2000-2021 -
Joinpoint regression analysis of age-standardized mortal-
ity rates: Poland: 1 Joinpoint versus Podlaskie: 1 Joinpoint

*Indicates that the Annual Percent Change (APC) is significantly

different from zero at the a = 0.05 level. Final Selected Model: Po-
land — 1 Joinpoint, Podlaskie — 1 Joinpoint. Rejected Parallelism.
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Figure 6. Female mortality trends related to environmen-
tal/occupational risk factors: Poland versus Podlaskie
Voivodeship, 2000-2021 - Joinpoint regression analysis
of age-standardized mortality rates: Poland: 1 Joinpoint
versus Podlaskie: 0 Joinpoints

*Indicates that the Annual Percent Change (APC) is significantly
different from zero at the a = 0.05 level. Final Selected Model: Po-
land — 1 Joinpoint, Podlaskie — 0 Joinpoints. Rejected Parallelism

high blood pressure, high BMI, elevated fasting plas-
ma glucose, and high LDL cholesterol was analyzed.
Behavioral risks comprised tobacco use, dietary risks,
alcohol consumption, and low physical activity. Envi-
ronmental and occupational risks comprised air pol-
lution and occupational hazards.

In the male population, percentage changes for
metabolic risks were similar between Poland and
the Podlaskie Voivodeship. Mortality related to high
blood pressure decreased by 15.16% in Poland and
10.08% in the Podlaskie Voivodeship. Mortality linked
to high LDL cholesterol levels decreased by 19.73% and
10.78%, respectively. Mortality associated with high
BMI increased by 27.34% in Poland and 28.27% in
the Podlaskie Voivodeship. Mortality due to elevated
fasting glucose increased by 49.20% in Poland and
41.65% in the Podlaskie Voivodeship (Table 2).

m Poland

——2000-2002 APC = -2.69
——2002-2021 APC = 0.54*
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Figure 5. Female mortality trends related to behavioral risk
factors: Poland versus Podlaskie Voivodeship, 2000-2021 —
Joinpoint regression analysis of age-standardized mortality
rates: Poland: 1 Joinpoint versus Podlaskie: 1 Joinpoint
*Indicates that the Annual Percent Change (APC) is significantly
different from zero at the a = 0.05 level. Final Selected Model: Po-
land — 1 Joinpoint, Podlaskie — 1 Joinpoint. Rejected Parallelism.

Among behavioral risks in men, mortality linked
to dietary risks decreased by 4.03% in Poland but
increased by 3.87% in the Podlaskie Voivodeship.
Trends for other behavioral factors were similar, with
decreases in tobacco-related mortality rates (20.57%
Poland; 22.31% Podlaskie Voivodeship), and increas-
es in alcohol-related (39.97% Poland; 31.52% Pod-
laskie Voivodeship) and low physical activity-related
mortality rates (36.30% Poland; 25.32% Podlaskie
Voivodeship) (Table 2).

For environmental and occupational risks in men,
occupational risk-related mortality increased by
45.16% in Poland but decreased by 0.70% in the Pod-
laskie Voivodeship. Mortality related to air pollution
decreased by 32.40% and 38.25%), respectively (Table 2).

In women, a difference was observed in mortal-
ity related to high LDL cholesterol levels, which de-
creased by 11.34% in Poland but increased by 10.25% in
the Podlaskie Voivodeship. Trends for other metabolic
factors were similar: mortality decreased for high blood
pressure (11.79% Poland; 0.23% Podlaskie Voivode-
ship), and increased for high BMI (34.47% Poland;
36.64% Podlaskie Voivodeship) and high fasting glu-
cose (38.66% Poland; 38.48% Podlaskie Voivodeship).

Mortality trends related to behavioral and envi-
ronmental and occupational risks in women were
similar in Poland and the Podlaskie Voivodeship.
Tobacco-related mortality rates decreased (5.53% Po-
land; 0.99% Podlaskie Voivodeship), dietary risk-re-
lated mortality rates increased (5.36% Poland; 23.19%
Podlaskie Voivodeship), and alcohol-related mortal-
ity rates increased more in Poland (45.20%) than in
the Podlaskie Voivodeship (24.11%). Mortality related
to low physical activity increased similarly (15.83%
Poland; 15.88% Podlaskie Voivodeship). The largest
increase was observed in occupational risk-related
mortality: 88.40% in Poland and 42.22% in the Pod-
laskie Voivodeship. Mortality associated with air pol-
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lution decreased comparably (28.77% Poland; 30.80%
Podlaskie Voivodeship) (Table 3).

Discussion

A substantial proportion of mortality rates attrib-
utable to behavioral risk factors presents a significant
public health challenge, representing a strategic yet
particularly difficult area to manage effectively [15].
In the male population in 2021, nearly 50% of deaths
were associated with behavioral risks. Among wom-
en, the greatest threats were metabolic factors — ap-
proximately 50% of mortality and behavioral factors
— about 33%, with both groups showing significantly
increasing trends in recent years.

The increasing value of the mortality rate may
result in a series of negative consequences for the so-
ciety, the healthcare system, and the country’s
economy [15]. According to 2022 data, the overall
mortality decline rate in Poland slowed markedly
between 2014 and 2019. The COVID-19 pandemic
(2020-2021) caused a sharp increase in deaths of ap-
proximately 25% for both men and women. Conse-
quently, the standardized overall mortality rate in
2021 reached levels comparable to those observed in
2005 [16]. According to the latest health status report
published by the National Institute of Public Health —
National Research Institute (PZH), cardiovascular dis-
eases and malignant neoplasms have been the leading
causes of death in Poland for years [17].

From 2000 to 2021, mortality rates increased for
half of the analyzed risk factors in men and nearly
two-thirds in women. Particularly notable in men was
an almost 50% increase in deaths related to elevated
fasting plasma glucose levels in Poland and over 40%
in the Podlaskie Voivodeship. High increases in mor-
tality were also observed for alcohol consumption,
physical inactivity, high BMI in men both nationally
and regionally, as well as an over 45% rise in occupa-
tional risk-related mortality in Poland overall. Among
women, the largest increase concerned occupational
risk-related deaths — nearly 90% in Poland and over
40% in the Podlaskie Voivodeship. Similar to men,
women in both Poland and the Podlaskie Voivode-
ship exhibited significant increases in mortality rates
linked to alcohol consumption, elevated fasting glu-
cose, and high BMI. Although the current recommen-
dation is to use multi-level frameworks that consider
complex risk factors and their interactions, as well as
the impact of social determinants of health, the pres-
ent results indicate that daily behaviors and living
conditions remain key for health outcomes [18].

Men more frequently engage in risky health be-
haviors, such as smoking, excessive alcohol consump-
tion, and lack of physical activity, while women,
despite more often caring for their health through
healthy eating and medical care, are more exposed
to some chronic diseases, which leads to higher mor-
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bidity but not necessarily higher mortality rate from
these causes compared to men. The conclusions from
Gorman’s research analysis are reflected in the per-
centage share of the mortality rate related to behav-
ioral factors, while it is a concerning fact that among
women, both in Poland overall and in the Podlaskie
Voivodeship in 2000-2021, this rate increased by over
6% and nearly 17%, respectively. The slight decrease
of this rate among men in Poland and the Podlaskie
Voivodeship (below 1%) is also not optimistic. Un-
fortunately, even among people who highly care for
their health, there is no guarantee of avoiding disease.
Other factors or situations over which we have no
control may appear, and then medical help becomes
crucial. Nevertheless, one should not give up caring
for health. The demand for healthcare in aging societ-
ies is growing, and good physical condition facilitates
overcoming potential diseases [19, 20].

The next group of risk factors, namely metabolic
factors, are also closely related to lifestyle. Diet, physi-
cal activity, smoking, and alcohol consumption affect
the body’s metabolic processes, shaping parameters
such as blood pressure, glucose levels, blood lipids,
and body weight. During the analyzed period, at
the national level, women experienced a higher bur-
den of metabolic risk factors compared to men. In
a more detailed perspective, men showed a greater
decline in mortality rates associated with high blood
pressure and high LDL cholesterol levels, as well as
a greater increase in deaths related to high fasting
plasma glucose levels. Among women, a more pro-
nounced increase was observed in mortality rates as-
sociated with high BMI. Findings from the study by
Chew et al. (2000-2019) demonstrate that, at the glob-
al level, men exhibited higher absolute mortality rates
attributable to metabolic diseases. The analyses also
showed slight differences in the direction of growth
between genders/sexes: women showed a slightly
stronger relative increase in the frequency of obesity
and non-alcoholic fatty liver disease, while men had
minimally greater increases in hypertension and hy-
perlipidemia [21].

Environmental factors also have a significant im-
pact on health, not only physically but also psycho-
logically. The World Health Organization recognizes
air pollution as one of the main health threats, con-
tributing to millions of premature deaths annually
and reducing quality of life. Moreover, environmen-
tal factors also affect mental health, causing stress
and negatively affecting people’s wellbeing [22, 23].
Anthropogenic activity has contributed to climate
warming, bringing natural consequences. Droughts,
floods, fires, and higher temperatures translate into
health problems in the areas of cardiovascular, respi-
ratory, and metabolic diseases. Higher temperatures
also favor the development of microorganisms, inten-
sifying the problem of infectious diseases [24]. During
the study period, this risk group experienced the larg-
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est mortality rate declines in both sexes, with greater
reductions observed in men in the Podlaskie Voivode-
ship and women nationally.

Although the Constitution of the Republic of Po-
land guarantees all citizens equal access to healthcare
(Article 68), significant health inequalities still exist
in practice. They often result from demographic, so-
cial, and economic differences that may be difficult to
completely eliminate. Nevertheless, recognizing and
analyzing these inequalities allows for the implemen-
tation of appropriate actions that can reduce them. In
health policy, initiatives related to health education,
health promotion, and prevention should be crucial,
aimed at improving the overall health status of the so-
ciety. However, simply increasing health awareness
is not always sufficient to solve the problem/issue
of inequalities, so it is necessary to include actions
aimed at reducing differences in access to healthcare.
Avoidable deaths, both those resulting from preven-
tive and medical factors, are a good indicator of health
inequalities. Although in Poland theoretically every-
one has guaranteed equal access to health services,
in practice the quality of care and availability differ
depending on the region and social groups. There-
fore, it is necessary to take actions aimed at reducing
these inequalities to improve the overall effective-
ness of the healthcare system and the health status
of the population [25, 26].

A limitation of the study may be the fact that risk
factors often occur in correlation, and their mutual re-
lationships were not thoroughly investigated. It should
also be noted that some data are burdened with error
because they come from survey studies [12]. It would
be advisable to conduct further research that takes into
account detailed relationships between risk factors,
including their co-occurrence and mutual influence,
and the application of advanced statistical methods
to capture complex interactions. It is also worth us-
ing various data sources to minimize errors related to
survey studies. Taking these suggestions into account
in future research could improve the accuracy of re-
sults and deepen understanding of the relationships
between risk factors.

Conclusions

The analysis of trends in mortality rates associated
with the main groups of risk factors (metabolic, be-
havioral, and environmental and occupational) from
2000 to 2021 revealed significant differences between
male and female populations, as well as between Po-
land overall and the Podlaskie Voivodeship. Mortality
rates in the Podlaskie Voivodeship were consistently
lower than the national averages for both sexes.

Among men, favorable trends were observed across
all main risk factor groups at the national level, with
the greatest reduction noted for environmental and oc-
cupational factors (11.81%). In the Podlaskie Voivode-

ship, however, an unfavorable upward trend was re-
corded for metabolic risk factors (3.04%), while other
main risk groups showed declines. Joinpoint analysis
confirmed a statistically significant decrease in mortal-
ity related to metabolic factors in Poland (2000-2016)
and environmental and occupational factors in both
regions.

In women, the opposite pattern emerged — mor-
tality related to metabolic and behavioral risk fac-
tors increased, while deaths linked to environmen-
tal and occupational factors declined. The Podlaskie
Voivodeship exhibited greater dynamics of adverse
changes than Poland overall, particularly for meta-
bolic (+14.63% vs. +5.70%) and behavioral (+16.92%
vs. +6.03%) risk factors. All identified trends among
women were statistically significant.

At the level of specific risk factors (Level 2), in-
creasing mortality rates associated with high BMI and
elevated fasting plasma glucose are of particular con-
cern, evident in both sexes. Positive trends included
reductions in deaths related to high blood pressure,
tobacco use, and air pollution.

Although the Podlaskie Voivodeship generally
presents lower mortality rates, it demonstrates con-
cerning upward trends, especially among women,
highlighting the need for targeted preventive inter-
ventions addressing metabolic and behavioral risk
factors.
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