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Abstract

Introduction A large number of epidemiological trials
clearly show the impact of the main cardiovascular disease
risk factors in term of hospitalization and related cost, but
relatively less frequently if this reflect the health needs of a
given population.

Aim To develop a model for the health needs-assessment
that will be applied to verify if and how the prevalence of
some classical risk factors for cardiovascular disease pre-
dicts mortality and hospitalisation episodes at 3 years, and
if it could express the health need of that population. The
long-life clinical record of 1,704 subjects, recruited during
the 2004 Brisighella Heart Study survey, has been moni-
tored. We defined the health profile of these subjects at
2004 (based on clinical history, smoking and dietary habits,
physical activity, drug use, anthropometric data, blood
pressure, and hematological data) and then sampled data
relative to their hospitalisations, mortality, and general
medical assistance.

Results  Our results shows that age over 65 years (OR
4.08; 95 % CI 2.74-6.08), hypertension (OR 3.44; 95 % CI
2.36-5.01) and hypercholesterolemia (OR 1.33; 95 % CI
0.92-1.94) increase the probability to get hospitalised.
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Furthermore, the burden of care was defined and computed
for our sample. Vascular and respiratory diseases [Burden
of health care (Bc) = 24.5 and 36.5, respectively] are the
most costly DRGs which means that the biggest part of our
resources directed to cardiovascular patients were provided
for these diagnoses.

Conclusion The application of the proposed model could
help policy makers and researchers in directing resources
and workforce in the treatment of cardiovascular diseases.

Keywords Public health - Epidemiology - Population
study - Cardiovascular disease

1 Introduction

Health is a high priority in public health planning and
decision-making, processes by which health, services and
resources are connected to each other [1]. Moreover, the
integration of the scientific researches in the assistance
process is one of the most important challenges that it is
currently set to the health care purchaser [2, 3] and the best
match between health and health care needs and service
activities becomes more and more outlined [4, 5].
Assessing population health needs is one of the most dif-
ficult tasks, because of the lack of epidemiological infor-
mation on the spread of diseases, their seriousness and their
capacity to impair as well as the lack of timely and
appropriate information on them [6]. In the absence of
routine morbidity data, attempts to develop indices of
health needs have involved the use of proxy measures, such
as death rates or census indicators, that do not directly
incorporate information on health status [7]. Aware that it
is only against the health needs of the local population that
service use can be legitimately compared [8], we propose
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the use of an epidemiological model that describes the
volume of resources necessary to maintain the health needs
of a population as depending upon the prevalence of dis-
eases (the morbidity), the utilisation of health services to
cure, these diseases and the consequent human, techno-
logical and financial resources employed. According to this
model, the management of the supply of health services
depends on the monitoring of the relationship between
population, disease, health services and resources. Our
focus is on cardiovascular disease (CVD)—mainly coro-
nary heart disease (CHD) and cerebrovascular disease—
being the major cause of mortality and morbidity in
developed countries [9] and among the greatest contribu-
tors to the health care system expenditure.

Problems with different sources databases were usually
retrieved in the past and recent research in Italy and the use
of Registries and administrative data in our country is still
considered controversial due to its low sensitivity and
appropriateness [10].

The aim of our study is to apply a model for the pop-
ulation health needs-assessment in order to verify if and
how the prevalence of some classical risk factors for car-
diovascular disease predicts mortality and hospitalisation
episodes at 3 years, and if it expresses the health need of
that population.

2 Methods

The previously proposed epidemiological model [11], sets
and measures in terms of rate and risks all the activities that
contributes to protect, promote or restore the health. For
example, prevention, which fits to avoid that a population gets
sick and therefore expresses a need of health, and disease
management, adopted to identify and cluster sick subjects and
to restore their health status, are taken into account as deter-
minant factors [12]. Therefore, the main variables of the
relationship are the preventive activity, expressed by the
relationship among the disease (prevalence of risk factors for
CVD) and the observed population; the “commitment”
activity, expressed by the relationship among the episodes of
illness (cluster of visits and/or procedures and/or admission
that are related to a particular illness, disease or condition, in a
life-period of time) and the disease; the health care services
provision, expressed by the relationship among the employed
resources (as intermediary product measured by admission,
days hospitalisations, length of stay) and the episodes of care
or hospitalisations (Fig. 1)

This research has been carried out in the context of the
Brisighella Heart Study (BHS), a prospective, population-
based longitudinal epidemiological investigation involving
2,939 randomly selected subjects (1,491 men and 1,448
women), aged 14-84 years, free of cardiovascular disease
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at enrolment, living in the northern Italian rural town of
Brisighella, promoted in 1972 by the University of Bologna
[13-16]. Brisighella was chosen as site of the study
because of the homogeneity of life-style among its resi-
dents, with a very low rate of immigration and emigration.
Subjects were clinically evaluated at baseline and every
4 years following enrolment when extensive clinical and
laboratory data were obtained in addition to the assessment
of morbidity and mortality

The BHS protocol and its sub-studies have been
approved by the Ethical Board of the University of Bolo-
gna and all volunteers involved gave their signed consent
to the participation to the study.

The full protocol has been largely described elsewhere
[17]. The study structure includes different phases and sub-
projects [18, 19]. For this study, we took the medical records
of 1,704 subjects, enrolled in 1996 during one of the BHS
follow-up. The definition of health profile of these subjects is
based on a complete set of data regarding clinical history,
smoking and dietary habits, physical activity, drug use,
anthropometric data, blood pressure, glycaemia, uric acid,
total cholesterol (TC), low-density lipoprotein cholesterol
(LDL-C), high-density lipoprotein cholesterol (HDL-C) and
triglycerides. We defined those following as possible risk
factors which should be evaluated in order to understand risk
factors impact on the health needs assessment process.
Hypertension, hypercholesterolemia and diabetes were
defined on the basis of laboratory and/or instrumental mea-
surement (Hypertension == SBP >140 mmHg or DBP
>90 mmHg; Hypercholesterolemia = LDL-C >160 mg/
dl; Diabetes = Glycaemia >126 mg/dl; obesity = BMI
>30 kg/mz) and on the drug use [20, 21].

Hospitalisations, mortality, and general assistance were
collected from 2004 to the whole 2007, from official mor-
tality statistic, census of Brisighella municipality, inpatients
hospital admissions and local health authority databases
(Death Registry from AUSL Ravenna, Birth Registry, Hos-
pitalisation and Outpatient Registry). From demographical
data we retrieved the medical history of 1,704 patients among
the entire population studied in that period.

Diseases coding for Mortality were classified by the
International Statistical Classification of Diseases, injuries
and Causes of Deaths, Ninth edition (ICD-9, V, Table 2)
[22] For a better esteem of the load of the health care
services, a new indicator is introduced: the burden of health
care (Bc), calculated by the relationship among morbidity,
resources consumed and medical activities indicators in the
following 3 year period, such as the formula listed in
Fig. 1. This calculation derives from the ratio of the pro-
ductivity of services determined by the relationship
between days of hospitalisation and resources by events of
care which estimates usually the average part of resources
dedicated to a specific cause.
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Fig. 1 The epidemiological
model: relationship between
population health status and
services used

NUMBER OF ILL CVD MORTALITY X HOSPITALISATIONRATEX  pocue ETING BY
PATIENTS BY DRG'S IN N°OF PRACTITIONERS VISITS BY nmenosmls
THE COHORT DRG'S
X X
TOTAL NUMBER OF TOTAL NUMBER OF CVD NUMBER OF VISITS
POPULATION PATIENTS BY DRG'S IN THE AND ACTIVITIES
LOCAL HEALTH AUTHORITY RELATED TO
THOSE DRG'S

Hospitalisation and events of care were identified with
number of patients registered in the hospital one or more
times for a single disease, included all the exams that the
patient needs to fulfil for a single cause of investigation
during an outpatient treatment or follow-up or day service
care. The employed resources were expressed by days of
hospitalisation, average days of hospitalisation and average
computed points by DRG’s.

2.1 Statistical Analysis

Data have been collected in an apposite database and sta-
tistically analysed with the help of the SPSS 19.0, version
for Window, statistical software. A descriptive analysis has
been carried out for all the parameters. For each binary or
categorical parameter, total sample size, and observed
frequency as a percentage has been computed. For each
continuous parameter we output: mean and 95 % confi-
dence intervals of the means. We performed also a risk
analysis of the data: prevalence; odds ratio (OR), attribut-
able risk (AR), attributable fraction (AF) [23] that is the
“fraction of all cases (exposed and unexposed) that would
not have occurred if exposure had not occurred”. The risk
analysis was performed using the parameters as dummy
variables and so dividing the population in exposed and
unexposed.

3 Results
The 1,704 subjects enrolled, 817 men (47.9 %) and 887

women (52.1 %), were aged 21-92 years; no significant
differences were observed in the aged distribution between

sex (men: range 22-92, mean 58, mode 65 years; women:
range 21-88, mean 57.4, mode 64 years). The health status
profile is resumed in Table 1. As listed in the Table, our
population has a mean value for SBP and DBP below the
ESC parameter for Hypertension diagnosis, while only
25.05 % has higher limits. The most frequent risk factor
(49.2 %) is the hypercholesterolemia, especially in women
(52.1 %) . The mean HDL, nonetheless, is 49.1 % for men
and 56.2 % for women, that gives us an idea of the small
part of high risk patient (defined by ESC). Distribution of
fat could be a determinant of the pattern of the population,
though the medium BMI is 26.8 for men and 26.5 for
women.

In 2004-2007 period, 1,096 hospital inpatient admis-
sions (A) for all causes were registered, counting for 7,154
days of hospitalisation (HD) and 6.5 days of mean length of
stay (LS,,). The number of subjects admitted (SA) was 599
(35.2 % of the cohort), 347 (20.4 %) admitted once, 142
(8.3 %) twice, 53 (3.1 %) three time. The rate of admission
was 162.5 %o per year for all cause, the relation HA/SA
was 1.8. The mean Bc for all causes was 11.9 days, each
episode of illness consumed 11.9 days of hospitalisation in
average. Table 2 shows the Burden of care for each dis-
eases category, determined on health care provided data.
Over a total amount of 12.4 Bc weighted for all CVD
causes taken into account in our model, the most important
cause of disease involved in health care service usage is
Pulmonary Arterial diseases (highest Burden of care 36.5
days)

Concerning the CVD, rate of admission was 28.3 %o per
year, for all CVD causes were admitted 120 subject: 82
once, 22 twice, 7 three times, 5 four times, 2 five and 1 six
times and 1 subject eight times, computing at all 191
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Table 1 Health status profile of the Brisighella population at the 2004 follow-up survey

Risk factors Parameter
Prevalence All Men Women Mean value Men Women
95 % CI)
Hypertension (%) 427 184 243 SBP (mmHg) 125.8 (124.5-127.2)  126.3 (124.8-127.7)
2505 % 225% 274 %  DBP (mmHg) 73.4 (72.7-74.1) 71.8 (71.1-72.5)
Hyperchole-sterolemia (%) 838 376 462 TC (mg/dL) 227.8 (225.0-230.6) 236.3 (233.5-239.0)
49.2 % 46.0 % 52.1 % LDL-C (mg/dL) 153.4 (150.9-155.0)  157.5 (155.0-160.0)
HDL-C (mg/dL) 49.1 (48.2-49.9) 56.2 (55.3-57.0)
TG (mg/dL) 126.8 (122.5-131.2) 112.6 (108.8-116.4)
Diabetes (%) 41 22 19 Fasting plasma glucose (mg/dL) 85.0 (83.4-86.5) 82.7 (81.2-84.2)
24 % 2.7 % 2.1 %
Obesity (%) 402 140 262 Body mass index (kg/m?) 26.8 (26.6-27.1) 26.5 (26.2-26.8)
23.6 % 171 % 295 %
Smoking habit (%) 274 151 123
16.1 % 185% 139 %

SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density

lipoprotein cholesterol, 7G triglycerides

Table 2 Health care provided and relative expenditure by diagnosis at discharge during the period 2004-2007

Disease categories A SA HD LS., A/SA Be

Hypertension (401-405) 6 3 46 7.7 2 15.3
Ischemic heart disease (410-414) 30 16 227 7.6 1.9 14.2
Pulmonary arterial disease (415-417) 3 2 73 24.3 1.5 36.5
Other heart disease (420—429) 55 30 368 6.7 1.8 12.3
Cerebrovascular disease (430-438) 47 33 447 9.5 1.4 13.5
Disease of arteries, arterioles, capillary (440-448) 21 9 221 10.5 2.3 24.5
Disease of veins, lymphatic vases (451-459) 29 27 102 35 1.1 3.7
Total 191 120 1,484 7.8 1.6 12.4

A admission, SA number of subject admitted, HD days of hospitalisation, LS,, mean length of stay, Bc burden of health care

hospital admission. Total days of hospitalization for CVD
were 1,484 (20 %) in 3 years. The length of stay varied
from 1 day (27 recover) to 52 days, only 3 exceed the
30 days. Fifteen subjects were admitted at list once for
coronary heart disease (code 410-414), 8 of which dis-
charge with diagnosis of acute myocardial infarction
(AMI), 3 fatal. Cerebrovascular disease (code 430-438)
was cause of admission in 35 subjects, which 5 were
Stroke, 1 TIA, and 7 dead.

Relation between health pathway and service use was
analysed through the risk analysis, as shown in Table 3.
The higher odds ratio is associated to age over 65, due to
the disability and dependency factors related to the health
status: probability in having hospitalisation and admissions
is 4 times higher compared to adults of the general popu-
lation (OR 4.08; 95 % CI 2.74-6.08). Hypertension
increases three times the probability of health care usage in
the sample as well and explains the 34.4 % of CVD
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admissions (3.44; 95 % CI 2.36-5.01). Other risk factors
are not statistically significant. Attributable fraction due to
the age (>65) is 72.8 %, which means that the older age
could have an increasing and necessary influence on being
admitted and hospitalised. The risk is doubled for people
presenting diabetes, even if at a population level, diabetes
causes only the 2.7 % of CVD admission. Obesity and
smoking habit do not seem to modify significantly the risk
of hospitalisation, in our population. The Attributable
Fraction, in the meanwhile, tells us the proportion of risk
that we avoid by eliminating the exposure in the popula-
tion. The highest result is found for age >65, Hypertension
and Diabetes, each, so that their comorbidities in any pat-
tern give to patients a more difficult risk to manage (72.8;
67.7 and 53.2 % respectively).

In the Brisighella sample, 664 (38.9 %) individuals were
not exposed to any major risk factors, 774 (45.4 %) sub-
jects present one major risk factor (hypertension or
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Table 3 Relationship between health pathway and service use; risk analysis

Age >65 aa 95 % CI Hypertension 95 % CI Hyper-cholesterolemia 95 % CI

OR 4.08 2.74; 6.08 OR 3.44 2.36; 5.01 OR 1.33 0.92; 1.94

AR 9.48 % 6.63; 12.33 AR 9.67 % 6.15; 13.18 AR 1.88 % —0.56; 4.31

AF 72.8 % 60.6; 81.3 AF 67.7 % 54.5; 77.0 AF 23.5 % —8.4; 459

Diabetes 95 % CI Obesity 95 % CI Smoking habit 95 % CI

OR 2.33 0.96; 5.65 OR 0.98 0.64; 1.53 OR 0.56 0.30; 1.03

AR 7.78 % —3.11; 18.67 - - - -

AF 532 % —0.2; 78.1 AF 14 % —48.2; 34.5 AF 42.0 % —3.8; 67.6

OR odds ratio, AR attributable risk, AF attributable fraction

Table 4 Risks of hospital 1 RF 95 % CI 2 RF 95 % CI 3 RF 95 % CI

admission by exposition at 1 or

more risk factors OR 2.44 1.57; 3.79 OR 2.64 1.75; 3.98 OR 3.38 1.11; 10.27
AR 5.17 % 2.88; 7.46 RA 8.14 % 3.81; 12.47 RA 13.11 % —4.46; 30.68

OR odds ratio, AR attributable  zp 567 ¢ 34.3; 715 FA 585 % 40.2; 71.2 FA 65.6 % 15.8; 85.9

risk, AF attributable fraction

hypercholesterolemia or diabetes), 246 (14.4 %) subjects
present two risk factors and 20 (1.2 %) subject three. Being
exposed to more than one risk factor increased the risk of
admission as shown in Table 4. The combination of three
risk factors effect on the hospitalisation outcome increases
the risk of being admitted by 13.11 %. This situation is
composed by a very restricted group in our population
which would not let good significance to our results.

4 Discussion

The need to govern the increasing sanitary demand and, at
the same time, to strengthen the quality and the efficiency
of the Health System can be afforded by offering effective
and appropriate sanitary services. This model can predict
the usage of resources based on a field provisional estimate
done on a health needs assessment. Still, the usage of
resources covers more services for respiratory diseases,
including neoplastic and allergic sequelae in the older
adult, with a Burden of care which is more than doubling
the other categories. This cause of admission could be the
target of an rational policy of hospitalisation appropriate-
ness program. Our result suggests us that Brisighella pop-
ulation has an important role on a preventing level because
it shows consequences of cardiovascular risk factors on the
respiratory tract, which usually ends the physiological
process of cardiovascular deficit. The proposed concept of
the burden of care can be applied on diseases with a very
high social impact such as cerebrovascular disease, which
prevalence is highly increasing, their consequences highly
disabling and costly, but that is potentially preventable

[24]. As previously said, in our population, cardiovascular
risk factors doesn’t imply worst effect on a cerebrovascular
outcomes (measured by hospitalisations) but we didn’t
study the effect on cognitive impairment, previously
established by the Finnish paper published in 2013 [25].

There has been extensive research to identify a measure
that predicts health services utilisation [26-28] and the
main conclusion of the most part of Authors is that the risk
assessment is potentially useful for resource allocation, in
managing health care. New methodologies of analyses for
the modelling of the effect of risk variables on health
outcomes done by propensity scores which predicts dif-
ferences at organisational levels are described in literature
[29, 30]. However, the main obstacle remains the limited
available information about the population health profile,
which could be explored with different methodologies a
part from administrative data [31]. In fact, the situation is
quite similar to that of the choice of the best intervention
for a specific cluster of ill subjects: we try to apply the
results of clinical trials (carried out on well-selected
patients, generically affected by no more than the studied
disease) to the general population (affected by more dis-
eases, taking different drugs, not constantly monitored by a
physician).

In the Brisighella population, the risk of CVD was
inferior to that esteemed with the hospitalisation rate, a
widely used parameter in cost-effectiveness evaluations,
but attributable for the more to a little group of subjects
with well-defined characteristics of exposure. The resour-
ces spent on an admission do not adequately describe either
the sanitary needs or the relief load and the “cost” asso-
ciated to the disease. The utilisation of Bc was aimed at

A\ Adis



50

A. F. G. Cicero et al.

identifying the individual contribution of diseases and
attributing the use of the services to the individuals. By
using the prevalence of disease and the cost of an event of
care, it seems possible to define the overload of services
consumed by different population sub-groups (exposed and
not exposed) during a period of time and to identify the
resources necessary to satisfy population health care needs.
Moreover, it appears possible to define whether spending
resources, whose health care policy on population (for dif-
fuse risk) or high risk (for concentrate risk) strategies are
direct practical effects, are useful public health intervention
in order to address patient needs and manage public
expenditure. As explained in Martin et al. [32] the economic
care programme in UK were theorised by using a produc-
tivity function which includes inputs (such as resources
used) and outcomes in health by taking into account popu-
lation health needs and environmental factors [32].

In our population, obesity and smoking habit do not
seem to modify significantly the risk of hospitalisation: this
observation could be partly unexpected, especially as it
regards smoking. However, prior to this evaluation we
carried out a specific educational intervention on high risk
subjects in Brisighella, and it is highly probable that the
most responsive to the intervention (i.e. the ones who
stopped smoking) were the subjects with higher risk [33],
who on the other hand remained hypertensive, diabetic and/
or hypercholesterolemic. In this report we did not consider
physical activity as a hospitalization determinant, since in a
previous paper we already showed that it is strongly related
to mortality but not on morbidity in the Brisighella Study
[34].

The main limitation of this study is that the model was
applied in a specific setting that is probably not directly
applicable to different ones and to a relatively small cohort
of subjects monitored for hospitalization cost for a short
time.

However, our applied epidemiological methodology
allows to explore this relative weight of the population and
each single individuals involved in the cohort study so that
we could produce health by guaranteeing their follow-up
and preventing fatal events. The main limitation of this
model is that it is fairly applicable only where integrated
data on the studied population are available as in the Bri-
sighella Heart Study, from a clinical to an administrative
level. Epidemiological studies have to be implemented in
different countries to sample sufficient data to estimate the
specific population health needs.
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