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I Abstract
Introduction and objective. This study examines the geographical variation of amenable mortality in Poland, focusing
primarily on the role of health care resources at the level of administrative districts and regions, and selected area
socioeconomic characteristics as explanatory factors. The concept was used of amenable mortality, based on the assumption
that deaths from certain causes should not occur in the presence of timely and effective health care.
Materials and method. Standardized death rates (SDR) from causes considered amenable to health care and, separately, for
ischaemic heart disease (IHD), were calculated for each of 379 districts (NUTS 4 level) in Poland in 1991-1995 and 2006-2010,
using unit mortality data from the National Causes of Death Register. The analytical procedure involved spatial analysis of
the distribution of amenable mortality rates, selection of explanatory variables and fitting multilevel regression models
using area-level and regional-level characteristics.
Results. The results indicate that mortality from conditions which have become amenable to medical intervention has
generally decreased in all districts of Poland in the past two decades. Considerable territorial variation in mortality can be
observed. Since the 1990s, these differences have been reduced for IHD-related mortality and have increased foramenable
mortality.
Conclusions. The presented analysis only partly confirms the correlation between variables reflecting the infrastructure
of health care resources and the territorial variation in mortality from these two categories of causes of death. Significant
correlations with variation in mortality are revealed for the number of primary care physicians (at district level) and the
number of specialist practitioners (at regional level). However, after controlling for socioeconomic variables, such as education
and low income, the effect of the health care infrastructure-related variables was considerably reduced. The multi-level
models also revealed a substantial variation at the regional level, which implies that there are other unobserved contextual

influences on amenable mortality at this level.
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INTRODUCTION

The rates of avoidable mortality — premature deaths from a
set of conditions that could have been avoided in the presence
of timely and effective health care [1], and socio-economic
differences in mortality from these causes — are higher in
Poland and other countries of Central and Eastern Europe
than in most industralised countries [2-6]. The usefulness of
the koncept of avoidable mortality is based on the assumption
that such causes of death are related to the functioning of
health care which is widely Explorer [7-12].

Very little is known about territorial variation in avoidable
mortality in Poland, and about the correlations between
observable differences in mortality and health care levels.
Analyses of regional variations in avoidable mortality in
developed countries indicate a weak association of avoidable
mortality with indices of health resources or the supply of
health services [7, 11-16]. A review of 11 studies on avoidable
mortality [14] found that indices of health services poorly
predict territorial variation in mortality from causes amenable
to medical intervention. Another study described weak
associations for the following variables: number of general
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practitioners, number of hospital beds, number of beds in
medical university hospitals, and number of beds in minor
hospitals [15]. A large proportion of territorial variation in
mortality resulting from conditions which have become
amenable to medical intervention may be attributed to socio-
economic variables, such as education, socio-professional
group or economic situation [5, 6, 11, 17-18].

The presented study investigates territorial variation in
mortality from causes amenable to medical care in Poland.
Avoidable causes of death are divided into two groups
with regard to which part of the health care system they
are addressed, namely: 1) those responding to medical
interventions and therapeutic management classified as
causes amenable to medical care (treatable conditions), and
2) those that can be avoided by actions other than direct
medical services, i.e. by general prevention, are classified
as preventable conditions [12]. The present analysis focuses
on the former group (treatable conditions). The local level
of provision of health resources was believed to be more
adequate for measuring the role of the health care system in
small-area variation in mortality amenable to medical care
than in the case of preventable mortalityThe causes of death
classified as preventable mortality are more responsive to
inter-sectoral health policies and general preventive activities
and central, rather than local health policies.
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OBJECTIVE

The aim of this study is to assess mortality rates from
causes amenable to medical care at the small-area level
ofadministrative districts in Poland, and investigate
correlations between these rates and existing disparities in
health care resources at different administrative levels, while
controlling for confounding variables such as socioeconomic
and demographic factors.

MATERIALS AND METHOD

The mortality analysis was based on individual mortality data
obtained from the official statistics of the Central Statistical
Office for the periods 1991-1995 and 2006-2010. Age-
standardised death rates (SDRs) were used to assess mortality
levels by direct standardization using the age structure for
2010 in Poland as the standard.

The analytical units were 379 districts, which correspond to
NUTS 4 units in 2010 (Nomenclature of Statistical Territorial
Units). Analysis was also conducted at the regional level of
16 provinces (NUTS 2), each comprising between 12-42
districts. The choice of provinces as second-level units in
the analysis was based, on the one hand, on the current
administrative division of the country, and on the other, on
the organizational structure of the Polish health care system
which is compatible with this division.

Analysis of deaths from causes amenable to medical
intervention employed the Nolte and McKee classification
[12], except for deaths due to ischaemic heart disease (IHD),
which were analysed separately (Supp. 1). The decision to
separate deaths due to IHD was taken because of the finding
of high rates of IHD-related deaths in Poland and observed
territorial differences between IHD-related deaths and deaths
from other causes [19]. The analysis consisted of three steps,
commencing with an assessment of spatial correlation of
amenable mortality at district level, followed by the selection
of covariates and a multilevel regression analysis.

All data preparation and exploratory analyses were
performed SAS v.9.3. Spatial analyses and graphic
presentations employed GeoDa software v.0.9.5-1 (available
for free downloading from www.csiss.org). Shape files for
districts in Poland were updated to match the 2010 data.
Variable selection and multilevel analysis was conducted
in SPSS v.21.

Spatial analysis. A preliminary analysis of spatial variation
in mortality at district level consisted in testing for spatial
autocorrelation, which enables the identification of clusters
of districts with similar levels of indices of interest. Moran’s I
statistics of spatial autocorrelations were used in the form of
Global Moran’s I and Local Indicators of Spatial Association
(LISA) [20]. Spatial autocorrelation was evaluated on the basis
of mortality data in a given district compared to the rates in
neighbouring districts. Two types of spatial weights matrix
were used, namely, the queen contiguity matrix and the five
nearest neighbour matrix.

Moran’s I statistics indicated positive spatial auto-
correlations both for death rates from conditions amenable
to medical intervention and for death rates due to ischaemic
heart disease (Tab. 1). The fact that similar values of the
autocorrelation indices were obtained using different

Table 1. Moran's | statistic for global spatial autocorrelation in SDR

Spatial weights Amenable mortality IHD

1991-1996 2006-2010 1991-1996 2006-2010

Queen contiguity 0.363 0.409 0.578 0.528

Nearest neighbours (k=5) 0.353 0.388 0.561 0.514

p<0.001 for all results

contiguity matrices may indicate that cities possessing the
status of a district do not interfere with the results when
queen neighbourhood matrices are used, where contiguity
is understood as any section, also of zero length, i.e. a point.

Results from LISA analyses (data not shown) confirmed the
presence of autocorrelations at local level and the clustering
of districts with similar death rates (positive association).
However, the presence of similarly large clusters of districts
of low mortality in both groups of causes of death was only
seen in the Podcarpathian region of southern Poland, with
the remaining clusters at particular levels of amenable and
IHD-related mortality often failing to overlap. These results
indicate that IHD-related mortality should be analysed as
distinct from amenable mortality in studies at lower levels
of administrative division.

Results from the spatial analysis indicated the necessity
of incorporating the spatial pattern in further analyses and
limited possibility for using classic regression (ordinary least-
squares regression, OLS) to study correlations [21]. Possible
solutions included the use of spatial lag or spatial error models
that incorporate spatial dependence, but the explanatory
variables characterised the health care system at both the
level of districts and larger administrative units, and it was
decided that multi-level regression analysis would be used.

Explanatory variables. In line with the purpose of this
study, the focus was on variables describing health care
infrastructure at the level of districts and provinces and on
socio-economic and demographic variables characterising
districts.

Available data for districts served to form the initial
set of explanatory variables, which comprised variables
characterising health care resources, such as the number
of primary care physicians (per 10,000 population) [1] the
number of beds in general hospitals (per capita), and socio-
demographic and economic variables, such as unemployment
levels (percentage of total work force), salary levels (% of
the national average), level of deprivation of the population
(% of the population relying on social security), degree
of urbanisation (% of urban dwellers), number of elderly
people (% of population aged 60 years or more), number of
university graduates(% of population 13 years old or older,
with university degree). In view of the presence of ‘island’
cities with district status, data on the number of hospital beds
were regarded as inadequately reflecting the actual situation,
and this variable was dropped from the analysis.

Further selection of explanatory variables at district
level was based on principal components analysis without
rotation. Of the variables forming the first component, those
with the highest eigen values were included in the further
analyses, namely, the percentage of university graduates,
the percentage of the population relying on social security
and the percentage of urban dwellers. The second principal
component consisted essentially of two variables: the number
of primary care physicians (per 10,000 population) and the
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percentage of elderly people in the district population. As
the death rates were standardised for the population age
structure, further analyses included the variable pertaining
to the number of primary care physicians.

Provincial level health care resources were represented by
the following variables: number of beds in general hospitals
(per 10.000 population), presence of a medical university
hospital in the province (binary variable), number of
specialists (per 10.000 population), and the total number
of physicians (per 10.000 population). The variable ‘total
number of physicians’ was eventually dropped in view of its
multicollinearity with other variables.

The data were retrieved from official statistical publications,
and in particular the Local Data Bank of Central Statistical
Office (GUS) and Health Care Information Systems Centre
(unpublished data)

Multilevel analysis. To assess the territorial distribution of
standardized mortality from causes amenable to health care
and from ITHD, the linear mixed-effects models procedure
in SPSS was used with restricted maximum likelihood
estimation [22]. A two-level modelling approach was
employed with districts as the units of analysis at the first
level and provinces on the second level. With this approach,
it was possible to assess the territorial variation of mortality
with regard to the role of compositional effects, i.e. the impact
of variables directly or indirectly influencing mortality rates
in districts, and contextual effects, i.e. the impact of variables
reflecting health care resources at provincial level [23].

The models were fitted in several consecutive steps.
First, the intercept model (model 0) was fitted, without any
explanatory variables. In the next step, the district-level
variables pertaining to health care infrastructure (model
1) and the socio-economic variables (model 2) were added.
Model 3 additionally included the variables pertaining to
health care infrastructure at provincial level. The significance
of each consecutive model was estimated by analysing
changes in the value of the restricted Log Likelihood. The
interclass correlation coefficient (ICC) was calculated for
each model as the ratio of group-level error variance over the
total error variance. The ICC is the proportion of the overall
unexplained variance in amenable mortality between districts
that can be attributed to ‘administrative’ district clustering
into provinces. To improve numerical stability, all variables
from the first (district) level were centred at the provincial
means. This also allowed for a simple interpretation of the
intercept as an estimate of amenable mortality and IHD
mortality if all explanatory variables in districts are at the
level of the mean [24].

RESULTS

In 2006-2010, deaths from causes amenable to medical care
accounted for 10.7% of the overall number of deaths in Poland,
and 6.6%-16.5% of deaths in individual districts, while deaths
attributable to ischaemic heart disease constituted 5.4% of
overall mortality and 1.6%-11.8% of deaths in individual
districts. Compared to the 1991-1995 rates, standardised
death rates were markedly lower in the great majority of
districts. The mean ratio of SDR (in districts) for 2006—
2010 to SDR for 1991-1995 was 0.80 (range: 0.54-1.35) for
amenable mortality, and 0.64 (range: 0.30-1.72) for IHD-

related mortality. Mean annual rates of decrease in death
rates were 1.4% for amenable mortality and 2.9% for IHD.
A detailed analysis of the rate of change in mortality for
individual districts revealed that districts with high IHD-
related mortality in the early 1990s experienced greater
relative decreases in mortality than districts with lower
baseline mortality, while for amenable mortality the trend
was the reverse, with districts of higher baseline mortality
experiencing less prominent decreases compared to those
districts where baseline mortality was lower. As a result,
between-district variation in IHD-related mortality was
reduced, while differences in amenable mortality rates
between districts increased.

Table 2 presents SDRs (per 100,000 population) and the
ratio of mortality rates for provinces and districts belonging
to particular provincess. These results indicate high territorial
variation in the two categories of mortality. Districts with
the highest mortality rates in the period 2006-2010 had 2.5
times higher SDRs than districts with the lowest amenable
mortality, and 4.5 higher SDRs in the case of IHD-related
mortality. For the middle 50% of districts, absolute differences
expressed as the interquartile (IQ) range were much lower,
with SDRs of 106-129 for amenable mortality and 52-74
for IHD.

The spatial distribution of amenable and IHD-related
mortality in Poland is shown in quartile maps for SDRs
(Fig.1). The region with the lowest mortality from both causes
is the Podcarpathian province south-eastern Poland. The
districts with the highest IHD-related mortality form a
distinct cluster in the south of Poland in the Silesian and
Matopolska provinces, while the highest amenable mortality
was recorded in districts from central Poland (L.6dz province)
and in the Warmin-Mazurian and Western Pomeranian
provinces.

The results of the multilevel models presented in Tables
3 and 4 indicate a weak association between death rates
and health care infrastructure, represented by the number
of primary care physicians at district level. This variable
was significantly related only to amenable mortality, and
when the socio-economic variables were incorporated in the
model, its effect was markedly reduced and was practically
non-significant. Differences in SDR between districts are
significantly influenced by socio-economic covariates. A
higher proportion of population holding university degrees
(the variable ‘higher education’) is associated with lower
amenable and IHD-related mortality, and a higher degree
of population deprivation, represented by the proportion
of the population relying on social security (the variable
‘social support’), contributes to higher amenable mortality
rates. For IHD-related mortality, the variable ‘social support’
was not significant. A positive regression coefficient for the
urbanisation index may confirm the finding of slightly higher
mortality among urban vs. rural dwellers in some regions
of Poland.

The interclass correlation coefficients (ICC) indicate that
a large proportion of the variation in mortality between
districts can be attributed to regions (voivodeships), which
constituted the second level of the analysis, and to contextual
factors associated with district clustering. The incorporation
of regional variables in the next step of the analysis (Model
3) reduced theimportance of regional variation in mortality;
however, the level of ICC remainedhigh, indicating the
presence of other determinants not incorporated in the model.
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Table 2. Mortality from causes amenable to health care and from IHD by voivodeship and district in Poland, 2006-2010 and relative changes
(1991-1995) - (2006-2010)

. Ratio
SDR by region SDR__ . /SDR

range of variation by districts)® 06-10 91-95
(rang y ) Mean (min-max) by districts

Region (NUTS2)
(number of districts)

Amenable mortality* IHD
104.22 (85.61-145.81)
112.67 (103.32-143.15)

Amenable mortality* IHD
0.84 (0.65-1.06)
0.78 (0.62-0.95)

Dolnoslaskie (23) 40.17 (36.15-80.51)

52.15 (45.79-97.53)

0.60 (0.40-0.73)
0.59 (0.35-1.08)

Kujawsko-pomorskie (24)

Lubelskie (24) 99.56 (86.16-123.65) 39.00 (24.177-75.09) 0.70 (0.57-0.94) 0.49 (0.29-0.71)
Lubuskie (14) 108.90 (98.47-146.62) 50.51(33.15-101.57) 0.81(0.61-1.04) 0.68 (0.41-1.03)
Lodzkie (24) 121.64 (102.73-149.75) 45.28 (43.56-103.32) 0.83 (0.70-1.08) 0.71(0.44-1.56)
Matopolskie (22) 91.77 (83.77-116.57) 81.17 (63.90-97.56) 0.77 (0.64-1.27) 0.94 (0.64-1.72)

Mazowieckie (42)
Opolskie (12)

110.06 (92.06-150.76)
105.27 (94.31-142.792
83.46 (81.01-133.27)
99.65 (94.29-144.42)

40.22 (36.80-89.98)
41.30(30.94-71.76)
38.04 (36.43-75.54)
43.38 (40.99-91.84)

0.81(0.59-1.13)
0.65 (0.57-0.75)
0.67 (0.54-0.81)
0.89(0.75-1.11)

0.71(0.37-1.34)
0.41(0.28-0.51)
0.48 (0.34-0.74)
0.76 (0.58-1.15)

Podkarpackie (25)
Podlaskie (17)

Pomorskie (20) 96.30 (82.23-146.17) 47.95 (37.53-80.39) 0.83 (0.65-1.25) 0.55(0.37-1.56)
Slaskie (36) 125.59 (97.45-172.00) 73.02 (48.43-145.26) 0.77(0.63-0.93) 0.61(0.42-0.85)
Swigtokrzyskie (14) 105.66 (94.03-133.11) 50.76 (35.65-86.03) 0.81(0.62-1.07) 0.80(0.53-1.21)

Warminsko-mazurskie (21) 112.65 (82.74-178.56)
110.13 (101.95-149.57)

149.574 (74.11-147.76)

50.76 (35.65-86.03)
43.59 (34.55-79.45)
55.38 (45.11-90.92)

0.91 (0.68-1.35)
0.87 (0.68-1.14)
0.82(0.65-1.14)

0.62(0.31-1.01)
0.63 (0.38-0.97)
0.66 (0.38-0.95)

Wielkopolskie (35)

Zachodniopomorskie (21)

2 Allamenable causes other than ischaemic heart disease.
>On the base of mortality data at region (voivodesips) in 2010
<On the base of mortality data at district level in 2006-2010

Table 3. Multi-level estimates for models of mortality of amenable to health care at district level, Poland 2006-2010

Model 0 Model 1 Model 2 Model 3
B(SE) B(SE) B(SE) B(SE)

Fixedeffects
Constant 116,349 (2,397)*** 116,348 (2,397)*** 116,318 (2.391)*** 119,270 (2.415)***
Level 1
Primary care physicians(per 10.000 population) -0,797 (0,385)* (-3'??:;) (-((;"3:‘:)
Higher education -1,599 (0,201)*** -1,599 (0,201)***
Social support 0,710 (0,215)*** 0,710 (0,215)***
Degree of urbanisation 0,187 (0,035)*** 0,187 (0,035)***
Level 2
Number of specialists (per 10.000 population) -2,584 (1,343)*
Number of beds in general hospitals (per 10.000 population) (01;)1621)*
Presence of a medical university hospital (4;936727)*
Randomeffects
Level 1
Constant 194,954 (14,465)*** 193,203 (14,355)*** 137,147 (10,233)*** 137,156 (10,235)***
Level 2
Constant 82,863 (33,26)* 82,929 (33,257)** 85,033 (33,169)** 58,534 (26,332)**
Interclasscorrelation 0,299 0,300 0,383 0,299
Log likelihood 3107,064 3102,857 2984,181 2968,639
D Log likelihood 4,207 122,883 138,425
P P<0,001 P<0,001

Note: ¥p<0.1, **p<0.01, ¥**p<0,001


http://www.staypoland.com/DivisionPage.aspx?divId=23
http://www.staypoland.com/DivisionPage.aspx?divId=12
http://www.staypoland.com/DivisionPage.aspx?divId=24
http://www.staypoland.com/DivisionPage.aspx?divId=106
http://www.staypoland.com/DivisionPage.aspx?divId=21
http://www.staypoland.com/DivisionPage.aspx?divId=15
http://www.staypoland.com/DivisionPage.aspx?divId=16
http://www.staypoland.com/DivisionPage.aspx?divId=17
http://www.staypoland.com/DivisionPage.aspx?divId=2
http://www.staypoland.com/DivisionPage.aspx?divId=18
http://www.staypoland.com/DivisionPage.aspx?divId=19
http://www.staypoland.com/DivisionPage.aspx?divId=20
http://www.staypoland.com/DivisionPage.aspx?divId=1
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a.  Mortality of amenable to health care

SDR Quantiles

[]  1-LowestSDR
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b. Mortality from ischaemic heart disease

Figure 1. The spatial distribution of standardized mortality of (a) amenable to health care and (b) ischaemic heart disease in Poland, 2006-2010

Table 4. Multi-level estimates for models of mortality for IHD at district level, Poland 2006-2010

Model 0 Model 1 Model 2 Model 3
B(SE) B(SE) B(SE) B(SE)

Fixed effects
Constant 62,671 (2,817)%** 62,671 (2,817)*** 62,658 (2,813)*** 64,717 (3,322)***
Level 1
Primary care physicians (per 10.000 population) -0,263 (0,381) 0,416 (0,366) 0,416 (0,366)
Higher education -1,441 (0,214)*** -1,441 (0,214)***
Social support 0,283 (0.229) 0,283 (0.229)

Degree of urbanisation

0,149 (0,037)***

0,150 (0,037)***

Level 2

Number of specialists (per 10.000 population)

2,003 (1.844)

Number of beds in general hospitals (per 10.000 population) 0,251 (0.703)
Presence of a medical university hospital 5,205 (6.093)
Random effects

Level 1

Constant 189,908 (14,092)*** 190,184 (14,132)*** 155,666 (11,616)*** 155,669 (11,616)***
Level 2

Constant 118.052 (46,023)** 118.041 (46,024)** 119.327 (45,973)** 114.780 (49,509)*
Interclasscorrelation 0,383 0,383 0,434 0,424

Log likelihood 3102,374 3101,989 3034,529 3021,664

A Log likelihood 0,385 67,845 80,71

P P<0,001 P<0,001

Note: *p<0.1, **p<0.01, ***p<0,001

The variables referring to health care resources at regional
level were found to be associated with amenable mortality
in districts. However, some correlations were not those that
had been expected to occur. The findings confirmed the
importance of availability of specialist medical care as higher
numbers of specialist practitioners were associated with lower
mortality at the district level. At the same time, regression
coefficients for the number of hospital beds and the presence
of a high-class specialist hospital (medical university hospital)
in the province indicate higher amenable mortality in regions
scoring higher on these scales. These results may indicate,

on the one hand, that the territorial distribution of hospitals
matches the demand for health services stemming from
greater health care-related needs in a given administrative
region and, on the other, that hospital beds are not used
effectively in regions with a large number of hospital beds.
In the model of IHD-related mortality, the variables referring
to health care infrastructure at regional level turned out to
be non-significant for predicting the observed differences in
mortality between districts.
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Supplement 1. Causes of death considered amenable to health care

Cause of death Age ICD9 ICD10
Intestinal infections 0-14 000-009 A00-A09
Tuberculosis 0-74 010-018, 137 A15-A19, B90
Other infectious diseases (Diphtheria, Tetanus, Poliomyelitis) 0-74 032,037,045 A36, A35, A80
Whooping cough 0-14 033 A37
Septicaemia 0-74 038 A40-A41
Measles 1-14 055 BO5
Malignant neoplasm of colon and rectum 0-74 153-154 C18-C21
Malignant neoplasm of skin 0-74 173 C44
Malignant neoplasm of breast 0-74 174 C50
Malignant neoplasm of cervix uteri 0-74 180 53
Malignant neoplasm of cervix uteri and body of the uterus 0-44 179,182 C54,C55
Malignant neoplasm of testis 0-74 186 €62
Hodgkin’s disease 0-74 201 81
Leukaemia 0-44 204, 208 C91-C95
Diseases of the thyroids 0-74 240-246 E00-E07
Diabetes mellitus 0-49 250 E10-E14
Epilepsy 0-74 345 G40-G14
Chronic rheumatic heart disease 0-74 393-398 105-109
Hypertensive disease 0-74 401-405 110-115
Cerebrovascular disease 0-74 430-438 160-169

All respiratory diseases (excl. pneumonia/influenza) 1-14 460-479, 488-519 J00-J09, J20-J99
Influenza 0-74 487 J10-J11
Pneumonia 0-74 480-486 J12-)18
Peptic ulcer 0-74 531-533 K25-K27
Appendicitis 0-74 540-543 K35-K38
Abdominal hernia 0-74 550-553 K40-K46
Cholelithiasis& cholecystitis 0-74 574-575 K80-K81
Nephritis and nephrosis 0-74 580-589 NOO-NO07, N17-N19, N25-N27
Benign prostatic hyperplasia 0-74 600 N40
Maternal deaths All 630-676 000-099
Congenital cardiovascular anomalies 0-74 745-747 Q20-Q28
Perinatal deaths, all causes excluding stillbirths All 760-779 P00-P96, A33-A34
Misadventures to patients during surgical and medical care All E870-E876, E878-E879 Y60-Y69, Y83-Y84
Ischaemic heart disease* 0-74 410-414 120-125

* deaths due to ischaemic heart disease (IHD) were analysed separately

RESULTS AND DISCUSSION

The decreasing levels of mortality from causes amenable to
medical care noted in most districts and across all regions
since the beginning of the systemic transition, especially with
regard to IHD-related mortality, testify to beneficial changes
in population health, and indirectly point to improvements
and progress in medical procedures, level of education
of medical professionals, quality of medical services and
organisation of the health care system in Poland. However,
the detailed analyses intended to explain territorial variation
in the two categories of mortality in terms of variables
reflecting the infrastructure of medical resources and health
care, found that these variables were only partially relevant.

The significance of the variable ‘number of primary
care physicians per 10,000population’ indirectly confirms
the importance of the tier of primary care and primary

care physicians for the health status of the population,
which is consistent with the findings of other studies of
overall and cause-specific mortality [25-26]. Analysis of
health care resources at regional (province) level points
to the importance of easy access to specialists, which was
represented by the variable ‘number of physicians per 10,000
population’ in this study. The higher number of specialists
available, resulting in easier access to specialised diagnostic
tests and services, may be associated with improved amenable
mortality rates.

The nature of the classification of causes of death used in
the presented study was not discussed, but small-area studies
(spatial analyses) show that the choice of a definition can
influence the spatial patterns of mortality identified in a study
[27]. In the light of the current findings and the organisation
hierarchy in the Polish health care system, it would be
advantageous to use in future studies a division of amenable
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mortality into causes of death attributable to primary and
specialized health care and interventions, i.e. according to
the tier of the health care system (place of intervention) to
which these conditions are responsive [17, 28].

Analysis confirmed the considerable importance of the
level of education and deprivation of the population in
small-area analysesas factors accounting for some of the
variation in amenable and IHD-related mortality. Notably,
after controlling for socioeconomic variables, the effect of the
variables representing health care resources was reduced. The
effect of the variable ‘level of education’ may manifest itself
via such factors as earlier initiation of diagnostic testing or
turning to specialist practitionersfor medical advice more
frequently, as well as other immaterial resources that are
more easily accessible to those with a higher social standing
[29, 30].

The presented study, a preliminary investigation of
territorial variation in mortality and its association with
indices of health care resources, has several limitations which
are mostly related to data availability issues. The indices of
health care resources and supply of health services used in
the study, such as the number of primary care physicians,
number of specialist practitioners and the number of hospital
beds, fail to grasp the essence of quality, availability and
effectiveness of medical care. More reliable results could be
produced with other indices of structure and organisation
of health care, such as the availability and qualifications of
physicians, patient waiting times, time management in health
care institutions, hospital bed occupancy or existing medical
procedures [12, 14]. The presented analysis did not account
for environmental and social covariates, such as climate,
water quality, environmental pollution, regional cuisine, life
style, leisure activities, or territorial gradients of historical
origin whose ranges may not coincide with the borders of
the administrative areas analysed. The presence of effects of
such factors was indicated by the spatial autocorrelation data,
which confirmed that mortality due to the causes analysed
in the study was not spatially random, and that districts tend
to cluster into groups with similar mortality rates. Further,
more narrowly focused and in-depth studies of amenable
mortality will doubtless aid the identification of social and
environmental determinants of health status and mortality
in Poland, and may contribute to improved adjustment of
health policies and efforts undertaken within the health care
system at regional and smaller-scale levels.
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